
Tarek Saadawi
Louis Jordan, Jr.
Editors

CYBER 
INFRASTRUCTURE 

PROTECTION

CYBER 
INFRASTRUCTURE 

PROTECTION

Visit our website for other free publication  
downloads

http://www.StrategicStudiesInstitute.army.mil/

To rate this publication click here.



CYBER INFRASTRUCTURE PROTECTION

Tarek Saadawi
Louis Jordan

Editors

May 2011

The views expressed in this report are those of the authors and 
GR� QRW� QHFHVVDULO\� UHÁHFW� WKH� RIÀFLDO� SROLF\� RU� SRVLWLRQ� RI� WKH� 
Department of the Army, the Department of Defense, or the U.S. 
Government. Authors of Strategic Studies Institute (SSI) publica-
tions enjoy full academic freedom, provided they do not disclose 
FODVVLÀHG� LQIRUPDWLRQ�� MHRSDUGL]H� RSHUDWLRQV� VHFXULW\�� RU� PLV-
UHSUHVHQW� RIÀFLDO�8�6�� SROLF\�� 6XFK� DFDGHPLF� IUHHGRP� HPSRZ-
ers them to offer new and sometimes controversial perspectives 
in the interest of furthering debate on key issues. This report is 
cleared for public release; distribution is unlimited.

*****

This publication is subject to Title 17, United States Code, Sec-
tions 101 and 105. It is in the public domain and may not be copy-
righted.



ii

*****

 Comments pertaining to this report are invited and should 
be forwarded to: Director, Strategic Studies Institute, U.S. Army 
War College, 632 Wright Ave, Carlisle, PA 17013-5046. 

*****

 All Strategic Studies Institute (SSI) publications are avail-
able free of charge on the SSI website for electronic dissemi-
nation. Hard copies of this report may also be ordered free 
of charge from the SSI website. The SSI website address is:  
www.StrategicStudiesInstitute.army.mil.

*****

 The Strategic Studies Institute publishes a monthly e-mail 
newsletter to update the national security community on the re-
search of our analysts, recent and forthcoming publications, and 
upcoming conferences sponsored by the Institute. Each newslet-
ter also provides a strategic commentary by one of our research 
analysts. If you are interested in receiving this newsletter, please 
subscribe on our homepage at www.StrategicStudiesInstitute.
army.mil/newsletter/.

ISBN 1-58487-468-6



iii

CONTENTS

Preface  ..........................................................................v

Chapter 1. Introduction ............. ................................. 1
Tarek Saadawi and Louis Jordan

PART I: STRATEGY AND POLICY 
ASPECTS .......................... .......................................... 13

Chapter 2. Developing a Theory of 
Cyberpower  ............................................................... 15
 Stuart H. Starr

Chapter 3. Survivability of the Internet .................. 29
 Michael J. Chumer

Chapter 4. Are L arge Scale Data Breaches 
 Inevitable? ........................................................ 51
 Douglas E. Salane

Chapter 5.   The Role of Cyberpower in 
 Humanitarian Assistance/Disaster 
 Relief (HA/DR) and Stability and 
 Reconstruction Operations ............................81
 Larry Wentz
 
PART II: SOCIAL AND LEGAL ASPECTS .......... 127

Chapter 6. The Information Polity: Social and  
Legal Frameworks for Critical Cyber

 Infrastructure Protection .............................. 129
  Michael M. Losavio, J. Eagle Shutt, and 
  Deborah Wilson Keeling



Chapter 7. The Attack Dynamics of Political 
 and Religiously Motivated Hackers ........... 159
   Thomas J. Holt

PART III: TECHNICAL ASPECTS  ........................ 181

Chapter 8. Resilience of Data Centers ................... 183
   Yehia H. Khalil and Adel S. Elmaghraby

Chapter 9. Developing High Fidelity Sensors 
 for Intrusion Activity on Enterprise 
 Networks  ....................................................... 207
          Edward Wagner and Anup K. Ghosh 

Chapter 10. Voice over IP: Risks, Threats, and 
 Vulnerabilities  .............................................. 223
   Angelos D. Keromytis

Chapter 11. Toward Foolproof IP Network 
� &RQÀJXUDWLRQ�$VVHVVPHQWV� ....................... .263
   Rajesh Talpade

Chapter 12. On the New Breed of Denial 
 of Service (DoS) Attacks in the 
 Internet  .......................................................... 279
   Nirwan Ansari and Amey Shevtekar

About the Contributors ........................................... 307

iv



v

PREFACE

 
The Internet, as well as other telecommunication 

networks and information systems, have become an 
integrated part of our daily lives, and our dependency 
upon their underlying infrastructure is ever-increas-
ing. Unfortunately, as our dependency has grown, 
so have hostile attacks on the cyber infrastructure by 
network predators. The lack of security as a core el-
ement in the initial design of these information sys-
tems has made common desktop software, infrastruc-
ture services, and information networks increasingly 
vulnerable to continuous and innovative breakers of 
security. Worms, viruses, and spam are examples of 
attacks that cost the global economy billions of dollars 
in lost productivity. Sophisticated distributed denial 
of service (DDoS) attacks that use thousands of web 
robots (bots) on the Internet and telecommunications 
QHWZRUNV�DUH�RQ�WKH�ULVH��7KH�UDPLÀFDWLRQV�RI�WKHVH�DW-
tacks are clear: the potential for a devastating large-
scale network failure, service interruption, or the total 
unavailability of service. 

Yet many security programs are based solely on 
reactive measures, such as the patching of software 
or the detection of attacks that have already occurred, 
instead of proactive measures that prevent attacks in 
WKH�ÀUVW�SODFH��0RVW�RI�WKH�QHWZRUN�VHFXULW\�FRQÀJX-
rations are performed manually and require experts 
to monitor, tune security devices, and recover from 
attacks. On the other hand, attacks are getting more 
sophisticated and highly automated, which gives the 
attackers an advantage in this technology race.

A key contribution of this book is that it provides 
an integrated view and a comprehensive framework 
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of the various issues relating to cyber infrastructure 
protection. It covers not only strategy and policy is-
sues, but it also covers social, legal, and technical as-
pects of cyber security as well.

We strongly recommend this book for policymak-
ers and researchers so that they may stay abreast of 
the latest research and develop a greater understand-
ing of cyber security issues. 
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CHAPTER 1

INTRODUCTION

Tarek Saadawi
Louis Jordan

This book is intended to address important issues 
in the security and protection of information systems 
and network infrastructure. This includes the strategic 
implications of the potential failure of our critical net-
work and information systems infrastructure; iden-
tifying critical infrastructure networks and services; 
analysis and risk assessment of current network and 
LQIRUPDWLRQ� V\VWHPV� LQIUDVWUXFWXUH�� FODVVLÀFDWLRQ� RI�
network infrastructure attacks; automating the man-
agement of infrastructure security; and building de-
fense systems to proactively detect network attacks as 
soon as possible once they have been initiated.

The chapters in this book are the result of invited 
presentations in a 2-day conference on cyber infra-
structure protection held at the City University of 
New York, City College, on June 4-5, 2009.1 

The book is divided into three main parts. Part I 
deals with strategy and policy issues related to cyber 
security and provides discussions covering the theory 
of cyberpower, Internet survivability, large scale data 
breaches, and the role of cyberpower in humanitarian 
assistance. Part 2 covers social and legal aspects of cy-
ber infrastructure protection and discusses the attack 
dynamics of political and religiously motivated hack-
ers. Part 3 discusses the technical aspects of cyber in-
frastructure protection including the resilience of data 
centers, intrusion detection, and a strong emphasis on 
Internet protocol (IP) networks.



2

STRATEGY AND POLICY ASPECTS

The four chapters in Part I provide a good frame-
work for the various issues dealing with strategy 
and policy of cyber security. In Chapter 2, Stuart H. 
Starr presents a preliminary theory of cyberpower. 
7KH�FKDSWHU��DWWHPSWV�WR�DFKLHYH�ÀYH�REMHFWLYHV��)LUVW��
LW�ZLOO�HVWDEOLVK�D� IUDPHZRUN�WKDW�ZLOO�FDWHJRUL]H�WKH�
various elements of the cyber domain. Second, it will 
GHÀQH� WKH� NH\� WHUPV� RI� LQWHUHVW�� 7KLUG�� LW�ZLOO� EHJLQ�
to make clear the various benchmarks and principles 
that explain the various cyber categories. Fourth, it 
ZLOO�FKDUDFWHUL]H�WKH�GHJUHH�WR�ZKLFK�WKH�YDULRXV�FDW-
egories of the cyber domain are connected. Finally, it 
will anticipate key changes in the cyber domain and 
SURYLGH�D�EDVLV�IRU�DQDO\]LQJ�WKHP�

+RZHYHU�� LW�PXVW�EH�HPSKDVL]HG� WKDW� WKLV�HYROY-
ing theory is in its preliminary stages. Thus, it is to be 
anticipated that it will not be complete. In addition, 
given the long gestation period for theories of “hard 
science” (e.g., physics, chemistry, and biology), it is 
likely that some of the elements are likely to be wrong.

In Chapter 3, Mike Chumer addresses the surviv-
ability of the Internet. The use of the “commodity” 
Internet, referred to simply as the Internet, is the cor-
nerstone of private and public sector communication, 
application use, information sharing, and a host of 
taken-for-granted usages. During a recent planning 
symposium in 2007, hosted by SunGard and the New 
Jersey Business Force, the key discussion question 
was, “Will the Internet Be There When You Really 
Need It?” The planning symposium focused on how 
the internet will be effected if a pandemic based upon 
+�1�� �WKH� ELUG� ÁX��ZDV� WR� EUHDN� RXW� LQ� WKH�8QLWHG�
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States. In this chapter, Mr. Chumer addresses the fol-
lowing issues that resulted from this symposium:

��� �)RUHVHHDEOH� VKRUW�� DQG� ORQJ�WHUP� LPSDFWV� LI�
the Internet either “crashes,” “goes down,” or 
“stops working”;

�� �:KHWKHU� H[LVWLQJ� SURWRFROV� IRU� SURYLGLQJ� FRO-
laboration and coordination between U.S. 
service providers (cable, telephone, and “last 
PLOHµ�SURYLGHUV�� DUH� VXIÀFLHQW� HQRXJK� WR�SUH-
serve Internet access and limit overload;

�� �3RLQWV� RI� ,QWHUQHW� IDLOXUH� WKDW� SODQQHUV� PXVW�
consider when modifying or developing busi-
ness practices;

�� �7KH� HIIHFWV� RQ� FRPSXWHU� DSSOLFDWLRQV� DQG�
or protocols if the Internet slows down rather 
than halting during a pandemic, as well as miti-
gation strategies;

�� �,Q� WKH� IDFH� RI� KHDY\� GHPDQG� RQ� WKH� ,QWHUQHW��
which features or services should contingency 
planners expect to shut down or redirect to 
conserve or preserve bandwidth;

�� �:KHWKHU� FRQWLQJHQF\� SODQQHUV� VKRXOG� H[SHFW�
attacks from hackers during a state when the 
Internet is weakened;

�� �:KHWKHU�ZH�DV�D�QDWLRQ�DUH�EHFRPLQJ� WRR�GH-
pendent on the Internet and underestimating 
its risks for the sake of cost, convenience, and 
HIÀFLHQF\�

�� �:LOO�WKH�,QWHUQHW�EH�UHVLOLHQW�HQRXJK�WR�KROG�XS�
under the onslaught of school, business, home 
enterprise, emergency management, and recre-
ational users during a pandemic?

Mr. Chumer concludes the chapter with a set of 
recommendations drawing upon those presented dur-
ing the symposium.
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Chapter 4 by, Douglas Salane, posits that despite 
heightened awareness, large scale data breaches con-
WLQXH� WR� RFFXU� DQG� SRVH� VLJQLÀFDQW� ULVNV� WR� ERWK� LQ-
GLYLGXDOV� DQG� RUJDQL]DWLRQV�� 7KH� UHFHQW� +HDUWODQG�
3D\PHQW�6\VWHPV�GDWD�EUHDFK�FRPSURPLVHG�ÀQDQFLDO�
information in over 100 million transactions and in-
YROYHG�ÀQDQFLDO�UHFRUGV�KHOG�E\�RYHU�����LQVWLWXWLRQV��
An examination of recent data breaches shows that 
fraudsters are increasingly targeting institutions that 
hold large collections of credit card and social secu-
rity numbers. Particularly at risk are bank and credit 
card payment processors, as well as large retailers 
who do not properly secure their systems. Frequently, 
breached data winds up in the hands of overseas orga-
QL]HG�FULPH�ULQJV�WKDW�PDNH�ÀQDQFLDO�GDWD�DYDLODEOH�WR�
the underground Internet economy, which provides 
a ready market for the purchase and sale of large 
YROXPHV� RI� SHUVRQDO� ÀQDQFLDO� GDWD�� &UHGLW� LQGXVWU\�
VWXGLHV� EDVHG� RQ� OLQN� DQDO\VLV� WHFKQLTXHV� FRQÀUP�
that breached identities often are used to perpetrate 
credit fraud soon after a breach occurs. These stud-
ies also show that breached identities may be used 
intermittently for several years. We conclude that 
VWURQJ�GDWD�EUHDFK�QRWLÀFDWLRQ�OHJLVODWLRQ�LV�HVVHQWLDO�
for consumer protection, and that the direct and in-
GLUHFW�FRVWV�RI�EUHDFK�QRWLÀFDWLRQ�SURYLGH�VLJQLÀFDQW�
economic incentives to protect data. Our analysis also 
concludes that deployment of privacy enhancing tech-
nologies, enterprise level methods for quickly patch-
ing and updating information systems, and enhanced 
privacy standards are needed to mitigate the risks of 
data breaches.

Chapter 5, “The Role of Cyberpower in Humanitar-
ian Assistance/Disaster Relief (HA/DR) and Stability 
DQG�5HFRQVWUXFWLRQ�2SHUDWLRQV�µ�E\�/DUU\�:HQW]��H[-
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plores the role and challenges of cyberpower (infor-
mation and communication technologies [ICT]) in 
humanitarian assistance/disaster relief (HA/DR) and 
stability and reconstruction operations. It examines 
whether a strategic use of cyber assets in U.S. Gov-
ernment (USG) engagement and intervention activi-
ties such as HA/DR and stability and reconstruction 
operations could lead to more successful results. Cer-
tainly, the information revolution has been a dynamic 
and positive factor in business, government, and so-
cial arenas in the Western world. The combination of 
technology, information content, and people schooled 
in the use of each has reshaped enterprises and activi-
ties of all types. 

Complicating the challenges of HA/DR and sta-
bility and reconstruction operations related to failed-
VWDWH� LQWHUYHQWLRQV� DUH� WKH� H[DFHUEDWLQJ� GLIÀFXOWLHV�
that typically consist of: spoilers interfering with the 
intervening forces; refugees and internally displaced 
persons requiring humanitarian assistance; buildings 
requiring reconstruction; roads, power, water, tele-
communications, healthcare, and education systems 
that are disrupted or dysfunctional; absence of a func-
tioning government and laws, lack of regulations, and 
enforcement mechanisms; widespread unemploy-
ment and poverty; and a shortage of leaders, manag-
ers, administrators, and technical personnel with 21st 
century technical and management skills. Addition-
ally, the operations lack a U.S. whole of government 
approach; a lack of trust among stakeholders; a lack 
of policy, procedures, business practices, and people; 
DQG�RUJDQL]DWLRQDO�FXOWXUH�GLIIHUHQFHV��,W�LV�QRW�D�WHFK-
nology challenge per se, generally, technology is an 
enabler if properly employed.
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The chapter concludes that civil-military collabora-
tion and information sharing activities and the smart 
use of information and ICT can have decisive impacts 
if they are treated as a core part of the nation’s over-
all strategy and not just as “nice to have” adjuncts to 
HA/DR initiatives, or to the kinetic phases of warfare 
and stability and reconstruction operations. It is fur-
WKHU�VXJJHVWHG�WKDW�XWLOL]LQJ�WKH�HOHPHQWV�RI�WKH�LQIRU-
mation revolution and the whole of government in a 
strategic approach to HA/DR and stability and recon-
struction operations can have positive results and sets 
forth the strategic and operational parameters of such 
DQ�HIIRUW��)LQDOO\��HQKDQFLQJ�WKH�LQÁXHQFH�RI�86*�UH-
sponses to HA/DR and interventions in stability and 
reconstruction operations will require a multifaceted 
strategy that differentiates the circumstances of the 
messages, key places of delivery, and sophistication 
with which messages are created and delivered, with 
particular focus on channels and messengers.

LEGAL AND SOCIAL ASPECTS

Cybercrime and attack dynamics are explored in 
3DUW�,,�RI�WKLV�ERRN��7KH�ÀUVW�FKDSWHU�LV�SUHVHQWHG�E\�
Michael M. Losavio, J. Eagle Shutt, and Deborah Wil-
son Keeling. The chapter examines how public policy 
may evolve to adequately address cybercrime. His-
torically, legal protections against criminal activity  
have been developed in a world wherein any crimi-
nal violation was coupled with physical proximity. 
Global information networks have created criminal 
opportunities in which criminal violation and physi-
cal proximity are decoupled. 

In Chapter 6, the authors argue that cyberspace 
SXEOLF�SROLF\�KDV�QRW�DGHTXDWHO\�LQFHQWLYL]HG�DQG�VXS-
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ported protective behaviors in the cyber community. 
They examine the roles that user-level/consumer-
level conduct, social engagement, and administrative 
policy play in protecting information infrastructure. 
They suggest proactive work with laws and admin-
LVWUDWLYH�FLWL]HQ�OHYHO� HQJDJHPHQW� WR� UHIRUP� WKH� F\-
berspace community. To that end, they examine ap-
plicable legal and transnational regimes that impact 
such a strategy and the options for expanding admin-
LVWUDWLYH�DQG�FLWL]HQ�HQJDJHPHQW�LQ�WKH�F\EHU�VHFXULW\�
enterprise.

Chapter 7, by Thomas J. Holt, is titled, “The At-
tack Dynamics of Political and Religiously Motivated 
+DFNHUV�µ�7KHUH� LV� D� VLJQLÀFDQW�ERG\�RI� UHVHDUFK� IR-
cused on mitigating attacks through technical solu-
tions. Though these studies are critical for decreasing 
the impact of various vulnerabilities and hacks, re-
searchers still pay generally little attention to the af-
fect that motivations play in the frequency, type, and 
severity of hacker activity. Economic gain and social 
VWDWXV�KDYH�EHHQ�LGHQWLÀHG�DV�FULWLFDO�GULYHUV�RI�FRP-
puter hacker behavior in the past, but few have con-
VLGHUHG� KRZ� QDWLRQDOLVP� DQG� UHOLJLRXV� EHOLHIV� LQÁX-
ence the activities of some hacker communities. Such 
attacks are, however, gaining prominence and pose a 
risk to critical infrastructure and web-based resources. 
For example, a number of Turkish hackers engaged in 
KLJK�SURÀOH�ZHE�GHIDFHPHQWV�DJDLQVW�'DQLVK�ZHEVLWHV�
that featured a cartoon of the prophet Muhammad in 
2007. To expand our understanding of religious and 
nationalist cyber attack, this chapter explores the ac-
tive and emerging hacker community in the Muslim-
majority nation of Turkey. Using multiple qualitative 
data sets, including interviews with active hackers 
DQG�SRVWV�IURP�PXOWLSOH�ZHE�IRUXPV��WKH�ÀQGLQJV�H[-
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plore the nature of attacks, target selection, the role of 
SHHUV�LQ�IDFLOLWDWLQJ�DWWDFNV��DQG�MXVWLÀFDWLRQV�WKURXJK�
the lens of religious and national pride. The results 
FDQ� EHQHÀW� LQIRUPDWLRQ� VHFXULW\� SURIHVVLRQDOV�� ODZ�
enforcement, and the intelligence community by pro-
viding unique insights on the social dynamics driving 
hacker activity.

TECHNICAL ASPECTS

7KH�ÀYH�FKDSWHUV�LQ�3DUW�,,,�FKDUDFWHUL]H�WKH�WHFKQL-
cal and architectural issues of cyber security. 

Chapter 8, by Yehia Khalil and Adel Elmaghraby, 
deals with the topic of the resilience of data centers. 
Data centers are the core of all legacy information in 
a  cyber society. With the incredible growth of criti-
FDO�GDWD�YROXPHV�LQ�ÀQDQFLDO�LQVWLWXWLRQV��JRYHUQPHQW�
RUJDQL]DWLRQV��DQG�JOREDO�FRPSDQLHV��GDWD�FHQWHUV�DUH�
becoming larger and more distributed, posing more 
challenges for operational continuity in the presence 
of experienced cyber attackers and the occasional 
natural disasters. The need for resilience assessment 
emerged due to the gap in existing reliability, avail-
ability, and serviceability (RAS) measures. Resilience 
as an evaluation metric leads to better system design 
and management; this chapter illustrates why resil-
ience evaluation is needed and it surveys the continu-
ing research.

Chapter 9, by Edward Wagner and Anup K. 
*KRVK�� FRYHUV� WKH�GHYHORSPHQW� RI�KLJK�ÀGHOLW\� VHQ-
sors for intrusion activity on enterprise networks. 
)XWXUH�VXFFHVV�LQ�F\EHU�ZLOO�UHTXLUH�ÁH[LEOH�VHFXULW\��
which can respond to the dynamic nature of current 
and future threats. Much of our current defenses are 
EDVHG�XSRQ�À[HG�GHIHQVHV�WKDW�DWWHPSW�WR�SURWHFW�LQ-
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ternal assets against external threats. Appliances like 
ÀUHZDOOV�DQG�SUR[LHV�SRVLWLRQHG�DW�QHWZRUN�VHJPHQW�
perimeters similar to the Maginot Line attempt to 
shield us from outsiders attempting to break in. There 
are other mechanisms such as public key infrastruc-
ture and antivirus software within the network pe-
rimeter. This added layer is referred to as “Defense in 
Depth” methodology. However, in each component of 
security architecture, vulnerabilities are revealed over 
time. These defenses lack any agility; their defenses 
must become agile and responsive. They propose high 
ÀGHOLW\�VHQVRUV�LQ�WKH�IRUP�RI�YLUWXDOL]HG�DSSOLFDWLRQV�
on each user’s machine to complement network-based 
sensors. In addition, they equip each user such that 
even as they are reporting intrusions, their machine 
and data are protected from the intrusions they are 
reporting. Their approach is able to protect users from 
broad classes of malicious code attacks, while being 
able to detect and report both known and unknown 
attack code.

IP networks are no longer optional throughout 
the business and government sectors. This fact, along 
with the emergence of international regulations on se-
curity, reliability, and quality of service (QoS), means 
that IP network assessment is also no longer an op-
tion. With IP networks representing the core of our 
cyber infrastructure, the lack of deep understanding 
of such networking infrastructure may lead to dras-
tic strategic implications and may limit our ability to 
provide a solid cyber infrastructure. The remaining 
chapters in Part III focus exclusively on IP networks.

In Chapter 10, Angelos Keromytis, indicates that 
voice over IP (VoIP) and similar technologies are in-
creasingly accepted and used by enterprises, consum-
ers, and governments. They are attractive to all these 
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HQWLWLHV�GXH�WR�WKHLU�LQFUHDVHG�ÁH[LELOLW\��ORZHU�FRVWV��
DQG�QHZ�FDSDELOLWLHV��+RZHYHU��WKHVH�EHQHÀWV�FRPH�DW�
the cost of increased complexity, reliance on untested 
software, and a heightened risk of fraud. In this chap-
ter, the author provides an overview of VoIP technol-
ogies, outlines the risks and threats against them, and 
highlights some vulnerabilities that have been discov-
ered to date. The chapter closes with a discussion of 
possible directions for addressing some of these is-
sues, including the work in the ANR VAMPIRE proj-
ect, which seeks to understand the parameters of the 
problem space and the extent of VoIP-related mali-
cious activity.

Chapter 11, by Rajesh Talpade, discusses foolproof 
,3� QHWZRUN� FRQÀJXUDWLRQ� DVVHVVPHQW�� ,3� QHWZRUNV�
have come of age. They are increasingly replacing 
leased-line data infrastructure and traditional phone 
service, and are expected to offer Public Switched 
Telephone Network (PSTN)-quality service at a much 
lower cost. As a result, there is an urgent need for as-
suring IP network security, reliability, and QoS. In 
fact, regulators are now requiring compliance with IP-
related mandates. This chapter discusses the complex 
nature of IP networks, and how that complexity makes 
them particularly vulnerable to faults and intrusions. 
It describes regulatory efforts to mandate IP network 
assessment, explains why many current approaches to 
assessment fall short, and describes the requirements 
for an effective solution to satisfy business, govern-
ment, and regulatory requirements.

In Chapter 12, Nirwan Ansari and Amey Shevtekar 
provide an overview on the new breed of denial of 
service (DoS) attacks on the Internet. Denial of service 
attacks impose serious threats to the Internet. Many at-
WDFNHUV�DUH�SURIHVVLRQDOV�ZKR�DUH�PRWLYDWHG�E\�ÀQDQ-
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cial gain. They bring a higher level of sophistication 
along with inventive attack techniques that can evade 
detection. For example a shrew attack is a new type 
RI�WKUHDW�WR�WKH�,QWHUQHW��LW�ZDV�ÀUVW�UHSRUWHG�LQ�������
and several of these types of attacks have emerged 
since. These attacks are lethal because of the inability 
of traditional detection systems to detect them. They 
possess several traits, such as low average rate and the 
use of transmission control protocol (TCP) as attack 
WUDIÀF�� WKDW�HPSRZHU� WKHP�WR�HYDGH�GHWHFWLRQ��/LWWOH�
progress has been made in mitigating these attacks. 
This chapter presents an overview of this new breed 
of DoS attacks along with proposed detection systems 
for mitigating them. The chapter will lead to a better 
understanding of these attacks, and will stimulate 
further development of effective algorithms to detect 
these attacks and to identify new vulnerabilities which 
have yet to be discovered.

ENDNOTES – CHAPTER 1

1 . Available from www.ccny.cuny.edu/cip09.
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CHAPTER 2

DEVELOPING A THEORY OF CYBERPOWER*

Stuart H. Starr

INTRODUCTION

The goal of this chapter is to develop a preliminary 
theory of cyberpower. A theory of cyberpower will 
WU\�WR�DFKLHYH�ÀYH�REMHFWLYHV�1 First, it will establish a 
IUDPHZRUN� WKDW�ZLOO� FDWHJRUL]H� WKH�YDULRXV�HOHPHQWV�
RI� WKH� F\EHU� GRPDLQ�� 6HFRQG�� LW� ZLOO� GHÀQH� WKH� NH\�
terms of interest. Third, it will begin to make clear the 
various benchmarks and principles that explain the 
YDULRXV� F\EHU� FDWHJRULHV�� )RXUWK�� LW�ZLOO� FKDUDFWHUL]H�
the degree to which the various categories of the cyber 
domain are connected. Finally, it will anticipate key 
changes in the cyber domain and provide a basis for 
DQDO\]LQJ�WKHP�

+RZHYHU�� LW�PXVW�EH�HPSKDVL]HG� WKDW� WKLV�HYROY-
ing theory is in its preliminary stages. Thus, it is to be 
anticipated that it will not be complete. In addition, 
given the long gestation period for theories of “hard 
science” (e.g., physics, chemistry, and biology), it is 
likely that some of the elements are likely to be wrong.

* The views expressed in this article are those of the author and do 
QRW�UHÁHFW�WKH�RIÀFLDO�SROLF\�RU�SRVLWLRQ�RI�WKH�1DWLRQDO�'HIHQVH�
University, the Department of Defense or the U.S. Government. 
All information and sources for this chapter were drawn from un-
FODVVLÀHG�PDWHULDOV�
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ELEMENTS OF A THEORY

Categorize.

,Q� DQDO\]LQJ� WKH� F\EHU� GRPDLQ�� IRXU� NH\� DUHDV�
emerge (see Figure 2.1). These include the cyber-
infrastructure (“cyberspace”), the levers of national 
power (i.e., diplomacy, information, military, eco-
nomic [DIME], or “cyberpower”), the degree to which 
key entities are empowered by changes in cyberspace 
(“cyberstrategy”), and the institutional factors that 
affect the cyber domain (e.g., legal, governance, and 
RUJDQL]DWLRQ��� )RU� WKH� SXUSRVHV� RI� WKLV� FKDSWHU�� WKLV�
framework will be employed to decompose the prob-
lem.

Figure 2.1. A Framework for Categorizing the  
Cyber Problem.

Levers of Power/
Cyberpower

Cyber-Infrastructure/
Cyberspace

Empowerment/
Cyberstrategy
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'HÀQH.

$OWKRXJK� WKH� GHÀQLWLRQV� RI� PDQ\� RI� WKHVH� WHUPV�
are still contentious, this chapter will use the follo w  - 
LQJ�GHÀQLWLRQV�RI�NH\�WHUPV��)LUVW�LV�WKH�IRUPDO�GHÀQLWLRQ� 
of cyberspace that the Deputy Secretary of Defense 
formulated: “. . . the interdependent network of in-
formation technology infrastructures, and includes 
the Internet, telecommunications networks, computer 
systems, and embedded processors and controllers in 
critical industries.”2�7KLV�GHÀQLWLRQ�GRHV�QRW�H[SOLFLWO\�
deal with the information and cognitive dimensions 
of the problem. To deal with those aspects explicitly, 
we have introduced two complementary terms, “cy-
EHUSRZHUµ�DQG�´F\EHUVWUDWHJ\�µ�ZKLFK�ZHUH�GHÀQHG�
by Professor Dan Kuehl, National Defense University 
(NDU).

The term cyberpower means “the ability to use cy-
EHUVSDFH�WR�FUHDWH�DGYDQWDJHV�DQG�LQÁXHQFH�HYHQWV�LQ�
the other operational environments and across the in-
struments of power.”3 In this context, the instruments 
of power include the elements of the DIME paradigm. 
For the purposes of this evolving theory, primary em-
phasis will be placed on the military and information-
al levers of power.

6LPLODUO\��WKH�WHUP�F\EHUVWUDWHJ\�LV�GHÀQHG�DV�´WKH�
development and employment of capabilities to op-
erate in cyberspace, integrated and coordinated with 
the other operational domains, to achieve or support 
the achievement of objectives across the elements of 
national power.”4 Thus, one of the key issues associ-
ated with cyberstrategy deals with the challenge of 
devising “tailored deterrence” to affect the behavior 
of the key entities empowered by developments in  
cyberspace.
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Explain.

Cyberspace. Over the last 15 years, a set of rules 
RI� WKXPE� KDYH� HPHUJHG� WR� FKDUDFWHUL]H� F\EHUVSDFH��
Some of the more notable of these rules of thumb in-
clude the following:

�� �0RRUH·V�/DZ��L�H���WKH�QXPEHU�RI�WUDQVLVWRUV�RQ�D�
chip approximately doubles every 18 months);5

�� �*LOGHU·V�/DZ��´WRWDO�EDQGZLGWK�RI�FRPPXQLFD-
tion systems triples every 12 months”);6

�� �3UROLIHUDWLRQ� RI� ,3� DGGUHVVHV� LQ� WUDQVLWLRQLQJ�
from IPv4 to IPv6 (e.g., IPv6 will provide 2128 
addresses; this would provide 5x1028 addresses 
for each of the 6.5 billion people alive today).

In addition, recent analyses have suggested the fol-
lowing straw man principles for cyberspace. First, the 
offensive has the advantage. This is due to the chal-
lenges of attribution of an attack and the fact that an 
adversary faces a “target rich” environment. Conse-
quently, if cyberspace is to be more resistant to attack, 
it may require a new architecture that has “designed 
in” security.

Cyberpower. Robert Metcalfe formulated one of the 
oft-quoted laws of cyberpower.7�+H�FKDUDFWHUL]HG�WKH�
value of a network as “N2,” where N describes the 
number of people who are part of the network. How-
ever, more recently, it has been demonstrated that the 
value of a network tends to vary as N*log (N). Note 
that this equation suggests that the “value” of a net-
work is substantially less than “Metcalfe’s Law.”8

In addition, there have been many studies about 
the contribution that net-centricity can have to  
mission effectiveness. For example, studies of air-to-
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air combat suggest that the value of a digital link (e.g., 
Link 16) can enhance air-to-air loss exchange ratios by 
approximately 2.5.9 This is due to the enhanced situa-
tion awareness, improved engagement geometry and 
WKH�HIÀFLHQF\�RI�WKH�HQJDJHPHQW��+RZHYHU��WKH�FRP-
SOH[LW\�RI�PRGHUQ�FRQÁLFW�LV�VXFK�WKDW�LW�LV�GLIÀFXOW�WR�
assess the affect of net-centricity on complex missions. 
Thus, for example, studies of air-land operations are 
much more complex and very scenario-dependent. In 
addition, preliminary studies of humanitarian assis-
tance/disaster relief and stability operations are cur-
rently underway. Chapter 5 in this book will provide 
preliminary results for those operations.

Cyberstrategy. Recent studies have suggested that 
the “low end” users (e.g., individuals, “hacktivists,” 
terrorists, and transnational criminals) have consider-
ably enhanced their power through recent cyberspace 
trends.10 This is due, in part, to the low cost of entry 
into cyberspace (e.g., the low cost for a sophisticated 
computer or cell phone; the extensive investment that 
the commercial world has made in cyberspace (e.g., 
applications such as Google Earth); and the major in-
vestments in cyberspace that have been made by gov-
ernments (e.g., the Global Positioning System).

Similarly, potential near-peer adversaries are ag-
gressively exploring options to exploit attributes of 
F\EHUVSDFH� �H�J��� H[ÀOWUDWLRQ� RI� GDWD�� GLVWULEXWHG� GH-
nial of service attacks, and implementation of inno-
vative cyber stratagems). These activities have been 
well-documented in recent news accounts.11

From a U.S. perspective, new concepts and initia-
tives are emerging from the Comprehensive National 
Cyber Initiative (CNCI). At a minimum, it has been 
recommended that the United States must incorporate 
a creative and aggressive cyber “opposing force” to 
stress the system in future experiments and exercises.
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Institutional Factors. Over the last several years, a 
number of studies have been conducted to address the 
issues of cyberspace governance, the legal dimension 
of cyberspace and cyberpower, the tension between 
civil liberties and national security, and the sharing of 
information between the public and private sectors. In 
the area of cyberspace governance, there is a growing 
appreciation that one should seek LQÁXHQFH over cy-
berspace vice governance. In the near term, there are a 
number of policy governance issues that remain to be 
addressed (e.g., the extension of the contract of the In-
ternet Corporation for Assigned Names and Numbers 
[ICANN]; and the role of the International Telecom-
munications Union [ITU] in cyber governance).

The legal dimension of cyberspace has barely ad-
dressed the key issues that must be resolved during 
the next decade. For example, the issues of concern 
include: what is an act of cyber war; what is a propor-
tionate reaction to an act of cyber war; how should one 
treat intellectual property in cyberspace; how should 
one resolve differences in sovereign laws and interna-
tional treaties.

,W� LV�EURDGO\�UHFRJQL]HG�WKDW�WKHUH�LV�D�QHHG�IRU�D�
IUDPHZRUN�DQG�HQKDQFHG�GLDORJXH�WR�KDUPRQL]H�WKH�
efforts of civil liberties and proponents of enhanced 
national security. This issue is being pursed as a com-
ponent of the CNCI initiative.

Finally, many studies have cited the need to ad-
dress the issue of sharing of cyber information be-
tween the U.S. Government and industry. However, 
there is still a need to provide guidance and proce-
dures to clarify this issue.
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Connect.

 It is well understood that the various categories 
of the cyber domain are strongly interconnected. To 
address this problem, there is a need for a family of 
Measures of Merit (MoM) to provide that linkage (see 
Figure 2.2).

Figure 2.2. Representative Measures of Merit.

)RU�H[DPSOH��F\EHUVSDFH�FDQ�EH�FKDUDFWHUL]HG�E\�D�
set of Measures of Performance (MoPs). These might 
include performance in cyberspace (e.g., connectivity, 
bandwidth, and latency) and resistance to adversary 
countermeasures (e.g., resistance to distributed denial 
RI� VHUYLFH� DWWDFNV�� UHVLVWDQFH� WR� H[ÀOWUDWLRQ�DWWHPSWV��
and resistance to corruption of data).

In the areas of cyberpower, it is useful to think 
about Measures of Functional Performance (MoFP) 
and Measures of Effectiveness (MoE). For example, 
in the case of air-to-air combat, appropriate MoFP 
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might be the range at which air combatants are able 
WR�GHWHFW��LGHQWLI\��DQG�FKDUDFWHUL]H�XQNQRZQ�DLUFUDIW��
Similarly, loss exchange ratios may be suitable MoE.

In the area of cyberstrategy, one might use politi-
cal, military, economic, social, information, and infra-
VWUXFWXUH��30(6,,��PHDVXUHV�WR�FKDUDFWHUL]H�0HDVXUHV�
of Entity Empowerment (MoEE). Thus, for example, 
RQH�FRXOG�FKDUDFWHUL]H�WKH�H[WHQW�WR�ZKLFK�FKDQJHV�LQ�
cyberspace might effect changes in politics (e.g., the 
number of people who vote in an election), military 
status (e.g., the enhancement in the security of the 
population), economic factors (e.g., the change in un-
employment statistics), social (e.g., ability of diverse 
social groups to live in harmony), information (e.g., 
the extent to which social networks support political 
activity), and infrastructure (e.g., the extent to which 
improvements in supervisory control and data ac-
quisition [SCADA] systems enhance the availability 
of electricity and clean water). The actual MoEE will 
have to be tailored to the entity that is being empow-
ered by changes in cyberspace. Thus, a terrorist, who 
seeks to, inter alia,�SURVHO\WL]H��UDLVH�PRQH\��HGXFDWH��
and train, would have a different set of MoEE.

Finally, one needs to formulate MoMs that are ap-
propriate for issues of governance; legal issues, civil 
liberties, critical infrastructure protection, and cyber 
UHRUJDQL]DWLRQ�� :RUN� LV� FXUUHQWO\� RQJRLQJ� LQ� WKRVH�
ÀHOGV�

Anticipate.

From the perspective of a senior decisionmaker, 
the key challenge is anticipating the key issues of in-
terest and performing the analyses needed to make 
knowledgeable decisions. 
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In the area of cyberspace, it is important to perform 
technology projections to identify potential key break-
throughs (e.g., cloud computing); explore options to 
enhance attribution in cyberspace; develop techniques 
WR� SURWHFW� HVVHQWLDO� GDWD� IURP� H[ÀOWUDWLRQ� RU� FRUUXS-
tion; and formulate an objective network architecture 
that is more secure and identify options to transition 
to it.

In the area of cyberpower, it is important to extend 
existing analyses to assess the impact of changes in cy-
berspace on the other elements of power (e.g., diplo-
matic and economic) and to perform risk assessments 
to guide future policy decisions.

In the area of cyberstrategy, additional research is 
needed to guide the development of “tailored deter-
rence” (particularly against nonstate actors) and to 
explore options to thwart the efforts of key entities to 
perform cyber espionage.

In the area of institutional factors, the major chal-
lenges are to address the legal issues associated with 
WKH�F\EHU�GRPDLQ�DQG�WR�KDUPRQL]H�FLYLO�OLEHUWLHV�DQG�
national security.

Overall, there is a need to develop assessment 
PHWKRGV�� WRROV��GDWD�� VHUYLFHV� �H�J���YHULÀFDWLRQ��YDOL-
dation, and accreditation [VV&A]), and intellectual 
capital to assess cyber issues. Figure 2.3 suggests the 
relative maturity of key tools in the areas of cyber-
space, cyberpower, cyberstrategy, and institutional 
factors.
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Figure 2.3. State-of-the-Practice in Assessing 
Cyber Issues.

In the area of cyberspace, there are several tools 
that the community is employing to address computer 
science and communications issues. Perhaps the best 
known is the operations network (OPNET) simulation 
that is widely employed to address network architec-
tural issues.12 From an analytic perspective, techniques 
such as percolation theory enable one to evaluate the 
robustness of a network.13 Looking to the future, the 
National Research Laboratory (NRL) has developed a 
Global Information Grid (GIG) Testbed to explore the 
myriad issues associated with linking new systems 
and networks.

In the area of cyberpower, the community has had 
some success in employing live, virtual, and construc-
tive simulations. For example, in assessments of air-
to-air combat, insights have been derived from the 
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live Air Intercept Missile Evaluation/Air Combat 
Evaluation (AIMVAL-ACEVAL) experiments, virtual 
experiments in the former McDonnell Air Combat 
Simulator (MACS), and constructive experiments us-
ing tools such as TAC BRAWLER. However, the com-
munity still requires better tools to assess the impact 
of advances in cyberspace on broader military and 
informational effectiveness (e.g., land combat in com-
plex terrain).

In the area of cyberstrategy, a number of promis-
ing initiatives are underway. In response to a recent 
tasking by Strategic Command (STRATCOM), a new 
methodology and associated tools are emerging (i.e., 
Deterrence Analysis & Planning Support Environment 
[DAPSE]).14 However, these results have not yet been 
applied to major cyberstrategy issues. In addition, 
promising tools are emerging from academia (e.g., 
Senturion; GMU’s Pythia) and Defense Advanced 
5HVHDUFK� 3URMHFWV� $JHQF\� �'$53$�� �H�J��� &RQÁLFW�
Modeling, Planning & Outcomes Experimentation 
[COMPOEX]). However, these are still in early stages 
of development and application.

Finally, as noted above, there are only primitive 
tools available to address issues of governance, legal 
issues, and civil liberties. Some tools are being devel-
oped to explore the cascading effects among critical 
infrastructures (e.g., National Infrastructure Simula-
tion and Analysis Center [NISAC] system dynamics 
models); however, they have not yet undergone rigor-
ous validation.15

KEY CHALLENGES

Theories for the “hard” sciences have taken hun-
dreds of years to evolve. However, this preliminary 
“theory of cyberpower” is approximately only 1-year 
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old! As a consequence, there is a great deal of work 
that remains to be done in each of the areas of interest.

,Q�WKH�DUHD�RI�&DWHJRUL]H��LW�LV�XQGHUVWRRG�WKDW�WKH�
preliminary framework is just one way of decompos-
ing the problem. It is necessary to formulate alterna-
tive frameworks to support further decomposition of 
the cyber domain.

,Q�WKH�DUHD�RI�'HÀQH��WKHUH�KDV�EHHQ�D�JUHDW�GHDO�RI�
contention over the most basic terms (e.g., cyberspace 
and domain). Steps must be taken in the near term to 
GHYHORS� D� WD[RQRP\� WKDW� ZLOO� IRUPXODWH� DQG� GHÀQH�
the key terms of interest.

In the area of Explain, it is understood that we are 
just beginning to deal with a very complex and time-
variable problem set. It is vital to conduct studies to 
create benchmarks and to gain a deeper understand-
ing of key cyber issues.

In the area of Connect, the selection of MoMs is in 
its infancy. We must consider all of the entities that 
are being empowered by changes in cyberspace and 
develop appropriate MoMs for them.

Finally, in the area of Anticipate, we understand 
the challenge in trying to predict the evolution of cy-
berspace. At a minimum, we need to generate a re-
search agenda to address unresolved cyber issues. 
This should include the development of methods, 
tools, data, services (e.g., VV&A), and intellectual 
capital to attack many of these problems.

ENDNOTES - CHAPTER 2

1. Dr. Harold R. Winton, “An Imperfect Jewel,” presented at 
INSS workshop on the Theory of Warfare at the National Defense 
University, Washington, DC, September 2006.



27

���'HSXW\�6HFUHWDU\�RI�'HIHQVH�0HPRUDQGXP��´7KH�'HÀQL-
tion of Cyberspace,” Washington, DC: Department of Defense 
May 12, 2008.

3. Daniel T. Kuehl, “From Cyberspace to Cyberpower: De-
ÀQLQJ�WKH�3UREOHP�µ�LQ�)UDQNOLQ�'��.UDPHU��6WXDUW�+��6WDUU��DQG�
/DUU\�.��:HQW]��(GV���Cyberpower and National Security, Washing-
ton, DC: Center for Technology and National Security Policy, Na-
tional Defense University, Potomac Books, Inc., 2009, p .48.

4. Ibid., p. 40.

5. Sally Adee, “37 Years of Moore’s Law,” IEEE Spectrum, May 
2008.

6. Rich Kalgaard, “Ten Laws of the Modern World,” April 19, 
2005, available from Forbes.com.

7. George Gilder, “Metcalfe’s Law and Legacy,” Forbes ASAP, 
September 13, 1993.

���%RE�%ULVFRH��$QGUHZ�2GO\]NR��DQG�%HQMDPLQ�7LOO\��´0HW-
calfe’s Law is Wrong,” IEEE Spectrum, July 2006.

��� 'DQ� *RQ]DOHV� et al., “Network-Centric Operations Case 
Study: Air-to-Air Combat With and Without Link 16,” Santa 
Monica, CA: RAND Corporation, National Defense Research In-
stitute, 2005.

10. Irving Lachow, “Cyber Terrorism: Menace or Myth?” 
Chap. 19, Cyberpower and National Security, Bethesda, MD: Po-
tomac Press, 2009. 

11. John Markoff, “Vast Spy System Loots Computers in 103 
Countries,” New York Times, March 29, 2009.

12. Emad Aboelela, “Network Simulation Experiments Man-
ual,” Amsterdam: Morgan Kaufmann Publishers, 3rd Ed., June 
2003. 

13. Ira Kohlberg, “Percolation Theory of Coupled Infrastruc-
tures,” 2007 Homeland Security Symposium entitled “Cascading 



Infrastructure Failures: Avoidance and Response,” Washington, 
DC: National Academies of Sciences, May 2007.

14. “Deterrence in the 21st Century: An Effects-Based Ap-
proach in An Interconnected World, Vol. I,” Nancy Chesser, ed., 
Strategic Multi-Layer Analysis Team, USSTRATCOM Global Inno-
vation and Strategy Center, October 1, 2007.

15. Colonel William Wimbish and Major Jeffrey Sterling, “A 
National Infrastructure Simulation and Analysis Center (NISAC): 
Strategic Leader Education and Formulation of Critical Infra-
structure Policies,” Carlisle, PA: Center for Strategic Leadership, 
U.S. Army War College, August 2003.

28



29

CHAPTER 3

SURVIVABILITY OF THE INTERNET

Michael J. Chumer

INTRODUCTION

In 2007, a symposium was sponsored by the New 
Jersey Business Force (NJBF) and SunGard. During 
the symposium, a panel of experts posed a series of 
questions that were then addressed in detail by work-
groups drawn from the symposium participants. This 
FKDSWHU�SUHVHQWV�WKH�NH\�LVVXHV�LGHQWLÀHG�E\�WKRVH�LV-
sues that affect the resilience and survivability of the 
Internet during a pandemic declaration.

The use of the “commodity” Internet, referred to 
simply as the Internet, is the cornerstone of private 
and public sector communication, application access 
and use, information sharing, and a host of taken-for-
granted usages. During the SunGard1 and NJBF2  sym-
posium in 2007, the key question posed and addressed 
was, “Will the Internet Be There When You Really 
Need It?”3 The planning symposium focused on the 
effects on the Internet if a pandemic based upon H5N1 
�WKH�ELUG�ÁX��ZDV�WR�EUHDN�RXW�LQ�WKH�8QLWHG�6WDWHV��,Q�
addition, the symposium addressed reciprocal effects 
on businesses given a marginally functioning Internet.

From the middle of April 2009 to the present, the 
United States has been in a pre-pandemic event sug-
JHVWHG�E\� WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ� �:+2��DV�
stage 5.4 This in turn has caused many private sector 
RUJDQL]DWLRQV� WR� UHYLHZ� WKHLU� SDQGHPLF� SODQV� DQG�
take the necessary steps to revise and adjust them 
in anticipation of a pandemic declaration. The virus 
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VWUDLQ�LV�FDOOHG�+�1���VZLQH�ÁX��LQVWHDG�RI�WKH�+�1���
but that does not alter the business planning process 
RU�WKH�VWHSV�WKDW�PDNH�VHQVH�IRU�RUJDQL]DWLRQV�WR�WDNH�
in preparation of such a declaration.

As the symposium suggested, a pandemic plan 
should consider the availability of the Internet for 
business continuity, given that social distancing will 
be required. Social distancing will affect all employ-
ees, to include “key” personnel. As personnel work 
IURP�KRPH�� WKH�WUDIÀF�RQ�WKH�,QWHUQHW�ZLOO�FKDQJH� LQ�
a way where certain Internet Service Providers (ISP) 
PD\�HQFRXQWHU�,QWHUQHW�WUDIÀF�ORDGV�WKDW�ZHUH�QRW�DQ-
ticipated. 

SYMPOSIUM DATA COLLECTION

7KH�V\PSRVLXP�ZDV�FRQGXFWHG�DV�D�PRGLÀHG�WDEOH�
top exercise (TTX). In the morning, presentations were 
given that addressed the H5N1 virus along with pre-
dictions on how it might spread in the United States; 
who would be at risk; the role of the public sector, 
personal protection and the responsibility of the indi-
vidual; and some initial thoughts about the role and 
concerns of business and business continuity planning 
in general. Initial presentations by 10 experts were fol-
lowed by a facilitated panel discussion designed to 
surface issues that would later be discussed in detail 
by the symposium participants. 

Subsequent to the panel discussion, the 110 partici-
pants were divided into workgroups which engaged 
in a TTX that addressed in more detail the major ques-
tions that surfaced during the panel discussion.

Data that resulted from the panel discussion and 
from the individual workgroup TTXs were captured 
DQG�DQDO\]HG�E\�D�WHDP�RI�UHVHDUFKHUV��7KH�NH\�LWHPV�
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LQ� WKH�SDQHO�DQG�77;�GDWD�ZHUH� LGHQWLÀHG�� UHVXOWLQJ�
in a white paper jointly authored by the NJBF and 
SunGard.5 Most of the material contained in the white 
paper has been incorporated and reassessed in this 
chapter.6

In the white paper, a series of topical area issues 
posed as questions were developed:

�� �Business continuity effects due to Internet 
reduced availability. What are the foreseeable 
short-term and long-term impacts if the Inter-
net either “crashes,” “goes down,” or “stops 
working”?

�� �Service provider collaboration for the collec-
tive good. Explain whether existing protocols 
for providing collaboration and coordination 
between U.S. service providers (cable, tele-
SKRQH��DQG�´ODVW�PLOHµ�SURYLGHUV��DUH�VXIÀFLHQW�
enough to preserve Internet access and limit 
overload.

�� �Points of Internet failure. What must planners 
consider when modifying or developing busi-
ness practices?

�� �The effects on computer applications and/or 
protocols. What are the effects on applications 
and/or protocols if the Internet slows down 
rather than halting during a pandemic, as well 
as mitigation strategies for such an event?

�� �Increased Internet demand. In the face of 
heavy demand on the Internet, which features 
or services should contingency planners expect 
to shut down or redirect to conserve or preserve 
bandwidth?

�� �Hacker Attacks. Should contingency plan-
ners expect attacks from hackers during a state 
when the Internet is weakened?
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�� �Growing Internet Reliability. Whether we as 
a nation are depending too much on the Inter-
net and underestimating its risks for the sake of 
FRVW��FRQYHQLHQFH��DQG�HIÀFLHQF\"

�� �Internet Resilience. Will the Internet be resil-
ient enough to hold up under the onslaught of 
school, business, home enterprise, emergency 
management, and recreational users during a 
pandemic?

CURRENT ESCALATING SITUATION

On June 11, 2009, the WHO raised the pandemic 
alert level from phase 5 to phase 6, which indicates 
WKH�VWDUW�RI�D�IXOO�ÁHGJHG�ZRUOGZLGH�SDQGHPLF��7KLV�
declaration, in turn, suggests that certain actions or 
EHKDYLRUV�VKRXOG�EH�´WULJJHUHGµ�ZLWKLQ�RUJDQL]DWLRQV�
(the public and/or private sector). The general discus-
sion that follows in the next section reveals answers to 
questions about the effects of a pandemic declaration 
RQ�WKH�,QWHUQHW��0DQ\�EXVLQHVV�RUJDQL]DWLRQV��LQ�WXUQ��
are reviewing their current continuity of operations 
SODQV� �&2236���DQG�SXEOLF�VHFWRU�RUJDQL]DWLRQV�DOVR�
are reviewing their continuity of government plans 
(COOGS). The next section also provides guidance to 
RUJDQL]DWLRQV�DERXW�ZKDW�LVVXHV�WKH\�QHHG�WR�DGGUHVV�
to ensure that business can continue to function and 
continue to survive during a pandemic.

That section also indicates that the “commodity” 
,QWHUQHW�SOD\V�D�VLJQLÀFDQW�DQG�YLWDO�UROH� LQ� WKH�DELO-
ity of business to do business. The Internet is a critical 
component within the supply-and-value chain of each 
RUJDQL]DWLRQ�� OLQNLQJ� EXVLQHVVHV� DV� WKH� SURGXFHUV� RI�
products and/or the providers of services to the cus-
WRPHUV�WKDW�EHQHÀW�IURP�WKRVH�SURGXFWV�DQG�VHUYLFHV��
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The reliance on the Internet has grown over the past 
16 years (the backbone of the Internet was contracted 
in 1993 or outsourced by the National Science Founda-
tion to the private sector). This growth has been expo-
nential and, along with it, a growing dependency and 
interdependency has occurred, with the tacit belief 
that the Internet will always be there. Businesses have 
developed processes and procedures where the Inter-
net is a critical component. If the Internet slows down 
VLJQLÀFDQWO\��ZKLFK�PD\�RFFXU�GXULQJ�D�SDQGHPLF��RU�
even cease to function in certain parts of the country 
GXH�WR�XQH[SHFWHG�WUDIÀF�SDWWHUQV��FRXSOHG�ZLWK�GHQL-
al of service attacks, business and governments need 
to be prepared. This will not be an easy task.

GENERAL DISCUSSION

The sections that follow discuss in detail the an-
swers to the questions that were posed to symposium 
attendees through the panel discussion and the subse-
quent TTX. Each section provides planning guidance 
WR� ERWK� RUJDQL]DWLRQDO� SODQQHUV� DQG� RUJDQL]DWLRQDO�
emergency management/security functions.

Business Continuity Effects Due to Internet  
Reduced Availability with Examples of Healthcare 
and Education.

The symposium data suggested that healthcare 
and education would be greatly impacted over the 
long term during periods of reduced availability. In 
2006, healthcare approached one-sixth of the gross 
domestic product (GDP), inferring that the economic 
impact during periods of reduced Internet availability 
ZRXOG�EH�VLJQLÀFDQW��7KH�DPRXQW�RI�FRPPXQLFDWLRQ�
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being passed over the Internet due to patient electron-
ic records, clinical data being shared geographically, 
and the bandwidth of clinical data, especially those 
UHTXLULQJ�YLVXDOL]DWLRQ��ZRXOG�DOO�VXIIHU�WLPH�ODJV�DQG�
delays with the ultimate potential of affecting patient 
diagnostics and treatment protocols.

$� VLJQLÀFDQW� SHUFHQWDJH� RI� HGXFDWLRQ� IURP� .����
is still done face-to-face (F2F), suggesting that dur-
ing periods of social distancing, essential delivery of 
education material would not occur. When education 
delivery is viewed at the community college or col-
lege level, we do see a movement toward both dis-
tance learning and hybrid (blended learning) course 
delivery. However, the majority of distance learning 
courses are delivered over home-to-school Internet 
connections, suggesting that some delays in the deliv-
ery of course content would occur during periods of 
reduced Internet availability. 

In addition, over the short term, e-mails—which in 
2006 averaged 84 billion per day—voice over Internet 
protocol (VOIP), and instant messaging would be af-
fected. This will leave those people whose social net-
works are tied to a virtual space to seek out different 
IRUPV�RI�VRFLDO�QHWZRUNLQJ��,W�PLJKW�EH�YHU\�GLIÀFXOW�
during periods of social distancing for those individu-
als and collectives that rely on virtual communication 
to adapt to both physical and virtual isolation.

Service Provider Collaboration for the Collective 
Good.

The symposium discussed whether existing pro-
tocols for providing collaboration and coordination 
between U.S. service providers (cable, telephone, and 
´ODVW� PLOHµ� SURYLGHUV�� DUH� VXIÀFLHQW� HQRXJK� WR� SUH-
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serve Internet access and limit overload. Discussion 
for this topic was robust. It is clear that the ownership 
of the Internet resides with the private sector and, in 
that vein, there is some but not a lot of coordination 
between Internet “backbone” providers to ensure that 
infrastructure “build-outs” keep up with capacity 
demands. However, during a pandemic or any emer- 
gency situation which may require a reduction of In-
WHUQHW�WUDIÀF��H[LVWLQJ�SURWRFROV�DUH�HLWKHU�LQVXIÀFLHQW�
or do not exist. Furthermore, the symposium data 
suggested, 

7R�GDWH�WKH�SULYDWH�VHFWRU�KDV�HVWDEOLVKHG�QR�GHÀQLWLYH�
industry standards governing Internet user priorities 
and preferences in the event of a catastrophic event or 
DQ�¶LQFLGHQW�RI�QDWLRQDO�VLJQLÀFDQFH�·7 

This gets into the entire notion of establishing pri-
orities during periods of reduced Internet availability. 
Recommendations emerging from the symposium in-
clude the following:

�� �,Q� HPHUJHQF\� VLWXDWLRQV�� IRUPLQJ�DQ� DGYLVRU\�
group comprising Internet Service Providers 
and Government representatives to address 
key issues; 

�� �([SDQGLQJ�WKH�UROH�RI�H[LVWLQJ�,63�JURXSV��),6-
PA) to include formulating policies.

As the discussion moved forward, a further sug-
gestion was that, during a pandemic or a national 
HPHUJHQF\�� HDFK� RUJDQL]DWLRQ� VKRXOG� ´YROXQWDULO\µ�
UHGXFH�WKHLU�,QWHUQHW�WUDIÀF�E\����SHUFHQW�EHORZ�SHDN�
levels. Additional symposium recommendations in 
this area were: 

�� OLPLWLQJ�YLGHR�VWUHDPLQJ�DQG�9R,3�
�� DGRSWLQJ�RII�KRXU�EXVLQHVV�VROXWLRQV�
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�� SULRULWL]LQJ�EXVLQHVV�DSSOLFDWLRQV�
�� EORFNLQJ�QRQFULWLFDO�,QWHUQHW�WUDIÀF�8

This is certainly an area open to more debate, such 
as addressing the role government should play in In-
WHUQHW� WUDIÀF�UHJXODWLRQ�GXULQJ�HPHUJHQF\�VLWXDWLRQV�
and/or periods of reduced Internet availability. The 
consensus was that the government should be a part-
ner with the private sector with limited intervention.

Points of Internet Failure. 

The symposium data indicated that planners must 
consider access infrastructure and bandwidth as they 
develop business practices that focus on their conti-
nuity of operations. Access infrastructure must be 
SODQQHG� IURP�EXVLQHVV� ORFDWLRQV� WR� WKH�ÀUVW� ,63� DQG�
also from a “critical” employee location to that em-
ployee’s primary ISP. Businesses for the most part do a 
JRRG�MRE�LQ�PRQLWRULQJ�WKHLU�QHWZRUN�WUDIÀF�WR�LQFOXGH�
WKHLU�,QWHUQHW�DFFHVV�SRLQWV��7KHUH�DUH�RIWHQ�´ÀUVWµ�DQG�
“last mile” issues which suggest that redundancy of 
access becomes a critical part of the plan. However, 
what is often overlooked is the access that critical em-
ployees should have from their home location. This 
becomes an important planning consideration during 
social distancing when the tacit expectation is that an 
HPSOR\HH�FDQ�DFFHVV�RUJDQL]DWLRQDO�DSSOLFDWLRQV�IURP�
their home location as they would from their work 
ORFDWLRQ��)RU�HPSOR\HHV��WKH�LVVXH�RI�´ÀUVWµ�DQG�´ODVW�
mile” redundancy becomes salient as well. This sug-
JHVWV� WKDW�RUJDQL]DWLRQDO�SODQQHUV�VKRXOG�SRVVHVV�DQ�
inventory of critical employee home access capabili-
ties which might suggest redundant Internet access 
from a home location.



37

Bandwidth is the second item that planners must 
consider. Again, this is important at business locations, 
but becomes more important when employees work 
at home. We are in an era where audio, video, and 
graphics are transmitted over Internet infrastructures. 
0DQ\�RUJDQL]DWLRQDO�DSSOLFDWLRQV�DUH�GHYHORSHG�IRU�D�
thin client architecture where most of the processing 
LV�SHUIRUPHG�RQ�RUJDQL]DWLRQDO�VHUYHUV��7KLV�DUFKLWHF-
WXUH�VXJJHVWV�WKDW�VLJQLÀFDQW�EDQGZLGWK�FDSDFLW\�PD\�
EH�UHTXLUHG�WR�DFFHVV�ZHE�EDVHG�RUJDQL]DWLRQDO�DSSOL-
cations.

The symposium data indicated that the follow-
ing are the least likely points of failure: “Among the 
least likely points of failure are Domain Name Serv-
ers (DNS), corporate high-capacity bandwidth, local 
exchange carrier, and redundant corporate routing.”9 

The Effects on Computer Applications and/or  
Protocols.

What are the effects on applications and/or pro-
tocols if the Internet slows down rather than halting 
during a pandemic, as well as mitigation strategies? 
Symposium data suggested that this question is tight-
ly coupled to the role that the Internet plays within 
RUJDQL]DWLRQDO�VXSSO\�DQG�YDOXH�FKDLQV�10 Much of or-
JDQL]DWLRQDO�VXSSO\�DQG�YDOXH�FKDLQV�DUH�RXWVRXUFHG�
WR� GLIIHUHQW� RUJDQL]DWLRQV� �YHQGRUV� RU� SDUWQHUV�� UH-
quiring “tight coupling”11 from a communication 
perspective. This suggests that access and bandwidth 
considerations that were previously addressed take 
RQ�D�VLJQLÀFDQW�OHYHO�RI�LPSRUWDQFH��

In conjunction with supply and value chain con-
VLGHUDWLRQV�XQLTXH�WR�WKH�VSHFLÀF�RUJDQL]DWLRQ��WKHUH�LV�
the entire issue of supply/value chain interdependen-
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cies and critical application access.12 Business environ-
ments where a “just in time” mentality has developed 
VXJJHVWV� D� EXVLQHVV� FRQWLQXLW\� IRFXV� RQ� VWDELOL]LQJ�
the supply chain during a pandemic or incident of 
QDWLRQDO� VLJQLÀFDQFH�� 7KH� V\PSRVLXP� LQGLFDWHG� WKDW�
WKH�VXSSO\�YDOXH�FKDLQ�LVVXH�VKRXOG�EH�VWDELOL]HG�ÀUVW�
before employee essential needs of “food, water, and 
healthcare” should be addressed.13 

Increased Internet Demand.

In the face of heavy demand on the Internet, which 
features or services should contingency planners ex-
pect to shut down or redirect to conserve or preserve 
bandwidth? The Internet has become less of an “ame-
nity” and more of an “expectation.”14 Witness that 
what began as a service that hotels would offer to gain 
a competitive advantage has now become a common 
expectation of business travelers. Since the expecta-
tion for robust and ubiquitous Internet services has 
been set, restricting usage would be met by a general 
resistance from the public writ large. This resistance 
could be somewhat overcome by requesting the pub-
lic to engage in behavior directed toward voluntary 
restrictions on their Internet use. However, the sym-
posium indicated that “Voluntary restrictions would 
have to be imposed for limited periods, applied eq-
uitably, and based on established priorities.”15 It was 
recommended that the public sector, especially the 
individual states, develop a list of priority users and 
suggested the following: 

�� �́ 8UJHQW��XWLOLWLHV��SXEOLF�VHUYLFH�QHWZRUNV��JRY-
ernment),

�� �3ULRULW\� �FRPPRGLW\� WUDQVSRUWDWLRQ�� IRRG��
medicine, relief supplies),

�� 1RUPDO��WKRVH�QRW�OLVWHG�DERYH��µ16
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What was not mentioned at the symposium but 
has relevance here is the development of a priority 
switching scheme for critical Internet services. At pres-
ent there is “Internet 2”17 and “The National Lambda 
Rail.”18�%RWK�DUH�VHUYLFHV�WKDW�SRVVHVV�ÀEHU�EDFNERQHV�
which are separate from the basic backbone infra-
structure of the commodity Internet. Once developed, 
XUJHQW� DQG� SULRULW\� VHUYLFHV� FRXOG� EHQHÀW� E\� EHLQJ�
switched during an emergency to one of these high 
bandwidth, high capacity services.

Hacker Attacks.

Should contingency planners expect attacks from 
hackers during a state when the Internet is weakened? 
The symposium data indicated that the cyber infra-
VWUXFWXUH�XVHG�E\�RUJDQL]DWLRQV�LV�DOZD\V�DW�ULVN�IURP�
hackers and from a variety of sources initiating un-
wanted intrusions. During a pandemic, it was agreed 
that the weakened state of the commodity Internet has 
WKH�SRWHQWLDO�RI�SXWWLQJ�RUJDQL]DWLRQV�DW�D�KLJKHU�OHYHO�
of risk. The greatest vulnerabilities will be in the areas 
of online banking and the movement of critical opera-
tions to the commodity Internet.

It is expected that during periods of social distanc-
LQJ��RQOLQH�EDQNLQJ�DFWLYLW\�ZLOO�LQFUHDVH�VLJQLÀFDQWO\�
which would open up opportunities for hacking. Ad-
GLWLRQDOO\��DV�PRUH�RUJDQL]DWLRQDOO\�´FULWLFDOµ�DSSOLFD-
tion functions move to the Internet due to employees 
performing telework, this will become a target for 
hacking activity as well. Hackers are not averse to tak-
ing advantage of other vulnerabilities. It was agreed 
WKDW� LGHQWLI\� WKHIW� DFWLYLWLHV� ZRXOG� LQFUHDVH� VLJQLÀ-
cantly, especially targeting people who died as a re-
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sult of the pandemic. Finally, the weakened state of 
the Internet could spawn denial of service activity. 
The white paper suggested the following as potential 
remedies:

Businesses should consider adding varying degrees 
of redundancy and security during their preparations. 
They can improve the security of online, networked 
operations during the mass migration of critical func-
tions and services, including telecommuting, to the 
,QWHUQHW��6SHFLÀFDOO\��FRPSDQLHV�FDQ�VWHS�XS�HQIRUFH-
ment of standard security controls and policies (e.g., 
ÀUHZDOOV��

They also can install encryption software, limit em-
ployee access and privileges to e-mail, and control ac-
cess to major non-mission-critical business processes. 
They can increase the frequency of mandatory pass-
word resets, require two-factor authentication, set 
tighter controls over extra-net partners, implement 
more aggressive patch management, and increase 
monitoring of the cyber or virtual environment.19

Growing Internet Reliability. 

Are we as a nation becoming too dependent on 
the Internet and underestimating its risks for the sake 
RI� FRVW�� FRQYHQLHQFH�� DQG�HIÀFLHQF\"� ,QWHUQHW�GHSHQ-
dency has been growing since the National Science 
)RXQGDWLRQ�DOORZHG�WKH�FRPPHUFLDOL]DWLRQ�RI�WKH�,Q-
ternet backbone in 1993. E-mail communication has 
LQFUHDVHG� VLJQLÀFDQWO\� HDFK� \HDU�� DQG� VHUYLFHV� OLNH�
“Facebook”20 and “Twitter”21 are beginning to rede-
ÀQH�WHFKQRORJ\�EDVHG�´VRFLDO�QHWZRUNLQJ�µ�%ORJJLQJ�
activity is increasing, as well as online shopping. So 
we as a nation and as a society have become very de-
pendent upon the Internet and have incorporated its 
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use into everyday life. The Internet has become ex-
tremely convenient. 

The convenience of the Internet needs to be bal-
anced against potential risks. An understanding of this 
balance and the steps that should be taken by people 
LQ�JHQHUDO��DQG�RUJDQL]DWLRQDO�HPSOR\HHV�VSHFLÀFDOO\��
suggest focus and constant reinforcement on educa-
tion. This education should address and develop an 
understanding of the risks of the Internet and its coun-
terbalance—the rewards of Internet use.

$� OLVW� RI� SODQQLQJ� JXLGHOLQHV� WKDW� RUJDQL]DWLRQV�
should follow for both educating themselves as well 
as educating their employees is included in the appen-
dix. During the symposium, the value of developing a 
risk–reward education program was stressed in order 
to further develop an understanding of the risks and 
vulnerabilities of Internet use and access.

Internet Resilience.

Will the Internet and ISPs be resilient enough to 
hold up under the onslaught of school, business, home 
enterprise, emergency management, and recreational 
users during a pandemic?22 The ability for ISPs to en-
gineer their capacity in such a way where they are 
able to accommodate this surge becomes important. It 
is expected that the Internet will not “break” during a 
pandemic, but it will certainly “bend” under the surge 
in expected use.

The white paper suggested areas that need to be 
addressed to begin to ensure that the Internet is as re-
silient as possible. These are:

The goal would be to avoid or eliminate single points 
of failure; establish reliability standards; have multi-
SOH�JHRJUDSKLFDOO\�LVRODWHG�3RVW�2IÀFH�3URWRFDO��323��
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servers; and ensure redundancy using non-terrestrial 
communications to geographically diverse ground 
stations. In addition, Tier 1 and 2 providers could 
manage bandwidth for Tier 3 and 4 providers, allow-
LQJ�PD[LPXP�HIÀFLHQF\�LQ�PHHWLQJ�WKH�H[SHFWHG�VXUJH�
in demand for Internet bandwidth.23 

CONCLUSION

In general, it was concluded that the backbone of 
the Internet is fairly “robust” and should be capable of 
withstanding the surge that would be expected during 
the initial stages of a pandemic declaration. However, 
the points of backbone access and the ability to ad-
dress local surge issues may cause the Internet to bend 
to levels that may be unacceptable to local users. The 
white paper that followed the symposium concluded 
with the following recommendation, included here in 
its entirety:

In the U.S., the Internet is analogous to private and 
commercial cars and trucks, i.e., it is indispensable. 
Continuity of Operations (COOP) planners must take 
threats to Internet availability as seriously as they 
would take threats to the availability of gasoline.

The direct and indirect threats a pandemic would pose 
to the Internet are genuine.

The potential for hostile human interference—for ex-
ample, terrorist attacks or other disruptive behavior—
during a pandemic should be factored into continuity 
plans. The U.S. economy remains a high-value target, 
and America’s enemies probably would attempt to ex-
ploit a pandemic through asymmetrical warfare (e.g., 
cyber attacks) to further weaken the economy and 
therefore the country.
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Degradation or loss of Internet service during a 
pandemic may reduce businesses to a state Herbert 
6SHQFHU� GHVFULEHG� DV� ¶VXUYLYDO� RI� WKH� ÀWWHVW�·� ,Q� WKLV�
HQYLURQPHQW�� RUJDQL]DWLRQV� WKDW�ZHUH�ZHOO� SUHSDUHG�
beforehand will have the best chance of prevailing. To 
improve their chances, companies can: 
� ����(QJLQHHU�V\VWHPV�IRU�SHDN�XVDJH�E\�H[SDQGLQJ�

capacity or reserving additional bandwidth,
� ����(OLPLQDWH�RU�UHGXFH�YXOQHUDELOLWLHV��DQG
� ���(GXFDWH�HPSOR\HHV�WR�WDNH�FDUH�RI�WKHPVHOYHV�

Internet Service Providers (ISPs) and government 
representatives should form a joint task force to de-
velop an Internet assurance strategy and voluntary 
guidelines for implementation during a pandemic. 
However, while the private sector probably would 
accept voluntary controls over Internet use during a 
pandemic, as long as limitations and restrictions are 
MXVWLÀDEOH�DQG�HTXLWDEO\�DSSOLHG��JRYHUQPHQW�GLUHFW-
ed mandates could be opposed as Marshall Law.

Identify potential problems now by conducting com-
prehensive exercises that would stress IT systems. 
&RPSDQLHV�FRXOG�FRQGXFW�WHVWV�ORFDOO\�DW�ÀUVW��DGRSW-
ing a process of continuous review that would inte-
grate technology issues into overall planning efforts, 
incorporate the legal and human resources functions 
into the planning process, ensure that critical em-
ployees have primary and secondary means of com-
munication, develop policies and standard operating 
procedures for mission critical functions, and establish 
a worst-case scenario as a baseline for testing. Com-
panies could then coordinate regional exercises with 
government and other businesses.

The supply chain is a national center of gravity, and 
the Internet is an integral component of America’s 
economic engine. These are a foundation of business 
and workforce survival; therefore, protecting them is 
essential for Continuity of Community and economic 
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recovery. Because the ‘social fabric’ may unravel in the 
event of a supply chain meltdown, companies should 
RUJDQL]H� PLWLJDWLRQ� PHDVXUHV� DURXQG� VXSSO\� FKDLQ�
failures and the reduced availability of critical work-
ers. These Page measures are an essential underpin-
ning for successful voluntary home isolation policies.

There are non-intrusive steps the private sector can 
take to prevent Internet overload and preserve capac-
ity. These include voluntary conservation guidelines, 
in-house measures and protocols to limit consumption 
of bandwidth, and employee understanding and com-
pliance.

Companies and government should prepare the gen-
eral public for Internet disruptions. This preparation 
can include promoting civic responsibility to gain co-
operation for Internet emergency measures, explain-
LQJ�,QWHUQHW�SULRULWL]DWLRQ�VFKHPHV��DQG�WU\LQJ�WR�WDNH�
the mystique out of information technology (i.e., per-
suade people that IT is a utility or resource, not much 
different from electricity or transportation).

Companies, government, and the general public 
should strive to understand a pandemic’s physi-
ological and technological challenges, and then adopt 
multi-faceted approaches to physical, cyber, and per-
sonnel protection.24 

These recommendations frame the type of “pre-
paredness” thinking that should go into the develop-
ment of plans due to a pandemic declaration (we are 
now in WHO, phase 6). The appendix provides im-
SRUWDQW� DQG� VSHFLÀF� JXLGDQFH� WR� SODQQHUV� JLYHQ� WKH�
uncertainty of H1N1. 
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APPENDIX

 The 10 items listed in this appendix are drawn 
directly from the white paper and are offered here as 
JXLGDQFH�IRU�DOO�RUJDQL]DWLRQV�WR�IROORZ�LQ�GHYHORSLQJ�
a resilient COOP that focuses upon Internet 
vulnerabilities.1

Planning Guidelines.

 1. System and staff redundancy, enhancing re- 
dundancy by purchasing diverse equipment 
and systems.

 2. Survivability based on the Continuity of Com-
munity concept.

  a. Plans, policies & procedures to ensure the   
   resiliency of:
   i. Economy
   ii. Government
   iii. Society
   iv. Family
   v. Nuclear and Extended
   vi. The Individual
  b. Information technologies take on increasing 

importance when employing emergency 
measures to contain pandemic outbreaks,

  c. Quarantines,
  d. Social distancing.

 3. Preparation combined with prevention,
  a. Ensuring multiple means of Internet access,  

 and,
  b. Assessing existing bandwidth against   

 potential surge requirements.
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� ��� ,GHQWLÀFDWLRQ�RI�HVVHQWLDO�V\VWHPV�DQG�SHRSOH�

 5. Education, training, exercising, and testing of IT 
systems in concert with continuity plans.

  a. Preparing employees to telecommute, 
including encouraging them to embrace 
mobile (i.e., handheld) and personal 
computing platforms,

  b. Educating, training, and testing employees 
on recovery responsibilities,

  c. Examining security issues.

 6. Staffs that are important to the continuity 
effort, including Human Resources, Legal, and 
Information Technology.

 7. Cascading impacts.
  a. Looking at service provider plans and the 

capacities and capabilities they possess,
� � E�� 'HWHUPLQLQJ� ZKHWKHU� ÀUVW�� DQG� ODVW�PLOH�

connections are potential points of failure.

 8. Systems security in all facets of operations.
� � D�� &KHFNLQJ� SHUVRQQHO�� ÀUHZDOOV�� SDVVZRUGV��

etc.,
  b. Maintaining security’s priority over urgency,
  c. Enforcing rules/procedures across all organ-

L]DWLRQDO�OHYHOV�
  d. Remaining vigilant against cyber threats.

 9. The balance between mitigation measures and 
demand for IT and Internet services.  
a. Reducing non-essential usage to prevent   
 overloading,
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  b. Addressing problems at the source to lower 
unrealistic expectations,

  c. Making concerted public relations and 
customer relations effort.

 10. Realistic expectations.
  a. Planning and reinforcing what you can 

control,
� � E�� $FFHSWLQJ�DQG�WU\LQJ�WR�LQÁXHQFH�ZKDW�\RX�

cannot,
  c. Proceeding without waiting for government 

or anyone else to tell you what to do.

ENDNOTES - APPENDIX

1. New Jersey Business Force/Surguard White Pages, pp. 
9-10.
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CHAPTER 4

ARE LARGE-SCALE DATA BREACHES 
INEVITABLE?

Douglas E. Salane

INTRODUCTION

Despite heightened awareness, large-scale data 
EUHDFKHV�FRQWLQXH�WR�RFFXU�DQG�SRVH�VLJQLÀFDQW�ULVNV�
WR� ERWK� LQGLYLGXDOV� DQG� RUJDQL]DWLRQV��$Q� H[DPLQD-
tion of recent data breaches shows that fraudsters 
increasingly are targeting institutions that hold large 
collections of credit card and social security numbers. 
Particularly at risk are card payment processors and 
retailers who do not properly secure their systems. 
Frequently, breached data winds up in the hands of 
RYHUVHDV� RUJDQL]HG� FULPH� ULQJV� WKDW� PDNH� ÀQDQFLDO�
data available to the underground Internet economy, 
which provides a ready market for the purchase and 
VDOH�RI�ODUJH�YROXPHV�RI�SHUVRQDO�ÀQDQFLDO�GDWD��7KLV�
FKDSWHU�FRQFOXGHV�WKDW�VWURQJ�GDWD�EUHDFK�QRWLÀFDWLRQ�
legislation is essential for consumer protection, and 
WKDW�WKH�GLUHFW�DQG�LQGLUHFW�FRVWV�RI�EUHDFK�QRWLÀFDWLRQ�
SURYLGH� VLJQLÀFDQW� HFRQRPLF� LQFHQWLYHV� WR� SURWHFW�
data. Also needed are standards for end-to-end en-
cryption, enterprise level methods for quickly patch-
ing and updating information systems, and enhanced 
SULYDF\�VWDQGDUGV�WR�SURWHFW�VHQVLWLYH�ÀQDQFLDO�LQIRU-
mation. 

$�GDWD�EUHDFK�RFFXUV�ZKHQ�DQ�RUJDQL]DWLRQ�ORVHV�
control over who has access to restricted information. 
The Privacy Rights Clearing House, D� QRQSURÀW� SUL-
YDF\� DGYRFDF\� RUJDQL]DWLRQ��PDLQWDLQV� D� SDUWLDO� OLVW�
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of the breaches reported since 2005.1 Losses of tens of 
thousands of records now occur almost on a weekly 
basis. Large-scale breaches at data aggregators, credit 
card payment processors, and national retail chains 
KDYH�FRPSURPLVHG� WKH�VHQVLWLYH�SHUVRQDO�DQG�ÀQDQ-
cial data of millions individuals. Currently, 44 states 
KDYH� GDWD� EUHDFK� QRWLÀFDWLRQ� ODZV� WKDW� UHTXLUH� RU-
JDQL]DWLRQV� WR� QRWLI\� WKH� LQGLYLGXDOV� DIIHFWHG� E\� D�
EUHDFK��)RU�RUJDQL]DWLRQV�KROGLQJ�GDWD�RQ�LQGLYLGXDOV��
breaches are no longer an internal matter and can be 
TXLWH�FRVWO\��ERWK�LQ�WHUPV�RI�EUHDFK�QRWLÀFDWLRQ�FRVWV�
DQG�WKH�ORVV�RI�FRQÀGHQFH�RI�FXVWRPHUV�DQG�EXVLQHVV�
partners. 

Data breaches exposing information that can be 
used to commit fraud are of particular concern. Such 
EUHDFKHV�W\SLFDOO\�LQYROYH�VHQVLWLYH�ÀQDQFLDO�LQIRUPD-
tion such as credit card and bank account numbers. 
Often causing even greater harm, however, is the 
ORVV�RI�SHUVRQDOO\� LGHQWLÀDEOH� LQIRUPDWLRQ� �3,,�� VXFK�
as driver license or social security numbers. Unlike 
compromised credit card and account numbers, it is 
GLIÀFXOW�WR�NQRZ�KRZ�WKLHYHV�ZLOO�XVH�D�VRFLDO�VHFXULW\�
number or other PII to commit fraud. A growing de-
mand for the stolen PII now provides a ready market 
for both types of information, and data thieves have 
ample incentive to steal both.

The scale and scope of data breaches during this 
decade has been alarming. From 2003 to 2005, each of 
the three leading data aggregation companies, Acxi-
om,2 LexisNexis,3 and ChoicePoint,4 suffered serious 
data breaches by failing to control business partners 
who had access to their databases.5 In 2005, Choice-
3RLQW� LQDGYHUWHQWO\� UHOHDVHG� WKH� ÀQDQFLDO� UHFRUGV� RI�
163,000 persons by making the data available to iden-
tity thieves who posed as legitimate clients. In 2003 
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and 2004, in two separate incidents, Acxiom subcon-
tractors stole information in the company’s databases. 
In one case, the subcontractor stole over one billion 
records. From 2003 to 2005, LexisNexis found that un-
DXWKRUL]HG� SHUVRQV� XVHG� LGHQWLÀFDWLRQ� RI� OHJLWLPDWH�
users to obtain social security numbers, driver’s li-
cense numbers, and the names and addresses of over 
310,000 individuals in its databases. In a May 2009 
DQQRXQFHPHQW�� WKH�FRPSDQ\�QRWLÀHG�RYHU��������LQ-
dividuals that credit card data that it held may have 
been compromised in 2007. 

During the past 4 years, several major retailers 
and card payment processing companies have had 
extremely large data breaches. In June 2005, Master 
Card disclosed that a card processor, CardSystems 
Solutions, suffered a data breach that compromised 
the credit card information of over 40 million card 
holders.6� ,Q� WKH� ZLGHO\� SXEOLFL]HG� 7-;� &RPSDQLHV�
breach that occurred from 2005 to 2007, thieves stole 
over 45 million credit card numbers.7 According to 
the Massachusetts Bankers Association, the breach 
affected the credit records of over 20 percent of New 
Englanders. In March 2008, Hannaford Brothers Co. 
disclosed that malicious software in its payment sys-
tems compromised at least 4.2 million credit and debit 
card accounts.8 In December 2008, payment processor 
RBS Wordplay said a breach of its payment systems 
affected more than 1.5 million people.9 Security and 
law enforcement experts are still trying to determine 
the extent of the Heartland Payment System Breach 
discovered in December 2008. Heartland processes 
over 100 million credit/debit transactions per month 
and is one of the top 10 payment processors. For over 
18 months, malicious software on a Heartland server 
intercepted unencrypted Track 2 (information on the 
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magnetic strip of a credit or debit card). The company 
became aware of the breach when Visa reported ex-
cessive fraudulent activity in credit card transactions 
processed by Heartland.10 

Although large-scale breaches attract the most at-
WHQWLRQ��VPDOOHU�WDUJHWHG�EUHDFKHV�FDQ�UHVXOW�LQ�VLJQLÀ-
cant losses since they often provide thieves with the 
information needed to commit fraud. Recently thieves 
installed skimmers on automatic teller machines 
(ATMs) in New York City and positioned concealed 
FDPHUDV�QHDU�WKH�PDFKLQHV�WR�UHFRUG�3HUVRQDO�,GHQWLÀ-
cation Numbers (PINs). After fabricating credit cards 
with the stolen information, the thieves were able to 
steal over $500,000 from about 200 victims.11 Thieves 
then attempted to withdraw the maximum allowable 
amount from each account for as many days as pos-
sible. Skimmers for capturing the card’s Track 2 data 
and devices for fabricating cards are available on the 
Internet. This type of crime no longer requires excep-
tional technical skills, and ATM frauds that use this 
equipment are becoming increasingly common. 

Due to the potential impact of breaches on con-
VXPHUV�� RUJDQL]DWLRQV�� DQG� FRPPHUFH�� GDWD� EUHDFK�
UHVHDUFK�LV�DQ�DFWLYH�DUHD��7ZR�RUJDQL]DWLRQV�WKDW�SUR-
vide breach information are the Open Security Foun-
dation, through its DataLossDB Project, and the pre-
viously mentioned Privacy Rights Clearing House.12 
The DataLossDB Project maintains a downloadable 
database of incidents and provides aggregate statistics 
on breaches since 2005. The primary sources of infor-
PDWLRQ�RQ�GDWD�EUHDFKHV�DUH�EUHDFK�QRWLÀFDWLRQ�OHWWHUV�
sent to state attorneys general, which typically are re-
TXLUHG�XQGHU�VWDWH�EUHDFK�QRWLÀFDWLRQ�ODZV��&RSLHV�RI�
EUHDFK�QRWLÀFDWLRQ�OHWWHUV�DUH�WKHQ�VHQW�WR�LQGLYLGXDOV�
whose information has been compromised. Press re-
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SRUWV��6(&�ÀOLQJV��DQG�FRPSDQ\�VWDWHPHQWV�DUH�RWKHU�
important sources. Despite California’s landmark 
EUHDFK�QRWLÀFDWLRQ� OHJLVODWLRQ� LQ� ����� DQG� WKH� DGRS-
WLRQ�RI�EUHDFK�QRWLÀFDWLRQ�OHJLVODWLRQ�LQ����VWDWHV��GH-
tailed information on a data breach is seldom made 
public or shared with the larger security community 
at the time of a breach. 

Data breaches, particularly large-scale breaches in-
volving PII, raise many questions. Unfortunately, the 
secrecy that typically surrounds a data breach makes 
DQVZHUV� KDUG� WR� ÀQG�� 'HWDLOHG� LQIRUPDWLRQ�� ZKLFK�
may be essential for threat detection throughout a 
particular industry, is seldom made available at the 
time a breach occurs. In fact, the details surrounding 
a breach may not be available for years since large-
scale breaches usually result in various legal actions. 
The parties involved typically have no interest in re-
leasing any more information than the law requires. 
Ironically, detailed breach information often becomes 
available in the course of a legal action when it be-
comes part of the public record. Thus the exact means 
by which a breach occurred often is not known until 
long afterward, if ever. Moreover, information about 
perpetrators and what exactly they do with the infor-
PDWLRQ� LV� GLIÀFXOW� WR� REWDLQ�� 6XFK� LQIRUPDWLRQ� PD\�
only come to light years later, if at all, in the course 
of criminal prosecutions. In addition, it is often not 
clear how to quantify the harm that may be caused by 
a breach—if 40 million records are compromised, how 
many of those records will likely to be used to com-
mit fraud? What information should be made avail-
able to affected individuals, and how should they be 
instructed to protect themselves? Who bears the costs? 
In industries where multiple parties process data, who 
should be held responsible for a breach? 
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The remainder of this chapter examines notable 
large-scale breaches in the data aggregation, card 
payment processing, and retail industries. It explores 
remedies and practices that have been suggested to 
mitigate breaches, particularly in the card payment in-
dustry. The chapter also discusses the costs of notable 
large breaches, both to individuals and the companies 
involved. It describes the research and developments 
needed to improve data breach detection, deterrence, 
and response. 

NOTABLE BREACHES: INSTITUTIONS, 
CAUSES, AND COSTS

By 2005, largely through acquisitions of smaller 
data management companies, Acxiom, ChoicePoint, 
and LexisNexis had grown to be the world’s three 
largest aggregators and providers of individual, data, 
each with revenues of over $1 billion annually. These 
RUJDQL]DWLRQV�OHYHUDJHG�WKHLU�VLJQLÀFDQW�DQDO\VLV�DQG�
processing capabilities, gleaned over many years of 
managing data for large corporate clients, to provide 
GHWDLOHG� LQIRUPDWLRQ� RQ�� DQG� SURÀOHV� RI�� LQGLYLGX-
als to insurers, collection agencies, direct marketers, 
employment screeners and government agencies, in-
cluding state and local law enforcement agencies. The 
website of Accurint, the information subsidiary of Lex-
isNexis, indicates the detailed information held and 
made available.13 For example, one product provided 
by the company, “People at Work,” holds information 
on 132 million individuals including addresses, phone 
numbers, and possible dates of employment. The site 
DGYHUWLVHV� WKH� DELOLW\� WR� ÀQG� SHRSOH�� WKHLU� UHODWLYHV��
associates, and assets. Large-scale breaches at each of 
these data aggregators earlier in this decade raised a 
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great deal of attention among privacy advocates and 
prompted calls for regulation of the activities of the 
data aggregation industry.14 

During 2002 and 2003, Acxiom suffered two sepa-
rate serious data breaches that involved Acxiom busi-
ness partners who had legitimate password access to 
the company’s databases.15�7KH�ÀUVW�LQYROYHG�WKH�V\V-
tem administrator of a small company who provided 
services to Acxiom and who routinely downloaded 
ÀOHV� IURP� DQ�$F[LRP�)73� VHUYHU�� 7KH� DGPLQLVWUDWRU�
exceeded his authority on the server and was able to 
GRZQORDG� DQG� GHFU\SW� D� ÀOH� FRQWDLQLQJ� SDVVZRUGV��
He obtained a master password that allowed him to 
WKHQ� GRZQORDG� ÀOHV� EHORQJLQJ� WR� RWKHU� FRPSDQLHV��
The administrator sealed his fate when he told a 
hacker friend in a chat room that he had been able to 
obtain access to a local telephone company database. 
A subsequent investigation of the hacker friend led to 
the administrator. As part of the same investigation, 
Acxiom technicians came upon a second more serious 
breach that involved theft by a subcontractor to an 
Acxiom contractor. From January 2001 to June 2003, 
WKH� VXEFRQWUDFWRU��ZKR� RZQHG� D� ÀUP� WKDW� SURYLGHG�
e-mail advertising services, accessed over one billion 
records in Acxiom’s databases by extending his au-
WKRUL]HG�DFFHVV��7KH�LQGLYLGXDO�ZDV�ODWHU�DUUHVWHG�DQG�
convicted on various federal charges that included 
����FRXQWV�RI�XQDXWKRUL]HG�DFFHVV�RI�D�SURWHFWHG�FRP-
puter.16 Prosecutors claim he used the data in his own 
e-mail advertising business and eventually planned to 
sell his company and its newly expanded database to 
a credit rating company. 

The ChoicePoint breach occurred in the fall of 2004 
and involved the theft of 145,000 consumer records—
the number was later revised upward to 163,000 re-
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cords.17� 8QGHU� &DOLIRUQLD·V� EUHDFK� QRWLÀFDWLRQ� ODZ��
ChoicePoint had to disclose the breach to California 
residents. Shortly afterward, attorneys general in 38 
states demanded that ChoicePoint disclose the breach 
to victims in all states.18 The breach led to numerous 
calls for an investigation of how information held by 
aggregators might be used to harm individuals.19 The 
EUHDFK�FRVW�&KRLFH3RLQW����PLOOLRQ�MXVW�LQ�QRWLÀFDWLRQ�
fees and over $10 million in legal fees. In February 
2005, the Company said about 750 individuals had 
been victims of identity theft. The company stated at 
the time that the breach did not involve a compromise 
of its networks or hacking, but was carried out by a 
few individuals who posed as legitimate business cus-
tomers and were given access to the data, which in-
FOXGHG�SHUVRQDO�ÀQDQFLDO� LQIRUPDWLRQ��7KH�FRPSDQ\�
VWDWHG� WKDW� ÀQDQFLDO� IUDXG� FRQGXFWHG� E\� VHHPLQJO\�
legitimate businesses is a pervasive problem. The Fed-
eral Trade Commission (FTC) later determined that 
ChoicePoint was in violation of the Fair Credit Report-
ing Act. The company settled with the FTC by pay-
LQJ�����PLOOLRQ� LQ�ÀQHV�DQG����PLOOLRQ� IRU�FRQVXPHU�
redress. One of the perpetrators, a Nigerian national 
living in California, was later arrested and tried under 
California law on charges of identity theft and fraud. 
He was sentenced to 10 years in prison and ordered 
to make restitution of $6 million. The incident led to 
dramatic changes in the way ChoicePoint safeguards 
sensitive personal information and how it screens po-
tential business customers.

In 2005, LexisNexis, another leading data aggrega-
tor, announced a major breach that exposed the per-
sonal information of 310,000 individuals.20 LexisNexis 
IRXQG�DIWHU�DQDO\]LQJ�GDWD�RYHU�D���\HDU�SHULRG� WKDW�
XQDXWKRUL]HG� SHRSOH� XVHG� LGHQWLÀFDWLRQ� DQG� SDVV-
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words of legitimate customers to obtain consumer 
social security numbers, driver’s license numbers, 
names, and addresses. The company stated that the 
breach involved 59 incidents of improper access to 
data. The company added that various techniques 
were used to gain access to the data, including, col-
OHFWLQJ� LGHQWLÀFDWLRQ� DQG� SDVVZRUGV� IURP�PDFKLQHV�
infected with viruses, using computer programs to 
JHQHUDWH� SDVVZRUGV� DQG� LGHQWLÀFDWLRQ� WKDW�PDWFKHG�
WKRVH� RI� OHJLWLPDWH� FXVWRPHUV�� DQG�XQDXWKRUL]HG� DF-
cess by former employees of companies with legiti-
mate access to LexisNexis data. The incident appeared 
to be not one breach, but a series of breaches that oc-
curred over a multi-year period and involved several 
different groups. 

In May 2009, LexisNexis disclosed a breach that 
exposed the personal information of 40,000 individu-
als and compromised names, birthdates, and social 
security numbers.21 The breach appears to have taken 
place from June 2004 to October 2007. The company 
breach letter said the thieves, who were once legiti-
mate LexisNexis customers, used mailboxes at com-
mercial mail services and PII taken from LexisNexis 
to set up about 300 fraudulent credit cards. The breach 
letter indicated that LexisNexis learned of the breach 
from the U.S. Postal Inspection Service, which was in-
vestigating the fraudulent credit cards.22 

In congressional testimony in 2005, Acxiom’s chief 
SULYDF\�RIÀFHU�GLVFXVVHG�WKH�FRPSDQ\·V�GDWD�EUHDFK-
es.23 She claimed that most information obtained was of 
a nonsensitive nature, and none of it was used to com-
mit identity fraud. She noted that the company would 
henceforth require stronger passwords and keep data 
on servers only for the period for which it is needed. 
She mentioned that Acxiom had decided to appoint a 
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FKLHI�LQIRUPDWLRQ�VHFXULW\�RIÀFHU��D�SRVLWLRQ�QRZ�FRP-
PRQ�LQ�PRVW�ODUJH�RUJDQL]DWLRQV��)URP�KHU�WHVWLPRQ\��
it was obvious that this breach was an embarrassment 
for a company that obtains over 80 percent of its rev-
enues from managing data for large corporations and 
large public agencies. She indicated that Acxiom was 
LQ�WKH�SURFHVV�RI�SDUWLFLSDWLQJ�LQ�GR]HQV�RI�DXGLWV�E\�
clients, whose trust in the company had certainly been 
GLPLQLVKHG��7KH�SULYDF\�RIÀFHU� UHÁHFWLQJ� WKH�ZRUGV�
of the then FTC commissioner said there is no such 
thing as perfect security and that breaches will hap-
pen even when all precautions are taken. The pri-
YDF\�RIÀFHU·V� WHVWLPRQ\�XQGHUVFRUHG� WKH� LPSRUWDQFH�
of removing data when it was no longer needed and 
effectively monitoring contractors and vendors with 
access to company data. At a recent presentation at 
-RKQ�-D\�&ROOHJH��WKH�FKLHI�VHFXULW\�RIÀFHU�RI�7LPH�,QF��
indicated that vendor management now was one of 
his major responsibilities.24

The retail and card payment processing industries 
have suffered a number of large-scale breaches during 
the past 5 years. Unlike the data aggregation industry, 
breaches in these industries appear to have involved 
malware on servers that collected data and transmit-
ted it outside the company. These breaches, how-
ever, also involved individuals with detailed insider 
knowledge of the systems that were compromised. 
Although the credit card industry and retail industries 
KDYH�QRW�UHSRUWHG�VLJQLÀFDQW�ULVHV�LQ�WKH�UDWHV�RI�FUHGLW�
card fraud, the scope of recent payment card breaches, 
the rapidity with which stolen credit information was 
used, and the geographical scope of the fraud, raise 
concerns that data thieves are now taking advantage 
of the capabilities afforded by worldwide crime or-
JDQL]DWLRQV� WR�PRQHWL]H�YDVW� FROOHFWLRQV� RI� EUHDFKHG�
ÀQDQFLDO�LQIRUPDWLRQ�25
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One of largest breaches of a payment processor oc-
curred at CardSystems Solutions, a company that pro-
cessed both credit and debit credit card transactions. 
According to the FTC,26 in 2005 the company handled 
over 210 million card purchases worth $15 billion for 
PRUH�WKDQ���������VPDOO�DQG�PLG�VL]H�PHUFKDQWV��7KH�
company’s CEO admitted in congressional testimony 
that the data thieves captured Track 2 information be-
longing to 263,000 individuals.27 Security experts later 
determined that credit and debit information of over 
40 million customers may have been compromised. 
Despite the incredible volume of transactions pro-
cessed by the company, at the time, the company had 
only 115 employees. The breach was not discovered 
by CardSystems, but by MasterCard security while 
tracking fraudulent card activity.28

The FTC charged CardSystems Solution with vio-
lation of Section 5 of the FTC Act, which prohibits un-
fair or deceptive business practices.29 The FTC claimed 
that the company violated the Act by failing to adopt 
widely accepted, easily deployed security standards 
that would have prevented the exposure of the sensi-
WLYH�ÀQDQFLDO�GDWD�RI� WHQV�RI�PLOOLRQV�RI� LQGLYLGXDOV��
The FTC further charged that the company neglected 
industry security polices with respect to the type of 
data it collected and the amount of time it held the 
data.

A forensic investigation of the breach found nu-
merous security lapses both in the company’s systems 
and procedures. The company violated it own indus-
try security polices by storing data in unencrypted 
format on a server accessible from a public network. 
Data thieves were able to execute a Structured Query 
Language (SQL) injection attack that allowed an un-
DXWKRUL]HG�VFULSW�WR�EH�SODFHG�RQ�D�:HE)DFLQJ�VHUYHU��
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The script exported data to an external FTP site every 
4 days. In addition, data was retained for purposes 
other than payment processing, another violation of 
industry policy. Furthermore, the company did not 
adequately assess its system vulnerabilities to com-
monly known attacks, did not use strong passwords, 
and did not implement simple, widely used defenses 
to thwart SQL attacks. The CEO also added in con-
gressional testimony that the company stored Track 
2 data for later analysis, another violation of industry 
security standards.30 

The breach raised new levels of security aware-
ness within the card payment processing industry and 
SURYLGHG�VLJQLÀFDQW�LPSHWXV�IRU�FRPSOLDQFH�ZLWK�WKH�
industry’s newly developed Payment Card Industry 
Data Security Standard (PCI DSS or simply PCI).31 To-
GD\��ORVV�RI�3&,�FHUWLÀFDWLRQ�FDQ�SXW�D�SD\PHQW�SURFHV-
sor out of business, because it means that the company 
failed to comply with information security standards, 
ZKLFK� XQGHUPLQHV� WKH� FRQÀGHQFH� RI� FXVWRPHUV� DQG�
partners. Shortly after the CardSystems breach, Visa 
and American Express stopped processing with the 
company. After revising security policies, upgrading 
systems, and implementing end-to-end encryption on 
its backend systems and networks, the company even-
WXDOO\�JDLQHG�3&,�FHUWLÀFDWLRQ��3D\%\7RXFK��DQRWKHU�
payment processor, then purchased the company at a 
steep discount.32 The largest breach of a retailer’s pay-
ment processing systems occurred at TJX Companies 
from 2005 to 2007.33 Intruders had access to the sys-
WHPV�IRU�RYHU����PRQWKV��,Q�ÀOLQJV�ZLWK�WKH�6(&��WKH�
company said 45.6 million card numbers may have 
been taken. Card issuing banks later raised the total 
to 94 million. In addition, thieves captured personal 
information such as driver’s license numbers, which 
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was used to track merchandise returns.34 According 
to industry estimates, a card replacement can cost 
EHWZHHQ����DQG�����GROODUV��DQG�D�EUHDFK�QRWLÀFDWLRQ�
PD\�FRVW�XS�WR�����SHU�QRWLÀFDWLRQ��6KRUWO\�DIWHU�WKH�
compromise, thieves used the card numbers to make 
purchases in Georgia, Florida, and Louisiana in the 
United States, as well as in Hong Kong and Sweden. 
By September 2007, the breach had cost the company 
over $150 million, and the company still faced numer-
ous class action law suits.

7-;�EHOLHYHV� D�ÁDZ� LQ� LWV�ZLUHOHVV�QHWZRUNV�PD\�
have allowed malware to be placed on one of its Retail 
Transaction Switch Servers (RTS) that processes and 
stores information on customer purchases and charge 
backs for its stores throughout North America. At the 
time TJX was in the process of upgrading its wireless 
security from the weaker Wired Equivalent Privacy 
(WEP) standard to the stronger WiFi Protected Access 
(WPA) standard.35 TJX admits that intruders had ac-
cessed the system at times from July 2005 to January 
2007. 

$�UHSRUW�E\�WKH�2IÀFH�RI�WKH�3ULYDF\�&RPPLVVLRQHU�
of Canada36 provides a summary of the security lapses 
of TJX Companies that led to the breach. The privacy 
commission found that the TJX intruders gained ac-
cess to the names, addresses, driver’s license num-
EHUV�� DQG� SURYLQFLDO� LGHQWLÀFDWLRQ� QXPEHUV� RI� RYHU�
330 persons with addresses in Canada. According to 
Canadian privacy law, TJX should not have collected 
this information in card transactions. Citing analyses 
of the incident, the commission found that the compa-
ny did not have in place adequate logging procedures 
to do a proper forensic analysis of the incident. The 
data thieves actually deleted information so it was 
GLIÀFXOW� WR� WHOO�ZKDW� LQIRUPDWLRQ�ZDV� FRPSURPLVHG��
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The commission also faulted the company for not be-
ing fully compliant with industry standards and prac-
tices such as PCI. The commission noted that as far 
back as 2003, the Institute of Electrical and Electronics 
Engineers (IEEE) standards committees had recom-
mended migration from the WEP security standard to 
the stronger WPA standard, yet the company had at 
the time of the breach failed to complete the migra-
tion. Even though the commission found that TJX had 
DQ�DGHTXDWH�RUJDQL]DWLRQDO�VHFXULW\�VWUXFWXUH�LQ�SODFH��
it faulted the company for collecting too much data, 
holding it too long, using a weak security protocol, 
and not having adequate monitoring in place to detect 
a breach in progress or to determine the extent of the 
breach after the fact. 

Another payment processor, RBS World Pay of 
Scotland, suffered a serious breach in December 2008 
WKDW�LQYROYHG�RYHU�����PLOOLRQ�ÀQDQFLDO�UHFRUGV�37 Ac-
cording to the Federal Bureau of Investigation (FBI), 
thieves stole Track 2 data from debit cards that were 
used to pay employees. They also may have accessed 
the social security numbers of one million customers. 
The FBI said the thieves worked with cashiers in 49 
cities, including Atlanta, Chicago, New York, Mon-
treal, Moscow, and Hong Kong, to withdraw over $9 
million from accounts. The cashiers locally fabricated 
cards and made withdrawals from local ATMs. Tim-
ing is critical in these frauds. If good fraud monitor-
LQJ�LV�GHSOR\HG��WKH�LQIRUPDWLRQ�KDV�WR�EH�PRQHWL]HG�
quickly before cards are cancelled. 

In January 2009, Heartland Payment Systems Inc. 
announced the largest data breach to date of a pay-
ment processor, over 100 million cards compromised. 
Heartland is among the top 10 card payment proces-
sors and handles over 100 million credit and debit 
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card transactions per month. The breach was detected 
QRW� E\� +HDUWODQG�� EXW� E\� 9,6$·V� VHFXULW\� RUJDQL]D-
tion, which noticed an increase in fraudulent activity 
on cards processed by Heartland. The source of the 
breach was malware on a Heartland system, which 
intercepted payment information sent to Heartland 
from thousands of retail merchants. At the time of the 
breach announcement, Heartland claimed no social se-
curity numbers, unencrypted PIN numbers, address-
es, or telephone numbers were revealed.38 Thieves, 
however, were able to intercept the Track 2 informa-
WLRQ��ZKLFK�LV�VXIÀFLHQW�WR�IDEULFDWH�D�GXSOLFDWH�FUHGLW�
card. At the time, the company said it did not know 
how long the malware was in place, how it got there, 
or how many accounts were compromised. A security 
analyst at Gartner Inc. noted that the company was 
SUREDEO\�QRW�GRLQJ�ÀOH�LQWHJULW\�PRQLWRULQJ�WR�GHWHFW�
XQDXWKRUL]HG�FKDQJHV�LQ�ÀOHV�DQG�GLUHFWRULHV�39

7KH�ORVVHV�LQ�WKLV�EUHDFK�DUH�VLJQLÀFDQW��7KXV�IDU��
the breach has cost the company $12 million, includ-
LQJ�D����PLOOLRQ�ÀQH� LPSRVHG�E\�0DVWHU&DUG��*LYHQ�
the number of compromised cards, banks would be 
unlikely to cancel and reissue all of them since the 
costs could be between $600 million to $1 billion, 
which is bigger than any anticipated fraud. Heartland, 
KRZHYHU�� IDFHV� D� FODVV� DFWLRQ� ODZVXLW�ÀOHG�RQ�EHKDOI�
RI�ÀQDQFLDO�LQVWLWXWLRQV�WKDW�KDYH�UHLVVXHG�FUHGLW�DQG�
debit cards and now are attempting to recover these 
and other expenses associated with the breach. The 
ORVV�RI�FRQÀGHQFH�RQ�WKH�SDUW�RI�FXVWRPHUV�DQG�SDUW-
ners is also a major issue the company is attempting 
to address.40 

Thus far, this report has focused on breaches by 
companies in the data aggregation and payment pro-
cessing industries. Large-scale breaches, of course, 
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FDQ� RFFXU� LQ� DQ\� RUJDQL]DWLRQ� WKDW� PDLQWDLQV� ODUJH�
data repositories or does high volume transaction pro-
cessing. The Open Security Foundation DataLossDB 
website shows a dramatic increase in the number of 
breach incidents since 2000, which is most likely due 
to the widespread adoption by states of breach noti-
ÀFDWLRQ� ODZV� EHJLQQLQJ� LQ� �����41 Statistics available 
on that the DataLossDB site show that educational 
institutions and government agencies account for 42 
percent of reported incidents, while nonmedical busi-
nesses account for about 46 percent. Rather than ma-
licious attempts to steal data, many breaches, about 
29 percent of those reported, are simply the result of 
lost or stolen storage media (tapes, jump drives, and 
laptops). The site also shows that breaches involving 
third parties, common in the payment processing in-
dustry, often result in a greater numbers of records 
lost than those that do not involve third parties.

MONETIZING THE CRIME

What makes large-scale data breaches so danger-
RXV� LV� WKDW� PRGHUQ� RUJDQL]HG� FULPH� KDV� GHYHORSHG�
HIÀFLHQW� PHFKDQLVPV� IRU� WKH� VDOH� DQG� ZLGHVSUHDG�
distribution of large collections of identities and per-
VRQDO�ÀQDQFLDO�LQIRUPDWLRQ�42 So-called carding forum 
websites provide repositories for credit information 
for cyber thieves around the world. These sites often 
make available both Track 1 and 2 data from a card. 
In addition, there are sites that include full informa-
tion about a victim, so-called “fulls,” which include 
name; address; telephone, social security, credit, or 
debit card numbers; PINs; and a possible a credit his-
tory report. This information is, of course, more costly 
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than just credit card or account numbers. Thieves 
know that there is a ready market for the proceeds of 
D�ODUJH�VFDOH�EUHDFK�RI�ÀQDQFLDO�LQIRUPDWLRQ�RU�3,,�WKDW�
can be used to commit fraud.

Carders (those who run carding sites) typically 
buy information from hackers who are responsible 
for the breach. Carders can break the data into smaller 
packages and distribute it to lower level carders who 
may assume the more risky task of making the card’s 
information available to end users. End users, some-
WLPHV�NQRZQ�DV�FDVKHUV��XOWLPDWHO\�PRQHWL]H�WKH�VWR-
len information, which involves the most risk and dif-
ÀFXOW\��IDEULFDWLQJ�D�FDUG��FKDQJLQJ�DQ�DGGUHVV��HWF����
In some card account heists, a worldwide network of 
cashers fabricates cards and makes withdrawals at 
ATMs around the world shortly after the breach. The 
Shadow Crew site, for example, which was disman-
tled by the U.S. Secret Service in 2004, had over 4,000 
PHPEHUV�WKURXJKRXW�WKH�ZRUOG��WUDIÀFNHG�LQ�DW�OHDVW�
1.7 million credit cards, and caused losses estimated 
at $4.3 million.43 Many considered the Shadow Crew 
WR� EH� D� ORRVH� FRQÀJXUDWLRQ� RI� F\EHU� FULPLQDOV�� QRW� D�
KLJKO\�RUJDQL]HG�FULPH�JURXS��

A ready market for a large collection of account in-
IRUPDWLRQ�FUHDWHV�VHULRXV�UHVSRQVH�LVVXHV�IRU�ÀQDQFLDO�
institutions. In a small-scale breach that involves 200 
accounts, banks can simply reissue cards with new ac-
count numbers. The cost to reissue 45 million compro-
mised cards, however, is probably going to be more 
than any credit fraud so banks will not reissue cards 
in such a large breach. Thus compromised cards may 
stay active and available at carding sites long after the 
breach. Losses to individuals, merchants, and banks 
may continue for some time. ID Analytics, D�ÀUP�WKDW�
investigates credit fraud, found in one breach they 
studied that breached information was used sparingly 
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DW�ÀUVW��SUREDEO\� WR�DYRLG�IUDXG�GHWHFWLRQ�44 Soon af-
ter the breach was discovered, however, there was an 
immediate increase in activity in the use of breached 
identities, followed by a sharp drop off in use after the 
breach was publicly announced. 

Recently, a site known as Dark Market was closed 
down by its alleged operator. Besides credit card in-
formation, the site offered ATM skimmers and other 
hardware needed for fraud operations. The site’s op-
erator said he was closing it because too many law 
enforcement agents and reporters had gained access 
WR�WKH�VLWH��DQG�LW�ZDV�SURYLQJ�GLIÀFXOW�WR�EH�VXUH�WKDW�
their accounts had been eliminated. Dark Market even 
provided review mechanisms that allowed users to 
evaluate merchandise and weed out so-called “rip-
pers,” or those who rip off other fraudsters. In recent 
congressional testimony, Rita Glavin, Acting Assistant 
Attorney General, expressed concern that internation-
al carding forums provided a ready market for large-
scale data breach contraband.45 She noted that at its 
height, Dark Market had 2,500 members worldwide. 
Late in 2008, in connection with the Dark Market site, 
the FBI announced the arrests of 60 people from six 
different countries including the United States, Esto-
nia, and the People’s Republic of China. Investigators 
found more than 40 million credit cards, including 
some from the TJX breach. An FBI undercover agent 
who penetrated the site provided further details of the 
Dark Market operation at the April RSA security con-
ference.46 

CHALLENGES AND REMEDIES

Each industry presents its own data security chal-
lenges. Notable large-scale breaches in the data aggre-
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gation industry indicate the need to prevent insiders 
IURP�H[FHHGLQJ�DXWKRUL]HG�DFFHVV��WKLV�LV�D�FKDOOHQJH�
in an industry where revenue comes from making 
data available to partners and clients. In the card pay-
ment processing industry, the complexity of the data 
ÁRZ�DQG�V\VWHPV�LQ�XVH�PDNH�VHFXULQJ�GDWD�D�YH[LQJ�
task. In this section, we focus primarily on remedies 
proposed and existing challenges in the payment pro-
cessing industry, which has experienced the largest 
EUHDFKHV�RI�VHQVLWLYH�ÀQDQFLDO�LQIRUPDWLRQ��

In 2006, the payment processing industry adopted 
the Payment Card Industry Data Security Standard.47 
The standard addresses the following areas: network 
security, protection of card holder data, management 
of vulnerabilities in system and application software, 
access control measures, monitoring and testing of 
QHWZRUN� UHVRXUFHV�� DQG� RUJDQL]DWLRQDO� LQIRUPDWLRQ�
VHFXULW\� SROLFLHV�� 7KH� JRDO� LV� WKDW� DOO� RUJDQL]DWLRQV�
involved in the processing of payment transactions, 
i.e., card issuing banks, merchants, acquiring banks, 
and card brand associations, will eventually comply 
with the PCI standard. An industry supported coun-
cil oversees continued development of the standard, 
FHUWLÀHV�RUJDQL]DWLRQV�DV�FRPSOLDQW��DQG�FHUWLÀHV�3&,�
auditors who monitor compliance. 

Recent congressional testimony on PCI standards 
by representatives of the card associations, a major re-
tailer, and the National Retailers Association indicate 
WKH�GLIÀFXOW\�RI�HVWDEOLVKLQJ��LPSOHPHQWLQJ��DQG�PRQ-
itoring compliance of security standards in an indus-
try as complex as the payment processing industry.48  
For example, the head of fraud control at Visa pointed 
out that the company serves as the connection point 
EHWZHHQ�����ELOOLRQ�SD\PHQW�FDUGV���������ÀQDQFLDO�LQ-
stitutions, and 29 million merchants in 170 countries. 
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He could have also added that this system includes 
hundreds of payment processors such as Heartland 
and RBS who provide the electronic delivery path 
WKDW�FRQQHFWV�PHUFKDQWV��FDUG�RUJDQL]DWLRQV�OLNH�9LVD�
DQG�0DVWHU&DUG�� DQG� WKH� ÀQDQFLDO� LQVWLWXWLRQV� ZKR�
provide the funds. In addition, these payment proces-
sors also handle ATM card and debit transactions for 
ÀQDQFLDO�LQVWLWXWLRQV��,Q�WKHVH�WUDQVDFWLRQV��WKH\�KDQG�
GDWD�RYHU�WR�RUJDQL]DWLRQV�VXFK�DV�1<&(��ZKLFK�DFWV�
as a clearing house for ATM transactions.49 The card 
payment system includes larger retailers such as Wal-
Mart, with adequate budgets for data security, as well 
as small corner stores that have very limited resources. 
It is not surprising that rates of PCI compliance vary 
considerably throughout the industry.50

One frequent criticism of the PCI standard is the 
requirement for data to be encrypted only on pub-
lic networks, or if stored on devices accessible from 
public networks. Data on private networks does not 
need to be encrypted. In fact, typically Track 2 data 
delivered by retailers to payment processors is not en-
crypted. In recent congressional testimony, the head 
of the National Retailers Association and the CEO of a 
PDMRU�UHWDLO�FKDLQ�ERWK�VWDWHG�WKDW�WKHLU�RUJDQL]DWLRQV�
would prefer to deliver data in encrypted format. Cur-
rently, this is not feasible since there is no industry-
wide encryption standard. After the CardSystems 
breach and the more recent Heartland breach, both 
RUJDQL]DWLRQV�SURSRVHG�HLWKHU�HQFU\SWLRQ�LQ�EDFN�HQG�
systems or end-to-end encryption as solutions. The 
Accredited Standards Committee X9 (ASC X9) of the 
American National Standards Institute (ANSI) is cur-
rently working with payment processing industry to 
develop the end-to-end standard.51 The cost would be 
considerable since merchants would have to upgrade 
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all point of sale equipment to comply with the stan-
dard. Some large retailers, however, believe that the 
cost of large-scale breaches makes the case that there 
LV�D�SRWHQWLDOO\�VLJQLÀFDQW� UHWXUQ�RQ� LQYHVWPHQW�DV�D�
result of acquiring the required equipment upgrades.52

5HWDLOHUV� FULWLFL]H� WKH� FDUG� SD\PHQW� V\VWHP� EH-
cause it requires them to retain too much data on their 
V\VWHPV�� &KDUJH�EDFNV� SUHVHQW� D� GLIÀFXOW� FKDOOHQJH�
for the industry since retailers must retain PII in ad-
dition to credit card data to uniquely identify trans-
actions and prevent charge-back fraud. Frequently, 
retailers retain a card number and an address, which 
might provide credentials for a purchase. Rather than 
maintain data to track the transaction, retailers would 
like the payment processor and the card association to 
have systems that can provide them with records of 
the transaction so they only have to store a signature 
DQG�D�QXPEHU�WKDW�LGHQWLÀHV�WKH�WUDQVDFWLRQ��7KH�&D-
nadian Privacy Commission examination of the TJX 
Companies breach faulted the company for storing 
GULYHU·V�OLFHQVH�QXPEHUV�DQG�SURYLQFLDO�LGHQWLÀFDWLRQ�
numbers, which were taken from about 300 people in 
Alberta, Canada, during the breach and used to com-
mit fraud.53 

To prevent and respond to data breaches on an 
industry-wide level, the security community in an 
industry must have detailed knowledge of incidents 
and vulnerabilities as soon as possible. For most 
commercial and open source software, information 
sharing and collaboration regarding software vulner-
abilities and available patches have been the norm 
for some time.54 In the payment processing industry, 
where a vulnerable software component could be in 
use throughout the industry, such information shar-
ing and response capabilities are only beginning to 
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be considered. In March 2009, The Financial Services 
Information Sharing and Analysis Center (FS-ISAC) 
formed the Payments Processing Information Shar-
ing Council (PPISC), a forum for sharing information 
about fraud, threats, vulnerabilities, and risk mitiga-
tion practices.55�$W�WKH�FRXQFLO·V�ÀUVW�PHHWLQJ�LQ�0D\�
2009, the CEO of Heartland handed out USBs with the 
malware found on Heartland’s systems so other pay-
ment processors could try to determine if it was on 
their systems.56 Effective deterrence and response re-
quire that knowledge of software vulnerabilities and 
malware be made available, at least to the security 
community, as soon as it is available.

Card companies increasingly are promoting op-
tional passwords to use with cards.57 Only a few par-
ticipating merchants now accept password protected 
cards, but the number of merchants is increasing. 
Password protected cards may be particularly attrac-
tive to merchants who accept online purchases and 
international transactions. Unlike card present trans-
actions where fraud rates have dropped during the 
past 10 years, credit card fraud associated with online 
and international purchases is a continuing problem 
for the industry. 

The card associations MasterCard and Visa have 
long used fraud detection systems based on usage pat-
terns to detect anomalous transactions. Their systems 
store examples of valid transactions and constantly 
update cardholder data to create a current usage pro-
ÀOH��(DFK�QHZ�WUDQVDFWLRQ�LV�HYDOXDWHG�DJDLQVW�WKH�LQ-
dividual’s transaction history. For example, card pres-
ent purchases of certain types of items outside of an 
individual’s geographic region trigger an alert. These 
anomalous detection systems have to be consistently 
XSGDWHG�DV�WKLHYHV�FRQVLVWHQWO\�ÀQG�ZD\V�WR�FLUFXP-
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vent them. A recent trend is the use of a botnet com-
puter to make an online purchase from an IP address 
that is within the card holder’s geographical region.58 

Breach prevention, detection, and response present 
challenges to law enforcement agencies, the IT indus-
try, and those charged with formulating information 
security policy. Based on the breaches examined here, 
the following is a brief summary of the challenges: 

Law Enforcement������,PPHGLDWH�QRWLÀFDWLRQ�LQ�WKH�
event of a breach. (2) Enhanced knowledge of card-
LQJ�VLWHV�DQG�WKH�UROH�WKDW�RUJDQL]HG�FULPLQDO�DFWLYLW\�
SOD\V� LQ� PRQHWL]LQJ� ODUJH�VFDOH� EUHDFKHV�� ���� &RRS-
eration among law enforcement agencies and govern-
ments throughout the world to facilitate breach inves-
tigations.

IT Industry: (1) Tracking data in large complex sys-
tems. (2) Capabilities for rapid system wide updating 
and patching. (3) Automated fraud detection tools.  
(4) Maintaining the integrity of software and systems. 
(5) Standards for end-to-end encryption in complex 
distributed systems. (6) Industry-wide clearing hous-
es to share breach information and coordinate an in-
dustry wide response to a breach. 

Information Security Polices: (1) Limiting data collec-
tion and retention versus maintaining data for market-
ing and other activities. (2) Protecting data when there 
is commingling of proprietary systems and networks 
ZLWK�WKRVH�DWWDFKHG�WR�WKH�,QWHUQHW������$XWKRUL]DWLRQ�
and auditing polices that address the ease with which 
large data repositories can be copied. 

1DWLRQDO� EUHDFK� QRWLÀFDWLRQ� OHJLVODWLRQ� LV� QRZ�
before Congress.59� ,Q�DGGLWLRQ�WR�QRWLÀFDWLRQ��WKH�ELOO�
would force companies holding PII to follow data pri-
vacy policies established by the Federal Trade Com-
mission. Proponents claim several advantages of the 
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SURSRVHG�ODZ������,W�VLPSOLÀHV�EUHDFK�QRWLÀFDWLRQ�UH-
TXLUHPHQWV� IRU� RUJDQL]DWLRQV�� ���� ,W� HVWDEOLVKHV� VWDQ-
dards for protecting data; and (3) It provides uniform 
standards by which individuals could check data held 
for accuracy. Previous attempts at national breach no-
WLÀFDWLRQ� OHJLVODWLRQ� UDLVHG� FRQFHUQV� DPRQJ� SULYDF\�
advocates because the proposed federal legislation 
KDG� D� ORZHU� WKUHVKROG� IRU� EUHDFK� QRWLÀFDWLRQ� WKDQ�
most state laws, which the bill would have preempted. 

The Federal Stimulus bill passed in February 200960 
UHTXLUHV�QRWLÀFDWLRQ�RI�KHDOWK�FDUH�GDWD�EUHDFKHV��7KH�
bill requires all medical providers, health plan ad-
ministrators, and medical clearing houses covered by 
+,33$��DQG�HYHQ�RUJDQL]DWLRQV�QRW�FRYHUHG�E\�+,3-
PA, e.g., the online health record services proposed 
both by Google and Microsoft, to provide information 
on breached medical data. Moreover, the law requires 
the Department of Health and Human Services to is-
sue guidelines for protection of sensitive medical data. 
Given the rash of large-scale data breaches during the 
past decade, it is not surprising that recent national 
EUHDFK�QRWLÀFDWLRQ�OHJLVODWLRQ�LQFOXGHV�SURYLVLRQV�IRU�
increased government oversight of the use of PII. 

CONCLUDING REMARKS

Data breaches must be understood within the in-
GXVWULHV�DQG�RUJDQL]DWLRQV�ZLWKLQ�ZKLFK� WKH\�RFFXU��
Notable breaches in the data aggregation industry 
involved insiders such as contractors who extended 
WKHLU� DXWKRUL]HG� DFFHVV�� %UHDFKHV� LQ� WKH� SD\PHQW�
processing industry made use of malware that re-
OD\HG�VHQVLWLYH�SHUVRQDO�ÀQDQFLDO�LQIRUPDWLRQ�WR�GDWD�
thieves. Regardless of the industry, however, basic 
privacy policies that; (1) limit the amount of data col-
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lected, (2) limit where data is stored and the time for 
which it is stored, and (3) restrict the use of data to the 
task for which it was collected, play a critical role in 
preventing breaches. Large-scale breaches are expen-
sive, especially if the lost information involves sensi-
WLYH�SHUVRQDO�ÀQDQFLDO�GDWD��%UHDFKHV�LQ�WKH�SD\PHQW�
industry can exact extremely high costs, particularly 
WR�RUJDQL]DWLRQV�VXFK�DV�FDUG�SURFHVVRUV�ZKRVH�EXVL-
nesses depend on the trust of partners and customers. 
%UHDFK�QRWLÀFDWLRQ�ODZV��ZKLFK�NHHS�ERWK�FRQVXPHUV�
and business partners aware of what is happening 
with their data, are changing the way all industries 
DQG�RUJDQL]DWLRQV�YLHZ�LQIRUPDWLRQ�VHFXULW\. 
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CHAPTER 5

THE ROLE OF CYBERPOWER IN
HUMANITARIAN ASSISTANCE / DISASTER 

RELIEF (HA  / DR)
AND STABILITY AND RECONSTRUCTION 

OPERATIONS*

Larry Wentz

INTRODUCTION

Cyber in the context of this chapter is used in its 
EURDGHVW�GHÀQLWLRQ��,W� LQFOXGHV�DVSHFWV�RI�ERWK�LQIRU-
mation and information communications technology 
where information and communications technology 
�,&7��LV�GHÀQHG�DV�WKH�FRQYHUJHQFH�RI�WHOHFRPPXQLFD-
tions and information technology. Aspects of the ICT 
encompass the range of technologies for gathering, 
VWRULQJ�� UHWULHYLQJ��SURFHVVLQJ�� DQDO\]LQJ�� DQG� WUDQV-
mitting information that are essential to prospering in 
D�JOREDOL]HG�HFRQRP\�DQG�HVWDEOLVKLQJ�D�NQRZOHGJH�
culture. Additionally, ICT includes policies, process-
es, infrastructure, systems, services, education, and 
people and, most importantly, discussions of ICT 
need to consider the associated information and mes-
saging activities and their impact on the society and 
its functions. 

This chapter explores the role and challenges of 
cyberpower (information and ICT) in humanitarian 
____________
*The views expressed in this article are those of the author and do 
QRW�UHÁHFW�WKH�RIÀFLDO�SROLF\�RU�SRVLWLRQ�RI�WKH�1DWLRQDO�'HIHQVH�
University, the Department of Defense or the U.S. Government. 
All information and sources for this chapter were drawn from un-
FODVVLÀHG�PDWHULDOV�
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assistance/disaster relief (HA/DR) and stability and 
reconstruction operations. It examines whether a stra-
tegic use of cyber in U.S. Government (USG) engage-
ment and intervention activities such as HA/DR and 
stability and reconstruction operations could lead to 
more successful results. Certainly, the information 
revolution has been a dynamic and positive factor in 
business, government, and social arenas in the West-
ern world. The combination of technology, informa-
tion content, and people schooled in the use of each 
has reshaped enterprises and activities of all types. 

Complicating the challenges of HA/DR and sta-
bility and reconstruction operations related to failed-
state interventions is the local situation that typically 
consists of: spoilers interfering with the intervening 
forces; refugees and internally displaced persons re-
quiring humanitarian assistance; buildings requiring 
reconstruction; roads, power, water, telecommunica-
tions, healthcare, and education systems disrupted or 
dysfunctional; absence of a functioning government 
and laws, lack of regulations and enforcement mecha-
nisms; widespread unemployment and poverty; and 
a shortage of leaders, managers, administrators, and 
technical personnel with 21st century technical and 
management skills. Additionally, there is a lack of a 
USG whole of government approach, a lack of trust 
among stakeholders, and policy, procedures, business 
SUDFWLFHV��DQG�SHRSOH�DQG�RUJDQL]DWLRQ�FXOWXUH�GLIIHU-
ences. It is not a technology challenge per se. Gener-
ally, technology is an enabler if used properly.

This chapter concludes that civil-military collabo-
ration and information sharing activities and smart 
use of information and ICT can have decisive impacts 
if they are treated as a core part of the nation’s overall 
strategy and not just as “nice to have” adjuncts to re-
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sponses to HA/DR or to the kinetic phases of warfare 
and stability and reconstruction operations. It is fur-
WKHU�VXJJHVWHG�WKDW�XWLOL]LQJ�WKH�HOHPHQWV�RI�WKH�LQIRU-
mation revolution and the whole of government in a 
strategic approach to HA/DR and stability and recon-
struction operations can have positive results and sets 
forth the strategic and operational parameters of such 
DQ�HIIRUW��)LQDOO\��HQKDQFLQJ�WKH�LQÁXHQFH�RI�86*�UH-
sponses to HA/DR and interventions in stability and 
reconstruction operations will require a multifaceted 
strategy that differentiates the circumstances of the 
messages, key places of delivery, and sophistication 
with which messages are created and delivered, with 
particular focus on channels and messengers.1

ROLE OF CYBER AND CHALLENGES

Lack of effective communication, coordination, 
collaboration, and information sharing among mili-
tary, civilian government elements, international or-
JDQL]DWLRQV� �,2��� LQWHUJRYHUQPHQWDO� RUJDQL]DWLRQV�
�,*2��� QRQJRYHUQPHQWDO� RUJDQL]DWLRQV� �1*2��� SUL-
vate sector, and affected/host nation elements that 
form the network of partners and stakeholders in-
volved in complex operations such as humanitarian 
assistance, disaster relief, security, stability, and re-
construction are consistent factors impacting the abil-
ity to conduct more successful operations. There are 
a number of reasons for this, the most common ones 
being the lack of a whole of government approach, a 
lack of trust among stakeholders, differences in poli-
cies, procedures, and business practices, and people 
DQG�RUJDQL]DWLRQ�FXOWXUH�GLIIHUHQFHV��,W� LV�QRW�D�WHFK-
nology challenge per se. Generally, technology is an 
enabler if used properly.2



84

$�UHFHQW�ZRUNVKRS� FR�KRVWHG�E\� WKH�$VLD�3DFLÀF�
Center for Security Studies, the Center of Excellence in 
Disaster Management and Humanitarian Assistance, 
DQG� WKH� 3DFLÀF�'LVDVWHU�&HQWHU� IRFXVHG� RQ� LQIRUPD-
tion sharing for crisis resilience—beyond response 
DQG� UHFRYHU\��7KH�ZRUNVKRS�RXW�EULHI� LGHQWLÀHG� WKH�
following information sharing gaps:

�� �/DFN�RI�D�WUDGLWLRQ�RI�VKDULQJ�LQIR�ZLWKLQ�RUJD-
QL]DWLRQV�QDWLRQ�LQWHUQDWLRQDOO\

�� �1R�LQFHQWLYH�IRU�RUJDQL]DWLRQV�QDWLRQV�WR�VKDUH�
information/cooperate

�� �.QRZOHGJH��JRYHUQPHQWV�GR�QRW�NQRZ�ZKHUH�
to get info/funding, baseline information/edu-
cation/training

�� /DFN�RI�RYHUDUFKLQJ�FRRUGLQDWLQJ�ERG\
�� �1DWLRQDO�UHDOL]DWLRQ�WKDW�LQIR�VKDULQJ�LV�D�SULRU-

ity and commitment to follow-up
�� 5HVLOLHQF\�UHGXQGDQF\�RI�V\VWHPV
�� 3ROLWLFDO�ZLOO�DQG�OHDGHUVKLS
�� �1R�DJUHHG�XSRQ�VWDQGDUG�VHW�RI� FROODERUDWLRQ�

tools
�� /DFN�RI�FRQÀGHQFH�EXLOGLQJ�PHDVXUHV
�� �/DFN� RI� IRUXPV� IRU� IDFH� WR� IDFH� QHWZRUNLQJ� 

dialogue
�� /DFN�RI�XQGHUVWDQGLQJ�EHWZHHQ�VHFWRUV
�� ,QVXIÀFLHQW�KXPDQ�UHVRXUFH�FDSDFLW\
�� �/DFN� RI� WDNLQJ� LQWR� DFFRXQW� ORFDO� FRQGLWLRQV�

cultures
�� /DFN�RI�OLDLVRQV
�� �,QIRUPDWLRQ� RYHUORDG� �FRQGHQVH� DQG� FRQFLVH���

double edged sword
�� /DFN�RI�VWDQGDUG�OH[LFRQ�WHUPLQRORJ\
�� �8QGHUVWDQGLQJ� GLIIHUHQW� FXOWXUHV� �PLOLWDU\��

government, civilian)
�� �7HFKQRORJ\�JDSV��VHQGLQJ�DOHUW�EXW�D�GHOD\� LQ�

response from supporting agencies
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�� �,QVXIÀFLHQW� IXQGV�IRU�ULVN�UHGXFWLRQ�DQG�UHVLO-
iency

�� �$VVHVVPHQW�RI�FXUUHQW�FRQGLWLRQ��QHHG�WR�DJUHH�
on where we are and where we want to be)

�� �$ELOLW\�RI�JRYHUQPHQW�WR�GLVVHPLQDWH�LQIRUPD-
tion internally and to receive from outside

�� �/DFN�RI�VWDQGDUGV�DQG�GDWD�FRPSDWLELOLW\� �QRW�
geospatial referenced)
—  No central repository
—  Need better knowledge management
—   Example of a solution: Aid Management 

Platform and AiDA (accessible database of 
activities and programs)

—  Development Gateway
—  Reliability and validity

�� �7RR� PXFK� GDWD� �\HOORZ� SDJHV� RQ� GDWD� DERXW�
data) and information saturation of users

�� �*DSV�LQ�DELOLW\�IRU�GHFLVLRQ�PDNHUV�WR�IRFXV�RQ�
the appropriate information

�� �$ELOLW\�WR�LGHQWLI\�DQG�FRPPXQLFDWH�ZLWK�KLJK-
ly vulnerable groups

�� �0RGHOV�DUH�LQVXIÀFLHQW�IRU�OHDGHUV�WR�PDNH�GH-
cisions before, during and after a disaster

�� /DQJXDJH�JDSV
�� �8QGHUVWDQGLQJ�FXOWXUH�DQG�SROLF\�HIIHFWV�RQ�GL-

saster preparedness
�� 2ZQHUVKLS�RI�LQIRUPDWLRQ
�� �%XLOGLQJ� UHODWLRQVKLSV� EHWZHHQ� SULYDWH� DQG�

public sectors
�� �*DSV� LQ�KRZ�VRFLHW\�UHVSRQGV�WR�WKH� LQIRUPD-

tion given
—  Trust in government/sector
—  Education
—  Cultural reasons
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The gaps noted above should not come as a sur-
prise and illustrate that much work still needs to be 
done to create and deploy collaborative information 
environments to achieve “unity of effort” across the 
civil-military boundaries. The underlying issues are 
intellectual, cultural, and social, not technical. Infor-
mation-rich, easily accessed networks have become 
a critical commodity—essential service. Today the 
responder community increasingly demands that all 
stakeholders in complex operations be able to share 
situational awareness, reach back in time and dis-
tance for unforeseen data requirements, create and ex-
change data, and collaborate virtually across domains 
and boundaries. 

Prior to a crisis, ICT and related networks need 
WR�EH� VHOI�RUJDQL]LQJ��ÁDW�� UREXVW�� DQG�RSHQ� LQ�RUGHU�
to maintain awareness, develop proactive responses, 
provide ground truth, and amplify social networks. 
During a crisis, these same networks need to be de-
ployable in an ad hoc fashion, hastily pushed out or 
set up in areas that may have been ravaged by war or 
natural disaster. Networks with nontraditional part-
ners need to be set up and function in the most ad-
verse conditions, using come with what you have ICT 
or assets indigenous to the crisis area. The informa-
tion content will no longer be determined by a small 
handful of experts but by the users themselves. The 
complexity will drive the practitioners to settle for 
networks that will simply help them make sense of the 
situation—sense making—rather than seeking to gain 
information dominance and clarity. The new informa-
tion age means ICT is no longer just good to have but 
essential. The emerging architecture is one of partici-
pation, strong social and knowledge networking, and 
agility to use all available means to communicate—
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connectivity increases effectiveness, free revealing 
makes sense, the community generates content, and 
the lead user drives the market.

Experience from recent real world operations sug-
gests there is an urgent need to review and revise 
existing policies, doctrine, procedures, and business 
practices, and to explore more effective use of infor-
mation and ICT as an enabler. ICT can be used to over-
come current short falls in order to improve the ability 
RI�VWDNHKROGHUV�WR�PRUH�HIÀFLHQWO\�DQG�HIIHFWLYHO\�UH-
spond, to build trust among diverse groups, to pro-
mote unity of effort across civil-military boundaries, 
and to develop and leverage ICT tools and systems. 
ICT as an enabler can facilitate seamless information 
ÁRZ� WR� VXSSRUW� VKDUHG� VLWXDWLRQDO� DZDUHQHVV�� FRO-
laboration, coordination, and information sharing as 
needed. 

There are a number of Department of Defense 
(DoD), Department of State (DoS), U.S. Agency for 
International Development (USAID), and policy, 
doctrine, and guidance documents from other orga-
QL]DWLRQV� WKDW� QHHG� WR� EH� FRQVLGHUHG� LQ� WKH� SURFHVV�
RI� LQVWLWXWLRQDOL]LQJ�FKDQJH� LQ�KRZ� WKH�8�6��PLOLWDU\�
and civilian elements view and integrate ICT into 
ZDUÀJKWLQJ� RSHUDWLRQV� DQG� VXSSRUW� RI�+$�'5� DQG�
stability and reconstruction operations. Figure 5.1 is 
an attempt to identify and map the relationship of the 
existing policy, doctrine, and guidance documents 
that form the basis for guiding the planning for, and 
execution of, HA/DR and stability and reconstruc-
tion operations. It should be noted, the documents 
LGHQWLÀHG�GR�QRW�VSHFLÀFDOO\�UHIHU�WR�,&7�DV�DQ�´HVVHQ-
tial service,” although some, such as DoD Directive 
(DoDD) 3000.05, “Military Support of Stability Opera-
tions”; DoD Instruction (DoDI) 8220.02, “ICT Support 
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to Stability Operations”; and Field Manual (FM) 3-07, 
Stability Operations, certainly imply its importance. 
None address ICT as a “smart power” tool and as an 
enabler for HA/DR and stability and reconstruction 
operations. The National Security Strategy Directive 
(NSPD)-44, “Management of Interagency Stability 
Operations”; DoDD 3000.05; DoDI 8220.02; and FM 
�����DUH�VLJQLÀFDQW�VWHSV�IRUZDUG�DQG�JLYH�,&7�PXFK�
needed attention, but much remains to be done to 
provide the necessary policy and doctrine guidance 
required to use ICT operationally as a “smart power” 
enabler of stability and reconstruction operations. 
ICT also is a critical enabler of other “smart power” 
missions such as HA/DR and building partnership 
capacity (BPC) overseas and defense support to civil 
authorities (DSCA) at home. 

Figure 5.1. Mapping of Policy and Doctrine 
Documents and Ad Hoc Solutions.
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The net effect of shortfalls in policy and doctrine 
guidance has been the need to use ad hoc approaches 
WDLORUHG�WR�ÀOO�UHDO�ZRUOG�RSHUDWLRQDO�JDSV��([DPSOHV�
include creation of various USG ad hoc reconstruc-
WLRQ�RULHQWHG�RUJDQL]DWLRQV��D�FRPELQDWLRQ�RI�'R6�DQG�
DoD personnel) in both Iraq (e.g., Iraq Reconstruction 
0DQDJHPHQW� 2IÀFH�� DQG� $IJKDQLVWDQ� �H�J��� $IJKDQ�
Reconstruction Group) and the DoS’s employment of 
senior telecom advisors (STA) at the embassies as a 
temporary measure to provide senior leadership in the 
use of commercial ICT, to provide advice to in-country 
USG civilian and military elements, and to deal with 
affected nation counterparts— there is a need  to have 
senior civilian professionals dealing with profession-
als. In the absence of a coordinated USG approach, 
DoD implemented special arrangements, such as the 
Multi-National Force-Iraq (MNF-I) Communications 
and Information Systems (OIS) Iraq Communications 
Coordination Element (ICCE), created to facilitate co-
ordination and information sharing among civilian-
military ICT stakeholders, to provide ICT advice and 
planning focus for the use of ICT including the U.S. 
military use of Iraqi ICT, and to work with the Iraqi 
,&7� FRXQWHUSDUWV�� ,Q� $IJKDQLVWDQ�� WKH� ÀUVW� 67$� DW�
the Kabul Embassy established an Integration-Team 
(I-Team) that was used to facilitate coordination and 
information sharing among civilian and military ICT 
stakeholders. He also created two reachback arrange-
ments, one USG-focused and the other U.S. ICT indus-
try-focused. DoD also created an Iraq and Afghanistan 
5HDFKEDFN�2IÀFH� LQ� WKH� 3HQWDJRQ� WR� SURYLGH� UHFRQ-
struction assistance to all sectors. Some of the various 
ad hoc arrangements used in Iraq and Afghanistan are 
illustrated in Figure 5.1 (shown in shades of gray). Ex-
perience suggests that all of these ad hoc efforts had 
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varying degrees of success, and their best practices 
need to be captured, documented, assessed, and then 
applied as appropriate in future operations. 

A related important task at hand that is being ac-
tively worked is to incorporate ICT as an “essential ser-
vice” and as “critical infrastructure” in the appropri-
ate policy and doctrine guidance. Additionally, efforts 
have been initiated to capture the best practices and 
key lessons from experiences in Iraq and Afghanistan 
and to codify and insert those lessons into appropri-
ate policy, doctrine, planning, and operational guid-
ance documents. While this would drive immediate 
effects in both of these areas of responsibility (AORs), 
the more important effect is to embody this policy and 
GRFWULQH�DW� WKH�GHSDUWPHQWDO� OHYHO� DQG�PRUH� VSHFLÀ-
cally, the Services and the combatant commands. We 
need to change the way we do business in the future.

Over the past 30 years, the information revolution 
had an important impact on the conduct of military 
operations. In the United States, it produced what is 
often called “netcentric warfare” or “netcentric opera-
tions”—the combination of shared communications, 
key data, analytic capabilities, and people schooled 
in using those capacities—that has enabled enhanced 
joint activities, integrated distributed capabilities, sup-
ported greater speed, and more effective maneuver. 
The result has been that the United States and its allies 
have been able to conduct very effective combat op-
erations under a range of conditions, including quick 
insertion (Panama), maneuver warfare (major combat 
operations in Iraq), an all-air campaign (Kosovo), and 
a Special Forces–led effort (Afghanistan).

At the same time that major combat operations 
have proceeded so successfully, the United States and 
its allies have undertaken a variety of humanitarian 
assistance, disaster relief, stability, and reconstruction 
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operations in Somalia, Haiti, Bosnia, Kosovo, East 
Timor, several African countries, Afghanistan, and 
Iraq. These operations generally have included both 
economic and governance reconstruction and have 
spanned the full security gamut from nonviolent hu-
manitarian assistance and peacekeeping to full-blown 
counterinsurgency. Not one of these operations has 
approached the success achieved in combat opera-
tions undertaken during the same period.

8�6��PLOLWDU\�GRFWULQH�UHFRJQL]HV�WKH�LPSRUWDQFH�RI�
building broad coalitions of stakeholders in complex 
contingencies. But, in practice, the focus of military 
communicators usually is on the needs of the joint 
or coalition force rather than on external links with 
civilian participants in the operation. Such external 
OLQNV�GHPDQG�WKDW�XQFODVVLÀHG�LQIRUPDWLRQ�EH�VKDUHG�
in both directions. Thus, the challenge is twofold:  
(1) How to encourage the military to engage more 
with civilians, and (2) how to encourage civilians to 
link better to the military or local stakeholders? How-
ever, there are other factors that need to be consid-
ered. In humanitarian operations, there are the guid-
ing principles of impartiality, neutrality, humanity, 
and independence from political considerations and 
associated sensitivities to military involvement and 
intent that need to be carefully considered and man-
aged. Caution needs to be exercised in circumstances 
where there is a risk that military actions may be per-
FHLYHG�DV�UHÁHFWLQJ�SROLWLFDO�UDWKHU�WKDQ�KXPDQLWDULDQ�
considerations. 

&LYLOLDQ�RUJDQL]DWLRQV��LQFOXGLQJ�WKH�8�6��'R6�DQG�
USAID elements, believe rather strongly that the mili-
WDU\�VKRXOG�QRW�EH�WKH�ÀUVW�FKRLFH�RSWLRQ�IRU�LQWHUYHQ-
tion when civilian relief activities are already there 
RU�DUH�EHLQJ�SXW�LQ�SODFH��,QWHUQDWLRQDO�RUJDQL]DWLRQV�
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such as the United Nations (UN) and NGOs also ques-
tion whether under the Oslo guidelines, the military 
should be involved at all in disaster relief activities.3 
Most view the use of the military as complementing 
civilian relief activities and should be requested only 
where there is no comparable civilian alternative. They 
argue that it is capabilities versus needed capabilities, 
and in the latter case, civilian assets may be adequate 
to get the job done. There are also concerns about mix-
ing the use of the terms stability and humanitarian op-
erations and in turn doing things under the banner of 
stability operations that are humanitarian assistance, 
creating misperceptions and unnecessary confusion 
about the purpose or the use of military assets. 

There is a strong view within the civilian commu-
nity that the military needs to be better informed of ci-
vilian roles, responsibilities, and capabilities, and that 
ambassadors need to be better informed about when 
it is appropriate to request military assistance. Use of 
the military is a more costly option. Catastrophic di-
sasters obviously require military assistance since they 
are the only responder element that has the means. 
There is also a need to educate the civilian community 
about military roles, responsibilities, capabilities, and 
business processes. A lack of shared understanding 
about the civil-military stakeholder roles, responsi-
bilities, capabilities, and limitations is a key factor that 
needs to be addressed through improved education 
and training programs and exercises that involve both 
military and civilian element participation—this will 
build a more informed and shared understanding of 
each other and create trust relationships before they 
will have to work together in a real disaster response.

Historically, ICT has proven to be a basic enabler 
of informal social and economic discourse, leading to 
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a strengthening of civil society and the promotion of 
security, internal stability, job creation, and economic 
solidity in affected nations. It is a demonstrated en-
abler of national transformations. There is little doubt 
that ICT is an engine for economic growth, a means 
to shape the information environment, and a means 
to improve social wellbeing. Advances have progres-
sively reduced the costs of managing information, 
HQDEOLQJ�LQGLYLGXDOV�DQG�RUJDQL]DWLRQV�WR�XQGHUWDNH�
LQIRUPDWLRQ�UHODWHG� WDVNV�PXFK�PRUH� HIÀFLHQWO\� DQG�
have introduced innovations in products, processes, 
DQG�RUJDQL]DWLRQDO�VWUXFWXUHV��,&7�HQDEOHV�WKH�JHQHUD-
tion of new ways of working, market development, 
and livelihood practices. Additional arguments as to 
why ICT, and host nation ICT in particular, is impor-
tant in stability and reconstruction operations include 
but are not limited to: 

�� �,&7�FDQ�EH�XVHG�WR�KHOS�FUHDWH�D�NQRZOHGJHDEOH�
LQWHUYHQWLRQ�� RUJDQL]H� FRPSOH[� DFWLYLWLHV�� DQG�
integrate stability and reconstruction opera-
tions with the affected nation.

�� �$IIHFWHG� QDWLRQ� ,&7� SURYLGHV� DQ� DOWHUQDWLYH�
source of ICT capabilities for use by U.S. Gov-
ernment and coalition partners.

�� �,&7�SURYLGHV�RSSRUWXQLWLHV� WR�VKDSH�WKH�HQYL-
ronment for stability and reconstruction opera-
tions.

�� �,&7� LV�HVVHQWLDO� IRU�SURVSHULQJ� LQ�D�JOREDOL]HG�
economy and for establishing a knowledge cul-
ture.

�� �,&7�FDQ�VLJQLÀFDQWO\�FKDQJH�NH\�SDUWV�RI�DIIHFW-
ed nation society, particularly providing young 
people access to global knowledge that changes 
sectarian attitudes and behaviors.

�� �,&7� SURYLGHV� DIIHFWHG� QDWLRQ� WUDQVSDUHQF\� WR�
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help reduce corruption and enhance govern-
ment legitimacy.

�� �,&7� SURYLGHV� WKH� EHVW�ZD\� WR� KHOS� HYHU\� VHF-
tor at once through realistic and modern e-Gov 
methods (security, governance, distance learn-
ing, telemedicine, geographic information sys-
WHP� �*,6��EDVHG� DJULFXOWXUH�� ÀQDQFH�� SRZHU�
and water management, and e-commerce).

�� �,&7�DOORZV� WKH�8�6��*RYHUQPHQW� WR�SRVLWLYHO\�
LQÁXHQFH� DWWLWXGHV� RI� WKH� OHDGHUVKLS� DQG� WKH�
general population of the affected nation.

�� �,&7�LV�GHPRQVWUDWHG�WR�EH�RQH�RI�WKH�EHVW�JHQ-
erators of jobs and revenues for the affected na-
tion.

�� �,&7�JLYHV�VLWXDWLRQDO�DZDUHQHVV�RI�WKH�DIIHFWHG�
nation’s forces, capabilities, and threats, which 
can save lives.

Numerous studies of the HA/DR and stability and 
reconstruction operations suggest that the strategic 
use of information and related technology can sig-
QLÀFDQWO\�LQFUHDVH�WKH�OLNHOLKRRG�RI�VXFFHVV�LQ�DIIHFWHG�
nation cross-sector reconstruction and development. 
This is possible if information and ICT are engaged 
at the outset as part of an overall strategy that coor-
dinates the actions of outside interveners and focuses 
on generating effective results for the affected nation. 
This has certainly been the case in business, govern-
ment, and social arenas in the Western world where 
the information revolution has been a dynamic and 
positive factor. The combination of technology, infor-
mation content, and people schooled in the use of each 
has reshaped enterprises and activities of all types 
around the world. 

An ICT business model like that suggested in Fig-
ure 5.2, coupled with the smart use of information and 
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ICT, could be employed to help create a knowledge-
able intervention; facilitate appropriate integration of 
intervener ICT reconstruction and development initia-
tives with the affected nation ICT strategy and plans; 
KHOS�RUJDQL]H�FRPSOH[�DFWLYLWLHV��DQG�HQDEOH�FRRUGLQD-
tion, information sharing, and implementation activi-
ties among interveners and with the affected nation, 
making the latter more effective. Additionally, ICT 
can be used to link constituent parts of an integrated 
multinational reconstruction and capacity-building 
effort, can help multiple sectors simultaneously (e.g., 
security, governance, education, health, agriculture, 
ÀQDQFH��DQG�FRPPHUFH��DQG�FDQ�EH�XVHG� WR�HQKDQFH�
situational awareness of cross-sector reconstruction 
and development activities.

Figure 5.2. ICT Business Model.

Experiences from recent U.S. Government and co-
alition interventions in the Balkans, Afghanistan, and 



Iraq have repeatedly demonstrated that ICT activities 
VXSSRUWLQJ�VWDELOL]DWLRQ��UHFRQVWUXFWLRQ��DQG�GHYHORS-
ment operations in the affected nation can be prob-
lematic. These activities suffer from a lack of adequate 
understanding of the affected nation information cul-
ture and related ICT business culture. There is no clear 
PDSSLQJ�RI�WKH�RUJDQL]DWLRQDO�UROHV�DQG�UHVSRQVLELOL-
ties of the responding stakeholders. Program devel-
opment, project coordination, information sharing, 
and ICT implementation are largely uncoordinated 
and nonstandard. There is no agreed architecture and 
plan for affected nation ICT reconstruction. A coher-
ent ICT-oriented civil-military strategy and plan for 
intervening nations and responding IO and NGO or-
JDQL]DWLRQV�LV�ODFNLQJ�DV�ZHOO��DQG�WKHUH�DUH�QR�DJUHHG�
mechanisms and procedures to enable effective civil-
military coordination and information sharing among 
participants and with the affected nation. Finally, do-
nors and interveners do not consistently view ICT as a 
high priority need to be addressed early and as an en-
abler of cross-sector reconstruction and development.

New metrics are needed for measuring progress 
in complex operations. The U.S. Army Corps of En-
JLQHHUV�SURMHFW��0HDVXULQJ�3URJUHVV�LQ�&RQÁLFW�(QYL-
ronments (MPICE), is a good start but needs to more 
effectively incorporate the ability to measure the im-
pact of information and ICT as an enabler of sector 
reconstruction. MPICE is based on the methodology 
and framework proposed in the United States Insti-
tute of Peace (USIP) book, The Quest for Viable Peace.4 
2WKHU� WRROV� DUH� QHHGHG� IRU� FROOHFWLQJ� DQG� DQDO\]LQJ�
information exchange data. For example, modeling 
and simulation tools to support planning and training 
�H�J���'$53$·V�&RQÁLFW�0RGHOLQJ��3ODQQLQJ��DQG�2XW-
comes Experimentation [COMPOEX] program that is 

96
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a suite of tools to help military commanders and their 
FLYLOLDQ� FRXQWHUSDUWV� WR� SODQ�� DQDO\]H�� DQG� FRQGXFW�
complex operations), improved processes and tools 
for imagery sharing (products versus raw data), and 
YLVXDOL]DWLRQ�WRROV�IRU�GLVSOD\LQJ�DQDO\VLV�DQG�VKDUHG�
situational awareness such as GIS, imagery products, 
and annotation, and mapping tools.

COMMERCIAL ICT CAPABILITY PACKAGES5

7KH� HIÀFLHQW� DQG� HIIHFWLYH� GHSOR\PHQW� RI� FRP-
munications assets into austere environments contin-
ues to be a key aspect and an important challenge of 
crisis response. Rapidly deployable ICT capabilities 
such as very small aperature terminals (VSAT) like 
the ground-to-air transmit and receive (GATR) and 
broadband global area network (BGAN) terminals, 
satellite phones, cell phones, voice-over Internet pro-
tocol (VoIP) phones, hand-held radios, and devices 
that allow disparate communications equipment to in-
teroperate (such as the AC-1000 IP bridge) are readily 
DYDLODEOH�WR�DVVHPEOH�DV�,&7�Á\�DZD\�NLWV��+RZHYHU��
there is no agreed upon architecture and strategy that 
can be used to guide responders on how to assemble 
deployable ICT packages and build hastily formed 
networks in the crisis area. It is largely an ad hoc plug 
and play exercise. Hence, there remains the need to 
help responders determine the right set of items to in-
FOXGH� LQ� WKHLU� Á\�DZD\� ,&7�SDFNDJH� WKDW� DUH� VLPSOH�
to use and will interoperate with the ICT that others 
bring to the crisis. 

New collaboration tools are needed that can be 
employed in disadvantaged information and ICT en-
vironments to facilitate collaboration (inexpensive, 
simple to use, and low bandwidth) and asynchronous 
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information sharing (need to have tools that do not 
overload limited bandwidth data links when synchro-
QL]LQJ�GDWDEDVHV���6RPH�RI� WKH�H[LVWLQJ�WRROV� LQFOXGH�
Groove, Sahana, and WebEOC. Other tools are need-
HG�WKDW�FDQ�EH�XVHG�WR�KHOS�EUHDNGRZQ�RUJDQL]DWLRQDO�
culture, business processes, and technology barriers 
by creating virtual communities of interest (including 
language translation) and open collaborative informa-
tion environments. Web 2.0 tools such as wikis, blogs, 
Facebook, LinkedIn, Twitter, and YouTube need to 
be more broadly adopted by civil-military crisis re-
sponders. Other off-the-shelf tools to be considered 
LQFOXGH� 7RR]O� �RSHQ� RIÀFH� RQ� D� PHPRU\� VWLFN�� DQG�
smart phones (such as the iPhone and the BlackBer-
rys), and global positioning systems (GPS). Presently, 
there are numerous Internet websites employed dur-
LQJ� D� FULVLV� UHVSRQVH�� VXFK� DV� WKH� 8�6�� 3DFLÀF� &RP-
PDQG� �863$&20��$VLD�3DFLÀF� $GYDQFHG�1HWZRUN�
(APAN), and UN OCHA websites, such as ReliefWeb 
and the Virtual On-Site Operations Coordination Cen-
ter, but there are no agreed guidelines for developing 
and populating these websites or related database 
standards. UN OCHA has also created an Emergency 
Telecoms Cluster to facilitate the deployment of ICT 
capability packages in disaster areas. Telecom NGOs 
such as NetHope and Telecoms sans Frontiers have 
emerged to help provide ICT capabilities in disaster 
areas for NGO use. All of these ICT capability pack-
ages are based on off-the-shelf commercial products 
and open source products on the Internet. 

There is a need to develop a knowledge reposi-
tory of these capabilities and best practices that can 
be openly shared with the broader community and is 
kept current with changing technology. The National 
Defense University (NDU) Center for Technology and 
National Security Policy-led project STAR-TIDES has 
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as part of its research program the development of a 
knowledge repository for ICT and the plan is to post it 
on the project website.6 

ICT STRATEGY FOR STABILITY AND  
RECONSTRUCTION OPERATIONS- 
AFGHANISTAN EXAMPLE7

The fundamental task of an ICT strategy is to en-
hance affected nation capacity. That is the critical re-
sult for which the complex operation is undertaken. 
To achieve that result in an effective fashion, the strat-
egy needs to accomplish two tasks, each is familiar to 
WKH�LQWHUQDWLRQDO�FRPPXQLW\��ÀUVW��DVVHVV�WKH�DIIHFWHG�
nation and, second, establish a goal toward which to 
build. To put it more in the vernacular, a cure with-
out a diagnosis will be improbable; directions without 
destination will be random. In short, an effective ap-
proach will require an information business plan for 
the affected nation. Unfortunately, the reality is that 
there is no agreed international or USG ICT strategy 
and plan, or information business plan for respond-
ing to a crisis or for engagement in a failed state inter-
vention. Furthermore, there is little attention given to 
the role that information and the consideration of ICT 
play as essential services, as critical infrastructure, 
and as enablers of cross-section reconstruction. How 
to work with and leverage the private sector is also a 
GHÀFLHQF\�LQ�FXUUHQW�86*�FLYLO�PLOLWDU\�WKLQNLQJ³LW�LV�
not part of the current U.S. civilian and military gov-
ernment culture. There is an urgent need for the USG 
to change the way it does business in the information 
age. Some changes are starting to happen as a result 
of policy and doctrine changes, such as DoDD 3000.05 
and DODI 8220.02, but changing culture takes time to 
affect TTPs and mindsets.
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The assessment phase of an information and com-
munications business plan should begin before the 
intervention. It must include analyses of both the in-
formation requirements and the available information 
technology as well as ICT business practices and gov-
ernment regulations and laws. Humanitarian assis-
tance and disaster relief responses may not afford the 
opportunity to do a detailed assessment in advance, but 
even so, there is a need to do either some assessment 
in advance of a possible disaster, which can be used 
for crisis response planning, or to do a quick assess-
ment that draws upon readily available information. 
Understanding what ICT capabilities might be avail-
able and whether the affected nation is a signature of 
the Tampere Convention,8 is important in order to de-
termine if and what type of ICT can legally be brought 
into the country and used. For more complex response 
operations, such as a failed-state intervention, there is 
generally a buildup period so there is time to prepare. 
An assessment should consider the pre-intervention 
state of information technology, infrastructure and 
services (voice, data, and Internet access), and the ICT 
business culture and information usage in the affected 
QDWLRQ��,W�LV�LPSRUWDQW�WR�UHFRJQL]H�WKDW�EDVHOLQHV�ZLOO�
differ in different affected nations and as a result of 
hostile actions. 

Additionally, key elements of an information as-
sessment will include evaluation of the affected na-
tion’s telecommunications laws and regulations, 
telecoms and IT services, and communication infra-
structures—land line telephone system, cell phone 
capacity, Internet availability, cable, microwave and 
ÀEHU� QHWZRUNV�� DQG� VDWHOOLWH� V\VWHPV�� ,W� VKRXOG� DOVR�
address usage patterns, language and literacy issues, 
WHFKQLFDO�DQG�EXVLQHVV�WUDLQLQJ�RI�ORFDOV��DQG�ÀQDQFLDO�
resources.
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Once an assessment has been undertaken, goals 
ZLOO�QHHG� WR�EH� VHW� IRU�RSHUDWLRQDOL]LQJ� WKH� LQIRUPD-
tion business plan. Generally, it will be useful to time-
phase the goals into an initial deployment phase, a 
middle phase (getting-things-going phase), and a 
long-term phase (exit-by-interveners). A critical point 
throughout is that the interveners’ information busi-
ness plan goals need to support the overall goals of 
the affected nation, and the affected nation will need 
to generate those goals as promptly as possible—the 
interveners can certainly help with developing affect-
ed nation goals.

The initial deployment phase will require the inter-
veners to consider what deployable capabilities will 
be useful to help establish an affected-nation recov-
ery. There are both structural information capabilities; 
such as deployable cell phone capacities, like “cell on 
wheels”; and the use of transportable satellites, like 
VSATs; and functional capabilities, like “health care 
LQ�D�ER[�µ�VKHOWHUV��UHQHZDEOH�SRZHU��ZDWHU�SXULÀFD-
WLRQ��VDQLWL]DWLRQ��OLJKWLQJ��DQG�RWKHU�FDSDELOLWLHV�WKDW�
all need to be considered.

The virtue of preplanning is that key interveners 
FDQ� UDWLRQDOL]H� WKHLU� FDSDFLWLHV� LQ� WKH� HDUO\�� XVXDOO\�
chaotic, days of an intervention by considering which 
capabilities each intervener might focus on. Equally 
important is to undertake such a discussion remem-
EHULQJ� WKDW�� ÀUVW�� QXPHURXV� HQWLWLHV� ZLOO� DOUHDG\� EH�
LQ� FRXQWU\�ZLWK� VRPH� FDSDFLWLHV� WKDW� FDQ�EH�XWLOL]HG�
and, second, affected countries will likely have some 
FDSDFLW\�� DQG� SRWHQWLDOO\� VLJQLÀFDQW� FDSDFLW\�� 2YHU�
the entirety of the intervention, the implementation 
of the information business plan will likely mean that 
the lead on different aspects of the plan will change. 
Broadly, one might expect a a progressive transition 
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from military interveners to civilian interveners to 
the affected nation, although the reality is likely to be 
more complicated and complex because such a pro-
JUHVVLRQ�ZLOO�QRW�OLNHO\�EH�DQ�HDVLO\�LGHQWLÀDEOH�RU�VHW�
sequence of actions. The transitions will occur over 
time, so there will be overlaps that need to be care-
fully managed. If it is understood from the beginning 
that there will be complex transitions in the way the 
plan is implemented, it will make for a more realistic 
and effective approach to be made part of the strategy 
and plan.

The middle phase of an information business plan 
IRU�WKH�DIIHFWHG�FRXQWU\�ZLOO�IRFXV�RQ�ÀYH�NH\�HOHPHQWV��
7KH�ÀUVW�HOHPHQW�LV�WR�align the affected country so that 
it is connected to the collaborative mechanisms used by the 
interveners in some fashion. While the key interveners 
likely can use high-tech means, it may be that the af-
fected country will not be able to do so. An important 
task of an information business plan will be to allow 
for low-tech to high-tech connectivity. For example, 
in Afghanistan, the literacy rate is so low that Internet 
use is necessarily limited and cell phone connectivity 
may be much more important. In fact, in Afghanistan, 
the cell phone is the lifeline communications capabil-
LW\��7KHVH�SRLQWV�FDQ�EH�PRUH�EURDGO\�JHQHUDOL]HG��LI�
the information business plan is to succeed, it must 
take account of the affected nation’s information cul-
ture and the related information technology culture 
and the skill sets of the managers, technical personnel, 
and the population in general.

The second element is to help establish working 
government agencies. Depending on the overall strat-
egy, these could be a mix of central ministries to start 
ZLWK�DQG�WKHQ�ORFDO�GLVWULFW�SURYLQFLDO�RIÀFHV��,QIRU-
mation communications technology can be used to  
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improve ministry effectiveness through facilitating 
collaboration and information sharing and extend-
ing government services from capital to urban areas 
WR�SURYLQFLDO�DQG�GLVWULFW�FHQWHUV�WR�ORFDO�RIÀFLDOV��,&7�
and e-governance also allows for an analytic approach 
through budgeting and transparency of expenditures. 
These are crucial functions for the establishment of le-
gitimate governance, and information technology can 
help each.

The creation of a viable telecom and IT business 
environment is key to setting the initial conditions 
needed to use ICT as an enabler of cross-sector recon-
struction. The affected nation or host nation govern-
ment needs to take important actions at the outset of 
the rebuilding process. A competent Minister of Com-
munications with the intellectual and business exper-
tise needs to be appointed to set in motion the nation’s 
YLVLRQ��VWUDWHJ\��DQG�SODQV�WR�JURZ�DQG�PRGHUQL]H�LWV�
telecoms and IT infrastructure and services so as to 
become a part of the global information society. Tele-
com and IT laws need to be created and passed early 
on. A viable regulatory authority needs to be created 
and empowered and mechanisms need to be put in 
place to enforce the laws. Public sector telecoms and 
IT run services may be necessary to jump-start sup-
port to governance and civil security and to provide 
limited services to a broader population—contribut-
ing to the establishment of legitimacy, transparency,  
and to reduce corruption. However, it will also be 
QHFHVVDU\� WR� FRQVLGHU� HDUO\� RQ� WKH� QHHG� WR� SULYDWL]H�
state run enterprises as soon as it makes sense to do 
so to reduce corruption and provide a level playing 
ÀHOG�IRU�SULYDWH�LQYHVWPHQWV��*RRG�SXEOLF�SULYDWH�VHF-
tor partnerships are important to enable the private 
sector to invest in growing the infrastructure and of-



104

fering affordable service with a state of the industry 
level quality of performance. Two recent real world 
HYHQWV� LOOXVWUDWH� WKH� EHQHÀWV� RI� LQLWLDOO\� WDNLQJ� WKH�
right steps, and the resulting challenges, from not do-
ing so. For example, Afghanistan ICT is one of the ma-
MRU�VXFFHVV�VWRULHV�HPHUJLQJ�DIWHU�\HDUV�RI�FRQÁLFW�DQG�
open warfare. On the other hand, Iraq has progressed 
somewhat more slowly due to the continuing security 
situation, but things are beginning to improve and 
telecoms reconstruction may emerge as one of Iraq’s 
success stories as well.

A real world example of an ICT business model 
WKDW�ZRUNHG� LV�$IJKDQLVWDQ��6LJQLÀFDQW�SURJUHVV�KDV�
been made in the telecommunications and IT sector in 
Afghanistan, and it is truly a “success story” emerg-
ing out of the recovery of a country left dysfunctional 
from 23 years of war. Progress towards bridging the 
digital divide and moving Afghanistan into the 21st 
century information age has not been accidental but 
is largely due to having the right people at the right 
place with the right vision, energy, and expertise to 
make reasonable decisions and to take action to make 
things happen. Donor intervention to provide re-
sources to support ICT reconstruction was a key factor 
as well. Afghanistan ICT success was and continues to 
be enabled by a number of factors:

�� �$� *RYHUQPHQW� RI� WKH� ,VODPLF� 5HSXEOLF� RI�
Aghanistan (GIRoA) understanding of the im-
portance of ICT as an engine of economic de-
velopment and its role as an enabler of cross-
sector reconstruction.

�� �(DUO\� *,5R$� HVWDEOLVKPHQW� RI� ,&7� SROLFLHV��
regulations, laws, and a regulatory authority.

�� �.QRZOHGJHDEOH� DQG� H[SHULHQFHG� 0LQLVWHU� RI�
Communication (MoC).
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�� �$Q�DJUHHG�0R&�YLVLRQ�� VWUDWHJ\��DQG�SODQ� IRU�
moving Afghanistan ICT into the 21st century 
information age supported at the highest level 
RI�JRYHUQPHQW��E\�3UHVLGHQW�+DPLG�.DU]DL�
—  Five-year MoC development plan states that 

GIRoA should:
     a.    Use the private sector and appropriate 

regulations to help jump-start economic 
recovery through enabling private-sector 
investments in the rapid expansion of 
mobile voice services and introduction 
of Internet service.

     b.   Use the government to develop the public 
ICT for governance and make affordable 
ICT services accessible to the broader 
population.

�����F���&RQVLGHUDWLRQ�WKH��HDUO\�RI�SULYDWL]DWLRQ
          of government owned telecom and IT.
—  Early International and Regional communi-

cations access:
�����D����6DWHOOLWH��ÀEHU�RSWLF�DQG�GLJLWDO�PLFURZDYH�

access.
     b.   Private sector international and regional 

gateways.
—  Robust terrestrial backbone network such as 

WKH��ÀEHU�RSWLF�ULQJ�DQG�GLJLWDO�PLFURZDYH�
—  Early emphasis on ICT capacity building, 

including the establishment of related edu-
cational institutions, training facilities, and 
capabilities.

�� �3URDFWLYH� 0R&� SURYLVLRQ� RI� DQ� ,&7� 6WUDWHJ\�
for the Afghan National Development Strategy 
that sets ambitious goals for extension of tele-
com and IT services to the population in gen-
eral and to improve governance, national and 
civil security, drive economic development, 
and improve quality of life.
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�� �(VWDEOLVKPHQW�RI�D�JRRG�SXEOLF�SULYDWH�SDUWQHU-
ship that enables private ICT investments and 
rapid growth of their networks.

�� �,QWHUQDWLRQDO�DQG�8�6��*RYHUQPHQW�FRPPXQLW\�
support.
—  Placed early emphasis on ICT capacity build-

ing, including the establishment of related 
educational institutions, training facilities, 
and capabilities.

—  Willingness to invest in and support Afghan 
MoC creation of a national telecommunica-
tions and IT network with early internation-
al access.

Differences between Afghanistan and Iraq relate 
largely to host country government ICT institutions, 
OHDGHUVKLS��VWUDWHJLHV��DQG�SODQV�IRU�PRGHUQL]LQJ�WKH�
national ICT network. There are also differences in the 
state of integration of affected nation ICT infrastructure 
and capabilities. For example, in Afghanistan the MoC 
is an experienced ICT professional who has a vision, 
VWUDWHJ\��DQG�D�QDWLRQDOO\�DJUHHG�SODQ�IRU�PRGHUQL]-
ing Afghanistan ICT, and his proactive leadership is 
making things happen. Additionally, he has been in 
place since the 2002-03 timeframe and has the support 
of the Afghan President and other senior government 
representatives. Telecom and IT laws were enacted by 
the Afghan parliament early on, and an independent 
and transparent Afghan telecom regulatory author-
ity was established early as well. Although an MoC 
state-owned telecom company, Afghan Telecom, was 
established initially to support government commu-
nications at provincial and district levels, and to ini-
tially provide local voice and Internet access services 
(telekiosks) down to district level, it has already been 
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FRUSRUDWL]HG�DQG�LV�LQ�WKH�SURFHVV�RI�EHLQJ�SULYDWL]HG��
:LWK�WKH�PRYH�WR�SULYDWL]H�$IJKDQ�7HOFRP��WKH�0R&�
has changed its name to Ministry of Communications 
and Information Technology (MCIT) and re-refocused 
its efforts on the use of ICT to improve Government 
and social services and initiatives including extension 
WR� WKH� UXUDO� DUHDV� VR� WKH� FRXQWU\� FDQ� EHQHÀW� IXUWKHU�
from ICT by becoming part of the global information 
society. 

The ICT infrastructure of Afghan Telecom and 
private cellular providers is interconnected and calls 
can be made between the networks. The MCIT has in-
YHVWHG�LQ�WKH�FRQVWUXFWLRQ�RI�D�QDWLRQDO�ÀEHU�RSWLF�ULQJ�
around the country linking urban areas and provid-
ing regional cross-border and international gateway 
access. Cable is being implemented in urban areas 
and digital microwave links are being implemented 
throughout the country that will also have some ac-
cess links to regional countries bordering Afghanistan. 
The private cellular providers are also building digi-
tal microwave backbone networks that include access 
links to regional countries. Satellite access is also used 
to provide connectivity and international gateway ac-
cess. Finally, a good public-private partnership was 
created that enables the private sector to invest while 
discouraging unnecessary state interference. 

In Iraq, the situation seems to be more problem-
atic. The Iraqi MoC has had three different ministers 
in the last couple of years, and the most recent min-
ister before the current minister was “acting,” all of 
which negatively impacted the early leadership and 
decisionmaking process. A new minister has been ap-
pointed but is not a telecoms and IT experienced busi-
ness person. There does not appear to be an agreed 
overall Iraq ICT strategy and plan, but one may emerge 
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in the near future. On the other hand, the Kurdish re-
gion MoC has a strategy and plan, and progress is be-
LQJ�PDGH�LQ�WKHLU�DUHD�WR�PRGHUQL]H�,&7�DQG�LPSURYH�
services including regional and international access. 
Planning for the initial network included an assump-
tion that demand would be 90 percent voice and 10 
percent data, but in reality the demand is just the op-
posite and the networks have not yet been adapted 
to meet reality. Furthermore, the networks that have 
emerged are independent and not interconnected, and 
roaming is not allowed. Calls from one network to the 
other must go through an international gateway. The 
Communications and Media Commission (CMC), the 
Iraq telecom and IT regulatory authority, has been 
without strong leadership for some time, and there 
are concerns about its ability to function and enforce 
regulations. There are also concerns about its open-
ness and transparency. The telecom law set forth in 
CPA 65 remains in use since the Iraqis have not yet 
been able to get their own law enacted by parliament. 
3ULYDWL]DWLRQ�RI�WKH�VWDWH�RZQ�WHOHFRP�DQG�,7�SURYLG-
ers, ITPC and SCIS, has been discussed, but no real 
actions have yet been taken to start the process. It has 
been suggested that the existence of state-owned en-
terprises has created perceptions and concerns on the 
part of the private sector about possible unfair com-
petition. Additionally, the ITPC span of control ap-
pears to be limited, with regional elements apparently 
operating autonomously. In contrast, in Afghanistan, 
Afghan Telecom has network-wide and regional con-
trol of plans, implementation, and operations of the 
government owned public network. 

A good public-private sector partnership does 
not appear to have yet been created in Iraq, and this 
makes outside investors nervous as well. It has been 
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noted by some private sector investors that they are 
more concerned about the Iraqi government than they 
are about the insurgents and, as such, this is not a situ-
ation that lends itself to promoting outside investment 
in Iraq. Although corruption is a common thread in 
both countries, it seems to be more of a concern in 
the Iraq ICT sector than in Afghanistan. Concerns 
have also been expressed regarding enough avail- 
ability of Iraqi ICT trained expertise to support sustain-
ing the operation of U.S. civil and military networks 
which will be turned over to the Iraqi government. 
The availability of ICT trained technical and manage-
ment personnel is a shortfall in both Iraq and Afghani-
stan. Finally, in Iraq and Afghanistan the stove-piped 
operational performance and cost of service of the 
public-private sector ICT networks and services suffer 
from the lack of roaming among service providers and 
in Iraq, there is a lack of interconnection and adequate 
regional and international access and cost-effective 
service.

Use of embedded subject matter experts (SMEs) 
in the MCIT/MoC and regulatory authorities are 
also the common threads, but SMEs seemed to have 
been less successful in Iraq where they were used for 
only a short while and none, or few, are apparently 
being used at this time. The insurgent threat to SME 
safety has been a concern that is also a contributor 
to the unwillingness to provide SMEs to Ministries 
LQ�WKH�UHG�]RQH��,Q�$IJKDQLVWDQ��WKH�60(V�KDYH�EHHQ�
embedded since 2002 in the MoC/MCIT providing 
trusted advice, continuity of support, and corporate 
memory. SMEs have also been used with success in 
RWKHU�PLQLVWULHV� DQG�JRYHUQPHQW�RUJDQL]DWLRQV� VXFK�
as Afghan Telecom. Physical security threats have 
not been a major concern in the Afghan capital, but 
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SMEs are provided with contractor personal security 
details and they live in guarded safe houses in Kabul. 
Outside of Kabul it is a different story, and SMEs are 
QRW�HPEHGGHG�LQ�SURYLQFLDO�RU�GLVWULFW�,&7�RUJDQL]D-
tions. In both Iraq and Afghanistan, the attacks on 
ICT infrastructure have occurred, but in many cases 
seem to be more driven by criminal acts and extortion 
demands than terrorist actions. There have been inci-
dents where towers have been blown up, switch sites 
attacked, and maintenance and installation staff kid-
napped or even killed. Physical security is something 
that needs to be planned for and implemented in high 
threat environments and needs to be part of a national 
critical infrastructure protection plan. It is not clear if 
such plans exist in either Afghanistan or Iraq.

The third element for many stability operations will 
be to LQFUHDVH�FRQQHFWLYLW\�DQG�LQIRUPDWLRQ�ÁRZ�EHWZHHQ�
the central government and provincial/local governments. 
Information communications technology can enhance 
WKLV� FRQQHFWLYLW\� DQG� LQIRUPDWLRQ� ÁRZ� WKURXJK�� IRU�
H[DPSOH��WKH�WZR�ZD\�ÁRZ�RI�GDWD�DQG�ÀQDQFHV��,W�FDQ�
also serve to extend government services and establish 
legitimacy of the government at all levels. Often, the 
cause of the crisis will have been differences between 
the central government and a region of the country, 
and working to bring warring elements together will 
be important. An information business plan can be an 
effective part of an overall effort.

In Afghanistan, the World Bank and USAID be-
came engaged in ICT sector reconstruction and grant-
ed money to the Afghanistan MCIT to create a nation-
al telecommunications system to connect the central 
government with the country’s 34 provinces and cre-
ate public access centers for Internet and telephone 
communications at the district level. The World Bank 
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invested $16.8 million to develop the government com-
munications network (GCN) and another $3.7 million 
to rehabilitate the International Satellite Gateway in 
Kabul. The GCN is a 24 node VSAT-based network 
that provides international voice and Internet access 
and communications services to support governance 
to the provincial capital level—governor and key ad-
ministration elements, including in some cases police 
chiefs. USAID invested $14.2 million to develop the 
365 node VSAT-based district communications net-
work (DCN) to extend voice and Internet access to the 
GLVWULFW�OHYHO�IRU�XVH�E\�ORFDO�JRYHUQPHQW�RIÀFLDOV�DQG�
the local population. GCN and DCN serve to enable 
good governance at the provincial and district levels 
by helping remote communities and government of-
ÀFHV�WKURXJKRXW�$IJKDQLVWDQ�FRPPXQLFDWH�HIIHFWLYHO\�
with each other and the world. Subsequently, China, 
India, and Iran expressed investment interest, but 
outside of investments by the U.S. Government, the 
UN, and the World Bank there was little interest from 
RWKHU�:HVWHUQ�QDWLRQV�RU�LQWHUQDWLRQDO�RUJDQL]DWLRQV��
A similar government ICT infrastructure arrangement 
does not exist in Iraq. In this case, commercial cellu-
lar and IT services are relied upon as well as ICT net-
works built especially for Ministries.

Some other common threads between Afghanistan 
and Iraq include the need for ICT-related capacity 
building within ministries. This includes the estab-
lishment of effective ministry CIOs and government 
IT business practices including the use of IT and e-
Governance capabilities, and the limited ability to ef-
fectively exploit the advantages of the ICT sector to en-
able governance, expand economic opportunities, and 
improve education and healthcare services though 
implementation of an effective nationwide backbone 
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ICT infrastructure and leveraging e-Governance, e-
Commerce, e-Education, e-Healthcare, and other e-
Solutions. Additionally, there is a need for develop-
ing a cyber strategy and plan and for establishing a 
QDWLRQDO�F\EHU�RUJDQL]DWLRQ�DQG�FDSDELOLW\�WR�SURWHFW�
against and respond to cyber attacks. On the Afghan 
private sector side, with MCIT/ATRA support GSM 
providers, such as Roshan, have been more progres-
sive, with funding support from USAID and others, to 
RIIHU�H�6ROXWLRQV�XVLQJ�606�IRU�ÀQDQFLDO�WUDQVDFWLRQV�
(the M-PAISA system) and commodities pricing (the 
TradeNet system) for farmers. Roshan also has a call 
center in Kabul where, for a fee for service, subscrib-
ers can get medical advice, weather reports, and other 
call-in services.

In both Afghanistan and Iraq, there is no coordi-
nated strategy for implementing Ministry IT archi-
tectures, capabilities, training, management, or gov-
ernance. ICT projects at different Ministries are likely 
redundant, not integrated, and possibly not compat-
ible. Some Ministries have effective enterprise net-
works, while others do not. Best practices may already 
exist, but they are not shared due to lack of visibility 
and limited to no cross-Ministry coordination. Nation-
al CIO Councils have been set up in both Afghanistan 
and Iraq to implement ICT measures supporting the 
government’s agenda for anti-corruption, transpar-
ency in governance, and cost-effective investment in 
ICT capabilities, but they have had only limited suc-
cess and it has been hard to maintain momentum. In 
Afghanistan, the National CIO Council is run by the 
Minister of Communications and IT, and in Iraq it has 
in the past been run by the Minister of Science and 
Technology and both report to the Prime Minister’s 
2IÀFH�
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In Iraq, a shared DoS and DoD initiative to train 
Iraqi CIOs was initiated. In August 2008, an NDU 
IRMC CIO training team conducted an intensive 10-
day CIO training program in Erbil for Iraqi Ministry 
CIOs. In early 2009, several Iraqi CIOs were brought to 
the United States for additional training at NDU and 
to provide them the opportunity to visit with U.S. CIO 
counterparts (both government and industry) to gain 
D� ÀUVWKDQG� LQVLJKW� LQWR� WKHLU� GD\�WR�GD\� RSHUDWLRQV��
The notion of training Afghan Ministry CIOs has been 
proposed several times to the Minister of Communica-
tions and IT, but no real action has been taken to make 
this happen. There is some concern that Ministry CIOs 
may not yet be ready for such training.

The fourth element will often be to provide certain 
important greater functionalities in government services to 
the populace. While an information business plan may 
QRW�EH�DEOH�WR�LPSURYH�DOO�IXQFWLRQDOLWLHV�VLJQLÀFDQWO\��
health and education are two arenas of consequence 
in which such a plan can make an important differ-
ence. In the health arena, information technology can 
be used to build up and interconnect local centers of 
health care, such as hospitals and rural health care 
centers; support training of health care workers; and 
provide valuable functionalities, such as health sur-
veillance systems and reach back to health care sub-
ject matter experts and medical library services. In the 
education arena, information technology can support 
the development of curriculum and the provision of 
instruction, as well as the training of teachers. For ex-
ample, in Afghanistan, ICT is used in some limited in-
stances to connect hospitals with medical schools and 
with health care centers, universities such as Kabul 
and Khost have Computer Science programs, univer-
sities such as Kabul have partnership programs and 
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alliances with universities outside of Afghanistan, 
CISCO academies have been set up to train young 
girls and boys how to use computers and the Internet, 
and the MoC set up ICT technician training centers. 
There are other computer training centers emerging in 
the private sector as well.

The Afghanistan Ministry of Communications and 
IT recently initiated a Digital Inclusion Program that 
will enable the government of Afghanistan to adopt 
the modern culture of offering services to the public. 
The re-enabled administrative and governance system 
ZLOO�EULQJ�WUDQVSDUHQF\��HIÀFLHQF\��DQG�UHGXFH�EXUHDX-
cracy, but this will take some time to implement. The 
program will install and implement infrastructure, 
projects, and policies for the introduction of e-govern-
ment in Afghanistan, which will empower the pub-
lic to access information, communicate with govern-
ment, take part in government decisionsmaking, and 
EHQHÀW�IURP�WKH�HFRQRPLFDO�RSSRUWXQLWLHV�EURXJKW�E\�
the new culture. The MCIT has also been exploring 
the use of the DCN as a means to provide voice and 
data services for health care and educational services 
in rural areas, as well as general public access to voice 
services. The wireless local loop contracts have a pro-
vision that encourages providers to also make Inter-
net service available to schools in the areas they serve. 
The MCIT is also looking to use the Afghan Telecom 
Development Fund (based on a 2.5 percent tax on pri-
vate sector cell phone calls) to extend access to ICT 
services to the rural areas. Similar initiatives do not 
appear to yet exist in Iraq, especially in rural areas. 
Both Afghanistan and Iraq ICT services for health care 
and education, and the extension of access to ICT ser-
vices in rural areas, remain key challenges requiring 
more active host government attention.
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7KH�ÀIWK�HOHPHQW� LV� WR�provide for the private-sector 
development of information capabilities. Two of the most 
important issues are informed regulatory mechanisms 
DQG�XVHIXO�VHHG�ÀQDQFLQJ��$Q�RYHUO\�FRQVWUDLQHG�UHJ-
XODWRU\�HQYLURQPHQW�ZLOO�PDNH�LW�GLIÀFXOW�IRU�SULYDWH�
HQWHUSULVH�WR�RSHUDWH�DW�D�SURÀW��$�SURSHUO\�VWUXFWXUHG�
set of incentives can help create an environment in 
ZKLFK� SURÀW�PDNLQJ� FRPSDQLHV� FDQ� FRQWULEXWH� LP-
portantly to economic reconstruction. Seed money 
may be very important, especially in the early days of 
a stability operation, particularly to get local involve-
ment in the development of the information business 
plan. 

The middle phase of the plan often may be the 
equivalent of the medical “golden hour” for establish-
ing a framework for effective use of ICT for the affect-
HG�QDWLRQ��:KLOH�WKH�LQIRUPDWLRQ�ÁRZ�PD\�EH�OLPLWHG��
meeting the expectations of the affected government 
and its population during this middle phase will be 
very important for long-term success. This lends itself 
to the need for a good strategic communications plan 
to tell the ICT story and help set and manage expecta-
tions, both ours and theirs.

7KH�PLGGOH�SKDVH�ZLOO�QDWXUDOO\�ÁRZ�RYHU�LQWR�WKH�
long-term phase for the affected nation and the exit 
strategy for the interveners. That part of the informa-
tion business plan strategy should have at least three 
key elements. First, as noted above, the private sector 
should become a key element. Early establishment of 
a good public-private sector partnership is essential 
for success. In this regard, creating an environment 
in which there are commercial opportunities for in-
formation communications technology solutions will 
HQFRXUDJH�SULYDWH�VHFWRU�WHOHFRP�DQG�,7�ÀUPV�WR�KHOS�
VHHG�HFRQRPLF�UHYLWDOL]DWLRQ��6HFRQG��WKH�DIIHFWHG�QD-
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tion will need to consider what role it will play in the 
development of a national information technology 
LQIUDVWUXFWXUH�� 0RGHOV� UDQJH� IURP� IXOO� SULYDWL]DWLRQ�
to early phase ownership to ongoing involvement. If 
state owned telecom and IT institutions are employed 
at the outset, it is important to have a clear agree-
PHQW�WR�SULYDWL]H�DQG�SODQ�IRU�GRLQJ�WKLV�LQ�D�WLPHO\�
manner—the earlier the better. Third, as part of their  
in-country effort, interveners will have to establish 
IT capabilities to satisfy their needs, but at the same 
time, these capabilities can also serve to jump-start 
the affected nation’s capabilities and in turn to enable 
it to start the recovery process. Hence, such facilities 
and datasets should not be automatically dismantled 
as the interveners leave. Rather, they should be built 
with the intent to be used as leave-behinds for local 
partners, both governmental and nongovernmental, 
ZKHWKHU� FRPPHUFLDO� RU� QRQSURÀW�� 3DUW� RI� WKH� OHDYH�
behind is the need for capacity building plans to en-
sure that the needed affected-country ICT and man-
agement skills are available to sustain operations.

An ICT strategy includes people, content, and 
technology. In complex operations, the information 
needs—the content of what must be provided in addi-
tion to the connectivity—of the affected nation require 
consideration. Broadly speaking, those information 
content needs will fall into the categories of security, 
humanitarian, economic, governance/rule of law, and 
social.

,Q�DQDO\]LQJ�KRZ�VXFK�LQIRUPDWLRQ�QHHGV�VKRXOG�
EH�IXOÀOOHG��DQ�,&7�VWUDWHJ\�ZLOO�UHFRJQL]H�WKDW�WKH�LQ-
formation element will support functional strategies 
IRU�HDFK�RI�WKHVH�DUHQDV³DOO�RI�ZKLFK�ZLOO�KDYH�VLJQLÀ-
cant subparts. For example, the establishment of prose-
cutorial, court, and prison functions will have security 
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DQG�UXOH�RI� ODZ�JRYHUQDQFH�DVSHFWV��6LJQLÀFDQW�SUR-
grams will be under way to help create each of these 
elements as part of a stability operation. Responding 
to the information needs of those programs has to be 
DQ�DIÀOLDWHG�VWUDWHJLF�HIIRUW�RU��WR�XVH�WKH�WHUPV�RI�WKH�
international community, needs to be aligned with the 
overall aims of the functional programs.

7KH�VSHFLÀF�QHHGV�PD\�EH�SURYLGHG�ZLWK�WKH�XVH�
of information from one or more of the interveners. In 
a variety of ways, information technology can be uti-
OL]HG�WR�SURYLGH�H[SHUW�DVVLVWDQFH��$�VLPSOH�H[DPSOH�
is maintaining an online list of experts. More sophisti-
cated efforts can be established, such as a call-in cen-
ter for the provision of various kinds of information. 
Research arrangements can be set up online, as can 
connectivity with key national and international orga-
QL]DWLRQV��ERWK�JRYHUQPHQWDO�DQG�QRQJRYHUQPHQWDO��
that are willing and able to provide assistance.

As is true for the technology itself, information 
needs change over time. In fact, the ability to provide 
information may become more important as the af-
fected nation develops its own capacities. The capacity 
to access such information may be developed in two 
parallel fashions. First, in a traditional approach there 
FRXOG� EH� DQ� RIÀFH� WR� KHOS� IDFLOLWDWH� DFFHVV� WR� H[SHUW�
management. More recently, a distributed approach, 
such as wikis and blogs, may be able to make a great 
GHDO�RI�H[SHUW�LQIRUPDWLRQ�DYDLODEOH�ZLWKRXW�D�VSHFLÀF�
data manager, if the right information tools are pro-
vided. Issues of trust and reliability will arise, but the 
community approach to providing information via 
the Internet and Web 2.0 tools has been very power-
ful in other arenas, and its use in complex operations 
should be encouraged.9
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The discussion of the management of information 
needs raises the important question of how to manage 
the ICT strategy in the course of the stability and re-
construction operation and how to mange the overlaps 
and transition from military to civilian lead. Adoption 
of a strategic approach and even operational activities 
will be greatly facilitated by the establishment of a for-
ZDUG�ÀHOG�RUJDQL]DWLRQ��,GHDOO\��WKLV�ZRXOG�EH�D�MRLQW�
DoS-DoD function with the task of carrying out the 
information and ICT strategies and plan in country. 
,Q�FRPSOH[�RSHUDWLRQV��WKH�RUJDQL]DWLRQ�OLNHO\�ZRXOG�
initially be collocated with the military command ac-
tivity and at some point transitioned to DoS/Embassy. 
Ad hoc arrangements such as the Afghan Reconstruc-
tion Group and the Iraq Reconstruction Management 
2IÀFH�,UDT� 7UDQVLWLRQ�$VVLVWDQFH�2IÀFH�� DORQJ�ZLWK�
their respective senior telecom advisor positions, are 
models worth reviewing for future operations. Addi-
tionally, the role and effectiveness of the I-Team and 
the reach back support to the Afghanistan ICT and 
the Iraq ICCE are other models to review. There is 
FHUWDLQO\�D�QHHG�WR�LQVWLWXWLRQDOL]H�WKH�86*�,&7�VXS-
port process for future operations and to revisit the 
creation of a senior telecoms advisor position to focus 
USG support on the affected nation ICT reconstruc-
tion and its use as a cross-sector enabler. There is also 
a need to develop an agreed approach to establishing 
a civil-military collaborative information environment 
to support complex operations collaboration and in-
formation sharing and shared reconstruction-oriented 
situation awareness with ICT as a key element to be 
tracked. Also, there is a need to include a strategic 
communications program to tell the ICT success sto-
ries and to make information available to stakehold-
ers using open source technology such as portals and 
Web 2.0 and beyond capabilities. 10
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7KH�UROH�RI�WKH�RUJDQL]DWLRQ�ZRXOG�LQFOXGH�FDUU\-
ing out the USG aspects of the ICT strategy and plan. 
,Q�DGGLWLRQ��WKH�RUJDQL]DWLRQ�ZRXOG�FROODERUDWH�ZLWK�
WKH�RUJDQL]DWLRQV�ZLWK�ZKLFK�SUHSODQQLQJ�WRRN�SODFH��
including key countries, the UN, the World Bank, and 
PDMRU�1*2V��$V�SURPSWO\�DV�SRVVLEOH��WKH�RUJDQL]D-
tion would want to begin to work with the affected 
nation, though precisely what that means will depend 
on the unique circumstances of the operation. As a 
forward community of interest is being set up, the or-
JDQL]DWLRQ�ZLOO�ZDQW� WR� FUHDWH�PHFKDQLVPV� WKDW� DGG�
additional entities to the effort that have not been part 
of the preplanning. The DoD is encouraging the devel-
opment of an open-source, collaborative arena, tenta-
WLYHO\�FDOOHG�´WKH�KXE�µ�WKDW�ZRXOG�XVH�EORJJLQJ��ÀOH�
sharing, and Wikipedia-type and Web 2.0 approaches 
to create an open space for collaborative sharing.11 
This hub type approach may be very valuable, as may 
more structured relationships. In addition, the orga-
QL]DWLRQ�ZLOO�ZDQW�WR�ZRUN�ZLWK�WKH�SXEOLF�DIIDLUV�RI-
ÀFH��3$2��WR�IDFLOLWDWH�LQWHUDFWLRQ�ZLWK�WKH�PHGLD�DQG��
most importantly, information for the public at large. 
For example, U.S. commanders in Afghanistan recent-
ly launched their “social networking strategy” for Af-
ghanistan using the hugely popular website Twitter to 
release information about some of their operations,12 
a Facebook page,13 and the popular YouTube video 
sharing site14 to post videos about their work and the 
daily lives of U.S. troops. The decision to use the latest 
Internet fad was meant to “engage non-traditional au-
diences directly with news, videos, pictures, and other 
information from Operation Enduring Freedom,” 
the U.S. military said, and to “preempt extremist  
propaganda.”15
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OBSERVATIONS

ICT can be important components for success in 
complex operations. To achieve successful results re-
quires that a purposeful strategy be adopted to use 
these capabilities to achieve the desired end of facili-
tating recovery and building up the affected nation 
and to develop operational activities that effectively 
implement the strategy. A strategic approach causes 
FRDOLWLRQ�SDUWLFLSDQWV�WR�XQGHUWDNH�ÀYH�NH\�DFWLYLWLHV�

1. Conduct pre-event activities with partners,
2. Implement improved collaboration,
3. Ensure improved data usability,
4. Develop an information toolbox, and 
���&UHDWH�D�IRUZDUG�ÀHOG�LQIRUPDWLRQ�RIÀFH�

Also, creating an overall focus to generate an ef-
fective affected nation information business plan con-
sists of four actionable items:

1. Assess the affected nation information capacity    
 and culture and business processes,

2. Build an affected nation information goal,
3. Create immediate, medium, and long-term in  

 formation capacities, and
���$QDO\]H�LQIRUPDWLRQ�QHHGV�DQG�GHYHORS�PHWK-
RGV�WR�IXOÀOO�WKRVH�QHHGV�

Civil-Military collaboration and information shar-
ing activities can have decisive impacts in complex 
operations. To more effectively address shortfalls in 
responder activities, they need to be treated as a core 
part of the nation’s overall strategy and, as noted ear-
lier, not just as “nice to have” adjuncts to the kinetic 
phases of warfare. U.S. military and civilian govern-
ment agencies need to start to “think” information 
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and ICT. Key points to consider for future operations 
include:

�� �́ 7KLQNµ�,QIRUPDWLRQ�DQG�,QIRUPDWLRQ�&RPPX-
nications Technology (ICT)
— Collaboration and information sharing
— Enabler of cross-sector reconstruction
³�,QÁXHQFH�RSHUDWLRQV
—  Enabler of “unity of effort” across the civil-

military boundaries;
�� 7KLQN�DQG�GR�´ZKROH�RI�JRYHUQPHQWµ

— Diplomacy, defense, and development
—  Enable the “affected nation” do not do it for 

them;
�� �9LHZ�,&7�DV�DQ�´HVVHQWLDO�VHUYLFHµ�DQG�DV�´FULWL-

cal infrastructure”;
�� �(QJDJH�DQG�OHYHUDJH�WKH�´QHZ�PHGLDµ�VXFK�DV�

Web 2.0 and beyond;
�� �0HWULFV� IRU� ,&7� QHHG� WR�PHDVXUH� ´RXWFRPHVµ�

not just outputs;
�� �(PSOR\� LQIRUPDWLRQ�DQG� ,&7� FDSDELOLWLHV� DV� D�

PHDQV�WR�LQIRUP��LQÁXHQFH��DQG�EXLOG�WUXVW�

Furthering this argument, in complex operations 
the United States cannot achieve the social, political, 
and economic goals for which its military forces are 
committed unless the overall U.S. Government can en-
gage effectively with local governments, businesses, 
and members of civil society.16 Additionally, improve-
ments in information sharing will need to proactively 
DGGUHVV�FKDQJHV�WKDW�UHÁHFW�

�� &XOWXUH��´7KH�:LOO�WR�6KDUHµ�
�� 3ROLF\��´7KH�5XOHV�IRU�6KDULQJµ�
�� �*RYHUQDQFH�� ´7KH� (QYLURQPHQW� WR� ,QÁXHQFH�

Sharing”;
�� �(FRQRPLFV�DQG�5HVRXUFHV��´7KH�9DOXH�RI�6KDU-

ing”;
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�� �7HFKQRORJ\� DQG� ,QIUDVWUXFWXUH�� ´7KH�&DSDELO-
ity to Enable Sharing.

$V� QRWHG�� ,QIRUPDWLRQ� DQG� ,&7� FDQ� VLJQLÀFDQWO\�
increase the likelihood of success in complex opera-
tions—if they are engaged as part of an overall strat-
egy that coordinates the actions of the whole of U.S. 
Government (interagency) and, as appropriate, out-
side IO, IGO, NGO, international business, and other 
civil-military stakeholders. The focus also needs to be 
on generating effective results for the host or affected 
nation—enable the host or affected nations to be suc-
FHVVIXO��3URSHUO\�XWLOL]HG��,&7�FDQ�KHOS�FUHDWH�HIIHFWLYH�
LQLWLDWLYHV�DQG�NQRZOHGJHDEOH�LQWHUYHQWLRQV��RUJDQL]H�
complex activities, and integrate complex operations 
with the host or affected nation, making the latter 
more effective.

Key to these results is a U.S. Government strategy 
that requires that: (1) the U.S. Government must give 
high priority to such a whole of government approach 
and ensure that the effort is a joint civilian-military 
activity; (2) the military and other U.S. Government 
elements need to “think” information and ICT and 
treat ICT as an “essential service” and make it a part 
of policy and doctrine for and the planning and ex-
ecution of complex operation; (3) preplanning and the 
establishment of ICT partnerships is undertaken with 
key regular participants in complex operations, such 
as NATO, the United Nations (UN), the World Bank 
and others such as regional nations in affected nation 
area; (4) the focus of initiatives and complex interven-
tions, including the use of ICT, is on supporting and 
enabling the host or affected nation governmental, 
security, societal, and economic development; and (5) 
key information technology capabilities are harnessed 
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to support the strategy. Implementing the strategy 
will include: (1) development of an information busi-
ness plan for host and affected nations so that ICT is 
effectively used to support security cooperation, ca-
SDFLW\�EXLOGLQJ��DQG�VWDELOL]DWLRQ�DQG�UHFRQVWUXFWLRQ��
(2) agreements among complex operations stakehold-
ers on data-sharing and collaboration, including data-
sharing on a differentiated basis; and (3) use of com-
PHUFLDO�,7�WRROV�DQG�GDWD�SURYLGHG�RQ�DQ�XQFODVVLÀHG�
basis as appropriate.17

(QKDQFLQJ� WKH� LQÁXHQFH� RI� 8�6�� *RYHUQPHQW� UH-
sponses to HA/DR and interventions into stability 
and reconstruction operations will require a multifac-
eted strategic communications strategy that differenti-
ates the circumstances of the messages, key places of 
delivery, and sophistication with which messages are 
created and delivered, with particular focus on chan-
nels and messengers. To improve in these areas, the 
U.S. Government must focus on actions that include 
discerning the nature of the audiences, societies, and 
cultures into which messages will be delivered; in-
creasing the number of experts in geographic and cul-
tural arenas, particularly in languages; augmenting 
resources for overall strategic communications and 
,&7�LQÁXHQFH�HIIRUWV��HQFRXUDJLQJ�ORQJ�WHUP�FRPPX-
QLFDWLRQV�DQG�,&7�LQÁXHQFH�HIIRUWV�DORQJ�ZLWK�VKRUW�
term responses; and understanding that successful 
VWUDWHJLF� FRPPXQLFDWLRQV� DQG� ,&7� LQÁXHQFH� RSHUD-
tions cannot be achieved by the U.S. Government act-
ing on its own; allies and partners are needed both to 
shape our messages and to support theirs.18
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CHAPTER 6

THE INFORMATION POLITY:
SOCIAL AND LEGAL FRAMEWORKS FOR

CRITICAL CYBER INFRASTRUCTURE 
PROTECTION

Michael M. Losavio
J. Eagle Shutt

Deborah Wilson Keeling

INTRODUCTION

This chapter examines how public policy may 
evolve to adequately address cybercrime. Traditional 
legal protections against criminal activity were devel-
oped in a world wherein any criminal violation was 
coupled with physical proximity. Global informa-
tion networks have created criminal opportunities in 
which criminal violation and physical proximity are 
decoupled. 

We argue that cyberspace public policy has not 
DGHTXDWHO\� LQFHQWLYL]HG� DQG� VXSSRUWHG� SURWHFWLYH�
behaviors in the cyber community. We examine the 
roles that user-level/consumer-level conduct, social 
engagement, and administrative policy play in pro-
tecting information infrastructure. We suggest proac-
WLYH�ZRUN�ZLWK�ODZV�DQG�DGPLQLVWUDWLYH�FLWL]HQ�OHYHO�
engagement to reform the cyberspace community. To 
that end, we examine applicable legal and transna-
tional regimes that impact such a strategy and options 
IRU�H[SDQGLQJ�DGPLQLVWUDWLYH�DQG�FLWL]HQ�HQJDJHPHQW�
in the cyber security enterprise.

The cyber infrastructures of the United States and 
Europe offer inviting targets for attack, whether for 
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SURÀW��PDOLFH��RU�VWDWH�REMHFWLYHV��7KH�HQPHVKLQJ�QD-
tures of computer networks have changed the calculus 
for both delineating and protecting critical cyber in-
frastructure. The boundaries between such infrastruc-
ture and external systems using the infrastructure 
have become so intertwined that it may be impossible 
to separate them. Those external systems may become 
threat vectors themselves.

This enmeshing has blurred the identity between 
physical and “logical” frontiers for purposes of state 
boundaries, jurisdiction, and sovereignty. Cyber secu-
rity issues move quickly past the national level to that 
RI�SURYLQFHV��VWDWHV��ORFDOLWLHV��EXVLQHVVHV��DQG�FLWL]HQV�

Carolyn Pumphrey discussed in detail how local 
law enforcement strategies might effectively be blend-
ed with military/homeland security efforts to protect 
cyber systems. She noted that transnational threats, 
including those of cyber security, straddle “domestic 
and foreign spheres” that present “profound constitu-
tional and security challenges” for the United States.1 

Public security is a function of several factors, 
including law and effective law enforcement, social 
norms, and technical protections. Effective security in 
F\EHUVSDFH�UHTXLUHV�D�VLPLODU�FRQÀJXUDWLRQ��$�QHLJK-
borhood where neighbors watch out for each other 
and discourage criminality; timely response by police 
and the courts; and where residents lock their win-
dows and doors will be much more secure. Together, 
the community’s norms, habits, and formal institu-
tions serve protective functions.

7KH�FRQFHLW�ZH�FDOO�F\EHUVSDFH�FDQ�HTXDOO\�EHQHÀW�
from an equivalent set of protective elements. Yet ef-
IRUWV�WR�LQFHQWLYL]H�VXFK�SURWHFWLYH�HOHPHQWV�KDYH�QRW�
EHHQ�VXIÀFLHQWO\�GHYHORSHG��2I�SDUWLFXODU�FRQFHUQ�DUH�
the capabilities of local law enforcement, business, 
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and individuals to play their part in cyber security as 
a necessary component of protection of all cyber infra-
structures.

Law, norms, and technology impact these capabili-
ties. At the same time, they may raise issues relating to 
the preservation of rights and liberties of liberal West-
ern countries seeking to respond to external threats. 

Review of laws and administrative systems can 
avoid misunderstandings as to proper conduct in in-
vestigating the misuse of computers and networks. It 
can also aid in protecting researchers from legal prob-
lems in their work, especially for research done out-
side of government.

7KH�VLJQLÀFDQFH�RI�WKH�WKUHDW�LV�VHHQ�LQ�WKH�0DUFK�
29, 2009, GhostNet cyber espionage study and analysis 
report of the Information Warfare Monitor on distrib-
uted malware attacks originating out of China.2 These 
attacks use a combination of Trojan malware-Gh0st 
RAT (Remote Access Tool) and social engineering via 
H�PDLO�WR�LQIHFW�YXOQHUDEOH�PDFKLQHV��7KH�NH\�ÀQGLQJV�
were:

�� �&RPSURPLVH�RI�DW�OHDVW�������FRPSXWHUV�LQ�����
countries, of which nearly 30 percent might be 
high-value targets,

�� �*KRVW1HW� SHQHWUDWLRQ� RI� VHQVLWLYH� FRPSXWHU�
systems of the Dalai Lama and other Tibetan 
targets, and

�� �*KRVW1HW�LV�D�FRYHUW��GLIÀFXOW�WR�GHWHFW�V\VWHP�
capable of taking full control of affected sys-
tems.3

Compromised systems included government of-
ÀFHV� RI� ,UDQ�� %DQJODGHVK�� /DWYLD�� ,QGRQHVLD�� 3KLOLS-
pines, Brunei, Barbados, Bhutan, and embassies of In-
dia, South Korea, Indonesia, Romania, Cyprus, Malta, 



132

Thailand, Taiwan, Portugal, Germany, and Pakistan.
This report comes on the heels of U.S. Government 

reports that computing systems at power utility com-
panies where compromised by overseas attacks.4

The GhostNet report further suggests that cyber 
VHFXULW\� RXWVLGH� RI� FODVVLÀHG�JRYHUQPHQW� RSHUDWLRQV�
is woefully inadequate, whether in commercial or 
FLYLF�RUJDQL]DWLRQV�

We suggest a proactive strategy that blends law 
HQIRUFHPHQW��PLOLWDU\��DQG�FLWL]HQ�HQJDJHPHQW�IRU�WKH�
protection of the cyber infrastructure and enhance-
ment of cyber security. To that end, we examine appli-
cable legal and transnational regimes that impact such 
a strategy and options for expanding administrative 
DQG� FLWL]HQ� HQJDJHPHQW� LQ� WKH� F\EHU� VHFXULW\� HQWHU-
prise. These options may offer a vital complementary 
element to the cyber security of the United States as 
well as other countries.

JURISDICTION AMONG DISTRIBUTED 
SOVEREIGNS

The exclusive power and jurisdiction to regulate is 
a jealously guarded prerogative of sovereign nations. 
Jurisdiction may refer to a particular entity asserting 
a right to regulate conduct, such as a nation or a prov-
ince, and in addition to the right of that entity to regu-
late conduct, but also to punish conduct. The right to 
regulate is usually bounded by a grant of rights itself 
limited by physical boundaries, such as the boundar-
ies of a nation, state, province, or locality. It encom-
passes regulation through substantive criminal law 
WKDW� GHÀQHV� ZURQJIXO� FRQGXFW�� SURFHGXUDO� FULPLQDO�
ODZ�WKDW�GHÀQHV�KRZ�WKH�ODZ�LV�HQIRUFHG��DQG�ODZV�IRU�
resolving problems between jurisdictions, e.g., extra-
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dition and transfer of an offender found in one juris-
diction to another jurisdiction for offenses committed 
in that latter state.

A state may also assert the right to act against con-
duct outside of its boundaries that has an impact in-
side those boundaries. It may assert jurisdiction over 
DFWV�RI�LWV�FLWL]HQV�WKDW�RFFXU�DEURDG��,W�PD\�DVVHUW�MX-
risdiction based on treaties, maritime law, or interna-
tional law. 

In the distributed, transnational environment of 
cyberspace, the assertion of a right to regulate must 
still address the practical problems of enforcement in 
foreign jurisdictions. If the domestic cyber infrastruc-
ture is attacked by someone operating in another juris-
diction, cooperation by the authorities in that foreign 
jurisdiction may be needed. If investigative data on an 
attack are to be found in a foreign jurisdiction, even if 
the attacker is in yet another jurisdiction, speedy lo-
cal cooperation is needed. Obtaining this cooperation 
PD\�EH�GLIÀFXOW�

For example, in the Gorshkov/Ivanov cases, the 
defendants broke into various U.S. corporate comput-
er systems from their home base in Russia; they then 
offered their computer security expertise for hire.5 To 
simplify the jurisdictional problems, the U.S. Federal 
Bureau of Investigation (FBI) convinced them to dem-
onstrate these skills in a meeting in the United States 
that was videotaped and keylogged. After logging in 
to his home machine to download his toolkit, Ivanov 
was arrested. The agents then took the keylogger data, 
logged into Ivanov’s home machine in Russia, and 
GRZQORDGHG�ÀOHV�HYLGHQFLQJ�KLV�LOOHJDO�DFFHVV�WR�PD-
chines in the United States. Both were convicted and 
sentenced to prison. However, Russian authorities 
were not happy with the actions of the U.S. authori-
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ties and initiated criminal proceedings against the two 
)%,�DJHQWV�LQYROYHG�LQ�WKH�UHPRWH��EXW�XQDXWKRUL]HG��
access to Ivanov’s machine in Russia.

The complexity of transnational actions increases 
with other issues of data and computing regulation in 
each country. The most effective tool to remedy this is 
cooperation, which may be manifested in treaty law 
SURPRWLQJ�PXWXDO�EHQHÀW��7KLV�PD\�QRW�EH�SRVVLEOH�
with any country that expressly or implicitly con-
dones cyber attacks against foreign targets. But it can 
still be effective in rallying countries to work together 
and set a foundation for diplomatic solutions. First, 
we provide a general discussion of local law in this 
area and then proceed to the use of treaty law to create 
a more effective transnational regime. 

LOCAL SUBSTANTIVE CRIMINAL LAW
AND THE EXERCISE OF SOVEREIGNTY

Criminal and delictual law adapt to injuries and 
misconduct with new technologies, particularly where 
those technologies threaten rights in new and unfore-
seen ways. The legal regime for computer misuse ad-
dresses the core function of these machines; their abil-
ity to store, manipulate, and transmit information.

A traditional crime may be committed with a new 
computer tool, such as murder by entering false in-
formation in a medical database.6 Crimes previously 
the province of technical specialists, such as criminal 
copyright infringement, may now easily be commit-
ted by laypersons. Some crimes require new, sui ge-
neris statutes to control misconduct unseen before the 
rise of computing technologies. 

Review of computer misuse must consider several 
issues: 
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�� �0LVXVH� PD\� ÀW� WUDGLWLRQDO� FULPLQDO� ODZ� HOH-
ments. For example, a computer can be used to 
store or transmit information on terrorist activ-
ity or other criminal dealings, like a notebook.

�� �&RPSXWHU� PLVXVH� PD\� RQO\� SDUWLDOO\� FRUUH-
spond to traditional criminal law elements, 
requiring legal revisions to correspond to tech-
nical facts of computers and networks. For ex-
ample, a computer may be used to copy and 
transmit information in violation of intellectual 
rights and for industrial espionage, violations 
WKDW� LQ� WKH� SDVW� UHTXLUHG� VLJQLÀFDQW� WLPH� DQG�
resources.

�� �2U�WKDW�PLVXVH�PD\�QRW�ÀW�ZLWKLQ�WKH�HOHPHQWV�
of standard crimes, requiring use of new crimi-
nal statutes to address the danger. For example, 
a computer can be used to transmit information 
WKDW��ZKLOH� KDUPIXO�� GRHV� QRW� ÀW� WKH� HOHPHQWV�
of traditional crimes requiring proximity of the 
RIIHQGHU�WR� WKH�WDUJHW�RU�ÀQDQFLDO�PRWLYH��7KH�
Filipino computer student who wrote the “I 
Love You” computer virus was not prosecuted 
because the Philippines had no law at the time 
FULPLQDOL]LQJ�VXFK�FRQGXFW�7

The intersection of the old and the new with cyber-
crime make for an evolving area of practice. Review of 
incidents of computer misuse will require a combina-
tion of both traditional and innovative case analysis 
in law enforcement, especially where the computer 
crime itself shares elements of old and new types of 
offenses, as seen in Figure 6.1.
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Figure 6.1. Evolving Law Enforcement Practice. 

Examples of Local Substantive Criminal Laws.

The issue of jurisdiction and sovereignty plays a 
major role in the promulgation of laws as each sov-
ereign may choose to create its own set of criminal 
laws relating to computer misconduct. They may do 
so with little regard for what any other jurisdictions 
may choose to regulate.

The general categories of regulation in this area 
DUH�H[HPSOLÀHG�E\� WKH�&RXQFLO�RI�(XURSH·V�&RQYHQ-
tion on Cybercrime, discussed further below. Those 
categories are:

�� �8QDXWKRUL]HG�DFFHVV�WR�FRPSXWHU���WKLV�LQFOXGHV�
H[FHHGLQJ�DXWKRUL]HG�DFFHVV�WR�D�FRPSXWHU��

�� 8QDXWKRUL]HG�LQWHUFHSWLRQ�RI�GDWD�
�� 8QDXWKRUL]HG�LQWHUIHUHQFH�ZLWK�GDWD�
�� 8QDXWKRUL]HG�LQWHUIHUHQFH�ZLWK�D�V\VWHP�
�� 0LVXVH�RI�GHYLFHV�

Different jurisdictions may adopt criminal laws in 
each of these areas or only some of them; the particular 
provisions may vary from one jurisdiction to another. 
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Some primary U.S. federal criminal statutes relat-
HG�WR�FRPSXWHU�LQWUXVLRQV�WKDW�UHÁHFW�WKHVH�FDWHJRULHV�
are:

�� ����8�6�&����������)UDXG�DQG�5HODWHG�$FWLYLW\�LQ�
Connection with Access Devices

�� ����8�6�&����������)UDXG�DQG�5HODWHG�$FWLYLW\�LQ�
Connection with Computers

�� ���� 8�6�&�� �� ������ &RPPXQLFDWLRQ� /LQHV�� 6WD-
tions, or Systems

�� ���� 8�6�&�� �� ����� HW� VHT�� :LUH� DQG� (OHFWURQLF�
Communications Interception and Interception 
of Oral Communications

�� ����8�6�&���������HW�VHT��6WRUHG�:LUH�DQG�(OHF-
tronic Communications and Transactional Re-
cords Access

�� ����8�6�&�� �� ����� HW� VHT��5HFRUGLQJ�RI�'LDOLQJ��
Routing, Addressing, and Signaling Informa-
tion.

Each of the American states has its own computer 
FULPH�ODZV�WKDW�PD\�UHÁHFW�VRPH�RU�DOO�RI�WKHVH�LVVXHV��
For example, Kentucky statutes focus on unlawful ac-
cess to a computer:

�� �.56���������8QODZIXO�DFFHVV�WR�D�FRPSXWHU�LQ�
WKH�ÀUVW�GHJUHH��IUDXG��

�� �.56���������8QODZIXO�DFFHVV�WR�D�FRPSXWHU�LQ�
the second degree (damage).

�� �.56� ��������8QODZIXO� DFFHVV� LQ� WKH� WKLUG� GH-
gree (damage).

�� �.56���������8QODZIXO�DFFHVV�LQ�WKH�IRXUWK�GH-
gree (access).

�� .56���������0LVXVH�RI�FRPSXWHU�LQIRUPDWLRQ�
�� �.56� �������� &RPSXWHU�DVVLVWHG� UHPRWH� KXQW-

LQJ�XQODZIXO³&LWL]HQV�ZLWK�GLVDELOLWLHV.
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While its primary focus is on unlawful access, 
Kentucky’s prohibition on computer-assisted remote 
hunting is a good example of how special local con-
cerns may lead to unique laws on computing.

Similarly, other countries have laws designed to 
regulate various types of misconduct with computing 
devices, such as:

�� &DQDGD
³��8QDXWKRUL]HG�XVH�RI�FRPSXWHU�LQWHUFHSWLRQ�

of communications
�� 8QLWHG�.LQJGRP

— Computer Misuse Act 1990, as amended
— Data Protection Act 1998

�� ,QGLD
— Information Technology Act 2000

�� *HUPDQ\
³�8QDXWKRUL]HG�DFTXLVLWLRQ�RI�GDWD
³��8QDXWKRUL]HG�FLUFXPYHWLRQ�RI�� 

system security 

This structure for substantive criminal laws that 
GHÀQH�SURKLELWHG�FRQGXFW�LV�DOVR�PDWFKHG�E\�V\VWHPV�
of procedural laws by which the substantive law is 
enforced. These laws may vary between jurisdictions. 

Procedural Criminal Laws.

Enforcement of substantive criminal law is guided 
by rules of procedure that seek to assure reliability and 
fairness in the administration of justice. They may also 
UHÁHFW� QDWLRQDO� LQWHUHVWV� LQ� WKH� SURWHFWLRQ� RI� FHUWDLQ�
ULJKWV� RI� FLWL]HQV��$V�ZLWK� VXEVWDQWLYH� FULPLQDO� ODZ��
criminal procedure may vary between jurisdictions. 

One area of procedure deals with the proper use of 
evidence. Electronic evidence alone or matched with 
other evidence may indicate a crime and additional 
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evidence of that crime. That additional evidence, once 
obtained, can correlate the electronic record with other 
actions. This correlation and development role is par-
ticularly important for remote data collected over net-
works; correlation to other evidence is a key function 
of electronic evidence in prosecuting a digital crime. 

Another area addresses the protection of privacy 
ULJKWV�RI�FLWL]HQV�IURP�JRYHUQPHQW�LQWUXVLRQ��)RU�H[-
ample, absent special circumstances, the search or 
VHL]XUH� RI� D� SHUVRQ� RU� KLV� HIIHFWV�ZLWKRXW� FRQVHQW� LV�
illegal in the United States unless an application un-
der oath is made before a neutral magistrate that sets 
out facts to establish “probable cause” to believe a 
crime has been committed and evidence of that crime 
ZLOO�EH�IRXQG�LQ�WKH�SODFH�VHDUFKHG�DQG�WKLQJV�VHL]HG��
Probable cause itself means a fair probability under a 
commonsense analysis that evidence is to be found at 
WKH�SODFH�WR�EH�VHDUFKHG��7KLV�DQG�RWKHU�UXOHV�GHÀQH�
procedural law for law enforcement and prosecution 
in the United States.

For example, Figure 6.2 shows a diagram of the 
process by which computational forensic data may be 
used within the criminal justice process in the United 
States.

Meeting the procedural requirements of each ju-
risdiction may slow computer crime investigation 
across multiple jurisdictions. It may, in fact, render 
an investigation impossible. To counter investigative 
obstacles, a transnational legal regime is developing 
through bilateral and multilateral treaties to harmo-
QL]H�VXEVWDQWLYH�DQG�SURFHGXUDO�FULPLQDO�ODZ�EHWZHHQ�
countries and to create a system for mutual assistance 
and cooperation in cybercrime investigation and pros-
ecution. That developing regime is seen in coopera-
tion between nations as outlined by the Convention 
on Cybercrime of the Council of Europe. 
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Figure 6.2. The Use Path for Computational  
Forensic (CF) Results.8

A TRANSNATIONAL LEGAL REGIME AND  
COOPERATION ACROSS FRONTIERS—THE 
CONVENTION ON CYBERCRIME

Miles Townes and others argue that an interna-
tional regime to protect our interconnected informa-
tion infrastructure is needed.9�1LFKRODV�6HLW]��7RZQHV��
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DQG�/RUHQ]R�9DOHUL�DOO�VXSSRUW�WKH�SUHPLVH�WKDW�DQ�LQ-
ternational regime of information assurance is essen-
WLDO��9DOHUL�FDOOV�IRU�´VSHFLÀF�LQWHUQDWLRQDO�¶FOXVWHUV�RI�
rules or conventions,’ the content of which cannot be 
just independently devised by states or international 
businesses.”10 

The Council of Europe’s Convention on Cyber-
crime11 is a primary component of such an evolving 
regime. This treaty emerged after lengthy negotia-
tions between members of the Council of Europe and 
nonmember states; Canada, Costa Rica, Dominican 
Republic, Japan, Mexico, Philippines, South Africa, 
and the United States. 

The Convention is structured to address the issues 
of substantive criminal law, procedural criminal law, 
DQG�LQWHUMXULVGLFWLRQ�UHODWLRQV��%\�KDUPRQL]LQJ�WKHVH�
three areas, the Convention promotes greater unifor-
mity between national laws and facilitates coopera-
tion between states, vital for the preservation of time-
sensitive, evanescent electronic evidence. It does this 
by requiring each country joining the Convention to:

�� �DGRSW� FULPLQDO� ODZV� WKDW�GHÀQH�FULPHV� LQ�ÀYH�
fundamental areas of computer and network 
misuse, creating a common base of substantive 
criminal law;

�� �DGRSW� DQG� LPSOHPHQW� SURFHGXUHV� IRU� LQYHVWL-
gation, evidence collection, evidence preserva-
tion, and prosecution of digital crime and use 
of electronic evidence, building a common base 
of procedural criminal law across countries; 
and,

�� �%XLOGLQJ� RQ� WKH� FRPPRQ� IRXQGDWLRQ� LQ� ERWK�
substantive and procedural criminal law, states 
must then adopt measures to assure interna-
tional cooperation and mutual assistance in 
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investigations involving multiple jurisdictions, 
DGGUHVVLQJ� SDUWLFXODUO\� GLIÀFXOW� SUREOHPV� RI�
the preservation and disclosure of data and the 
H[WUDGLWLRQ�RI�FLWL]HQV�WR�IRUHLJQ�MXULVGLFWLRQV�

7KH� ÀYH� NH\� DUHDV� IRU� VXEVWDQWLYH� FULPHV� ZKHUH�
each state must adopt criminal laws are:

���8QDXWKRUL]HG�DFFHVV�WR�FRPSXWHU���WKLV�LQFOXGHV�
H[FHHGLQJ�DXWKRUL]HG�DFFHVV�WR�D�FRPSXWHU��

���8QDXWKRUL]HG�LQWHUFHSWLRQ�RI�GDWD�
���8QDXWKRUL]HG�LQWHUIHUHQFH�ZLWK�GDWD�
���8QDXWKRUL]HG�LQWHUIHUHQFH�ZLWK�D�V\VWHP��DQG
5. Misuse of devices.

The Convention looks at intentional conduct 
“without right.” 

The Convention permits variations between na-
WLRQV��,Q�RXU�HDUOLHU�OLVW�RI�8�6��ODZV��WKHVH�ÀYH�DUHDV�DUH�
DGGUHVVHG�E\�WKRVH�VWDWXWHV�����8�6�&����������´)UDXG�
and Related Activity in Connection with Computers,” 
LQ�SDUWLFXODU�� DGGUHVVHV�XQDXWKRUL]HG� DFFHVV� DQG� LQ-
terference with data and systems.

The common procedural criminal law for law en-
forcement investigative and prosecutorial activities 
include the preservation, acquisition, and use of elec-
tronic evidence. The most sensitive of the three areas 
relates to requirements for international cooperation 
and mutual legal assistance. Cross-jurisdictional law 
enforcement efforts entail risks that range from differ-
ent procedures to different communications protocols 
to challenges to national sovereignty. The Convention 
VHHNV�WR�PLQLPL]H�WKHVH�SUREOHPV�E\�ÀUVW�KDUPRQL]-
ing criminal laws and then having states adopt pro-
cedures and practices for cooperation and mutual 
assistance between countries on cybercrime matters. 
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These procedures should address assistance and co-
operation in data preservation and disclosure and the 
extradition of suspects.

The Convention creates a foundation for coopera-
tion between countries in investigating cybercrime be-
tween countries, including activities impacting crimi-
nal cyber infrastructure. But this foundation must be 
supplemented by other human participant elements 
within the cyber community. The enmeshed nature of 
our cyber-information world has made the home front 
WKH�IURQWLHU�RI�F\EHU�FRQÁLFW��/RFDO�PDWWHUV�RI�ODZ�HQ-
forcement and public security are intertwined with 
those of national cyber security. 

:H�GLVFXVV�SRVVLEOH�ZD\V�WR�LQFHQWLYL]H�SURWHFWLYH�
behaviors in the following section.

SOCIAL NORMS AND CRIMINOLOGICAL 
THEORY

Law enforcement is not the sole factor in assuring 
public security. The values and actions of a communi-
ty contribute to its security. As Stanley Cohen argues, 
the strength of social control depends on formal and 
informal social control.12 Laws and law enforcement 
represent formal social control, whereas the attitudes 
and actions of individuals represent informal social 
control. Both spheres can impede unlawful activities, 
but states with strong overall levels of social control 
will have high degrees of both formal and informal 
social control.

The opportunity theory perspective provides a 
XVHIXO�ZD\�RI� FRQFHSWXDOL]LQJ� WKH�SRWHQWLDO� HIIHFW�RI�
informal social control on cyber security. Routine ac-
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tivities theory (RAT) is made up of three distinctive 
elements:

1. A suitable target is available, 
2. There is a lack of a suitable guardian, and 
3. There is a motivated offender.13

Where all of these elements are present, the risk of 
criminal conduct increases. Conversely, the absence of 
one of these elements reduces the risk of misconduct.

In the context of cyber security, there is an abun-
dance of suitable targets and a lack of suitable guard-
ians. However, changes in attitudes, present in the 
informal sphere of social control, can increase rates of 
suitable guardianship.

Attitudes have been used to explain a wide range 
of behaviors, including racism, prejudice, voting, and 
DWWUDFWLRQ��7KHUH�LV�QR�XQLYHUVDO�GHÀQLWLRQ�RI�DWWLWXGH���
and the concept itself has been measured in hundreds 
RI�ZD\V��$V�0��)LVKEHLQ�DQG�,��$]MHQ�ZULWH��´>$@�GHÀ-
nition of attitude appears to be a minimal prerequisite 
for the development of valid measurement proce-
dures.”14�-��0��2OVRQ�DQG�0��3��=DQQD�GHÀQH�DQ�DWWL-
tude as favorable or unfavorable evaluative reactions 
toward an object which may be manifested through 
beliefs, feelings, or inclinations toward action.15

Social psychological research in value diffusion16 
and norms17 suggest that attitudes can be manipulated 
via intervention. Boyd and Richerson argue that val-
ues can differentially spread in a population based 
on biasing factors. When an individual is exposed to 
different values, an individual’s decision to adopt one 
of the values and not the other may be biased from 
randomness by properties of the social context which 
render the selected value more appealing. Preferential 
value diffusion has been borne out in economics and 
diffusion of innovations research.18 
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A norm favoring a particular value may cause that 
value to become ubiquitous in a population. There 
LV� QR�XQLYHUVDOO\� DJUHHG�XSRQ�GHÀQLWLRQ� RI� ´QRUPµ��
WKH�0HUULDP�:HEVWHU�'LFWLRQDU\�GHÀQHV�D�QRUP�DV�´D�
principle of right action binding upon the members 
of a group and serving to guide, control, or regulate 
proper and acceptable behavior.” A norm has two pri-
mary subtypes, social and legal. A social norm, unlike 
a legal norm, is informal and appears to arise and be 
enforced19 without deliberate planning, writing, or en-
forcement.20 

In the externality model of norm development, 

norms emerge when the actions of individuals pro-
GXFH� HLWKHU� FRVWV� RU� EHQHÀWV� WR� RWKHUV�21 When indi-
vidual X does an act that individual Y does not like 
or perceives as harmful, Y may respond negatively, 
often reasoning that “you shouldn’t do that.” An in-
dividual’s being harmed is not enough to generate a 
norm; however, if enough similarly situated individu-
als perceive the same harm, this response will become 
a norm and have a constraining effect on behavior. As 
ORQJ�DV�WKH�EHQHÀW�KDUP�LV�HDVLO\�LGHQWLÀHG��VXFK�DV�
death, theft, or pollution), the externality model ac-
counts for why certain deviant behaviors are punished 
(they are viewed as harmful rather than harmless) and 
punished to varying degrees (certain behaviors are 
viewed as extremely harmful or intolerable); in many 
FDVHV�� KRZHYHU�� WKH� EHQHÀW�KDUP� LV� RIWHQ� FXOWXUDOO\�
GHÀQHG�DQG�VXEMHFW�WR�GHEDWH�

Using the externality model puts an onus on infor-
mation because an externality is socially constructed: 
,QGLYLGXDOV�QHHG�WR�GHFLGH�ZKDW�LV�KDUPIXO��DQG�GHÀ-
nitions thereof may vary depending on social and con-
textual factors. For example, the linking of complex is-
sues such as cyber security and individual autonomy 
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may be hotly debated. For example, some individuals 
may argue that individuals are responsible for others 
but bear no responsibility for others’ cyber security 
(referred to hereinafter as isolationist norm). By con-
trast, others may argue that such an orientation is too 
myopic and is subject to the freeloader fallacy. While 
such an approach would be effective for a security-
minded individual if everyone else was like-minded, 
such an approach is suboptimal if others fail to con-
sider cyber security. In that case, the community’s 
cyber security vulnerabilities will create widespread 
opportunities for network-based attacks, which ulti-
mately may compromise the isolationist individual’s 
cyber security.

Based on this externality model, we argue for cy-
ber security policy changes to foster information that  
supports an integrationist norm, wherein individuals 
UHFRJQL]H�WKDW�WKHLU�IDLOXUH�WR�EH�SURDFWLYH�LQ�SXUVXLQJ�
cyber security is morally irresponsible and exposes 
them and others to harm. Successful informational 
campaigns have changed public norms. For example, 
public awareness of harms created by littering and 
second-hand smoking have largely emerged over 
WKH�ODVW����\HDUV�DV�D�UHVXOW�RI�FRPPHUFLDOV��VFLHQWLÀF�
studies, and laws. National awareness of littering was 
heightened by commercials featuring a weeping Na-
tive American surveying a litter-strewn American 
landscape. Such commercials transformed littering 
from a local problem to a collective problem. The act 
of littering acquired a moral dimension and was re-
FRQFHSWXDOL]HG�DV�KDUPIXO�DQG�GLVUHVSHFWIXO�WR�RWKHUV��
Littering itself may be punished informally by others 
via informal sanctions, such as rude responses. Cur-
rent informal norms disfavor littering in many con-
texts, and many children are taught not to litter from 
early ages.
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In cyber security contexts, information campaigns 
could foster integrationist norms by presenting cyber 
security as a moral obligation of personal responsibil-
ity, wherein the failures of the few may lead to great 
KDUP� IRU� RWKHUV�� 5HFHQW� F\EHU� DWWDFNV� KDYH� XWLOL]HG�
F\EHU�VHFXULW\�ÁDZV�RQ�XQ�XSGDWHG�FRPSXWHUV�WR�FUH-
ate drones of attack computers. Educating the public 
about operating such computers would harden tar-
gets by presenting such actions as not only foolish and 
shortsighted but leading to the harm to others. 

Ultimately, optimal public policy changes social 
values relating to personal responsibility. Information 
FDPSDLJQV�FRXOG�EH�UHFRQFHSWXDOL]HG�DV�PRUDO�LPSHU-
atives. In so doing, motivated individuals will harden 
cyber targets by proactively pursuing cyber security.

ADMINISTRATIVE ENGAGEMENT— 
MARSHALLING AND ENABLING EXISTING 
LAW ENFORCEMENT 

Enabling local law enforcement to address cyber-
crime matters can increase the presence of “suitable 
guardians” and reduce the motivations of some of-
fenders. U.S. law enforcement at the local level ex-
pects growth in the use of electronic evidence as proof 
of system misuse. Lawyers and judges have also ex-
pressed the desire for better training in this area. This 
UHÁHFWV� WKH� YDVW� H[SDQVLRQ� RI� FRQVXPHU� FRPSXWLQJ�
devices in society. 

,W� DOVR� UHÁHFWV� D� GDQJHURXV� VNLOOV� JDS� LQ� ODZ� HQ-
forcement relating to consumer computing and tele-
communications devices. For example, in 2006 cellu-
lar telephones were recovered in investigations in a 
majority of violent crimes and in over 80 percent of 
drug crimes.22 See Figure 6.3.
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Figure 6.3. Involvement of Cell Phones In Violent 
Crimes.23

<HW�D�PDMRULW\�RI�SROLFH�H[HFXWLYH�RIÀFHUV�DOVR�UH-
ported an inability to use evidence from those systems 
due to lack of training or access to forensic specialists. 
See Figure 6.4.

Figure 6.4. Inability to Search for Cell Phone 
Evidence Due to Timely Access to Forensic 

Examiners and Lack of Forensic Skills.24
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Similar surveys relating to general electronic evi-
dence and systems produced indications of expecta-
tions of increased use and desire for training in this 
area among judges, attorneys, and even corrections 
RIÀFHUV�25

If the resources to address cybercrime at all levels 
are to be marshaled at all levels, we must enable local 
law enforcement to address these threats.

Expanded Law Enforcement Engagement.

Expanded law enforcement engagement may be 
achieved through cross-disciplinary training for nec-
essary skills and for the support of their use via lo-
cal capacity-building. This engages law enforcement, 
public defenders, prosecutors, corrections, and the 
judiciary in the training and support services.

Training would focus on:
�� �/DZ� HQIRUFHPHQW� WUDLQLQJ�� &RPSXWHU� IRUHQ-

sic examination training on how and where to 
manually locate data on digital media storage 
devices, use of automated computer forensic 
tools locate, identify, and report information of 
HYLGHQWLDU\� YDOXH�� LQFOXGLQJ� VSHFLÀF� LQIRUPD-
tion in formats such as hexadecimal or binary 
within data sets, carve information from the 
data set in a forensically sound manner, and 
DUWLFXODWH�WKH�ÀQGLQJV�

�� �/DZ�HQIRUFHPHQW�WUDLQLQJ��'LJLWDO�HYLGHQFH�FRO-
OHFWLRQ�WUDLQLQJ�WR�SURYLGH�D�PHDVXUDEOH�SURÀ-
FLHQF\�LQ�GLJLWDO�HYLGHQFH�UHFRJQLWLRQ��VHL]XUH��
packaging, transportation, and storage.26

�� �/DZ� HQIRUFHPHQW� DGPLQLVWUDWLYH� RIÀFHU� WUDLQ-
LQJ�� 7UDLQLQJ� IRU� DGPLQLVWUDWLYH� RIÀFHUV� RQ�
managing and supervising their people on the 
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use and analysis, collection and preservation of 
digital evidence, particularly from cell phones 
and other portable electronic devices.

�� �'HIHQGHU�WUDLQLQJ��6XSSRUW�IRU�WUDLQLQJ�SXEOLF�
defenders in the effective assistance of counsel 
in cases involving digital evidence.

�� �3URVHFXWRULDO�WUDLQLQJ��7KH�SURVHFXWRULDO�XVH�RI�
computer forensic data in the courtroom.

�� �-XGLFLDO� WUDLQLQJ�� -XGLFLDO� SUDFWLFH� UHODWLQJ� WR�
the use of computer forensic data in the court-
room.

Support services should include statewide net-
works of resources, such as self-service digital forensic 
workbenches available to local law enforcement that 
may not be able to afford their own forensic systems 
but continue to collect digital evidence repositories. 
Where evidentiary issues may require higher-level 
analysis, this workbench system would support chain-
of-custody valid transmittal to regional computer fo-
rensic laboratories and other forensic analysts capable 
of such high-level analysis. 

This distributed local investigative capacity would 
expand the protective capabilities needed to protect 
systems from cyber attack. Feeding local investigative 
results into the system of transnational cooperation 
envisioned by the Convention on Cybercrime would 
speed response while effectively leveraging all re-
sources in what is already an asymmetric risk envi-
ronment. 

Given the cross-jurisdictional issues noted earlier, 
such a system could use national and state-level orga-
QL]DWLRQV�WR�PRELOL]H�FROODERUDWLRQ��/DZ�HQIRUFHPHQW��
SURVHFXWRUV�� DQG� MXGJHV� DOO� KDYH� QDWLRQDO� RUJDQL]D-
tions to help implementation at the state level. Simi-
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ODUO\��WKHVH�JURXSV�KDYH�VWDWHZLGH�RUJDQL]DWLRQV�WKDW�
can carry implementation to local jurisdictions.

Many states have resources within the computer 
science, computer engineering, and computer infor-
mation systems departments of state universities to 
further support this effort with their expertise. The 
expertise and experience developed within these de-
SDUWPHQWV� LV�D�VLJQLÀFDQW�UHVRXUFH�WKDW�ZLOO�GHFUHDVH�
the cost of training development and delivery, and 
resource development.

Sustainability and expansion will depend on the 
selection of state and local law enforcement, prosecu-
tors, and judicial professionals who themselves will 
serve as resources and future trainers to maintain and 
further the skills relating to computer forensics, cell 
phone forensics, and digital evidence.

CITIZEN ENGAGEMENT

7KH�KRPH�IURQW�LV�WKH�IURQWLHU�LQ�WKLV�FRQÁLFW��7KH�
FLWL]HQ� FRPSXWHU� XVHU�PXVW� EH� HQJDJHG� LQ� WKLV� SUR-
cess. Risk can evolve when home/business systems  
“. . . are being increasingly subverted by malicious ac-
tors to attack critical systems.”27 Community aware-
ness and training on basic cyber security are needed 
for home and small business users; the threat man-
dates such action.28�7KH�VWUDWHJ\�HPSKDVL]HV�WKH�UROH�
of public-private engagement.29 

This framework encompasses all who use com-
puter systems. The National Institute of Standards 
and Technology (NIST) has outlined standards on 
technical security and security training and aware-
ness for nontechnical users of computer systems.30 
NIST’s Computer Security Resource Center (CSRC), 
the Small Business Administration (SBA), and the 
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National Infrastructure Protection Center (Infragard) 
have together advocated computer security trainings 
for small businesses.31 Educause, the association for IT 
in education, advocates starting cyber security educa-
tion in kindergarten.32 The Awareness and Outreach 
Task Force of the National Cyber Security Partner-
ship, an industry association, recommends the devel-
opment and distribution of cyber security guidebooks 
and toolkits for small business and home computer 
users.33 

Collaboration between government, business, 
schools, and consumers improves security by mitigat-
ing the exploitation of home and small business sys-
tems for computer security attacks. It prevents the use 
of compromised home computers to help storm the 
security bastions of any other computer on the Inter-
net in a coordinated, multitiered, and destructive at-
tack. It limits risks of compromise to critical systems, 
such as medical and mechanical systems, that are real, 
mortal threats.

Direct Engagement—A Training Response.

There must be direct engagement of school, home, 
and small businesses in securing computers and 
broadband connections from attack and compromise. 
This engagement requires the training of users for 
their own protection and the protection of others.

Three barriers hinder that engagement. As a mat-
ter of cost, home and small business users may not be 
able to hire expertise for computer security. As a mat-
ter of training, the generally low-level of computing 
OLWHUDF\�PDNHV�LW�GLIÀFXOW�IRU�KRPH�DQG�VPDOO�EXVLQHVV�
users to implement secure practices themselves. As a 
matter of culture, school, home, and small business 
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users may defer to others  in reference to their sys-
tems’ operations. 

These are overcome by basic computer security 
training for consumers and by ongoing efforts of busi-
ness and government to provide security tools for 
the home and small business computer user. A cost-
effective model of such training was proposed by the 
University of Louisville student chapter of the Asso-
ciation for Computing Machinery (ACM). 34

)LUVW�� WUDLQLQJ� LGHQWLÀHV� WKH� WKUHDWV� WR� KRPH� DQG�
small business systems. Often, even with news cover-
age of virus and worm outbreaks, consumers are un-
aware of the level of threat associated with Internet 
and broadband usage. Second, training looks to “best 
practices” with the use of; (a) protective technology, 
and (b) safe user practices. System maintenance prac-
tices, though inconvenient, offer better security for 
systems. Safe personal computer use practices secure 
the users themselves, especially children.35 

�7KH�%HQHÀWV�RI�(QJDJHPHQW�

&LWL]HQ�HQJDJHPHQW�KDV�WKH�GXDO�EHQHÀW�RI�KDUGHQ-
ing the vast distributed set of available targets and de-
veloping new guardians in the form of the computer 
users themselves. Securing home and small business 
computers can only happen with the engagement of 
FLWL]HQV�LQ�WKH�VHFXULW\�HQWHUSULVH��%\�WKH�YHU\�QDWXUH�
of the Internet, individuals must be active participants 
in the security of their own systems. Civil engagement 
highlights the need for all Americans, in their homes 
and businesses, schools and churches, to be part of the 
security solution. Personal responsibility in this effort 
is essential for success.

This requires the computer security community 
to educate the public about personal security efforts. 
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Information technology is not a profession and is not 
bound by proactive professional ethical mandates,36 
even though proactive attention to safety and security 
may be expected.37

This training solution promotes safety, security, 
and social responsibility by advancing the under-
standing of computing in the critical area of security.38 

CONCLUSION

Cyber infrastructure needs security that can only 
KDSSHQ�YLD�FROODERUDWLRQ�EHWZHHQ�FLWL]HQV�V\VWHP�XV-
ers, businesses, law enforcement agencies, and civil 
institutions that provide the knowledge and improved 
technologies needed for secure computing. Should 
such collaboration fail to develop, computing in our 
FRXQWU\��DQG�LWV�EHQHÀWV��ZLOO�VXIIHU�

As a collaborative effort, cyber security requires 
SHUVRQDO�UHVSRQVLELOLW\�IURP�FLWL]HQV�DQG�LQVWLWXWLRQV��
3URWHFWLYH� IDFWRUV� LQ� F\EHU� VHFXULW\� DUH� PLQLPL]HG�
when participants blindly delegate all responsibility 
to others and continue to deploy and use networked 
systems. 

Optimally, public policy will foster both law en-
IRUFHPHQW�DQG�FLWL]HQ�HQJDJHPHQW�LQ�LQIRUPDWLRQ�VH-
curity. Failure to engage these resources will continue 
to leave gaps in protection and create opportunities 
for harm to our people and our country.
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CHAPTER 7

THE ATTACK DYNAMICS OF POLITICAL
AND RELIGIOUSLY MOTIVATED HACKERS

Thomas J. Holt

INTRODUCTION

7KHUH�LV�D�VLJQLÀFDQW�ERG\�RI�UHVHDUFK�IRFXVHG�RQ�
mitigating cyber attacks through technical solutions. 
Though these studies are critical to decrease the im-
pact of various vulnerabilities and hacks, researchers 
still pay generally little attention to the affect that mo-
tivations play in the frequency, type, and severity of 
hacker activity. Economic gain and social status have 
EHHQ�LGHQWLÀHG�DV�FULWLFDO�GULYHUV�RI�FRPSXWHU�KDFNHU�
behavior in the past, but few have considered how na-
WLRQDOLVP�DQG�UHOLJLRXV�EHOLHIV�LQÁXHQFH�WKH�DFWLYLWLHV�
of some hacker communities. Such attacks are, how-
ever, gaining prominence and pose a risk to critical 
infrastructure and web based resources. For example, 
D�QXPEHU�RI�7XUNLVK�KDFNHUV�HQJDJHG�LQ�KLJK�SURÀOH�
web defacements against Danish websites featuring a 
cartoon of the prophet Muhammad in 2005. In order to 
expand our understanding of religious and nationalist 
cyber attacks, this chapter will explore the active and 
emerging hacker community in the Muslim majority 
nation of Turkey. Using multiple qualitative data sets, 
including interviews with active hackers and posts 
IURP�PXOWLSOH�ZHE� IRUXPV�� WKH� ÀQGLQJV� H[SORUH� WKH�
nature of attacks, target selection, the role of peers in 
IDFLOLWDWLQJ�DWWDFNV��DQG�MXVWLÀFDWLRQV�WKURXJK�WKH�OHQV�
RI�UHOLJLRXV�DQG�QDWLRQDO�SULGH��7KH�UHVXOWV�FDQ�EHQHÀW�
information security professionals, law enforcement, 
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and the intelligence community by providing unique 
insights on the social dynamics driving hacker activ-
ity.

The growth and penetration of computer technol-
ogy has dramatically shifted the ways that individuals 
communicate and do business around the world. The 
EHQHÀFLDO� FKDQJHV� WKDW� KDYH� FRPH� IURP� WKHVH� WHFK-
nologies have also led to a host of threats posed by 
FRPSXWHU�FULPLQDOV�JHQHUDOO\��DQG�KDFNHUV�VSHFLÀFDO-
ly. In fact, the number of computer security incidents 
reported to the U.S. Computer Emergency Response 
Team (CERT) has grown in tandem with the number 
of individuals connected to the Internet.1 Data from 
CERTs around the world suggest that the number of 
FRPSXWHU� DWWDFNV� KDYH� LQFUHDVHG� VLJQLÀFDQWO\� VLQFH�
2001.2 Computer attacks are also costly, as unauthor-
L]HG�DFFHVV�RI�FRPSXWHU�V\VWHPV�FRVW�8�6��EXVLQHVVHV�
$20 million dollars in 2006 alone.3

Research from the social sciences has explored 
computer attackers and malware writers in an attempt 
to understand their reasons for engaging in malicious 
activity. Criminological examinations of hacker sub-
culture found that computer hackers value profound 
and deep connections to technology, and judge others 
EDVHG�RQ�WKHLU�FDSDFLW\�WR�XWLOL]H�FRPSXWHUV�LQ�XQLTXH�
and innovative ways.4 Similar research on virus writ-
ers suggests they may share hackers’ interests in tech-
nology, though they are driven by more malicious 
interests.5

A small body of research has also considered the 
motives that drive the hacker community.6 The Hon-
eynet Project argues that there are six key motivations 
in the hacker community: money, entertainment, ego, 
cause, entrance to a social group, and status. A num-
EHU�RI�VWXGLHV�KDYH�LGHQWLÀHG�WKH�VLJQLÀFDQW�ÀQDQFLDO�
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gain that can be made by hacking databases to steal 
FUHGLW�FDUGV�DQG�ÀQDQFLDO�LQIRUPDWLRQ�7 Additionally, 
a burgeoning market has developed around the sale 
of malicious software and stolen data, particularly in 
Eastern Europe and Russia.8 Additionally, research 
on the enculturation process of hacker subculture has 
found that peer recognition is vital to gain status and 
recognition.9

Research on cause-based hacking has, however, 
increased in recent years as more countries become 
connected to the Internet. Mainstream and alterna-
tive political and social movements have grown to 
depend on the Internet to broadcast their ideologies 
across the world. Groups have employed a range of 
tactics depending on the severity of the perceived 
injustice or wrong that has been performed.10 For ex-
ample, the native peoples, called Zapatistas, in Chi-
apas, Mexico, used the Internet to post information 
DQG�PRELOL]H� VXSSRUWHUV� WR� WKHLU� FDXVH� DJDLQVW� JRY-
ernmental repression.11 Chinese hackers frequently 
engage in cyber attacks against government resources 
in the United States and other nations to obtain sen-
sitive information and map network structures.12 Fi-
QDOO\�� D� PDVVLYH� RQOLQH� FRQÁLFW� GHYHORSHG� EHWZHHQ�
Russian and Estonian factions in April 2006 when the 
Estonian government removed a Russian war monu-
ment from a memorial garden.13�7KLV�FRQÁLFW�EHFDPH�
so large in scope that hackers were able to shut down 
FULWLFDO�FRPSRQHQWV�RI�(VWRQLD·V�ÀQDQFLDO�DQG�JRYHUQ-
PHQW�QHWZRUNV��FDXVLQJ�VLJQLÀFDQW�HFRQRPLF�KDUP�WR�
FLWL]HQV�DQG�LQGXVWU\�DOLNH�14

Though there is a growing body of research con-
sidering hacking as a means to a political or patriotic 
end, few have considered the ways that religion af-
fects hacker behavior. This is a particularly salient is-
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sue when considering the growing number of Muslim 
nations connecting to the Internet. The penetration of 
high speed Internet connectivity and computer tech-
nology in Muslim-majority nations is changing the 
landscape of the Internet, enabling political and reli-
gious expression and global exposure to various per-
spectives.

7KHVH�EHQHÀWV�DUH��KRZHYHU��RIIVHW�E\�WKH�JURZWK�
of hacker communities that are motivated by religious 
beliefs. For example, a Danish newspaper published 
a cartoon featuring the prophet Muhammad with a 
bomb in his turban in 2005.15 This image was deemed 
offensive by the Muslim community, and the news-
paper’s website was defaced repeatedly, along with 
any other site that featured the cartoon.16 Thousands 
of websites were hacked or defaced by Turkish hack-
ers, who in turn received a great deal of attention by 
the press for their efforts.17 As a consequence, Turk-
ish hacker groups have become active participants in 
a range of attacks against various targets across the 
globe.18

In light of the potential threats and the under-ex-
amined nature of this problem, this chapter explores 
WKH�ZD\V�WKDW�WKH�VSHFLÀF�PRWLYHV�RI�UHOLJLRQ�DQG�QD-
tionalism affect hacker attitudes and activities. Using 
multiple qualitative data sets collected from active 
7XUNLVK�KDFNHUV�� WKH�ÀQGLQJV� FRQVLGHU�KRZ�SROLWLFDO�
DQG�UHOLJLRXV�LGHRORJLHV�VKDSH�SHUFHSWLRQV�DQG�MXVWLÀ-
cations of hackers within this community.

DATA AND METHOD

The data for this chapter consists of two unique re-
sources: a series of 10 in-depth interviews conducted 
via e-mail or instant messaging with prominent hack-
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ers in the Turkish community, and explorations of six 
websites operated by and for Turkish hackers.

7KH�ÀUVW�GDWD�VHW�FRQVLVWV�RI�LQWHUYLHZV�WKDW�SUREH�
individuals’ experiences and impressions of the Turk-
LVK� KDFNHU� FRPPXQLW\� RQ� DQG� RIÁLQH�� 7KH\� ZHUH�
asked to describe their experiences with hacking, in-
WHUDFWLRQV�ZLWK�RWKHUV�LQ�RQ�DQG�RIÁLQH�HQYLURQPHQWV��
and their direct opinions on the presence of a hacker 
subculture in Turkey. 

,QWHUYLHZHHV� ZHUH� LGHQWLÀHG� DQG� FRQWDFWHG�
WKURXJK�WKH�XVH�RI� WZR�ÀHOGZRUNHUV�ZLWK�VLJQLÀFDQW�
status among Turkish hackers. Individuals who re-
sponded to the solicitation were sent a copy of the 
survey protocol, allowing the respondent to complete 
the instrument at their leisure. In addition, individu-
als were given the option to complete the instrument 
in either Turkish or English. Interviews completed in 
Turkish were transcribed from Turkish to English by 
D� FHUWLÀHG� WUDQVODWRU� WR� HQVXUH� DFFXUDWH� DQG� UHOLDEOH�
data. 

To gain more insight into the Turkish hacker com-
munity, ethnographic observations were conducted in 
six Turkish hacker web forums where the interview-
ees claimed to visit or post content on a regular basis. 
Participants in these forums interact with one another 
by posting on “threads” within the forum. Threads are 
WH[WXDO� FRQYHUVDWLRQV� WKDW� DUH� RUJDQL]HG� FKURQRORJL-
cally within the forum.19 These posts are cultural ar-
tifacts that are amenable to analysis as they resemble 
a running conversation between participants.20 These 
sites were also publicly accessible, in that anyone could 
access the forum content without the need to register 
with the site. This sort of publicly accessible web fo-
rum is common in online ethnographic research, as 
individuals who are unfamiliar with a certain form 
of behavior may be most likely to access a public fo-
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UXP�ÀUVW�21�6SHFLÀF�ZHE�DGGUHVVHV�DQG�QDPHV�RI�WKHVH�
sites are not provided to protect the anonymity of the 
users. The content of these sites were translated us-
ing machine translation programs to ensure accurate 
translation.

%RWK�GDWD�VHWV�ZHUH�SULQWHG�DQG�DQDO\]HG�E\�KDQG�
using the three-stage inductive analysis methodol-
ogy derived from grounded theory.22 This coding and 
analysis scheme is particularly useful as it permits 
the researcher to develop a thorough, well-integrated 
examination of any social phenomena. Any concepts 
IRXQG� ZLWKLQ� WKH� GDWD� PXVW� EH� LGHQWLÀHG� PXOWLSOH�
times through comparisons to identify any similari-
ties.23� ,Q� WKLV�ZD\��ÀQGLQJV�DUH�YDOLGDWHG�E\�WKHLU�UH-
peated appearances or absences in the data, ensuring 
they are derived and grounded in the data.

For this analysis, the techniques of hacking and 
VLJQLÀFDQFH� RI� UHOLJLRQ� DQG�QDWLRQDO� YDOXHV�ZHUH� LQ-
ductively derived from the repeated appearance of 
VSHFLÀF�DFWLRQV��UXOHV��RU�LGHDV�LQ�WKH�GDWD��7KH�YDOXH�
of these concepts is generated from positive or nega-
tive comments of the respondents. In turn, theoreti-
cal links between these concepts are derived from the 
data to highlight the value of nationalism, Islam, or 
other interests that structures the behavior of hackers. 
7KH�ÀQGLQJV� DUH�GLVFXVVHG�XVLQJ�GLUHFW� TXRWHV� IURP�
both data sets where appropriate. 

FINDINGS

Knowledge Among Turkish Hackers.

To understand the Turkish hacker community, it 
LV� QHFHVVDU\� WR� ÀUVW� FRQVLGHU� KRZ� LQGLYLGXDOV� UHODWH�
to computer technology, and their peers. To that end, 
Turkish hackers suggested that their ability to target 
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and engage in attacks depended on their knowledge 
of computers and networked systems. Those with a 
deeper understanding were able to engage in more 
successful and novel attacks than others.24 Hackers 
across the data sets gained knowledge on computer 
systems in two ways: personal experience and through 
peer mentoring. The interviewees argued that learn-
ing through practice and trial and error are essential 
to increase knowledge of computer systems, in keep-
ing with research on hacker communities around the 
globe.25 For example, “Agd_Scorp” stated that he 
learned computer systems and hacking through “trial 
and error, and some documents on the Internet. But 
trial and error is the best method.”26 Similarly, “The 
Bekir” described gaining access to information on-
line, but needed to expand his knowledge through 
ÀUVWKDQG�H[SHULHQFH��´,Q�WKH�EHJLQQLQJ�,�ORRNHG�DW�LO-
lustrated explanations on the web and acted accord-
LQJO\��EXW�WKH\�ZHUH�QRW�VXIÀFLHQW�IRU�PH��,�ZDQWHG�WR�
learn how this was done, how these were provided 
DQG�,�ÀGGOHG�DERXW�ZLWK�WKHP�D� ORW�XQWLO� WKH\�EURNH�
down.”27

Several of the individuals interviewed also stated 
that they gained practical knowledge through direct 
and indirect assistance from others in the hacker com-
munity. Individuals could gain indirect assistance 
from their peers by accessing videos or documents 
posted in a number of outlets online. These materials 
provide detailed information on system processes, as 
well as step-by-step instructions on methods of hack-
ing. For example, “Iscorpitx” made video tutorials on 
web defacements in order to help the community. He 
succinctly explained his reasons, stating: “In general, I 
like sharing the things I do after a while. A lot of vid-
eos I recorded while defacing online were very useful 
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for a lot of people who are on the security side of this 
business. Of course, you can’t be skilled and informed 
in every subject. Everybody needs help.”28 Similarly, 
“Axe” stated that his hacking activities began in ear-
nest when he felt “it was the time to apply what I saw 
in the videos I watched.”29 

Forums are also an important resource for infor-
mation since they act as repositories for information 
on computers and hacking. All of the forums in this 
sample had sections devoted to computer security, 
networking, and hacking, with distinct subsections 
FHQWHUHG�RQ�VSHFLÀF�RSHUDWLQJ�V\VWHPV��SURJUDPPLQJ�
languages, and tools. Thus, visiting a forum enabled 
an individual to learn on his own by reading the vari-
ous materials posted. Forums also provide individu-
als with indirect assistance through tutorials written 
by skilled hackers that provide direct information on 
the process of engaging in attacks. For example, two of 
the forums in this sample had how-to guides on struc-
tured query language (SQL) injection and the process 
of defacing websites. Three others had detailed tuto-
rials on how to perform cross-site scripting attacks 
against a variety of sites. These resources are written 
so as to inform other hackers, and provide clear advice 
to the larger population of hackers. Thus, myriad re-
sources are available to facilitate indirect social learn-
ing in the Turkish community.

Direct interactions with others online are also im-
portant to the development of Turkish hackers. Only 
three interviewees suggested that they were directly 
taught how to hack by their peers, suggesting this is 
an infrequent practice among Turkish hackers. For 
example, “Blue Crown” described his introduction to 
hacking through a unique interaction:
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I had some interest in hacking but I wasn’t planning 
to get involved in this business. One day, an interview 
with a hacking group on television caught my atten-
tion. . . I turned on my computer and immediately 
started to browse. I met a hacker with a code name 
6KH.NR/LN� LQ�$\\LOGL]�7LP�� ,� RZH�KLP�KHU� D� ORW�� �� ��
I thought I couldn’t do anything but s/he helped me 
and taught me a few things. I learned quickly thanks 
to the interest I had.30

Online discussions with other hackers were, how-
ever, very common and critical to provide useful in-
formation on technology and hacking. In fact, the ma-
jority of respondents suggested that they visited either 
forums or chatted with others using Microsoft (MSN) 
Instant Messaging. Forums enable individuals to con-
nect with and ask questions of other hackers. When 
an individual asked a question, forum users would 
give web links that would help answer the question. 
7KHVH�OLQNV�SURYLGHG�VSHFLÀF�LQIRUPDWLRQ�DERXW�DQ�LV-
sue or topic discussed in the string without repetition 
or wasted time for the other posters. This would also 
encourage self-discovery as the user would have to 
DFWLYHO\�RSHQ�WKH� OLQN�DQG�UHDG�WR�ÀQG�WKHLU�DQVZHU��
Some users would also provide brief instructions that 
would help to address the issue, though this could of-
ten encourage debate over the accuracy of the answer. 
In fact, “The Bekir” espoused the value of forums, 
stating: “There was a web forum, which was created 
by a very close friend of mine. I was in that forum for 
2-3 years and it was quite nice . . . I learned a lot of 
things at that site and helped them to learn a lot of 
things as well.”31 This suggests knowledge is vital to 
facilitate attacks and develop skills within the Turkish 
hacker community. 
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Knowledge and Attack Methods. 

The process of acquiring knowledge of comput-
ers and hacking has a critical impact on the types of 
attacks individuals perform. Those with greater skill 
could complete more sophisticated attacks. “Iscor-
pitx” succinctly described this issue, stating:

If a hacker wants to harm a site where s/he has an 
obsession, s/he will. If s/he can’t, s/he can get help. 
If s/he can’t do anything, s/he can stop the publi-
cation of the website using a DDoS attack. But if s/
he wants, s/he can cause harm. The ones who have 
enough knowledge and information can manage this; 
RWKHUZLVH�LW�LV�YHU\�GLIÀFXOW��7KH�RQHV�ZKR�GRQ·W�KDYH�
enough knowledge can’t get help as well.32 

7KLV� VWDWHPHQW� HPSKDVL]HV� WKH� UDQJH� RI� DWWDFNV�
that hackers can engage in. In fact, “Amon” was a very 
skilled hacker who indicated he could complete hacks 
related to “ASP, SQL union, update, Linux root, etc. 
It is easy to use if you know what you are doing. Of 
course, I generally use my own tools.”33 

The types of tools used also depend on the target 
DQG�HQG�JRDO�RI�WKH�KDFN��)RU�H[DPSOH��´&UD]\�.LQJµ�
suggested that he and his colleagues: 

use a key logger and trojan in personal and special/
private attacks. We use bots to overstrain the server 
and put it out of operation in transcendent systems 
. . . They are the sources that we develop ourselves and 
belong to us.34 

“Blue Crown” made a similar point, suggesting:

When I’m going to perform a personal hack, I need 
an undetected keylogger or trojan. Some trojans 
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are subject to payment and some of them are free of 
charge. The only difference between these two trojan 
types is that trojans subject to payment are undetect-
able (they can’t be caught). I can make a free of charge 
trojan “undetectable” by using some Crypt programs. 
Friends who develop the Crypter work for this. They 
usually use well-known and existing weak points/
KROHV��,I�7XUNLVK�KDFNHUV�ÀQG�D�KROH�ZHDN�SRLQW��WKH\�
share this after exploiting it.35 

7KH�QRWLRQ�WKDW�7XUNLVK�KDFNHUV�XVH�H[LVWLQJ�ÁDZV�
and weaknesses is an important point due to the fact 
that the forums also provided access to a variety of 
resources and attack tools. Individuals could quickly 
DQG�HIÀFLHQWO\�GRZQORDG�D�YDULHW\�RI�PDOZDUH��VXFK�DV�
7XUNRMDQ��7KLV�WRRO�LV�DQ�HIÀFLHQW�7XUNLVK�PDGH�WURMDQ�
that is designed to “steal passwords, act as a remote 
YLHZLQJ�WRRO��DQG�HIÀFLHQWO\�DOWHU�V\VWHP�SURFHVVHV�µ36 

Multiple versions of this tool were available, as were 
a variety of other programs, such as password sniff-
ers, rats, virus code, and rootkits made by hackers in 
other countries. Thus, access to web forums coupled 
with a strong knowledge of computer technology en-
able Turkish hackers to engage in a variety of attacks 
against global targets.

Religion, Politics, and Hacking. 

7XUNLVK�KDFNHUV�DFURVV�WKH�GDWD�VHWV�SODFHG�VLJQLÀ-
cant emphasis on using their knowledge to support 
“the mission.” In this case, the mission referred to at-
tacks against a variety of targets based on religious 
and national beliefs. The importance of a mission 
ZDV�HYLGHQW� DFURVV� LQWHUYLHZHHV�� DQG� UHÁHFWHG� WKHVH�
beliefs. For example, “Amon” suggested that “every-
thing is for the mission. . . . Which other nation is as 
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patriotic as Turks.”37  “Ghost 61” also described how 
the mission makes Turkish hackers unique relative to 
other communities: “everyone does this [hacking] for 
PRQH\�DQG�ÀQDQFLDO�EHQHÀWV��EXW�7XUNLVK�KDFNHUV�GR�
LW�IRU�WKH�ÁDJ��IRU�WKH�KRPHODQG�µ38  “Iscorpitx” also re-
ÁHFWHG�RQ�WKH�UDQJH�RI�LQWHUHVWV�DQG�PLVVLRQV�HYLGHQW�
in the Turkish hacker community:

Among Turkish hacker groups, we can count Islamic 
groups, revolutionist groups, groups with ideas sup-
porting Ataturk, nationalist groups, etc. There are 
very talented and skilled young people. . . But these 
talents are very rare. They have much respect for their 
national and moral values.39 

The forums also supported the notion of a mili-
tary-style mission, as individuals regularly evoked 
nationalistic and religious symbols as part of their 
avatar, or personal image. Forum users across the sites 
XVHG�LPDJHV�RI�WKH�7XUNLVK�ÁDJ�DV�SDUW�RI�WKHLU�DYDWDU�
background, or featured pictures of the national soc-
cer team players because of their pride in the team. 
Others’ avatars used military images, such as soldiers 
FDUU\LQJ�ULÁHV��ERPEV��RU�PLVVLOHV��6RPH�XVHG�SLFWXUHV�
RI�PDVNHG�PLOLWDQWV�KROGLQJ�ULÁHV�RU�PDNLQJ�WKUHDWHQ-
ing gestures with swords or knives.

The mission within the Turkish hacker community 
affects the nations targeted in their attacks. Several of 
the individuals interviewed argued that they target 
resources in countries that are perceived as threats to 
or enemies of Muslim nations. For example, “Ghost 
61” stated “I determine it [targets] according to the 
agenda; usually they are countries like the USA, Is-
rael, Russia, in other words, enemies of Muslims.”40  
“Agd_Scorp” echoed this sentiment stating that he tar-
geted those countries that “deliberately attacks Mus-
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lims . . . America is the country which killed the most 
Muslims in the world. And United Nations also killed 
many Muslims and innocent people.”41  In fact, “Blue 
Crown” noted that Danish websites were a particu-
larly large target due to their portrayal of the prophet 
Mohammed in a disparaging cartoon. He indicated 
that “nearly HALF of the sites with the .dk extension 
were hacked by Turkish hackers in order to protest 
the disgusting and dreadful cartoons by Denmark.”42 

The types of sites Turkish hackers targeted were 
also impacted by the mission. Individuals actively at-
tacked websites and resources that are perceived as 
either against Islamic religious precepts or actively 
harmed Turkish interests. For instance, “The Bekir” 
wrote that: “I determine my targets in terms of hits. I 
was working on hacking websites that were involved 
in terrorism; if the hacked website is big then it makes 
a greater splash, I’m usually working on hacking ter-
rorism sites, etc.”43  “Blue Crown” suggested that he 
and his peers “hack PKK and pornographic sites.”44 

One of the most important and common forms of 
attacks used to support the mission are web deface-
ments. This involves using an exploit or vulnerability 
to replace or remove a web page with a new image 
of the hackers’ choosing.45 Defacements enable hack-
ers to post messages and images that indicate their 
perspectives and beliefs, as well as gain status by list-
LQJ�WKHLU�QDPH�DQG�JURXS�DIÀOLDWLRQ��7R�WKDW�HQG��WKH�
interviewee “Iscorpitx” held a world record for mass 
defacements and used this type of attack as a means 
to support his religious agenda. He actively selected 
sites that act in opposition to Islamic tenets, particu-
larly “gambling sites, child pornography and disgust-
ing pornography were always my targets. . . I think 
there’s no other defacer who harmed sites in these sec-
tors as much.”46
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The forums also had teams that operate in support 
of web defacements. One such forum had an “opera-
tions” section dedicated to discussions and listings of 
all the sites that the group’s members have defaced. 
The titles of threads within this subforum clearly in-
dicate the diverse range of targets defaced by Turk-
ish hackers, and to a lesser extent, their connection to 
Islam:

�� 7KUHDW�WR�)UHQFK�6LWH
�� �.RUHDQ�<DKRR�6LWHV�²�´,�KDYH�GHIDFHG�D�IDPRXV�

Korean site.”
�� 7KH�JURXS�KDV�GHIDFHG�������VLWHV�
�� -RLQ�RXU�VLWH�DQG�KHOS�GHIDFH
�� 2XU�PDUW\UV�KDYH�GHIDFHG�PDQ\�VLWHV
�� 'HIDFH�$QQRXQFHPHQWV
�� :H�ZLOO�HOLPLQDWH�WKH�ZRUOG��ZRUOG�ZLGH�ZHE�
�� :HE�VLWHV�KDFNHG
�� ���ZHE�VLWH�WHPSODWHV�KDFNHG
�� $GLQD�+RWHO�KDFNHG
�� ���9LGHR�6LWHV�+DFNHG
�� (QJOLVK�5HFHLYLQJ�6LWH�+DFNHG
�� 86$�(QWHUSULVHV�+DFNHG
�� %XGGKLVP�DQG�6DWDQLVP�6LWHV�+DFNHG�47

The importance of “the mission” also affects so-
FLDO� RUJDQL]DWLRQ� SUDFWLFHV� DPRQJ� 7XUNLVK� KDFNHUV��
Though many individuals stated they hacked by 
themselves, they would work with others depending 
RQ�WKH�VL]H�DQG�VFRSH�RI� WKH�WDUJHW��´$PRQµ�HPSKD-
VL]HG�WKLV�SRLQW��ZULWLQJ�

They [Turkish hackers] form groups. It doesn’t take 
long, it is done quickly. They do not team-up for a sin-
gle website. Then somebody comes up and announces 
that he broke into a site...You check it and it is really 
broken... But then it becomes a team job, although a 
single person discovers it usually.48
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� ´&UD]\� .LQJµ� DOVR� HODERUDWHG� RQ� WKLV� SRLQW��
writing:

If popular events (like war) are the case, they come 
together as a team in order to harm the systems with 
country extensions. Individually they target large sys-
tems and work individually in order to leave protest-
ing messages. They do this by telling their common 
actions to each other or with the documents they write 
in the forums or videos or texts. If there is a very im-
portant event involving the world and people, they 
can immediately come together.49 

The forums also provided some important insights 
LQWR�RUJDQL]DWLRQDO�KLHUDUFKLHV��)RU�H[DPSOH��RQH�VLWH�
established its leadership and attack command struc-
ture based on individual performance in a hacking 
challenge set up through their website. Individuals 
must progress through 13 missions, and their per-
formance establishes how they will participate in the 
larger group. The missions include the following ac-
tivities:

1. HTML code
2. SQL Injection
3. RC4 Encryption
4. Zip Crack
5. Page Redirect
6. PWL Crack
7. Secret Question
8. VB Script Encode
9. JS Password
10. Serv-U FTP
11. ICQ Dat Crack
12. Front Page 
13. Carefully
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All of the forums also provide a detailed command 
structure for their forums, composed of administra-
tors who supervise and control the sites that house the 
forums, co-administrators who handle certain aspects 
of the site and forums, super-moderators who man-
age the entire web forum, and forum moderators who 
GHDO�ZLWK� FRQWHQW�VSHFLÀF� VXEIRUXPV�� 7KLV� VWUXFWXUH�
ensures easy operation and management, and estab-
lishes clear levels of respect and status that must be 
afforded to the management structure. One site even 
SURYLGHG� D� ÁRZ� FKDUW� WR� VSHFLI\� IRUXP� RSHUDWLRQV�
and dictate how complaints and suggestions move 
through the chain of command. Thus, religion and 
national pride clearly affect the actions, targets, and 
practices of Turkish hackers.

DISCUSSION AND CONCLUSION

This chapter sought to explore the impact of re-
ligious and political motives on the activities of the 
7XUNLVK�KDFNHU�FRPPXQLW\��7KH�ÀQGLQJV�LQGLFDWH�WKDW�
WKH\� SODFH� VLJQLÀFDQW� YDOXH� RQ� XQGHUVWDQGLQJ� FRP-
puter technology because their level of knowledge 
impacts their ability to hack. Hackers could increase 
their understanding of computer systems by working 
with various technologies on their own, or by reading 
tutorials and watching videos posted online. Interact-
ing with other hackers in forums is also important as 
these relationships can foster an individual’s devel-
opment as a hacker. In this way, the Turkish hacker 
FRPPXQLW\� UHÁHFWV� WKH� FULWLFDO� UROH� RI� WHFKQRORJ\� LQ�
structuring hacker and virus writer behavior across 
the globe.50

The interviewees and forum users also indicated 
WKDW� WKH\�ZHUH� KHDYLO\� LQÁXHQFHG� E\� WKHLU� UHOLJLRXV�
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DQG�QDWLRQDO�DIÀOLDWLRQV��,Q�IDFW��WKH�LPSRUWDQFH�RI�,V-
lam for the Turkish community cannot be understated 
as it provided a “mission” that must be completed. 
The types of attacks that Turkish hackers engaged in 
also appeared to encompass the entire spectrum of the 
global hacker community. Individuals used malware, 
SQL injection attacks, and web defacements in order 
to attack various resources. The scope of their attacks 
were, however, heavily focused on websites and re-
sources in countries that are perceived to either slight 
WKH�0XVOLP�FRPPXQLW\��RU�7XUNH\�VSHFLÀFDOO\�

As a result, it may be that cause-driven hackers 
are apt to attack high value or visibility targets, rather 
than large populations of computer users and general 
resources. This is quite different from the practices of 
ÀQDQFLDOO\�PRWLYDWHG�KDFNHUV�� VXFK�DV� LQ�5XVVLD�DQG�
Romania.51 As such, further comparative research is 
needed with a sample of hackers from a variety of 
0XVOLP�PDMRULW\� QDWLRQV� WR� XQGHUVWDQG� WKH� VLJQLÀ-
cance of political and religious ideology on hacker 
activity.

In addition, there may be some distinctive attack 
signatures that can be developed based on cause-driv-
en attacks. The consistent recognition of “the mission” 
DFURVV�WKH�GDWD�VHWV��DQG�WKH�RUJDQL]DWLRQDO�KLHUDUFKLHV�
present in the forums and interviewee experiences 
suggest that the tactics employed by religious or polit-
ically motivated hackers may differ from those driven 
by other agendas. Thus, there may be value in devel-
oping baseline predictive models of attacker behavior 
XVLQJ�ORJ�ÀOHV�IURP�DFWXDO�LQFLGHQWV��)XWXUH�UHVHDUFK�
DQDO\]LQJ�PXOWLSOH� UHDO�ZRUOG�DWWDFNV�PD\�EH�XVHIXO�
in developing technical solutions to mitigate attacks 
against critical infrastructure and computer resources. 
Yet there is a strong likelihood that the form and shape 



176

of hacker activity varies across countries and political 
ideologies. Thus, it is essential that researchers begin 
to focus on computer attackers in a global context 
to better understand the individuals that attempt to 
compromise computer systems.
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CHAPTER 8

RESILIENCE OF DATA CENTERS

Yehia H. Khalil*
Adel S. Elmaghraby*

INTRODUCTION

Data centers (DC) are the core of the national cyber 
infrastructure. With the incredible growth of critical 
GDWD� YROXPHV� LQ� ÀQDQFLDO� LQVWLWXWLRQV�� JRYHUQPHQW�
RUJDQL]DWLRQV��DQG�JOREDO�FRPSDQLHV��GDWD�FHQWHUV�DUH�
becoming larger and more distributed posing more 
challenges for operational continuity in the presence 
of experienced cyber attackers and occasional natural 
disasters. The need for resilience assessment emerged 
due to the gap in existing reliability, availability, and 
serviceability (RAS) measures. Resilience as an evalu-
ation metric leads to better proactive perspective in 
system design and management. An illustration of the 
need for resilience evaluation and a survey of relevant 
research are presented.

0DQ\�RUJDQL]DWLRQV�QRZ�GHSHQG�RQ�WKHLU�DELOLW\�WR�
access their data for their daily operations. Despite the 
increased power of personal computers and depart-
mental workstations, we notice an increased depen-
GHQF\�RQ�FHQWUDOL]HG�GDWD�FHQWHUV�GXH�WR�WKH�QHHGV�IRU�
data integration, data consistency, and data quality. 
With the enormous growth of critical data volumes 

________
* This work was partially funded by a grant from the U.S. Depart-
ment of Treasury through a subcontract from the University of 
Kentucky. The opinions and conclusion in this paper are the sole 
responsibility of the authors.



184

IRU� �ÀQDQFLDO��JOREDO�� LQVWLWXWH��DQG�JRYHUQPHQWDO�RU-
JDQL]DWLRQV��GDWD�FHQWHUV�KDYH�HYROYHG�WR�EHFRPH�WKH�
NH\�QHUYH�FHQWHU�RI�WKH�RSHUDWLRQV�RI�WKHVH�RUJDQL]D-
tions. A data center is a facility used for housing a 
large number of servers/workstations, data storages 
devices, communications equipment, and monitoring 
devices as shown in Figure 8.1. The complex archi-
tecture of a data center and the variety of data types 
hosted or processed in a data center complicates their 
design, planning, and management.1

Figure 8.1. A Typical Data Center.

The fundamental purpose of any data center is to 
furnish application data access requirements; data 
center design must include operational requirements 
such as: 

�� 3K\VLFDOO\�VHFXUH�DQG�VDIH�ORFDWLRQ�
�� $IIRUG�UHOLDEOH�DQG�GHSHQGDEOH�SRZHU�VXSSO\�
�� �+HDOWK\� HQYLURQPHQW� WR� UXQ� WKHVH� GHYLFHV� 

safely.
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�� �$IIRUG�FRPPXQLFDWLRQV�ZLWKLQ�WKH�GDWD�FHQWHU�
and with the outside world.

A well designed data center will have the follow-
ing properties:

�� �)OH[LELOLW\��7KH�DELOLW\�RI�D�'&�WR�VXSSRUW�QHZ�
applications, services, and hardware substitu-
tion without major technology compatibility 
problems.

�� �$YDLODELOLW\��7KHUH�LV�QR�URRP�IRU�ULVN�ZLWK�FULW-
ical applications so a DC should be in a good 
running condition all the time and maintain a 
high service level without any unplanned shut-
downs related to hardware failures.

�� �6FDODELOLW\�� 9DULDWLRQV� LQ� WKH� GDWD� YROXPH�
should not affect the DC’s quality of service.

�� �6HFXULW\�� ,W�PDLQWDLQV� GLIIHUHQW� IDFWRUV�� SK\VL-
cal, operational, communication network, data 
storage, and application security. 

�� �0DQDJHDELOLW\�� 6LPSOLFLW\� PDNHV� LW� HDVLHU� IRU�
technical support, administration staff, and for 
troubleshooting errors.2

In many scenarios, the data center is used as a 
standalone facility which is not always the case; data 
centers can play different roles for cyber legacy infra-
VWUXFWXUH��'DWD�FHQWHU�VLWHV�FDQ�EH�FODVVLÀHG�DV�KDYLQJ�
one of three main roles: 

1. Active Site: The main data center which process-
es all client requests and maintains local data backups. 

2. Stand-by Site: This data center is ready to pro-
cess client requests at any point of time if any request 
was redirected to it for load balancing.  It is connected 
WR�WKH�DFWLYH�VLWH�WKRXJKW�ÀEHU�RSWLFV�WR�SHUIRUP�V\Q-
chronous data replication and it is located within a 
small distance from the active site.
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3. Disaster Recovery Site: It is located geographi-
cally far away from the active site for security reasons; 
it is not ready to process user clients while the active 
site is up; and it is connected to the active site to per-
form asynchronous data replication.3

In some scenarios, those roles can be combined 
based on system requirements and the need to imple-
ment designer goals and objectives as shown in Figure 
8.2.

Figure 8.2 . Data Center Roles Summary.

To ensure the operational continuity of critical ap-
plications it is mandatory for the data center to pro-
vide satisfactory levels of data availability, integrity, 
and consistency. Yet the growing challenges that data 
centers face necessitate new methodologies and ap-
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proaches to ensure data center operational continuity, 
and threats like natural and man-made disasters and 
industrial spying elevate the necessuty for extremely 
resilient data centers. Elements of rational data centers 
include computer networks, data storage, security, 
and data mirroring as shown on Figure 8.3. 

Figure 8.3. Data Center Rational Elements.

Cyber system infrastructure evaluation is a sig-
QLÀFDQW� SURFHVV� WRZDUG� V\VWHPV� HQKDQFHPHQW� DQG�
management. Conventional computer system evalua-
tors intend to examine levels of RAS for their systems 
where:

�� �$�UHOLDEOH�V\VWHP�GRHV�QRW�GHOLYHU�UHVXOWV�WKDW�
include uncorrected corrupted data, and it 
works to correct the corruption if applicable or 
shuts the system down.

�� �$YDLODELOLW\� LV� WKH�XSWLPH�RI�GHYLFH�RSHUDWLQJ�
as the percentage of total time.

�� �6HUYLFHDELOLW\� PHDVXUHV� WKH� HDVH� WR� PDLQWDLQ��
diagnose, and repair the system.
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With new and emerging technologies, system 
FRPSOH[LW\�� GDWD� YROXPHV�� DQG� QHZ� WKUHDWV� FRQÀUP�
the need for novel methodologies and approaches to 
assess  of  the resilience of data centers. 

Resilience is the ability of a system to resist illegiti-
mate activity and its ability to effect a speedy recovery 
as shown in Figure 8.4.4 The main aspect is to show 
how the system will be affected by the variation of the 
operational environment circumstances. However, it 
LV�XVHG�TXLWH�GLIIHUHQWO\�LQ�GLIIHUHQW�ÀHOGV��IRU�H[DP-
ple, computer network resilience is the ability of the 
network to provide and maintain an acceptable level 
of service under different fault or an abnormal con-
ditions caused by cyber threats or any other threats. 
While in business, resilience is the ability of a com-
pany, resource, or structure to sustain the impact of a 
business interruption, recover, and resume its opera-
tions to continue to provide minimum services. 

Figure 8.4. DC Facility Failure Process Summary.
 
The current data center metrics cover many of the 

concerns of data center designers and mangers, how-
ever there is still another set of concerns that lacks 
answers. All of the current metrics evaluate systems 
while they are operating or after a failure has oc-
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Criteria SAN NAS

Cost Expensive Inexpensive

Setup Complicated  Straightforward 

Management Easy Complicated for large 
environment 

Environment size Better for large Better for small

Disk system  
compatibility Any Device orientated 

Impact on network None Can swamp a network

curred. A proactive metric is needed to evaluate a sys-
tem during all of its stages: launched attacks, resist-
ing/adaptation to attacks, failure and recovery time, 
and patterns. 

STATE OF THE ART

Storage Research and Technologies.

Data storage is an integral part of the architecture 
of a data centers, over the years several storage solu-
tions have been developed to satisfy applications re-
quirements and demands.5 Storage Area Networks 
(SAN) and Network Area Storage (NAS) are dominat-
ing data center storage alternatives. 

NAS are data storage devices that are connected-
directly to the network with their own IP addresses, 
while SANs are storage devices which are connected 
to each other and connected to a server or a group of 
servers which act as access points for clients.6 Table 8.1 
presents preliminary guidelines for a storage solution 
selecting process.

Table 8.1. SAN vs. NAS Summary.
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SAN setup costs are getting cheaper and with 
less complicated management, so the future of SAN 
is more promising for data centers which make it the 
focus of this work. Rationally, SAN solutions have 
two components: storage servers and storage clients. The 
physical elements of SANs are as shown in Figure 8.5:

1. Disks can be connected as point-to-point with-
out an interconnection device or they can be a part 
of server-storage model. SANs are independent from 
GLVN�W\SHV��GLVNV��WDSHV��5$,'V��DQG�ÀOH�VHUYHUV�FDQ�EH�
used.

2. Servers are fundamental elements of a SAN, 
which can be a mix of platforms and OS. 

3. Communications� DUH� LPSOHPHQWHG� E\� D� ÀEHU�
FKDQQHO��ZKHUH�GDWD� ORVV� UDWH� LV� ]HUR�� DQG� WKHUH� LV� D��
high throughput rate.

Figure 8.5. Elements of Storage Area Networks.
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Regardless of which type of storage technology is 
used within data center, storage devices are required 
to: support data Access; Protect; Store; Move; and Recover 
with minimum cost (management and setup). Tradi-
WLRQDOO\�UHVHDUFKHUV�DQG�HQJLQHHUV�XWLOL]HG�Latency as 
D� SHUIRUPDQFH�PHWULF��ZKLFK� QDWXUDOO\� FKDUDFWHUL]HV�
hard drive access time. Input/Output (I/O) issues are 
a critical aspect of any storage solution, the gap be-
tween the server processing rate and the I/O rate is 
large. SAN producers aim to overcome this limitation 
E\�LPSURYLQJ�&DFKH�PHPRU\�VL]H�DQG�&DFKLQJ�DOJR-
rithms. Yet, on the other hand, latency did not show 
how storage solutions protect & recover data, hence 
resilience metrics are required. 

It is highly recommended designating between 
two categories of the data hosted in a data center: 

1. In use data: ZKLFK�DUH�DFFHVVHG��PRGLÀHG�DQG�XS-
dated.

2. In rest data: which are not used at the moment and 
only stored to be used later or for recovery purposes.

Normally, “Data In Rest” is easier to protect and 
recover while “Data In Use” requires more effort. 
Data storage solution resilience evaluation results in 
the following concerns:

1. Availability of alternative routing paths within 
the fabric cloud.

���5RXWLQJ�SURWRFROV·�FDSDELOLW\�WR�XWLOL]H�DQ�DOWHU-
native path with minimum cost (converging time and 
URXWLQJ�WDEOH�VL]H���

3. Optimum number of local disk images, backups 
to ensure fast recovery.

4. Data backup/ mirroring process frequency. 
5. Mirroring approach impact on response time.
6. Protection techniques strength and overhead.
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A resilient storage solution will not only provide 
the optimum answer for the concerns highlighted 
above, but will also tune them up jointly, to achieve 
the maximum resilience level. 

Data Mirroring Techniques and Methodologies.

Data mirroring, data replication, and data backup 
are popular terms used in the context of data availabil-
ity, consistency, and recovery. It is vital to differentiate 
WKHLU�XVDJH��OLPLWDWLRQ��DQG�FKDOOHQJHV�WR�XWLOL]H�WKHP�
for a resilient data center.7�%\�GHÀQLWLRQ��Data Backup 
LV� WKH� SURFHVV� RI� FRS\LQJ� GDWD� �ÀOHV�GDWDEDVHV�� LQWR�
other data storage to be retrieved when needed in case 
of device failure. It is considered a regular process 
of system management and usually done overnight, 
which means a full working day’s data may be lost in 
case of a device failure. For critical applications, this 
amount of lost data is unacceptable.8

Data Replication is the act of increasing the num-
ber of database servers which are available for clients, 
mainly for load balancing. Data replication can be 
done within or off the facility. For speedy recovery 
and critical data application, Data Mirroring is manda-
tory. Data mirroring is the copying of data from one 
location to a storage device or different location in real 
time. It is always a good idea to have the mirroring 
site a safe distance from the main site.9

For resilient data centers, in addition to data rep-
lication, data mirroring is mandatory. Data mirroring 
can be implemented as synchronous or asynchronous. 
In the case of synchronous mirroring, each transaction 
is sent to the mirror site and the clients do not get a re-
sponse until the main site gets acknowledgment from 
the mirror site as shown in Figure 8.6. This approach 
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affects the system performance and increases service 
response time.

Figure 8.6. Synchronous Data Mirroring Process.

Also, data mirroring can be implemented as asyn-
chronous where the main site receives the client’s 
request, processes it, responds to the client, and then 
sends updates to the mirror site as shown in Figure 
8.7. In this case, the mirror site will be a few transac-
tions behind; but the system performance will not be 
affected.
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Figure 8.7. Asynchronous Data Mirroring Process.

Many database mirroring technologies are avail-
able on the market which require detailed investiga-
tion for the following aspects to simplify selection 
processes: 

1. Supported Platforms: Multiple platforms pro-
YLGH�PRUH�ÁH[LELOLW\�IRU�GDWD�FHQWHUV��

2. Change Check Capability: Current tools focus 
on  only the net data change after the last mirroring 
process occurrence.

3. Computability Issues: Most of the current tools 
work as “plug-in” with no change required for data-
base scheme and support several network topologies 
(server-server, hub-and-spokes).

4. Public Networks: New challenges for mirroring 
tools are raised when data are transmitted over public 
networks. These include: data security, TCP/IP vul-
QHUDELOLW\��DQG�ÀUHZDOOV��
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5. Scalability: Adding/removing sites is always 
QHHGHG� UHJDUGOHVV� RI� KRZ� HDV\� WKH� UHFRQÀJXUDWLRQ�
process is. 

For resilient data center systems, remote sites are 
mandatory which infuses the need for powerful mir-
roring tools over public networks/Internet where a 
“hand-shaking” process requires more effort. Also 
sequential data block transmission is not appropri-
ate because of the public network/Internet nature. 
,%0� *OREDO� 0LUURULQJ� HPSOR\V� ÁDVK� FRS\� WHFKQRO-
ogy which permits data blocks to be partitioned into 
smaller portions by sending them to the mirror site, 
reassembling it, and writing it to the database.

Mirroring time is the time required to mirror data 
to the remote site while pause time is where the mir-
roring tool is inactive. For many mirroring tools, those 
parameters can be controlled either by direct or in-
direct ways. Figure 8.8 illustrates two scenarios that 
show how critical the tuning of those parameters can 
be in combination with the detection time of malicious 
activities for system resilience. 

Figure 8.8. Data Mirroring Parameters and Attack 
Scenarios.
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In scenario A, data mirroring parameters worked 
together with malicious activities detection time to 
ensure that the data sent to the mirror site were er-
ror free, while in scenario B the parameters were not 
correctly tuned, which resulted in sending malicious 
data to the mirror site. Mirroring corrupted data to the 
recovery site ruins the objectives of the recovery site 
and system resilience. 

Network Connectivity Alternatives.

1HWZRUN�FRQQHFWLYLW\�UHSUHVHQWV�D�VLJQLÀFDQW�SRU-
tion of data center architecture, for Interconnection, 
Data Storage, Mirroring, and Public Access as shown 
in Figure 8.9. Also, computer network subelements 
(topologies, links, connecting devices, routing proto-
cols and load balancing) are very critical aspects of 
computer network performance and resilience level.10

Figure 8.9. Data Center Network Roles Summary.

Resilience, Redundancy, and Fault Tolerance are 
widely used terms within computer network assess-
ment and design context. For decades network de-
signers and analysts used redundancy to improve 
network availability and reliability. It is essential to 
GHÀQH�HDFK�WHUP��Redundancy is the process of install-
ing extra equipment to overcome any node failure. 
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,W� UHTXLUHV� KDYLQJ� D� SODQ� DQG� WRROV� WR� GLUHFW� WUDIÀF�
through the replacement node, thus redundancy can-
not enhance network resilience by itself. The main 
idea of Fault Tolerance� LV� WR�UHFRJQL]H�KRZ�D�QRGH�RU�
device can fail and therefore take the necessary steps 
WR�SUHYHQW�WKH�IDLOXUH��7KH�GHÀQLWLRQ�RI�Resilience is the 
ability of a  system to maintain any disturbance with 
PLQLPXP� FKDQJH� RQ� SHUIRUPDQFH� HIÀFLHQF\�� DQG� WR�
effect a  speedy recovery from any disturbance. 

For critical applications and legacy systems, con-
QHFWLYLW\� IDLOXUH� LV� DQ� H[WUHPHO\�KD]DUGRXV� VLWXDWLRQ�
because it revokes system integrity and operational 
continuity. In addition, the nature of connectivity fail-
ures is different than other computer system failures 
in the following aspects:

1. Detection: In some cases it is a complicated pro-
cess. For instance, chronic failure detection is harder 
than sudden (crash) failure detection. 

2. Cascading Nature: A simple failure can affect a 
large number of services or clients. In addition, this 
simple failure can overload other parts of the network, 
causing the system to crash resulting in more harm.

3. Origin: The same failure can be originated 
by many factors, for example, a node failure can be 
caused by power outage, software failure, or mali-
cious activities.

Network resilience assessment comprises two 
main aspects: 

1. Alternatives: It is very critical to have alterna-
tives for network elements which are not limited only 
to redundant equipment but also include alternative 
WUDIÀF� URXWLQJ� SDWKV�� 7KH� DOWHUQDWLYH� SDWKV� PXVW� EH�
reserved only for major failures and ensure approxi-
mately the same cost of original route in terms of laten-
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cy and response time without causing other network 
parts failures. 

2. Recovery Tools: Redundancy is mandatory for 
resilience, in addition to tools to employ those devices 
in timely manner; routing protocols (RP) and load 
balancing algorithms (LBA) are fundamental tools to 
HQVXUH�QHWZRUN�UHVLOLHQFH��7KH�DELOLW\�RI�53�WR�XWLOL]H�
alternative routing paths with minimum converging 
time is essential for a resilient network. The ability of 
LBA to detect failed/recovered servers in a minimum  
amount of time is a critical issue for network resilience.

Consider the following scenario; a system that is 
using LBA with less than optimal parameter tuning 
DV�VKRZQ�LQ�)LJXUH�������,Q�WKH�ÀUVW�FDVH�WUDIÀF�LV�VHQW�
to the server while it is down, in the second case no 
WUDIÀF�LV�VHQW�WR�VHUYHU�DIWHU�UHFRYHU\��,Q�ERWK�FDVHV�LW�
offers poor resilience level for server failure and re-
covery.11 

Figure 8.10. Load Balancing with a Poor Parameters 
Tuning Scenario.
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One of the vital parameter routing protocols chal-
lenged by multiple failures of network parts, is the 
URXWH�FRVW��&RQVLGHU�WUDIÀF�VHQW�IURP�SRLQW�$�WR�SRLQW�
B; assuming that main route R1=(x1, x2, x7) and the al-
ternatives routes are R2=(x4, x5, x6) and R3=(x4, x3, x7) 
as shown in Figure 8.11. It is clear that x4 is common 
for both alternative routes which is not conventional 
particularly in the case of an x4 failure. Also alterna-
tive routing costs might lead to an overload of certain 
parts of the network causing even more failures.

Figure 8.11. Routing Protocols Concerns Summary.

Security Challenges and Opportunities.

The fact that the data center is the core of any legacy 
system and it hosts large critical data volumes make it 
a target for all type of attacks, physical or cyber. Sur-
veillance cam, high-tech doors, and other technologies 
improve the data center’s physical security. However, 
on the other hand, data center cyber security is a much 
more challenging process.12

Potential network Vulnerabilities, Threats, and At-
tacks PXVW�EH�LGHQWLÀHG�WR�PLQLPL]H�VHFXULW\�FRQFHUQV��
System Vulnerabilities refer to weaknesses in the system 
that can be attacked, while Threats are the potential to 
cause damage to data center resources. Attacks are the 
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actual use of  system Vulnerability to put Threats into 
action. System hacking is a continuous process where 
hackers continue to discover system vulnerabilities to 
develop attacks as depicted in Figure 8.12.

Figure 8.12. Developing Attacks Process.

Enumerating all possible data center vulnerabili-
ties, threats, and attacks in an exact list is not feasible, 
\HW�WKH\�FDQ�EH�FDWHJRUL]HG�DV�7DEOH�����VKRZV�
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Table 8.2. Vulnerabilities, Threats, and Attacks 
Categories Summary.

Even as the hacker is working hard to elude data 
center security, data center designers, venders, and 
security teams are working just as hard to ensure data 
center safety and security. Their efforts have produced 
PDQ\�WHFKQRORJLHV�VXFK�DV�ÀUHZDOOV��LQWUXVLRQ�GHWHF-
tion and prevention tools, DoS and DDoS detection 
and mitigation, access lists, and access restriction. 

Data center security has three layers: (1) networks, 
(2) applications, and (3) databases. Figure 8.13 dem-
onstrates the security mechanisms that are currently 
available.

Vulnerabilities Threats Attacks

Designing Intrusion Denial of Service (DoS) and 
Distributed DoS (DDoS)

Technologies Spam Un-authorized Access

Applications Worm Information Tampering

Database Virus Cross-site Scripting

Networks Malware &-�0LKKłJC�

Monitoring tools Spyware Insider Malicious Activities 
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Figure 8.13. Security Layers Summary.

Security evaluation is done for different purposes:
��� 3URGXFWV�� RUJDQL]DWLRQ�� DSSOLFDWLRQ� DFFUHGLWD-

tion.
2. For the development and enhancement of secu-

rity policies, methodologies, and technologies.

Researchers and system developers focus on the 
second perspective: Legacy system security assess-
ment is a very complex process for many reasons:

�� �Data Characteristics: Each data type is targeted 
by certain hackers and attacks, as in the case of 
ÀQDQFLDO��PLOLWDU\��DQG�LQGXVWULDO�GDWD�

�� �Data Status: Data that is in an Operation mode 
is harder to protect, while data in a Rest mode 
requires less effort.

�� �System Design: Used for utilities, manufactur-
ing companies. These systems will have two 
networks: business and control. This type of 
design increases system vulnerabilities and re-
quires special arrangements to ensure network 
isolation.
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For a resilient data center, security technologies 
and methodologies are expected to guarantee system 
functionality, information assurance, events manage-
ment, and correlations. Consequently, security poli-
cies must ensure a speedy detection process and the 
DELOLW\� WR� XWLOL]H� V\VWHP� UHVRXUFHV� WR�PLWLJDWH� DWWDFN�
effects.

CONCLUSION

The assessment process of cyber infrastructure se-
curity requires a number of metrics including perfor-
mance, availability, and reliability. The rapid growth 
of data volumes, increased complexity of cyber infra-
structure, and the heightened levels of threat highlight 
the gap in existing evaluation metrics. Increased aware-
ness for a proactive approach addressing resilience 
in various systems including data centers demands a 
new evaluation approach. Resilience measurement of 
alternative data center designs assesses their ability 
to face man-made and natural disasters. Data center 
subsystems must be considered for a comprehensive 
resilience evaluation in addition to recovery plans 
and policies. The proposed resilience metric is proac-
tive and assesses system behavior before, during, and 
after an attack. 
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CHAPTER 9

DEVELOPING HIGH FIDELITY SENSORS
FOR INTRUSION ACTIVITY

ON ENTERPRISE NETWORKS

Edward Wagner and Anup K. Ghosh

INTRODUCTION

)XWXUH�VXFFHVV�LQ�F\EHU�ZLOO�UHTXLUH�ÁH[LEOH�VHFX-
rity, which can respond to the dynamic nature of cur-
rent and future threats. Much of our current defenses 
DUH�EDVHG�XSRQ�À[HG�GHIHQVHV�WKDW�DWWHPSW�WR�SURWHFW�
internal assets against external threats. Appliances 
OLNH�ÀUHZDOOV�DQG�SUR[LHV�SRVLWLRQHG�DW�QHWZRUN�VHJ-
ment perimeters similar to the Maginot Line attempt 
to prevent outsiders from breaking in. There are other 
mechanisms such as Public Key Infrastructure and 
antivirus software, which also provide security. This 
added layer is referred to as a “Defense in Depth” 
methodology. However, in each component of our 
security architecture vulnerabilities are revealed over 
time. These defenses lack any agility. Our defenses 
must become agile and responsive. 

In large-scale enterprise network defense, intru-
VLRQV�DUH�GHWHFWHG�E\�PRQLWRULQJ�QHWZRUN�ÁRZV�IURP�
untrusted sources. Primarily, network intrusion detec-
WLRQ�V\VWHPV�H[DPLQH�WUDIÀF�DW�,QWHUQHW�JDWHZD\V��DQG�
then again at individual enterprise units or at enclave 
URXWHUV�� ,QWUXVLRQV� GHWHFWHG� DW� ORZHU� RUJDQL]DWLRQDO�
structures are detected then reported to higher report-
ing entities. The current approach to detecting intru-
sions suffers from two main problems: (1) intrusion 
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sensors are placed in locations that do not allow high 
ÀGHOLW\� H[DPLQDWLRQ� RI� LQWUXVLRQ� EHKDYLRU�� DQG� ����
LQWUXVLRQV�DUH�GHWHFWHG�E\�FRPSDULQJ�QHWZRUN�WUDIÀF�
to known malicious intrusion patterns. In this chap-
ter, we propose a supplemental method to correct for 
WKHVH�WZR�GHÀFLHQFLHV��:H�SURSRVH�KLJK�ÀGHOLW\�VHQ-
VRUV� LQ� WKH� IRUP� RI� YLUWXDOL]HG� DSSOLFDWLRQV� RQ� HDFK�
user’s machine to complement network-based sen-
sors. In addition, we equip each user such that even as 
they are reporting intrusions, their machine and data 
is protected from the intrusions they are reporting. 
Our approach will protect users from broad classes of 
malicious code attacks, while being able to detect and 
report both known and unknown attack code.

One of the core strengths of our approach is that 
PRVW�DWWDFNV�DUH�UHDOL]HG�DW�WKH�HQGSRLQW��$WWDFN�FRGH�
LV�RIWHQ�HPEHGGHG�DQG�REIXVFDWHG�LQ�QHWZRUN�WUDIÀF�
WKDW�RIWHQ�ÁLHV�E\�QHWZRUN�VHQVRUV�XQQRWLFHG��:KHQ�
reaching a vulnerable host, the code is executed. Our 
contention is that the endpoint (host) is the best place 
to detect most attack codes because it is at this point 
that the behavior of the attack codes can be observed. 
Of course, once the attack code runs, it poses a high 
SRWHQWLDO�ULVN�WR�WKH�KRVW�DQG�QHWZRUN��VR�ZH�YLUWXDOL]H�
networked applications to protect the host from the 
attack code.

The user operating environment can remain on 
the existing infrastructure, but operate in a virtual 
workspace. Bringing virtual computing to the host 
ZLOO�DOORZ�FRPSDUWPHQWDOL]DWLRQ�RI�WKH�HQYLURQPHQW��
wherein untrusted applications or applications that 
run untrusted content are partitioned from the trusted 
host itself. If the untrusted application environment 
is compromised, the underlying host will remain un-
compromised. We also leverage sensor technology in 



209

WKH� YLUWXDOL]HG� HQYLURQPHQW� WR� GHWHFW� LOOLFLW� FKDQJHV�
and then report these to a database. The environment 
is then “refreshed” removing any persistent presence 
RI� D� WKUHDW�� 7KH� HQYLURQPHQW� FDQ�EH� FRQÀJXUHG� DQG�
updated frequently, then copied and distributed en 
mass. Since the provisioning of the virtual environ-
ment is done centrally, changes to the environment 
FDQ�EH�HDVLO\�LGHQWLÀHG�DQG�FDSWXUHG�

This new environment becomes agile and dynam-
ic. It regains the initiative that the threat has taken and 
retained for over a decade. Malware can be stamped 
and collected as it appears. Malicious or compromised 
ZHEVLWHV�FDQ�EH� LGHQWLÀHG�DQG�EORFNHG� LI�GHVLUHG��RU�
monitored for intelligence purposes.

CURRENT ISSUES

According to the Center for Strategic and Interna-
tional Studies report on Cybersecurity prepared for 
President Barack Obama, potential adversaries have 
compromised and penetrated computer networks in 
the United States. These perpetrators have accessed 
and retrieved large quantities of information. In 2007, 
WKH�FRPSURPLVHV�LQFOXGHG�WKH�XQFODVVLÀHG�H�PDLO�DF-
FRXQW�RI�WKH�6HFUHWDU\�RI�'HIHQVH�DQG�WKH�H[ÀOWUDWLRQ�
of terabytes of data from the Department of State. The 
report says that the loss of government data and intel-
lectual property threatens our economic and national 
security.1

*LYHQ� WKLV� WKUHDW� HQYLURQPHQW�� WKHUH� DUH� VLJQLÀ-
cant efforts to monitor networks. The current array of 
Intrusion Detection Systems (IDS) and Intrusion Pre-
vention Systems (IPS) are dependant on the continual 
GHYHORSPHQW� RI� VLJQDWXUHV� WR� ÀQG� WKUHDWV� RSHUDWLQJ�
within the network. IDS are devices that monitor net-
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work segments with a set of signatures to match ne-
farious activity. An alert is created when a match is 
found. Analysts monitoring these systems must make 
a subjective decision whether or not to investigate the 
alert. Even if the information is correlated with other 
VHFXULW\�GHYLFHV�VXFK�DV�ÀUHZDOO�DOHUWV�LQ�DQ�(QWHUSULVH�
Security Management tool, the assessment of risk is 
imprecise. The IPS is different because it will drop 
the packets of the related session when the signatures 
match. The dropping of packets is the equivalent of 
disrupting the attack. This prevents the attack from 
being successful. While there has been continuous in-
novation to improve the ability to identify threat activ-
ity, this capability is limited by the signature’s ability 
to know the method of attack.

The use of antivirus suffers from the same inherent 
limitations of a signature-based system. The volume of 
malware is frequently described as an antivirus prob-
lem but, in fact it affects the entire system. According 
to multiple reports released in the beginning of 2008, 
WKH�QXPEHU�RI�XQLTXH�PDOZDUH�ÀOHV�LV�LQFUHDVLQJ�DW�DQ�
alarming rate. One study said it found almost 5.5 mil-
OLRQ�XQLTXH�ÀOHV��XS�IURP�DSSUR[LPDWHO\���������LQ�WKH�
previous year.2 The development of signatures cannot 
keep pace in a timely manner, neither can the ability to 
GLVWULEXWH��VWRUH��DQG�DQDO\]H�ÀOHV�RQ�FOLHQW�KRVWV�IURP�
these large databases. Thus, signature-based antivirus 
suffers from the temporal dynamics of rate of change 
of malware, the broad proliferation of malware, and 
the scalability of the distribution and storage of anti-
virus signatures. Attacks will frequently elicit the as-
sistance of users through an e-mail directing them to 
a website with malware. At other times, legitimate 
websites are unknowingly compromised. One study 
of 145,000 commonly visited Chinese websites found 
2,149, or 1.49 percent, had malicious content.”3
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The development of signatures requires the invest-
PHQW�RI�UHVRXUFHV�WR�DQDO\]H�DWWDFNV�WR�XQGHUVWDQG�WKH�
tactics, techniques, and procedures and then develop 
corresponding signatures. The cycle typically begins 
with actors identifying vulnerabilities, it next moves 
to the development of exploit code where defenders 
are continually seeking the formulation of mitigation 
strategies to prevent attacks. 

There are huge resources poured into the discov-
ery of vulnerabilities. Those who seek information 
on vulnerabilities are both network attackers and de-
fenders alike. Sutton and Nagle describe the emerging 
economic market of identifying vulnerabilities in their 
paper to the Workshop on Economics of Information 
Security, 2006 titled: “iDefense gains revenue by di-
rectly reselling the information, while TippingPoint 
SURÀWV� E\� RIIHULQJ� H[FOXVLYH� SURWHFWLRQ� DJDLQVW� WKH�
vulnerabilities they purchase via their intrusion de-
tection system (IDS) product.”4 Frequently, observers 
focus on the price paid as a result of cyber attacks, but 
IHZ� UHFRJQL]H� WKH� WUDQVDFWLRQV� RFFXUULQJ� WR� GHYHORS�
signatures and other network defense measures ver-
sus the effort to exploit them.

/DUJH�RUJDQL]DWLRQV�VSHQG�FRQVLGHUDEOH�UHVRXUFHV�
to maintain their IDS/IPS infrastructure and the cor-
UHVSRQGLQJ�VLJQDWXUH�EDVH��6PDOOHU�RUJDQL]DWLRQV�IUH-
quently outsource some of the effort through signature 
subscription services. In order to support the develop-
ment of signatures, there is a heavy dependence on 
DQDO\WLFDO� ZRUN� WR� ÀQG� DQRPDOLHV�� FROOHFW� PDOZDUH��
UHYHUVH�HQJLQHHU�WKHP��DQG�ÀQDOO\�GHYHORS�VLJQDWXUHV�

Companies that provide this service do so in two 
ways. Some companies provide a fee for service. They 
rely on their own collection infrastructure to collect 
malware traversing the Internet. They may use a net-
work of “honeypots” to collect the malware. Once 
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FROOHFWHG� WKH\� DQDO\]H� WKH� PDOZDUH� DQG� GHYHORS� D�
signature. These signatures and the associated threat 
warnings are then provided to their customers.

Other companies provide analytical support di-
UHFWO\�WR�RUJDQL]DWLRQV�DQG�UHO\�RQ�WKH�FROOHFWLRQ�LQIUD-
VWUXFWXUH�RI�WKH�VXSSRUWHG�RUJDQL]DWLRQ��0DQ\�RUJDQL-
]DWLRQV�REMHFW�WR�FRPSOHWHO\�RXWVRXUFLQJ�WKHLU�VHFXULW\�
services due to information disclosure concerns. The 
Department of Defense follows this example. The col-
lection of information and resulting analysis is com-
plex and laborious. Colonel Barry Hensley, Director 
of the Army Global Network Operations Security 
Center, described the growing demand for forensic 
analysis at the Army LandWarNet conference in 2008. 
+H�VDLG��´3HRSOH�GRQ·W�UHDOL]H�WKH�IRUHQVLFV�KDQGOLQJ�
process involved with identifying malicious code. . . . 
It can take weeks or months.”5 

&RQVXPHUV�RI�VLJQDWXUH�VXSSRUW�DQG�VHUYLFHV�ÀQGV�
LW� GLIÀFXOW� WR�PHDVXUH� WKH� HIIHFWLYHQHVV� RI� WKHLU� SXU-
chase. There are many key questions for example: 
How many attacks were never detected because a sig-
nature was never developed? Were any of the signa-
tures ignored by a poorly trained IDS analyst?

Victor Oppleman, Oliver Friedrichs, and Brett 
Watson further describe the breadth and width of the 
problem with IDS/IPS in Extreme Exploits: Advanced 
Defenses Against Hardcore Hacks. They identify three 
VLJQLÀFDQW�UHDVRQV�IRU�WKH�SUREOHP������´7KH�JUDQXODU-
ity of the signature syntax,” (2) “Whether the signature 
GHWHFWV�D�VSHFLÀF�H[SORLWDWLRQ�RI�D�YXOQHUDELOLW\�RU�WKH�
core vulnerability itself,” and (3) “The author of the 
signature and the protocol knowledge he possesses.”6

Some signatures are more effective than others. 
Some signatures will alert to real threats as well as other 
WUDIÀF��ZKLFK�LV�QRW�DFWXDOO\�DQ�DWWDFN��)UHTXHQWO\�WKLV�
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is referred to as a false positive rate. A more granular 
signature can frequently address this problem. Some 
signatures are written based on known exploit code, 
but there may be other exploit codes that attack the 
same vulnerability, but do not alert the same signa-
ture. Finally, the effectiveness of a signature can be a 
UHÁHFWLRQ�RI�WKH�VNLOO�DQG�NQRZOHGJH�RI�LWV�DXWKRU�

The problems with IDS/IPS do not simply stem 
from the development and deployment of effective 
signatures. Potential attackers are constantly look-
ing for ways to avoid detection. In “Insertion, Eva-
sion, and Denial of Service: Eluding Network Intru-
sion Detection,” Ptacek and Newsham provide three 
examples of how threats will attempt to elude IDS at 
the network (IP) and transport (TCP) layer. The three 
examples are “IP Checksum, IP TTL, and IP Fragmen-
tation.”7

In the IP Checksum example, the method data is 
YHULÀHG�ZKHQ�LW�WUDYHOV�DFURVV�WKH�,QWHUQHW�DQG�FDQ�EH�
manipulated to confuse an IDS/IPS. If the IDS/IPS 
does not conduct a checksum validation, it will accept 
data in an invalid packet, which would normally be 
dropped. This may result in fake data being used to 
throw off packet inspection.

The second method is when an IDS/IPS accepts a 
packet with an invalid Time-To-Live (TTL) value in 
the IP header. Normally the endpoint would drop the 
packets with an invalid value; however, the IDS/IPS 
placed at various points in the architecture may accept 
packets with an invalid value. The result is the com-
plication of the data inspection process.

The third example of obfuscation is IP Fragmenta-
tion. Threats can cause an IDS/IPS to accept inserted 
or crafted fragmentation packets for inspection that 
would normally be discarded by the endpoint. In each 
of these examples, the threat is adding packets for 
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inspection that are used to confuse the inspection of 
other packets used in an attack.

These examples are just three ways that threats 
can avoid detection by signature-based IDS/IPSs. 
There are many more, and the number of attack 
techniques are only limited by the imagination of 
the attacker. The limitations of signature-based 
IDS/IPSs described thus far do not consider the  
evolutionary nature of the attack themselves. The shift 
from targeting hosts with exploit codes to targeting 
XVHUV�ZLWK�SKLVKLQJ�H�PDLOV�KLJKOLJKWV�WKH�GLIÀFXOW\�LQ�
detecting attacks.8 The attacker may target individual 
users or large groups of users with malware attached 
to an e-mail message. The malware can compromise 
the host and initiate a communication request to an 
external host controlled by the attacker. This reverses 
the attack sequence that IDS/IPSs look for when an 
external host attacks an internal host.

If an attacker establishes an encrypted connection 
between his jump off point and the compromised 
IULHQGO\� KRVW�� WKH� WUDIÀF� LV� QHYHU� DVVHVVHG�� ,'6� DQG�
,36V�DUH�QRW�DEOH�WR�GHFU\SW�VXFK�WUDIÀF��QR�VLJQDWXUH�
will cause an alert and the analyst is never able to as-
sess the connection.

THE VIRTUAL ENVIRONMENT

Using the innovation of the Internet Cleanroom, 
developed previously at GMU,9 the user can operate in 
D�YLUWXDOL]HG�HQYLURQPHQW��7KLV�SURYLGHV�WKH�ÀUVW�OHYHO�
of protection by isolating the user from the underlying 
host. Tools to monitor and collect information about 
threats operate in the separate host operating system 
(OS), which provides integrity to the collection of 
threat information. In signature based monitoring ef-
forts, the volume of data is enormous and unmanage-
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able. Since the virtual environment presents a known 
JRRG��FKDQJHV�IURP�WKDW�VWDWH�FDQ�HDVLO\�EH�LGHQWLÀHG�
and logged. This reduces the volume of monitoring 
data.

Figure 9.1 displays the architecture of the Internet 
Cleanroom. It shows the separation of OSs, which is 
the basis for the reliability of collected data. It also 
VKRZV� WKH� DELOLW\� WR� FRPSDUWPHQWDOL]H� WKH� XVHU·V� 
environment.

Figure 9.1. Internet Cleanroom Architecture.10

The collection architecture that is possible in this 
environment is displayed in Figure 9.2. Segmentation 
of the collection mechanism and user environments is 
DFKLHYHG� WKURXJK� WKH� XVH� RI� YLUWXDOL]DWLRQ�� $QRWKHU�
EHQHÀW�WR�FROOHFWLQJ�FRPSURPLVHG�85/V�DW�WKH�KRVW�LV�
WKH�HDV\�LGHQWLÀFDWLRQ�RI�WKH�KRVW�LQYROYHG�LQ�WKH�LQ-
cident. Currently, the collection of data occurs at the 
network perimeter. The Domain Name Service (DNS) 
architecture begins below the collection point and the 
volume of name resolution prevents logging, there-
fore many hosts visiting known compromised web-
VLWHV�FDQQRW�EH�LGHQWLÀHG��(YHQ�LI�WKH�85/�LV�LGHQWLÀHG�
and blocked a host possessing malware may operate 
RQ�WKH�QHWZRUN�LQGHÀQLWHO\�ZLWKRXW�UHPHGLDWLRQ�



216

Figure 9.2. Collection Architecture.

The Internet Cleanroom is best deployed to coin-
cide with an existing security architecture as shown 
LQ�)LJXUH������7R�PD[LPL]H�SURWHFWLRQ��PRQLWRULQJ�DW�
the enclave access points should continue. As noted 
before, the use of traditional IDS/IPS tools remain 
limited in their ability to detect new and sophisticated 
threats. Alternatives like extensive review of router 
ORJV�DQG�QHWÁRZ�FDQ�EH�YHU\�KHOSIXO��7KH�LQWHJUDWLRQ�
of the Internet Cleanroom into the Security Informa-
tion Manager architecture allows the correlation of 
host data from the Internet Cleanroom with network 
alerts from IDS/IPS. The combination of these two 
technologies brings more accurate alerts to the SIM 
analyst. In the past, information security professionals 
have desired to have access to full packet capture and 
host logs in near real time. However, the data stor-
age requirements outweighed the usefulness of the 
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data. Additionally, it overwhelms the analyst with too 
much data to review. The Internet Cleanroom’s abil-
LW\�WR�JDWKHU�VSHFLÀF�LQIRUPDWLRQ�DERXW�WKUHDWV�DV�LW�LV�
integrated into a SIM enables greater responsiveness 
for network defense.

Figure 9.3. Security Architecture.

Making Granular Data Capture Meaningful.

The Internet Cleanroom addresses the capture 
problem by logging change data. Since the host is pro-
visioned in a VM Client, changes can be easily logged 
and sent to a SIM via a syslog. Though the number 
of host remains large, smart data capture makes this 
type of collection feasible.

Figure 9.4 shows the analyst’s view of summary 
information for hosts including infections that were 
downloaded and infected websites. The infected web-
sites information provides actionable information in 
a more timely manner. This information can be pro-
vided immediately to any program to block access to 
those websites.
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Figure 9.4. Analyst’s Report View.

While the bad URLs remain of interest, the MD5 
Hash of any malware downloaded by the host is of 
great interest to the defenders of the network. To 
gather this information typically requires a forensic 
collection on an individual host. This is a manual and 
time intensive process. However, much of this collec-
tion can now be automated in the Internet Cleanroom.

As noted in Figure 9.5, the Internet Cleanroom is 
able to automate the collection of MD5 Hash of mal-
ware and that information is immediately available to 
the analyst. Instead of the lengthy analysis of forensic 
media to collect this information, it can be obtained 
as it happens. If shared with scanning tools, which 
search for malware by MD5 Hash, network defend-
ers can be more responsive in their ability to identify 
infected hosts.
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Figure 9.5. MD5 Hash of Malware.

The discovery of malware in near real time can as-
sist in the recognition of new threat trends. Adjust-
ments to perimeter defenses can be made before the 
loss of the initiative. This type of dynamic defense 
changes the static intransient defense that has been 
unable to respond in time to developing threats.
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CONCLUSIONS

Current defenses largely rely on signature-based 
mechanisms in the network or on the host to detect 
attacks. These techniques have become largely ineffec-
tive as the proliferation of malicious software shows. 
The primary reason for their ineffectiveness is because 
malware changes its signatures faster than the mecha-
nisms have been developed to capture malware, and 
then create and distribute those signatures. In addi-
tion, we argue that network-based sensors are not 
adequate for detecting threats against networks. To 
DGGUHVV�WKHVH�GHÀFLHQFLHV��ZH�SURSRVH�WKDW�WKH�HQWHU-
prise computer network defense architecture should 
LQFOXGH� D� YLUWXDOL]HG� DSSOLFDWLRQ� VROXWLRQ� WKDW�� �D��
protects users from unknown future infections (sig-
nature-free defenses), and (b) provides detecting and 
UHSRUWLQJ�RI�XQDXWKRUL]HG�V\VWHP�FKDQJHV�WR�D�FROOHF-
tion database.

The most obvious example of our proposed ap-
SURDFK�LV�D�YLUWXDOL]HG�EURZVHU�WKDW�XVHUV�HPSOR\�MXVW�
as they use their native browser. The proposed virtu-
DOL]HG�EURZVHU��,QWHUQHW�&OHDQURRP��SURWHFWV�WKH�XVHU�
from malicious web content, while also monitoring 
WKH�YLUWXDO�26�IRU�DQ\�XQDXWKRUL]HG�FKDQJHV�WKDW�PD\�
RFFXU�DV� D� UHVXOW� RI�EURZVLQJ��7KH�YLUWXDOL]HG�DUFKL-
tecture effectively partitions untrusted applications 
and content from the underlying operating system 
DQG�RWKHU�DSSOLFDWLRQV��$Q\�XQDXWKRUL]HG�FKDQJHV�DUH�
noted, then the virtual OS is discarded, and a pristine 
HQYLURQPHQW� UHVWRUHG�� DOO�ZLWKRXW� DQ\�YLUWXDOL]DWLRQ�
expertise required. The proposed approach provides 
KLJK�ÀGHOLW\�GHWHFWLRQ�RI�PDOLFLRXV�FRGH� WKUHDWV� WKDW�
FDQ�EH�ODWHU�DQDO\]HG�LQ�IRUHQVLF�GHWDLO��ZKLOH�DOVR�SUR-
tecting the user from currently unknown threats.
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CHAPTER 10

VOICE OVER IP:
RISKS, THREATS, AND VULNERABILITIES*

Angelos D. Keromytis

INTRODUCTION

Voice over Internet Protocol (VoIP) and Internet 
Multimedia Subsystem (IMS) technologies are rapidly 
being adopted by consumers, enterprises, govern-
ments, and militaries. These technologies offer higher 
ÁH[LELOLW\�DQG�PRUH�IHDWXUHV�WKDQ�WKH�WUDGLWLRQDO�SXE-
lic-switched telephone network (PSTN) infrastruc-
ture, as well as the potential for lower cost through 
equipment consolidation and, for the consumer mar-
ket, new business models. However, VoIP/IMS sys-
tems also represent a higher complexity in terms of 
architecture, protocols, and implementation, with a 
corresponding increase in the potential for misuse. 
Here, we begin to examine the current state of affairs 
on VoIP/IMS security through a survey of known/
disclosed security vulnerabilities in bug-tracking da-
tabases. This chapter should serve as a starting point 
for understanding the threats and risks in a rapidly 
evolving set of technologies that are more frequently 
being deployed and used. Our goal is to gain a better 
understanding of the security landscape, with respect 
to VOIP/IMS, to encourage future research toward 
this and other similar emerging technologies.

The rate at which new technologies are being in-
troduced and adopted by society has been steadily 
____________

*This work was supported by the French National Research 
Agency (ANR) under Contract ANR-08-VERS-017.  



224

accelerating throughout human history. The advent 
of pervasive computing and telecommunications has 
reinforced this trend. In this environment of constant 
LQQRYDWLRQ�� LQGLYLGXDOV��JRYHUQPHQWV��DQG�RUJDQL]D-
tions have been struggling to manage the tension be-
WZHHQ�UHDSLQJ�WKH�EHQHÀWV�RI�QHZ�WHFKQRORJLHV�ZKLOH�
understanding and managing their risks. In this strug-
gle, cost reductions, convenience, and new features 
typically overcome security concerns. As a result, 
security experts (but also the government and courts 
of law) are often left with the task of playing “catch 
XSµ�ZLWK�WKRVH�ZKR�H[SORLW�ÁDZV�WR�IXUWKHU�WKHLU�RZQ�
JRDOV��7KLV� LV�WKH�VLWXDWLRQ�ZH�ÀQG�RXUVHOYHV�LQ�ZLWK�
respect to one popular class of technologies collective-
ly referred to as VoIP. VoIP, sometimes also referred 
to as Internet Multimedia Subsystem (IMS), refers to 
a class of products that enable advanced communica-
tion services over data networks. While voice is a key 
aspect in such products, video and other capabilities  
�H�J��� FROODERUDWLYH� HGLWLQJ�� ZKLWHERDUG� ÀOH� VKDULQJ��
and calendaring) are all supported. The key advan-
WDJHV� RI� 9R,3�,06� DUH� ÁH[LELOLW\� DQG� ORZ� FRVW�� 7KH�
former derives from the generally open architectures 
and software-based implementation, while the latter 
is due to new business models, equipment, network-
link consolidation, and ubiquitous consumer-grade 
EURDGEDQG�FRQQHFWLYLW\���'XH�WR�WKHVH�EHQHÀWV��9R,3�
has experienced a rapid uptake in both the enterprise 
and consumer markets. An increasing number of en-
terprises are replacing their internal phone switches 
with VoIP-based systems, both to introduce new fea-
tures and to eliminate redundant equipment. Con-
sumers have embraced a host of technologies with dif-
ferent features and costs, including Peer to Peer (P2P) 
calling, Internet-to-phone network bridging, and 
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wireless VoIP. These new technologies and business 
models are being promoted by a new generation of 
startup companies that are challenging the traditional 
status quo in telephony and personal telecommunica-
tions. As a result, a number of PSTN providers have 
already completed or are in the process of transition-
ing from circuit-switched networks to VoIP-friendly 
packet-switched backbones. Finally, as the commer-
cial and consumer sectors go, so do governments and 
militaries due to cost reduction concerns and the gen-
eral dependence on Commercial-off-the-Shelf (COTS) 
equipment for the majority of their computing needs. 
However, higher complexity is often the price we pay 
IRU�PRUH�ÁH[LELOLW\��,Q�WKH�FDVH�RI�9R,3�,06�WHFKQROR-
gies, a number of factors contribute to architectural, 
protocol, implementation, and operational complexity.

The number and complexity of the various features 
integrated in a product are perhaps the single largest 
source of complexity. For example, voice and video 
transmission typically allow for a variety of codecs 
which may be used in almost-arbitrary combinations. 
Since one of the biggest selling points for VoIP/IMS is 
feature-richness and the desire to unify personal com-
munications under the same umbrella, this is a par-
ticularly pertinent concern.

Openness and modularity, generally considered 
desirable traits, allow for a number of independent 
implementations and products. Each of these comes 
with its own parameters and design choices. Interop-
erability concerns and customer feedback then lead to 
an ever-growing baseline of supported features for all 
products. A compounding factor to increasing com-
plexity for much of the open VoIP is the “design-by-
committee” syndrome, which typically leads to larger, 
PRUH� LQFOXVLYH� VSHFLÀFDWLRQV� WKDQ� ZRXOG� RWKHUZLVH�
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be the case (e.g., in a closed, proprietary environment 
such as the wire line telephony network from 20 years 
ago).

Because VoIP systems are envisioned to operate 
in a variety of environments, business settings, and 
network conditions, they must offer considerable 
FRQÀJXUDELOLW\��ZKLFK�LQ�WXUQ�OHDGV�WR�KLJK�FRPSOH[-
ity. Of particular concern are unforeseen feature in-
teractions and other emergent properties. Finally, 
VoIPs are generally meant to work over a public data 
network (e.g., the Internet), or an enterprise/operator 
network that uses the same underlying technology. 
As a result, there is a substantial amount of non-VoIP 
infrastructure that is critical for the correct operation 
of the system, including such protocols/services  as 
'\QDPLF�+RVW�&RQÀJXUDWLRQ�3URWRFRO� �'+&3��1 Do-
main Name System (DNS),2 Trivial File Transfer Pro-
tocol/Bootstrap Protocol (TFTP/BOOTP),3 Network 
Address Translation ([NAT],4 and NAT traversal pro-
tocols such as Simple Traversal of UDP through NATs 
[STUN]),5 Network Time Protocol (NTP),6 Simple 
Network Management Protocol (SNMP),7 routing the 
web (HTTP,8 LS/SSL,9 etc.), and many others. As we 
shall see, even a “perfectly secure” VoIP system can 
be compromised by subverting elements of this infra-
structure. Because of this complexity, which manifests 
LWVHOI�ERWK�LQ�WHUPV�RI�FRQÀJXUDWLRQ�RSWLRQV�DQG�VL]H�
of the code base for VoIP implementations, VoIP sys-
tems represent a very large attack surface. Thus, one 
should expect to encounter, over time, security prob-
OHPV�DULVLQJ�IURP�GHVLJQ�ÁDZV��H�J���H[SORLWDEOH�SURWR-
col weaknesses), undesirable feature interactions (e.g., 
combinations of components that make new attacks 
possible or existing/known attacks easier), unfore-
seen dependencies (e.g., compromise paths through 
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VHHPLQJO\�XQUHODWHG�SURWRFROV���ZHDN�FRQÀJXUDWLRQV��
DQG��QRW�OHDVW��LPSOHPHQWDWLRQ�ÁDZV��,Q�WKLV�FKDSWHU��
ZH�DWWHPSW�D�ÀUVW�HIIRUW�DW�PDSSLQJ�RXW�WKH�VSDFH�RI�
VoIP threats and risks by conducting a survey of the 
“actually seen” vulnerabilities and attacks, as reported 
by the popular press and by bug-tracking databases. 
Our work is by necessity evolutionary in nature, and 
this chapter represents a current (and limited) snap-
shot of the complete space. Nonetheless, we believe 
that it will serve as a valuable starting point for under-
standing the bigger problem and as a basis for a more 
comprehensive analysis in the future.

Chapter Organization.

7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�LV�RUJDQL]HG�DV�IRO-
lows. The second section contains a brief over view of 
two major VoIP technologies, Session Initiation Proto-
col (SIP) and Unlicensed Mobile Access (UMA). While 
we refer to other VoIP/IMS systems throughout the 
GLVFXVVLRQ��ZH�IRFXV�RQ�WKH�VSHFLÀF�WZR�WHFKQRORJLHV�
as they are representative, widely used, and well-doc-
umented. We discuss VoIP threats in the third section, 
placing known attacks against VoIP systems within 
the taxonomy proposed by the VoIP Security Alli-
DQFH��:H�DQDO\]H�RXU�ÀQGLQJV�LQ�WKH�IRXUWK�VHFWLRQ��,Q�
WKH�ÀQDO�VHFWLRQ��ZH�FRQFOXGH�ZLWK�VRPH�SUHOLPLQDU\�
thoughts on the current state of VoIP security, and on 
possible future directions for security research and 
practices.
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VOIP TECHNOLOGIES OVERVIEW

In their simplest form, VoIP technologies enable 
two (or more) devices to transmit and receive real-
WLPH�DXGLR�WUDIÀF�WKDW�DOORZV�WKHLU�UHVSHFWLYH�XVHUV�WR�
communicate. In general, VoIP architectures are parti-
tioned in two main components: signaling and media 
transfer. Signaling covers both abstract notions, such 
as endpoint naming and addressing, and concrete 
protocol functions such as parameter negotiation, ac-
cess control, billing, proxying, and NAT traversal.

Depending on the architecture, quality of service 
�4R6�� DQG� GHYLFH� FRQÀJXUDWLRQ�PDQDJHPHQW� PD\�
also be part of the signaling protocol (or protocol 
family). The media transfer aspect of VoIP systems 
generally includes a comparatively simpler protocol 
for encapsulating data, with support for multiple co-
decs and (often, but not always) content security. A 
commonly used media transfer protocol is Real-time 
Transport Protocol (RTP),10 with a version supporting 
encryption and integrity, Secure Real-time Transport 
Protocol (SRTP),11� GHÀQHG� EXW� QRW� \HW� ZLGHO\� XVHG��
The RTP protocol family also includes RTP Control 
Protocol (RTCP), which is used to control certain 
RTP parameters between communicating endpoints. 
However, a variety of other features are also gener-
ally desired by users and offered by providers as a 
means for differentiation by competing technologies 
and services, such as video, integration with calendar-
LQJ��ÀOH�VKDULQJ��DQG�EULGJLQJ�WR�RWKHU�QHWZRUNV��H�J���
to the “regular” telephony network). Furthermore, 
a number of different decisions may be made when 
GHVLJQLQJ�D�9R,3�V\VWHP��UHÁHFWLQJ�GLIIHUHQW�UHTXLUH-
ments and approaches to addressing, billing, mobil-
ity, security and access control, usability, and other 
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issues. Consequently, there exists a variety of differ-
ent VoIP/IP Multimedia Subsystem (IMS) protocols 
and architectures. For concreteness, we will focus our 
attention on a popular and widely deployed technol-
ogy: the Session Initiation Protocol (SIP).12 We will 
also discuss the UMA architecture,13 as a different ap-
proach to VoIP that is gaining traction among wireless 
telephony operators. In the rest of this section, we give 
a high-level overview of SIP and UMA, followed by 
a brief description of the salient points of a few other 
popular VoIP systems, such as H.323 and Skype. We 
will refer back to this overview in the third section of 
this chapter when we provide a discussion of the the 
WKUHDW�DQG�VSHFLÀF�YXOQHUDELOLWLHV�

Session Initiation Protocol (SIP).

6,3�LV�D�SURWRFRO�VWDQGDUGL]HG�E\�WKH�,QWHUQHW�(QJL-
neering Task Force (IETF) and is designed to support 
the setup of bidirectional communication sessions in-
cluding, but not limited to, VoIP calls. It is similar in 
some ways to HTTP in that it is text-based, has a re-
quest-response structure, and even uses a mechanism 
based on the HTTP Digest Authentication14 for user 
authentication. However, it is an inherently stateful 
protocol that supports interaction with multiple net-
work components (e.g., middle boxes such as PSTN 
EULGJHV���:KLOH� LWV� ÀQLWH� VWDWH�PDFKLQH� LV� VHHPLQJO\�
simple, in practice it has become quite large and com-
plicated, an observation supported by the fact that the 
main SIP Requests for Comments (RFC) 15 is one of the 
ORQJHVW�HYHU�GHÀQHG����6,3�FDQ�RSHUDWH�RYHU�D�QXPEHU�
of transport protocols, including Tranmission Control 
Protocol (TCP),16 User Datagram Protocol (UDP),17 and 
Stream Control Transmission Protocol (SCTP).18 UDP 
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is generally the preferred method due to simplicity 
and performance, although TCP has the advantage of 
supporting Transport Layer Security (TLS) protection 
of call setup. However, recent work on Datagram TLS 
(DTLS)19 may render this irrelevant. SCTP, on the oth-
er hand, offers several advantages over both TCP and 
UDP, including Denial of Service (DoS) resistance,20 
multi-homing and mobility support, and logical con-
nection multiplexing over a single channel. In the SIP 
architecture, the main entities are endpoints (whether 
soft phones or physical devices), a proxy server, a reg-
istrar, a redirect server, and a location server. Figure 
10.1 shows a high-level view of the SIP entity interac-
tions.  

Figure 10.1. Session Initiation Protocol (SIP) Entity 
Interactions.

The User, Alice, registers with her domain’s Reg-
istrar (1), which stores the information in the Location 
Server (2). When placing a call, Alice contacts her Lo-
cal Proxy Server (3), which may consult the Location 
Server (4). A call may be forwarded to another Proxy 
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Server (5), which will consult its domain Location 
6HUYHU�����EHIRUH�IRUZDUGLQJ�WKH�FDOO�WR�WKH�ÀQDO�UHFLSL-
ent. After the SIP negotiation terminates, RTP is used 
directly between Alice and Bob to transfer media con-
tent. For simplicity, this diagram does not show the 
possible interaction between Alice and a Redirection 
Server (which would, in turn, interact with the Loca-
tion Server). The registrar, proxy, and redirect servers 
may be combined, or they may be separate entities op-
erated independently. Endpoints communicate with a 
registrar to indicate their presence. This information 
is stored in the location server. A user may be regis-
tered via multiple endpoints simultaneously. During 
call setup, the endpoint communicates with the proxy 
which uses the location server to determine where the 
call should be routed. This may be another endpoint 
in the same network (e.g., within the same enterprise), 
or another proxy server in another network. Alterna-
tively, endpoints may use a redirect server to directly 
determine where a call should be directed and, redirect 
servers consult with the location server in the same 
way that proxy servers operate during call setup.

Once an end-to-end channel has been established 
(through one or more proxies) between the two end-
points, SIP negotiates the actual session parameters 
(such as the codecs, RTP ports, etc.) using the Session 
Description Protocol (SDP).21 Figure 10.2 shows the 
message exchanges during a two-party call setup. Al-
ice sends an INVITE message to the proxy server, op-
tionally containing session parameter information en-
coded within SDP. The proxy forwards this message 
directly to Bob, if Alice and Bob are users of the same 
domain. If Bob is registered in a different domain, 
the message will be relayed to Bob’s proxy, and from 
there to Bob. Note that the message may be forwarded 
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to multiple endpoints if Bob is registered from mul-
tiple locations. While these are ringing (or otherwise 
indicating that a call setup is being requested), RING-
ING messages are sent back to Alice. Once the call has 
been accepted, an OK message is sent to Alice contain-
ing Bob’s preferred parameters encoded within SDP. 
Alice responds with an ACK message. Alice’s session 
parameter preferences may be encoded in the INVITE 
or the ACK message. (See Figure 10.2.) 

Figure 10.2. Message Exchanges During an SIP-
Based Two-Party Call Setup.

Following this exchange, the two endpoints can 
begin transmitting voice, video, or other content (as 
negotiated) using the agreed-upon media transport 
SURWRFRO�� W\SLFDOO\� 573�� :KLOH� WKH� VLJQDOLQJ� WUDIÀF�
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may be relayed through a number of SIP proxies, the 
PHGLD� WUDIÀF� LV� H[FKDQJHG�GLUHFWO\� EHWZHHQ� WKH� WZR�
endpoints. When bridging different networks, e.g., 
PSTN and SIP, media gateways may disrupt the end-
to-end nature of the media transfer. These entities 
translate content (e.g., audio) between the formats 
that are supported by the different networks.  

Because signaling and media transfer operate in-
dependent of each other, the endpoints are respon-
sible for indicating to the proxies that the call has been 
terminated, using a BYE message which is relayed 
through the proxies along the same path as the call 
setup messages. There are many other protocol inter-
actions supported by SIP that cover many common 
(and uncommon) scenarios including call forwarding 
(manual or automatic), conference calling, voicemail, 
etc. Typically, this is done by semantically overload-
ing SIP messages such that they can play various roles 
in different parts of the call. The third section contains 
H[DPSOHV�RI�KRZ� WKLV�ÁH[LELOLW\�DQG�SURWRFRO�PRGX-
ODULW\�FDQ�EH�XVHG�WR�DWWDFN�WKH�V\VWHP��$OO�6,3�WUDIÀF�
is transmitted over port 5060 (UDP or TCP). The ports 
XVHG�IRU�WKH�PHGLD�WUDIÀF��KRZHYHU��DUH�G\QDPLF�DQG�
negotiated via Session Description Protocol (SDP) dur-
ing call setup. This poses some problems when NAT 
RU�ÀUHZDOOV�DUH�WUDYHUVHG��7\SLFDOO\��WKHVH�KDYH�WR�EH�
stateful and understand the SIP exchanges so that 
they can open the appropriate RTP ports for the media 
transfer. In the case of NAT traversal, endpoints may 
use protocols like STUN to enable communication. Al-
ternatively, the Universal Plug-and-Play (uPnP) pro-
tocol 2 may be used in some environments, such as 
residential broadband networks consisting of a single 
subnet behind a NAT gateway. Authentication be-
tween endpoints, the registrar, and the proxy typically 
uses HTTP Digest Authentication, as shown in Figure 
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10.3. This is a simple challenge-response protocol that 
uses a shared secret key along with a username, do-
PDLQ�QDPH��D�QRQFH��DQG�VSHFLÀF�ÀHOGV�IURP�WKH�6,3�
message to compute a cryptographic hash. Using this 
mechanism, passwords are not transmitted in plain-
text form over the network. It is worth noting that au-
thentication may be requested at almost any point.

Figure 10.3. SIP Digest Authentication.

Later, we will see an example where this protocol 
can be abused by a malicious party to conduct toll fraud 
in some environments. For more complex authenti-
cation scenarios, SIP can use Secure/Multipurpose 
Internet Mail Extensions (S/MIME) encapsulation22 

to carry complex payloads, including public keys 
DQG� FHUWLÀFDWHV��:KHQ� 7&3� LV� XVHG� DV� WKH� WUDQVSRUW�
protocol for SIP, TLS can be used to protect the SIP  
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messages. TLS is required for communication among 
proxies, registrars, and redirect servers, but only rec-
ommended between endpoints and proxies or reg-
istrars. Alternatively, IPsec23 may be used to protect 
all communications, regardless of the transport pro-
tocol. However, because few implementations inte-
grate SIP, RTP, and IPsec, it is left to system admin-
LVWUDWRUV�WR�ÀJXUH�RXW�KRZ�WR�VHWXS�DQG�PDQDJH�VXFK�
FRQÀJXUDWLRQV��

Unlicensed Mobile Access.

UMA is a 3 Generation Partnership Project (3GPP) 
standard for enabling transparent access to mobile 
circuit-switched voice networks, packet-switch data 
networks, and IMS services using any IP-based sub-
strate. Handsets supporting UMA can roam between 
the operator’s wireless network (usually referred to 
as a Radio Access Network, or RAN) and the Internet 
without losing access. For example, a call that is initi-
ated over the RAN can then be routed without being 
dropped and with no user intervention over the public 
Internet if conditions are more favorable (e.g., stron-
ger WiFi signal in the user’s premises, or in a hotel 
wireless hotspot while traveling abroad). For consum-
ers, UMA offers better connectivity and the possibility 
of lower cost by enabling new business models and 
reducing roaming charges (under some scenarios). 
For operators, UMA reduces the need for additional 
spectrum; cell phone towers and related equipment. 
A variety of cell phones supporting UMA over WiFi 
currently exist, along with home gateways and USB-
stick soft phones. More recently, some operators 
have introduced femto cells (ultra-low power RAN 
cells intended for consumer-directed deployment) 
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that can act as UMA gateways, allowing any mobile 
handset to take advantage of UMA where such de-
vices are deployed. The basic approach behind UMA 
is to encapsulate complete Global System for Mobile 
(GSM) and 3rd Generation (3G) radio frames (except 
for the over-the-air crypto) inside IP packets. These 
can then be transmitted over any IP network, includ-
ing the Internet. This means that the mobile operator 
can continue to use the existing back-end equipment; 
all that is needed is a gateway that encapsulates the 
GSM/3G frames and injects them to the existing cir-
cuit-switched network (for voice calls), as can be seen 
in Figure 10.4.  To protect both signaling and media 
WUDIÀF� FRQÀGHQWLDOLW\� DQG� LQWHJULW\� ZKLOH� WUDYHUVLQJ�
un-trusted (and untrustworthy) networks, UMA uses 
,QWHUQHW�3URWRFRO�6HFXULW\��,36HF���$OO�WUDIÀF�EHWZHHQ�
the handset (or, more generally, UMA endpoint) 
and the provider’s UMA Network Controller (or a 
ÀUHZDOO�9LUWXDO�3ULYDWH�1HWZRUN�>931@�FRQFHQWUDWRU�
VFUHHQLQJ�WUDIÀF��LV�HQFU\SWHG�DQG�LQWHJULW\�SURWHFWHG�
using Encapsulating Security Payload (ESP).24

Figure 10.4. Unlicensed Mobile Access (UMA)  
Conceptual Architecture During a Call Setup.
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The use of IPSec provides a high level of security 
IRU� QHWZRUN� WUDIÀF�� RQFH� NH\V� DQG� RWKHU� SDUDPHWHUV�
have been negotiated. For that purpose, the Internet 
Key Exchange version 2 (IKEv2) key management 
protocol25 is used. Authentication uses the Extensible 
Authentication Protocol method for GSM Subscriber 
Identity Module (EAP-SIM)26 (for GSM handsets) and 
Extensible Authentication Protocol method for UMTS 
Authentication and Key Agreement (EAP-AKA)27 (for 
8076�KDQGVHWV��SURÀOHV��$XWKHQWLFDWLRQ�LV�DV\PPHW-
ric: the provider authenticates to the handset using 
GLJLWDO� VLJQDWXUHV� DQG� SXEOLF� NH\� FHUWLÀFDWHV�� ZKLOH�
the handset authenticates using a SIM-embedded se-
cret key. It is worth pointing out that UMA provides 
stronger authentication guarantees than the baseline 
cell phone network in that the provider does not au-
thenticate to the handset in a RAN. Furthermore, the 
cryptographic algorithms used in IPSec Advanced 
Encryption Standard and 3 Data Encryption Standard 
�$(6�DQG��'(6��DUH�FRQVLGHUHG�VLJQLÀFDQWO\�VWURQJHU�
than the on-the-air algorithms used in GSM.  Despite 
the use of strong cryptography and sound protocols, 
UMA introduces some new risks in the operator net-
works, since these now have to be connected to the 
public Internet in a much more intimate fashion. In 
particular, the security gateway must process IPSec 
WUDIÀF�� LQFOXGLQJ� WKH� UHODWLYHO\� FRPSOH[� ,.(Y�� SUR-
tocol, and a number of UMA-related discovery and 
FRQÀJXUDWLRQ� SURWRFROV�� 7KHVH� VLJQLÀFDQWO\� LQFUHDVH�
the attack surface and overall security exposure of the 
operators.
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Other VoIP/IMS Systems.

+����� LV�DQ�,78�GHÀQHG�SURWRFRO� IDPLO\�IRU�9R,3�
(audio and video) over packet-switched data net-
works. The various sub protocols are encoded in Ab-
stract Syntax Notation One (ASN.1) format. In the 
H.323 world, the main entities are terminals (software 
or physical phones), a gateway, a gatekeeper, and a 
back-end service. The gate keeper is responsible for ad-
dress resolution, controlling bandwidth use, and oth-
er management functions while the gateway connects 
the H.323 network with other networks (e.g., PSTN, 
or a SIP network). The back-end service maintains 
GDWD�DERXW�WKH�WHUPLQDOV��LQFOXGLQJ�FRQÀJXUDWLRQ��DF-
cess billing rights, etc. An optional multipoint control 
unit may also exist to enable multipoint communica-
tions, such as a teleconference. To setup an H.323 call, 
WHUPLQDOV�ÀUVW� LQWHUDFW�ZLWK�WKH�JDWHNHHSHU�XVLQJ�WKH�
H.225 protocol over either TCP or UDP to receive au-
WKRUL]DWLRQ�DQG�WR�SHUIRUP�DGGUHVV�UHVROXWLRQ��8VLQJ�
the same protocol, they then establish the end-to-end 
connection to the remote terminal (possibly through 
one or more gateways). At that point, H.245 over TCP 
is used to negotiate the parameters for the actual me-
dia transfer, including ports, which uses RTP (as in 
the case of SIP). Authentication may be requested at 
several steps during call setup, and typically depends 
on symmetric keys but may also use digital signa-
tures. Voice encryption is also supported through 
SRTP and MIKEY.28 Unlike SIP, H.323 does not use a 
ZHOO�NQRZQ�SRUW��PDNLQJ�ÀUHZDOO�WUDYHUVDO�HYHQ�PRUH�
complicated.  Skype3 is a P2P VoIP system that was 
originally available as a soft phone for desktop com-
puters but has since been integrated into cell phones 
and other handheld devices, either as an add-on or 
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as the exclusive communication mechanism. It offers 
voice, video, and text messaging to all other Skype 
users free of charge, and provides bridging (typically 
for a fee) to the PSTN both for outgoing and incoming 
calls and text messages (SMS). The underlying proto-
col is proprietary, and the software itself incorporates 
several anti-reverse engineering techniques. Nonethe-
less, some analysis29 and reverse engineering30 have 
taken place, indicating both the ubiquitous use of 
strong cryptography and the presence of some soft-
ware bugs (at the time of the work). The system uses 
D� FHQWUDOL]HG� ORJLQ� VHUYHU� EXW� LV� RWKHUZLVH� IXOO\�GLV-
tributed with respect to intra-Skype communications. 
A number of chat (IM) networks, such as the AOL In-
stant Messenger, Microsoft’s Live Messenger, Yahoo! 
Messenger, and Google Talk offer voice and video ca-
pabilities as well. Although each network uses its own 
(often proprietary) protocol, bridges exist between 
most of them, allowing inter-IM communication at the 
text level. In most of these networks, users can place 
outgoing voice calls to the PSTN. Some popular IM 
clients also integrate SIP support.

VOIP THREATS 

In trying to understand the threat space against 
VoIP, our approach is to place known vulnerabilities 
within a structured framework. While a single taxon-
RP\�LV�QRW�OLNHO\�WR�EH�GHÀQLWLYH��XVLQJ�VHYHUDO�GLIIHU-
ent viewpoints and mapping the vulnerability space 
along several axes may reveal trends and other areas 
that merit further analysis. As a starting point, we use 
the taxonomy provided by the Voice over IP Security 
Alliance (VOIPSA). VOIPSA is a vendor-neutral, not 
IRU�SURÀW�RUJDQL]DWLRQ�FRPSRVHG�RI�9R,3�DQG�VHFXULW\�
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YHQGRUV��RUJDQL]DWLRQV��DQG�LQGLYLGXDOV�ZLWK�DQ�LQWHU-
est in securing VoIP protocols, products, and installa-
tions. In addition, we place the surveyed vulnerabili-
WLHV�ZLWKLQ�WKH�WUDGLWLRQDO�WKUHDW�VSD�RI�FRQÀGHQWLDOLW\��
integrity, and availability (CIA). Finally, we ascertain 
whether the vulnerabilities exploit bugs in the proto-
FRO�� LPSOHPHQWDWLRQ�� RU� V\VWHP� FRQÀJXUDWLRQ�� ,Q� IX-
ture work, we hope to expand the number of views 
to the surveyed vulnerabilities and to provide more 
in-depth analysis. The VOIPSA security threat tax-
onomy31� DLPV� WR� GHÀQH� WKH� VHFXULW\� WKUHDWV� DJDLQVW�
VoIP deployments, services, and end users. The key 
elements of this taxonomy are:

1. Social threats are aimed directly against hu-
PDQV�� )RU� H[DPSOH��PLVFRQÀJXUDWLRQV�� EXJV�� RU� EDG�
protocol interactions in VoIP systems may enable or 
facilitate attacks that misrepresent the identity of ma-
licious parties to users. Such attacks may then act as 
stepping stones for further attacks such as phishing, 
theft of service, or unwanted contact (spam).

��� (DYHVGURSSLQJ�� LQWHUFHSWLRQ�� DQG�PRGLÀFDWLRQ�
threats cover situations where an adversary can un-
ODZIXOO\� DQG�ZLWKRXW� DXWKRUL]DWLRQ� IURP� WKH�SDUWLHV�
concerned listen in on the signaling (call setup) or the 
content of a VoIP session, and possibly modify aspects 
of that session while avoiding detection. Examples of 
such attacks include call re-routing and interception 
of unencrypted RTP sessions.

3. Denial of service (DoS) threats have the poten-
tial to deny users access to VoIP services. This may be 
particularly problematic in the case of emergencies, or 
ZKHQ�D�'R6�DWWDFN�DIIHFWV�DOO�RI�D�XVHU·V�RU�DQ�RUJDQL]D-
tion’s communication capabilities (i.e., when all VoIP 
and data communications are multiplexed over the 
same network which can be targeted through a DoS 
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DWWDFN���6XFK�DWWDFNV�PD\�EH�9R,3�VSHFLÀF��H[SORLWLQJ�
ÁDZV� LQ� WKH�FDOO� VHWXS�RU� WKH� LPSOHPHQWDWLRQ�RI� VHU-
YLFHV���RU�9R,3�DJQRVWLF� �H�J���JHQHULF� WUDIÀF�ÁRRGLQJ�
attacks). They may also involve attacks with physical 
components (e.g., physically disconnecting or sever-
ing a cable) or through computing or other infrastruc-
tures (e.g., disabling the DNS server, or shutting down 
power).

4. Service abuse threats covers the improper use of 
VoIP services, especially (but not exclusively) in those 
situations where such services are offered in a com-
mercial setting. Examples of such threats include toll 
fraud and billing avoidance.32

5. Physical access threats refer to inappropriate/
XQDXWKRUL]HG�SK\VLFDO� DFFHVV� WR�9R,3� HTXLSPHQW�� RU�
to the physical layer of the network (following the ISO 
7-layer network stack model).

6. Interruption of services threats refer to nonin-
tentional problems that may nonetheless cause VoIP 
services to become unusable or inaccessible. Examples 
of such threats include loss of power due to inclement 
weather, resource exhaustion due to oversubscription, 
and performance issues that degrade call quality.

In our discussion of vulnerabilities (whether theo-
retical or demonstrated) that follows, we shall mark 
each item with a tuple (V, T, K), where: V 4 ,3 ,2 ,1} א, 
5, 6}, where each number refers to an element in the 
VOIPSA threat taxonomy from above; T א {C1 , I1 , A1}, 
UHIHUULQJ�WR�FRQÀGHQWLDOLW\��LQWHJULW\�DQG�DYDLODELOLW\��
respectively; K א {P2 , I2 , C2 }, referring to protocol, 
LPSOHPHQWDWLRQ�� DQG� FRQÀJXUDWLRQ� UHVSHFWLYHO\�� DQG�
FRQÀGHQWLDOLW\�YLD�D�FRQÀJXUDWLRQ�SUREOHP�RU�EXJ��,Q�
some cases, the same underlying vulnerability may be 
used to perform different types of attacks. We will be 
GLVFXVVLQJ�DOO�VXFK�VLJQLÀFDQW�DWWDFN�YDULDQWV�
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Disclosed Vulnerabilities.

Threats against VoIP system availability that ex-
ploit implementation weaknesses are fairly common. 
For example, some implementations were shown to be 
vulnerable to crashes or hanging (live clock) when giv-
en empty, malformed, or large volumes of33 INVITE or 
other messages (3, A1, I2). It is worth noting that the 
same vulnerability may be present across similar pro-
tocols on the same platform and product34 due to code 
sharing and internal software structure, or to systems 
that need to understand VoIP protocols but are not 
nominally part of a VoIP system.35 The reason for the 
disproportionately large number of denial of service 
vulnerabilities is because of the ease with which such 
failure can be diagnosed, especially when the bug is 
GLVFRYHUHG�WKURXJK�DXWRPDWHG�WHVWLQJ�WRROV��H�J���IX]]-
ers). Many of these vulnerabilities may in fact be more 
serious than a simple denial of service due to a crash, 
and could possibly lead to remote code injection and 
execution. Unexpected interactions between different 
technologies used in VoIP systems can also lead to 
vulnerabilities. For example, in some cases cross-site 
scripting (XSS) attacks were demonstrated against the 
administrator- and customer-facing management in-
terface (which was web-based) by injecting malicious 
Java script in selected SIP messages36 (1, I1, I2), often 
through Structured Query Language (SQL) injection 
vulnerabilities.37 The same vulnerability could also be 
used to commit toll fraud by targeting the underly-
ing database (4, I1, I2). XSS attacks that are not web-
oriented have also been demonstrated, with one of the 
oldest VoIP-related vulnerabilities38 permitting shell 
command execution. Another web-oriented attack 
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vector is Cross Site Request Forgery (CSRF), whereby 
users visiting a malicious page can be induced to auto-
matically (without user intervention, and often with-
out any observable indications) perform some action 
on the web servers (in this case, VoIP web-based man-
agement interface) that the browser is already authen-
ticated to).39 Other privilege-escalation vulnerabilities 
through the web interface also exist.40 The complexity 
RI� WKH� 6,3�ÀQLWH� VWDWH�PDFKLQH�KDV� VRPHWLPHV� OHG� WR�
poor implementations. For example, one vulnerabil-
ity41 allowed attackers to confuse a phone receiving a 
call into silently completing the call, which allowed 
the adversary to eavesdrop on the device’s surround-
ings.

The same vulnerability could be used to deny call 
reception of the target, since the device was already 
marked as busy. In other cases, it is unclear to devel-
RSHUV�ZKDW�XVH�RI�D�VSHFLÀF�SURWRFRO�ÀHOG�PD\�EH��LQ�
which case they may silently ignore it. Occasionally, 
such information is critical for the security of the pro-
tocol exchange, and omitting or not checking it allows 
adversaries to perform attacks such as man-in-the-
PLGGOH��RU�WUDIÀF�LQWHUFHSWLRQ�42 or bypass authentica-
tion checks.43

Since SIP devices are primarily software-driven, 
they are vulnerable to the same classes of vulnerabili-
WLHV�DV�RWKHU�VRIWZDUH��)RU�H[DPSOH��EXIIHU�RYHUÁRZV�
are possible even against SIP “headphones,” much less 
soft phones, allowing adversaries to gain complete 
control of the device.44 Such vulnerabilities typically 
arise from a combination of poor (nondefensive) pro-
JUDPPLQJ�SUDFWLFHV�� LQVXIÀFLHQW� WHVWLQJ��DQG� WKH�XVH�
of languages, such as C and C++ that support unsafe 
operations. Sometimes, these vulnerabilities appear in 
software that is not directly used in VoIP but must be 
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9R,3�DZDUH��H�J���ÀUH�ZDOOV45�RU�SURWRFRO�DQDO\]HUV�46  It 
is also worth noting that these are not the only types of 
vulnerabilities that can lead to remote code execution.47 
Other input validation failures can allow attackers to 
GRZQORDG�DUELWUDU\�ÀOHV�IURP�D�XVHU·V�PDFKLQH�����&���
I2) or to place calls48 (1, I1, I2) by supplying specially 
encoded URIs49�RU�RWKHU�SDUDPHWHUV��$�VLJQLÀFDQW�ULVN�
with VoIP devices is the ability of adversaries to mis-
represent their identity (e.g., their calling number). 
Such vulnerabilities50 sometimes arise due to the lack 
of cross-checking of information provided across sev-
eral messages during call setup and throughout the 
session (1, I1, I2).

Similar failures to crosscheck and validate infor-
mation can lead to other attacks, such as indicating 
whether there is pending voicemail for the user51 (1, 
I1, I2), or where attackers may spoof incoming calls by 
directly connecting to a VoIP phone52 (1, I1, I2).

Undocumented, on-by-default features are anoth-
er source of vulnerabilities. These are often remnants 
from testing and debugging during development 
that were not disabled when a product shipped.53 
As a result, they often offer privileged access to ser-
vices and data on a device that would not otherwise 
be available54 (1, C1, I2). One particularly interesting 
vulnerability allowed an attacker to place outgoing 
calls through the web management interface55 (4, I1, 
&����$�VLJQLÀFDQW�FODVV�RI�YXOQHUDELOLWLHV� LQ�9R,3�GH-
YLFHV� UHYROYHV�DURXQG�GHIDXOW� FRQÀJXUDWLRQV�� DQG� LQ�
particular default usernames and passwords56 (2, C1 
��,���&����/LVWV�RI�GHIDXOW�DFFRXQWV�DUH�HDV\�WR�ÀQG�RQ�
the Internet via a search engine. Users often do not 
change these settings; this seems to be particularly so 
for administrative accounts, which are rarely (if ever) 
XVHG�LQ�WKH�KRPH�6PDOO�2IÀFH�+RPH�2IÀFH��62+2��
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environment. Other default settings involve Network 
Time Protocol (NTP) servers57 and DNS servers58 (2, 
C1 + I1, C2). Since the boot and VoIP stacks are not 
necessarily tightly integrated, interaction with one 
protocol can have adverse effects (e.g., changing the 
perceived location of the phone) in the other proto-
col59 [2, C1, I2]). Other instances of  such vulnerabili-
WLHV�LQYROYH�LPSURSHU�LQVXIÀFLHQW�FUHGHQWLDO�FKHFNLQJ�
by the registrar or proxy60 or by the SNMP server,61 
ZKLFK� FDQ� OHDG� WR� WUDIÀF� LQWHUFHSWLRQ� ����&��� ,��� DQG�
user impersonation (1, I1, I2).    The integration of sev-
eral capabilities in VoIP products, e.g., a web server 
used for the management interface, can lead to vulner-
abilities being imported to the VoIP environment that 
ZRXOG�QRW�RWKHUZLVH�DSSO\��,Q�WKH�VSHFLÀF�H[DPSOH�RI�
an integrated web server, directory traversal bugs62 
or similar problems (such as lack of proper authen-
tication in the web interface)63 can allow adversaries 
WR� UHDG� DUELWUDU\�ÀOHV� RU� RWKHU� LQIRUPDWLRQ� IURP� WKH�
device (1, C1, I2). SIP (or, more generally, VoIP) com-
SRQHQWV�LQWHJUDWHG�ZLWK�ÀUHZDOOV�PD\�DOVR�LQWHUDFW�LQ�
undesirable ways. For example, improper handling of 
registration requests may allow attackers to receive 
messages intended for other users64 (2, C1, I2). Other 
such examples include failure to authenticate server 
FHUWLÀFDWHV� LQ�ZLUHOHVV� HQYLURQPHQWV�� HQDEOLQJ�PDQ�
in-the-middle and eavesdropping attacks65 (2, C1, I2).

Predictability and lack of proper use (or sources) 
of randomness is another vulnerability seen in VoIP 
products. For example, predictable values in SIP head-
er messages66 allows malicious users to avoid register-
ing, but continue using the service (4, I1, I2). Protocol 
responses to carefully crafted messages can reveal in-
formation about the system or its users to an attacker. 
Although this has been long understood in limited-
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domain protocols (e.g., remote login), with measures 
WDNHQ�WR�QRUPDOL]H�UHVSRQVHV�VXFK�WKDW�QR�LQIRUPDWLRQ�
is leaked, the complexity of VoIP (and other) protocols 
make this infeasible. As a result, information disclo-
sure vulnerabilities abound67 (1, C1, I2).

Some of the most serious nonimplementation type 
RI� YXOQHUDELOLWLHV� DUH� WKRVH� ZKHUH� WKH� VSHFLÀFDWLRQ�
permits behavior that is exploitable. For example, cer-
tain vendors permit the actual Uniform Resource In-
GHQWLÀHU��85,��LQ�D�6,3�,19,7(�FDOO�DQG�WKH�85,�XVHG�
as part of the Digest Authentication to differ, which 
�ZKLOH�DUJXDEO\�SHUPLWWHG�E\�WKH�VSHFLÀFDWLRQ��DOORZV�
credential reuse and toll fraud68 (4, I1, P2). While rare, 
protocol-level vulnerabilities also exist. These repre-
VHQW� HLWKHU� RXWULJKW� EXJV� LQ� WKH� VSHFLÀFDWLRQ�� RU� XQ-
seen interaction between different protocols or proto-
col components. For large, complicated protocols such 
as SIP and H.323, where components (code, messages, 
etc.) are semantically overloaded and reused, it is 
perhaps not surprising that such emergent properties 
exist. One good example is the relay attack that is pos-
sible with the SIP Digest Authentication,69 whereby 
an adversary can reuse another party’s credentials to 
REWDLQ� XQDXWKRUL]HG� DFFHVV� WR� 6,3� RU� 3671� VHUYLFHV�
(such as calling a premium or international phone 
line) (4, I1, P2). This attack is possible because in an 
authentication attack, both depicted in Figure 10.5, an 
authentication may be requested in response to an IN-
VITE message that is not usable in, for example, plac-
ing fraudulent calls. 
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Figure 10.5. SIP Relay Attack.

DISCUSSION

Looking at the vulnerabilities we have consid-
ered, a few patterns emerge. First, as we can see in 
RXU� LQIRUPDO� FODVVLÀFDWLRQ� RI� YXOQHUDELOLW\� HIIHFWV�
shown in Figure 10.6, half of the problems lead to a 
denial of service in either an end-device (phone or soft 
phone) or a server (proxy, registrar, etc.). This is not 
altogether surprising, since denial of service (espe-
cially a crash) is something that is easily diagnosed. 
In many cases, the problem was discovered by auto-
PDWHG� WHVWLQJ�� VXFK�DV�SURWRFRO� RU� VRIWZDUH� IX]]LQJ��
software failures are relatively easy to determine in 
such settings. Some of these vulnerabilities could in 
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fact turn out to be more serious, e.g., a memory cor-
ruption leading to a crash could be exploitable to 
mount a code injection attack. The second largest class 
of vulnerabilities allows an adversary to control the 
device, whether by code injection, default passwords 
and services, or authentication failures. Note that we 
counted a few of the vulnerabilities (approximately 
���SHUFHQW��PRUH�WKDQ�RQFH�LQ�WKLV�FODVVLÀFDWLRQ��7KH�
same pattern with respect to the predominance of de-
nial of service vulnerabilities holds when we look at 
the breakdown according to the VOIPSA taxonomy, 
shown in Figure 10.7. It should not be surprising that, 
given the nature of the vulnerabilities disclosed in 
Common Vulnerabilities and Exposures (CVE), we 
have no data on physical access and (accidental) inter-
ruption of services vulnerabilities. Furthermore, while 
“Access to Services” was a non-negligible component 
in the previous breakdown, it represents only 4 per-
cent here. The reason for this apparent discrepancy is 
LQ�WKH�GLIIHUHQW�GHÀQLWLRQV�RI�VHUYLFH��WKH�VSHFLÀF�HOH-
PHQW�LQ�WKH�92,36$�WD[RQRP\�UHIHUV�WR�9R,3�VSHFLÀF�
DEXVH��ZKHUHDV�RXU�LQIRUPDO�GHÀQLWLRQ�FRYHUV�ORZHU�
level system components which may not be usable in, 
for example, placing fraudulent calls. One state (data) 
resident on the system falls into the “access to data” 
category. The other observation here, is that while the 
VOIPSA taxonomy covers a broad spectrum of con-
cerns  or VoIP system designers and operators, its 
categories are perhaps too broad (and, in  some cases, 
imprecise) to help with charDFWHUL]LQJ� WKH� W\SHV� RI�
bugs we have examined.
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Figure 10.6. Vulnerability Breakdown Based  
on Effect.

Figure 10.7. Vulnerability Breakdown Based
on VOIPSA Taxonomy.
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Most categories are self explanatory; “attack the 
user” refers to vulnerabilities that permit attackers 
to affect the user/administrator of a device without 
necessarily compromising the system or getting ac-
FHVV� WR� LWV� GDWD� RU� VHUYLFHV�� ;66� DWWDFNV� DQG� WUDIÀF� 
eavesdropping attacks fall in this category, whereas 
attacks that compromise state (data) resident on the 
system fall in the “access to data” category.

The vulnerability breakdown according to the tra-
GLWLRQDO�&,$�VHFXULW\�FRQFHUQV�DJDLQ�UHÁHFWV�WKH�SUH-
dominance of denial of service threats against VoIP 
systems, as seen in Figure 10.8. However, we can see 
that integrity violations (e.g., system compromise) 
DUH� D� VL]DEOH� FRPSRQHQW� RI� WKH� WKUHDW� VSDFH�� ZKLOH�
FRQÀGHQWLDOLW\�YLRODWLRQV�DUH�VHHQ�LQ�RQO\����SHUFHQW�
of disclosed vulnerabilities. This represents an inver-
sion of the perceived threats by users and adminis-
trators, who (anecdotal evidence suggests) typically 
worry about such issues as call interception and eaves-
dropping. Finally, Figure 10.9 shows the breakdown 
based on source of vulnerability. The overwhelming 
majority of reported problems arise from implemen-
tation issues, which should not be surprising given 
the nature of bug disclosure. Problems arising from 
FRQÀJXUDWLRQ�UHSUHVHQWHG���SHUFHQW�RI�WKH�WRWDO�VSDFH��
including such items as privileged services left turned 
on and default username/passwords. However, note 
that the true picture (i.e., what actually happens 
with deployed systems) is probably different in that 
FRQÀJXUDWLRQ�SUREOHPV�DUH�PRVW� OLNHO\�XQGHUFRXQW-
HG��VXFK�SUREOHPV�DUH�RIWHQ�VLWH�VSHFLÀF�DQG�DUH�QRW�
reported to bug-disclosure databases when discov-
ered. On the other hand, implementation and pro-
tocol problems are prime candidates for disclosure. 
What is surprising is the presence of protocol vulner-
abilities; one would expect that such problems were 
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discovered and issued during protocol development, 
VSHFLÀFDWLRQ�� DQG� VWDQGDUGL]DWLRQ�� 7KHLU� PHUH� H[LV-
tence potentially indicates high protocol complexity.  
The vulnerability analysis contained in this chapter is, 
by its nature, static: we have presented a snapshot of 
known problems with VoIP systems, with no correla-
tion with (and knowledge of) actual attacks exploiting 
these, or other vulnerabilities. A complete analysis of 
the threat space would also contain a dynamic compo-
nent, whereby attacker behavior patterns and trends 
ZRXOG� EH� DQDO\]HG� YLV�j�YLV� DFWXDO�� GHSOR\HG� 9R,3�
systems or, lacking access to such, simulacra thereof.70

Figure 10.8. Vulnerability Breakdown Based  
on Source (I2, C2, P2).
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Figure 10.9. Vulnerability Breakdown Based  
on Source (I2, C2, P2).

CONCLUSIONS

We can draw some preliminary conclusions with 
respect to threats and potential areas for future re-
search based on the data examined so far. These can 
EH�VXPPDUL]HG�DV�IROORZV�

1. The large majority of disclosed threats focused 
on denial of services attacks are based on implemen-
tation issues. While fault-tolerance techniques can be 
applied in the case of servers (replication, hot standby, 
%\]DQWLQH�IDXOW�WROHUDQFH��HWF���� LW�LV�OHVV�FOHDU�KRZ�WR�
provide similar levels of protection at acceptable cost 
and usability to end user devices. Unfortunately, the 
ease with which mass DoS attacks can be launched 
over the network against client devices means that 
they represent an attractive venue for attackers to 
achieve the same impact.
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2. Code injection attacks in their various forms 
�EXIIHU� RYHUÁRZ�� FURVV�VLWH� VFULSWLQJ�� 64/� LQMHFWLRQ��
etc.) remain a problem. While a number of techniques 
have been developed, we need to do a better job at de-
ploying and using them where possible, and devising 
new techniques suitable for the constrained environ-
ments that some vulnerable VoIP devices represent.

���:HDN�GHIDXOW�FRQÀJXUDWLRQV�UHPDLQ�D�SUREOHP��
as they do across a large class of consumer and en-
terprise products and software. The situation is likely 
to be much worse in the real world, considering the 
FRPSOH[LW\�RI� VHFXUHO\� FRQÀJXULQJ�D� V\VWHP�ZLWK�DV�
many components as VoIP. Vendors must make an ef-
IRUW�WR�SURYLGH�VHFXUH�E\�GHIDXOW�FRQÀJXUDWLRQV��DQG�
to educate users on how to best protect their systems. 
$GPLQLVWUDWRUV� DUH� LQ� QHHG� RI� WRROV� WR� DQDO\]H� WKHLU�
H[LVWLQJ�FRQÀJXUDWLRQV�IRU�YXOQHUDELOLWLHV��:KLOH�WKHUH�
are some tools that dynamically test network compo-
QHQWV��H�J���ÀUHZDOOV���ZH�QHHG�WRROV�WKDW�ZRUN�KLJKHU�
in the protocol and application stack (i.e., interact-
ing at the user level). Furthermore, we need ways of 
YDOLGDWLQJ�FRQÀJXUDWLRQV�DFURVV�PXOWLSOH�FRPSRQHQWV�
and protocols. 

4. Finally, there is simply no excuse for protocol-
level vulnerabilities. While techniques exist for ana-
O\]LQJ� DQG� YHULI\LQJ� VHFXULW\� SURWRFROV�� WKH\� GR� QRW�
seem to cope well with complexity. Aside from using 
such tools and continuing their development, protocol 
GHVLJQHUV�DQG�VWDQGDUGL]DWLRQ�FRPPLWWHHV�PXVW�FRQ-
sider the impact of their decisions on system imple-
menters,  i.e., whether it is likely that a feature or as-
pect of the protocol is likely to be misunderstood and/
or misimplemented. Simpler protocols are also desir-
able, but seem incompatible with the trends we have 
REVHUYHG�LQ�VWDQGDUGL]DWLRQ�ERGLHV��2XU�SODQV�IRU�IX-
ture work include expanding the data set we used for 
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RXU�DQDO\VLV�WR�LQFOXGH�ÀQGLQJV�IURP�DFDGHPLF�ZRUN��
DGGLQJ� DQG� SUHVHQWLQJ� PRUH� YLHZV� �FODVVLÀFDWLRQV��
to the data, and developing dynamic views to VoIP-
related misbehavior.
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CHAPTER 11

TOWARD FOOLPROOF IP NETWORK
 CONFIGURATION ASSESSMENTS*

Rajesh Talpade

INTRODUCTION

Internet protocol (IP) networks have come of age. 
They are increasingly replacing leased-line data infra-
structure and traditional phone service, and are ex-
pected to offer Public Switched Telephone Network 
(PSTN) - quality service at a much lower cost. As a re-
sult, there is an urgent interest in ensuring IP network 
security, reliability, and quality of service (QoS). In 
fact, regulators are now requiring compliance with IP-
related mandates. This chapter discusses the complex 
nature of IP networks and how that complexity makes 
them particularly vulnerable to faults and intrusions. 
It describes regulatory efforts to mandate assessment, 
explains why many current approaches to IP assess-
ment fall short, and describes the requirements for an 
effective solution to satisfy business, government, and 
regulatory requirements.

IP networks throughout the public and private 
sectors are now mainstream. Everyday, IP networks 
are responsible for transporting real-time and critical 
YRLFH��YLGHR��DQG�GDWD�WUDIÀF��$V�D�UHVXOW��LW�LV�QR�ORQ-
ger acceptable for IP networks to deliver “best-effort”  
service. They are expected to perform at carrier-grade 
level. However, it is enormously challenging to deploy 
__________

* This work was supported in part by the U.S. Department of 
Homeland Security Science & Technology Directorate under Con-
tract No. NBCHC050092.
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IP networks and assure consistent, and high quality 
service delivery, given that they are such complex and 
dynamic environments.

IP networks are comprised of devices such as rout-
HUV��VZLWFKHV��DQG�ÀUHZDOOV�WKDW�DUH�LQWHUFRQQHFWHG�E\�
network links. These devices are not “plug-and-play,” 
UDWKHU�� WKH\�PXVW� EH� SURYLGHG�ZLWK� VSHFLÀF� LQVWUXF-
WLRQV��DOVR�NQRZQ�DV�VFULSWV�RU�FRQÀJXUDWLRQV��ZKLFK�
indicate exactly how they are to interact with each 
other to provide the correct end-to-end IP network 
VHUYLFH��7KLV� LV�ZK\�ZH�UHIHU� WR� ,3�GHYLFH�FRQÀJXUD-
tions as the DNA of the network—they literally con-
trol the network’s behavior.

Unfortunately, there is nothing simple or standard 
DERXW�WKHVH�FRQÀJXUDWLRQV��(DFK�RQH�PXVW�EH�PDQX-
ally programmed into the network devices, and every 
YHQGRU�XVHV�D�GLIIHUHQW�FRQÀJXUDWLRQ�ODQJXDJH�IRU�LWV�
GHYLFHV�� )XUWKHUPRUH�� GHYLFH� FRQÀJXUDWLRQV� FKDQJH�
virtually everyday in response to new application 
GHSOR\PHQWV�� RUJDQL]DWLRQDO� RU� SROLF\� FKDQJHV�� QHZ�
device or technology deployments, device failures, 
RU� DQ\� QXPEHU� RI� RWKHU� UHDVRQV�� 'HYLFH� FRQÀJXUD-
tions have an average of 500 lines of code per device. 
A Fortune 500 enterprise that relies on an IP can eas-
LO\� KDYH� RYHU� ���PLOOLRQ� OLQHV� RI� FRQÀJXUDWLRQ� FRGH�
in its network. But numbers of devices and lines of 
FRGH�DUH�RQO\�SDUW�RI�WKH�SUREOHP��&RQÀJXUDWLRQV�FDQ�
contain parameters for about 20 different IP protocols 
and technologies that need to work together. Those 
protocols and technologies must satisfy various, con-
stantly changing service requirements, some of which 
are inherently contradictory, such as security and con-
QHFWLYLW\�ZLWK�WKH�,QWHUQHW��6R�FRQÀJXUDWLRQ�HUURUV�FDQ�
easily occur due to entry mistakes, feature interaction, 
poor process, or lack of a network-wide perspective.
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The labor-intensive and constantly changing na-
ture of IP network operations is analogous to software 
development. The key difference, as illustrated in Fig-
ure 11.1, is that software development has matured 
WR�WKH�SRLQW�ZKHUH�HUURUV�DUH�VLJQLÀFDQWO\�UHGXFHG�E\�
having different people responsible for requirements, 
code writing, and testing. More importantly, testing 
in software development is a well-established process, 
while there is no similarly rigorous process in IP net-
work deployment and operation. The impacts of con-
ÀJXUDWLRQ�HUURUV�DUH�ZHOO�GRFXPHQWHG��7KH�1DWLRQDO�
Security Agency (NSA) found that 80 percent of the 
YXOQHUDELOLWLHV�LQ�WKH�$LU�)RUFH�ZHUH�GXH�WR�FRQÀJXUD-
tion errors, according to a recent report from Center 
for Strategic and International Studies (CSIS).1 British 
Telecom (BT)/Gartner has estimated that 65 percent of 
cyber attacks exploit systems with vulnerabilities in-
WURGXFHG�E\�FRQÀJXUDWLRQ�HUURUV�2 The Yankee Group 
KDV�QRWHG� WKDW� FRQÀJXUDWLRQ�HUURUV� FDXVH����SHUFHQW�
of network downtime.3 A 2006 Computer Security 
Institute/FBI computer crime survey conservatively 
estimates average annual losses from cyber attacks at 
���������SHU�RUJDQL]DWLRQ� 4

Figure 11.1. Inadequate Testing in IP Network 
Deployment Compared to Software Development.
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CONFIGURATION ERRORS FOUND IN 
OPERATIONAL IP NETWORKS

,3�QHWZRUN�FRQÀJXUDWLRQ�HUURUV�DUH�KDUG�WR�GHWHFW�
since they can require validation of multiple protocols 
DQG�GHYLFH� FRQÀJXUDWLRQV� VLPXOWDQHRXVO\�� 7KHVH� HU-
rors typically remain latent until they are exploited 
by cyber attackers, discovered by auditors, or result 
LQ� QHWZRUN� IDLOXUHV�� %HORZ� DUH� VSHFLÀF� H[DPSOHV� RI�
FRQÀJXUDWLRQ�HUURUV��DQG�WKHLU�SRWHQWLDO�LPSDFW�RQ�WKH�
RUJDQL]DWLRQ��0DQ\�RI�WKHVH�HUURUV�KDYH�EHHQ�GLVFRY-
ered in operational networks while performing con-
ÀJXUDWLRQ�DVVHVVPHQWV�

Reliability.

2UJDQL]DWLRQV� WKDW� GHSHQG� RQ� WKH� ,3� QHWZRUN� WR�
provide a very reliable service have to ensure that 
there are no single points of failure in the network. 
,W� LV� QRW� VXIÀFLHQW� WR� MXVW� SURYLGH� UHGXQGDQW� QHW-
work devices and links at the physical level. It is also  
FULWLFDO�WR�HQVXUH�WKDW�WKH�FRQÀJXUDWLRQV�RI�WKH�QHWZRUN�
devices make use of the available redundant physical 
resources, and that the redundancy is ensured across 
PXOWLSOH� OD\HUV�� ([DPSOHV� RI� PLVFRQÀJXUDWLRQV� WKDW�
result in single points of failure include:

�� �0LVPDWFKHG�GHYLFH� LQWHUIDFH�SDUDPHWHUV��7KLV�
mismatch prevents devices from establishing 
logical connectivity even though physical con-
nectivity exists.

�� �+RW� 6WDQGE\� 5RXWLQJ� 3URWRFRO� �+653�� LQFRQ-
VLVWHQWO\� FRQÀJXUHG� DFURVV� WZR� URXWHUV� WKDW�
are expected to mirror each other. The standby 
router will not take over when the main router 
fails.
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�� �$FFHVV� &RQWURO� /LVWV� �$&/V�� RU� ÀUHZDOO� UXOHV�
VWRS�VSHFLÀF�DSSOLFDWLRQ�WUDIÀF�RQ�D�SDWK��(YHQ�
if the path provides redundancy in general, the 
ACLs/rules still are a cause for a single point of 
IDLOXUH�WR�H[LVW�IRU�WKH�VSHFLÀF�DSSOLFDWLRQ�WUDI-
ÀF�

�� �8VH�RI�D�VLQJOH�2SHQ�6KRUWHVW�3DWK�)LUVW��263)��
Area Border Router (ABR). The OSPF areas that 
are connected by the ABR will become isolated 
if the ABR fails.

�� �0XOWLSOH� 931� FRQQHFWLRQV� VKDULQJ� D� VLQJOH�
physical link or device. The redundancy ex-
pected from the multiple VPN connections 
is not provided due to their dependence on a 
single physical resource.

In addition to the errors that introduce single 
points of failures as described above, other errors in 
FRQÀJXUDWLRQ� RI� ,3� URXWLQJ� SURWRFROV�� VXFK� DV�2SHQ�
Shortest Path First (OSPF), Border Gateway Protocol 
(BGP), Multi-Protocol Label Switching (MPLS), and 
Intermediate System to Intermediate System (IS-IS), 
can also impact network reliability. Examples of such 
errors include:

�� �,QFRQVLVWHQW�URXWLQJ�SDUDPHWHUV�VXFK�DV�263)�
Hello and Dead interval across multiple rout-
HUV��263)�ZLOO� QRW� IXQFWLRQ� HIÀFLHQWO\� LI� VXFK�
parameters are inconsistent, resulting in 
HSKHPHUDO�WUDIÀF�ORRSV�DQG�SRRU�QHWZRUN�SHU-
formance.

�� �%HVW�SUDFWLFHV�WKDW�DUH�SURSRVHG�E\�YHQGRUV�DQG�
experts for routing protocols, such as  the use of 
a full-mesh to connect all internal BGP (iBGP) 
URXWHUV�� DQG� WKDW�263)� URXWH� VXPPDUL]DWLRQV��
should include IP addresses of all interfaces ex-
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cept the loopback interface of a router, are not 
followed. Not adhering to best practices gen-
erally results in an unstable network that will 
have intermittent connectivity issues that are 
GLIÀFXOW�WR�GHEXJ�

�� �8VH�RI�LQDSSURSULDWH�,3�DGGUHVVHV��VXFK�DV�DG-
GUHVVHV�DVVLJQHG�WR�RWKHU�RUJDQL]DWLRQV��RU�SUL-
vate addresses in parts of the network directly 
exposed to the Internet. Such networks will 
start advertising routes for IP addresses they 
do not own, resulting in Internet routing issues.

Security.

7KH�PRVW�REYLRXV�FRQÀJXUDWLRQ�HUURUV�LQ�WKLV�FDW-
HJRU\�FDQ�EH�IRXQG�LQ�ÀUHZDOOV��LQ�WKH�IRUP�RI�´KROHVµ�
WKDW� DUH� LQDGYHUWHQWO\� OHIW� LQ�ÀUHZDOO� FRQÀJXUDWLRQV��
7KHVH� KROHV� DUH� DFWXDOO\� UXOHV� WKDW� SHUPLW� VSHFLÀF�
DSSOLFDWLRQ� WUDIÀF� WR� SDVV� WHPSRUDULO\� WKURXJK� WKH�
ÀUHZDOO�� DQG� WKHQ� WKHVH� UXOHV� DUH� QRW� UHPRYHG� DIWHU�
they are no longer needed. Cyber attackers scanning 
enterprise networks discover these holes and craft 
their attacks on the enterprise infrastructure through 
WKHP��$SDUW�IURP�WKH�REYLRXV�ÀUHZDOO�KROHV��WKHUH�DUH�
several other examples of errors that impact security, 
such as:

�� �6WDWLF�URXWH�RQ�GHYLFH�GRHV�QRW�GLUHFW�DSSOLFD-
WLRQ� WUDIÀF� LQWR� ,36HF� WXQQHO�� 7KLV� UHVXOWV� LQ�
VHQVLWLYH� WUDIÀF� UHPDLQLQJ� XQSURWHFWHG� DV� LW�
WUDQVLWV�WKH�QHWZRUN�LQVWHDG�RI�ÁRZLQJ�WKURXJK�
the secure IPSec tunnel.

�� �%HVW� SUDFWLFHV� IRU� 9LUWXDO� /$1� �9/$1�� VHFX-
rity, such as disabling dynamic-desire and us-
ing root-guard and Bridge Protocol Data Unit 
(BPDU)-guard on switch access ports, are not 
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followed. Leaving the dynamic-desire VLAN 
feature enabled in a switch allows an attacker 
WKDW�FRQQHFWV�WR�WKH�VZLWFK�WR�PRQLWRU�DOO�WUDIÀF�
passing through the switch.

�� �/LQN�OHIW�DFWLYH�EHWZHHQ�GHYLFHV��,I�WKH�GHYLFHV�
belong to network segments that are not meant 
to have a direct connection, then a backdoor 
has been introduced that can be exploited by 
attackers.

�� �0LVPDWFKHG� ,36HF� HQG�SRLQWV�� 7KLV� UHVXOWV� LQ�
VHQVLWLYH� WUDIÀF� UHPDLQLQJ� XQSURWHFWHG� DV� LW�
WUDQVLWV�WKH�QHWZRUN�LQVWHDG�RI�ÁRZLQJ�WKURXJK�
the secure IPSec tunnel.

�� �$GHTXDWH� DXWKHQWLFDWLRQ� LV� QRW� XVHG� EHWZHHQ�
devices for exchanging routing protocol infor-
mation. An attacker can connect to a network 
device and extract or inject spurious routing 
information.

Quality of Service.

,3� WUDIÀF� ZLWK� GHPDQGLQJ� QHWZRUN� ODWHQF\� DQG�
packet-loss rate requirements, such as Voice over IP 
�9R,3�� DQG� ÀQDQFLDO� VHUYLFHV� DSSOLFDWLRQV�� UHTXLUHV�
appropriate Differentiated Services and other QoS 
FRQÀJXUDWLRQV�LQ�WKH�QHWZRUN�GHYLFHV��,Q�D�ODUJH�QHW-
ZRUN��LW�LV�HDV\�WR�PDNH�HUURUV�LQ�WKH�4R6�FRQÀJXUD-
tions. Examples of such errors include:

�� �,QFRUUHFW�EDQGZLGWK�RU�TXHXH�DOORFDWLRQ�RQ�GH-
YLFH� LQWHUIDFHV� IRU�KLJKHU�SULRULW\� WUDIÀF��'XU-
LQJ� KLJK�ORDG� SHULRGV�� KLJKHU� SULRULW\� WUDIÀF�
will not receive its due bandwidth or queue, 
resulting in higher latency or packet-loss.

�� �,QFRQVLVWHQW�4R6�SROLF\�GHÀQLWLRQV�DQG�XVDJH�
across multiple devices. The same QoS policy 
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may be implemented differently across mul-
WLSOH� GHYLFHV�� UHVXOWLQJ� LQ� DSSOLFDWLRQ� WUDIÀF�
receiving different treatment at the different 
devices, which can impact latency and packet-
loss during periods of high-load.

REGULATORS EXPECT COMPLIANCE

The world’s growing reliance on IP and the highly 
networked nature of government computing environ-
ments have also motivated a wave of regulations to 
improve security, reliability, and QoS.

In the United States, the Federal Information Se-
curity Management Act (FISMA) of 2002 requires fed-
eral agencies to develop, document, and implement 
security programs.5�2IÀFH�RI�0DQDJHPHQW�DQG�%XG-
get (OMB) Circular A-130 (an implementation guide-
line for FISMA), establishes, among other things, a 
minimum set of controls to be included in automated, 
inter-connected information resources.6 The National 
Institute of Standards and Technology (NIST) has 
promulgated security requirements, for protecting 
WKH� FRQÀGHQWLDOLW\�� LQWHJULW\�� DQG� DYDLODELOLW\� RI� IHG-
eral information systems and the information handled 
and transmitted by those systems.7 NIST’s “Guideline 
on Network Security Testing”8 recommends that se-
curity testing be a routine part of system and network 
DGPLQLVWUDWLRQ��,W�DOVR�GLUHFWV�RUJDQL]DWLRQV�WR�YHULI\�
WKDW�V\VWHPV�KDYH�EHHQ�FRQÀJXUHG�EDVHG�RQ�DSSURSUL-
ate security mechanisms and policy. In addition, laws 
such as the Sarbanes-Oxley Act and Health Insurance 
Portability and Accountability Act, among others, are 
fueling the push for network protection.

2XWVLGH� WKH�8QLWHG� 6WDWHV�� RUJDQL]DWLRQV� VXFK� DV�
the British Standards Institute (BSI), International Or-
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JDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62���DQG�,QIRUPDWLRQ�
7HFKQRORJ\� ,QIUDVWUXFWXUH� /LEUDU\� �,7,/�� UHFRJQL]H�
the complexity of IP networks and the importance of 
security. In 2006, BSI published “Delivering and Man-
aging Real World Network Security,” which explains 
that networks must be protected against malicious 
and inadvertent attacks and “meet the business re-
TXLUHPHQWV� IRU� FRQÀGHQWLDOLW\�� LQWHJULW\�� DYDLODELOLW\��
non-repudiation, accountability, authenticity and reli-
ability of information and services. 9

MANY ASSESSMENT APPROACHES PROVE 
DEFICIENT

0DQ\� RI� WKH� VROXWLRQV� IRU� ,3� QHWZRUN� FRQÀJXUD-
tion assessment have proven woefully inadequate. 
They fall generally into three categories: manual as-
sessment, invasive systems, and noninvasive systems.

Manual Assessments.

,Q� PDQ\� RUJDQL]DWLRQV� ,3� GHYLFH� FRQÀJXUDWLRQV�
are large, complex software systems that depend on 
a hands-on, highly skilled administrator base for cre-
DWLRQ��XSGDWH��DQG�WURXEOHVKRRWLQJ��*LYHQ�WKH�VL]H�RI�
many networks and the cost of labor, the manual ap-
proach has obvious limitations. One large U.S. federal 
DJHQF\�� IRU� H[DPSOH�� KDV� ��� ÀYH�SHUVRQ� WHDPV� KDQ-
GOLQJ�PDQXDO�DQDO\VLV�RI�GHYLFH�FRQÀJXUDWLRQV�IRU�LWV�
120 locations.

Invasive Systems.

Invasive scanning solutions, such as ping, trace-
URXWH�� DQG� WKHLU� FRPPHUFLDO� YDULDQWV�� VHQG� WUDIÀF� WR�
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devices in the network and use the responses to assess 
compliance. Such approaches work for simple usage, 
such as demonstrating IP connectivity between net-
work nodes and identifying the software version on 
the devices. However, when it comes to rigorous as-
sessment, they have serious shortcomings, including:

�� �1R�URRW�FDXVH�DQDO\VLV��7KH\�FDQ�GHWHFW�SURE-
lems, but offer little, if any, help in diagnosing 
WKH�FRQÀJXUDWLRQ�HUURUV�WKDW�FDXVHG�WKHP�

�� �1RQVFDODEOH�� 7KH\� FDQQRW� GHOLYHU� ´DOOµ� RU�
“none” results, which generally require a huge 
QXPEHU�RI� WHVWV�� )RU� H[DPSOH�� WR� FRQÀUP� WKDW�
“There is connectivity between all pairs of in-
ternal subnets,” connectivity tests are required 
for the number of subnets squared.

�� �1R� WHVWLQJ� UHTXLUHPHQWV� RQ� FRQWLQJHQFLHV��
Contingencies may be security breaches, com-
SRQHQW�RU�OLQN�IDLOXUHV��FKDQJHV�LQ�WUDIÀF�FRQGL-
tions, or changes in requirements themselves. 
It is impractical to simulate contingencies on 
a network that supports real-time and critical 
services. For example, to detect the existence of 
a single point of failure, one would have to fail 
each device and check whether the end-to-end 
requirement still holds.

�� �3RWHQWLDO� WR�GLVUXSW�QHWZRUN�RSHUDWLRQV�� ,QYD-
sive scanning can introduce malware into a net-
work, or inadvertently exploit a vulnerability 
that brings down a device.

Noninvasive Systems.

Noninvasive solutions include network simula-
WLRQ� WRROV� DQG� 1HWZRUN� &KDQJH� DQG� &RQÀJXUDWLRQ�
Management (NCCM) systems, which are analogous 
to software version control systems like Concurrent 
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Versioning System (CVS) and Source Code Control 
6\VWHP� �6&&6��� 6XFK� V\VWHPV� WHQG� WR� WUHDW� FRQÀJX-
UDWLRQV�DV�´EOREV�µ�DQG�VXSSRUW� ,3�GHYLFH� FRQÀJXUD-
tion backups, upgrades, controlled rollbacks, and 
PDLQWDLQDELOLW\�RI�GHYLFH�FRQÀJXUDWLRQV��:KLOH�WKHVH�
FDSDELOLWLHV�DUH� LPSRUWDQW�� WKH\�DUH�QRW� VXIÀFLHQW� IRU�
detecting issues that must be proactively resolved to 
HQVXUH�WKDW�WKH�QHWZRUN�FRQWLQXRXVO\�VDWLVÀHV�VHUYLFH�
requirements.

Noninvasive assessment is preferable to manual 
and invasive assessment because it does not impact 
ongoing network operations, but many of the existing 
systems have limitations, including:

�� �,QGLYLGXDO�GHYLFH� DVVHVVPHQWV�� &RQÀJXUDWLRQ�
management tools assess individual devices 
in isolation using a template-based approach, 
even though structural vulnerabilities are of-
ten created by interactions between protocols 
across multiple devices. Even nonsecurity pro-
tocols can interact improperly to create struc-
tural vulnerabilities. For example, if redundant 
tunnels traverse the same physical router and 
that router fails, all tunnels fail.

�� �1RQVFDODEOH�� &HUWDLQ� W\SHV� RI� UHTXLUHPHQWV��
such as reachability, can be assessed by net-
work simulation tools; however they can take 
hours to compute reachability for networks 
with more than 50 devices, because they simu-
late each and every transition of the state ma-
chine of each protocol, whether it is for routing, 
security, reliability, or performance.
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TOWARD A SOLUTION THAT WORKS

Building on our long history of involvement in 
assuring all types of communications networks, Tel-
cordia has spent years researching the issues of IP 
network reliability and security. Part of this work was 
funded by the Department of Homeland Security’s 
+6$53$�RIÀFH��7KDW�ZRUN�KDV�\LHOGHG�LPSRUWDQW�LQ-
sight into the features and functions that an effective 
,3� QHWZRUN� FRQÀJXUDWLRQ� DVVHVVPHQW� VROXWLRQ� PXVW�
have, and all are capabilities that are achievable today. 

Desirable Features of a Solution.

A scalable and effective solution for performing 
,3�QHWZRUN�DVVHVVPHQWV�WR�GHWHFW�FRQÀJXUDWLRQ�HUURUV�
needs to possess the following features:

�� �$XWRPDWLF�DQG�SURDFWLYH�QHWZRUN�ZLGH��PXOWL-
device, and multivendor assessments against a 
comprehensive and updatable knowledge base 
that considers the network in its entirety and 
not just at a per-device level. The knowledge 
base should include rules for best current prac-
tices, regulatory compliance, and customer-
VSHFLÀF�UHTXLUHPHQWV�

�� �)LQGLQJV� VKRXOG�YLVXDOL]H�QRQFRPSOLDQW� UXOHV�
and devices down to the “root” cause, eliminat-
ing speculation about cause.

�� �1RQLQWUXVLYH�� GHWDLOHG�� PXOWLOHYHO� YLVXDOL]D-
tions for physical connectivity, IP subnets, 
routing, VLAN, VPN, and MPLS. These visu-
DOL]DWLRQV�� DQG� WKH� VHUYLFH� UHDFKDELOLW\� DQDO\-
sis mentioned below, can be computed using 
graph theory algorithms on data from the con-
ÀJXUDWLRQV�
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�� �6HUYLFH� UHDFKDELOLW\� DQDO\VLV� WKDW� YLVXDOL]HV�
path and single points of failure between net-
ZRUN�GHYLFHV�ZLWKRXW�JHQHUDWLQJ�WUDIÀF�RQ�WKH�
network.

�� �1HWZRUN� FKDQJH� LPSDFW� DQDO\VLV� XVLQJ� WKH�
rules knowledge base, so new or changed con-
ÀJXUDWLRQV�FDQ�EH�DQDO\]HG�WR�GHWHFW�HUURUV�EH-
fore deployment to devices.

�� �$XWRPDWHG�UHFRQFLOLDWLRQ�RI�FRQÀJXUDWLRQ�DQG�
inventory information to identify and eliminate 
inconsistencies and errors.

&RQÀJXUDWLRQ�([WUDFWLRQ�

Network and security administrators are generally 
UHOXFWDQW�WR�VKDUH�,3�QHWZRUN�GHYLFH�FRQÀJXUDWLRQV�EH-
cause they include sensitive information such as pass-
ZRUGV� DQG� ,3� DGGUHVVHV�� ,3� DGGUHVV� DQRQ\PL]DWLRQ�
DQG�SDVVZRUG�REIXVFDWLRQ�WRROV�DUH�RI�OLPLWHG�EHQHÀW�
since their usage tends to result in critical information 
EHLQJ�UHPRYHG�DQG�ORVW�IURP�WKH�FRQÀJXUDWLRQV��7KH�
ORVV� RI� WKLV� LQIRUPDWLRQ�PDNHV� WKH� FRQÀJXUDWLRQ� DV-
VHVVPHQWV� OHVV�HIIHFWLYH��6R� IRU�DQ\�FRQÀJXUDWLRQ�DV-
VHVVPHQW� VROXWLRQ� WR� REWDLQ� FRPSOHWH� FRQÀJXUDWLRQV�
from administrators, it needs to provide assurances 
WKDW�WKHLU�FRQÀJXUDWLRQV�ZLOO�EH�DGHTXDWHO\�SURWHFWHG�

7KH�PRVW�HIIHFWLYH�DSSURDFK�IRU�DFTXLULQJ�FRQÀJX-
UDWLRQV�LV�IRU�WKH�FRQÀJXUDWLRQ�DVVHVVPHQW�VROXWLRQ�WR�
have direct read-only access to the IP network devices 
IRU�H[WUDFWLQJ�WKH�FRQÀJXUDWLRQV�XVLQJ�GHYLFH�YHQGRU�
supported technologies such as secure FTP or remote 
copy. This direct approach ensures that the most cur-
UHQW� FRQÀJXUDWLRQ� LQIRUPDWLRQ� LV� VHFXUHO\� UHWULHYHG�
ZLWKRXW�PRGLÀFDWLRQ�E\�DGPLQLVWUDWRUV��DQG�DQ\�RWKHU�
GHYLFH�VSHFLÀF�GDWD�UHOHYDQW�IRU�YDOLGDWLRQ�FDQ�DOVR�EH�
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retrieved. Another approach is to rely on backups of 
GHYLFH�FRQÀJXUDWLRQV�IURP�D�ÀOH�V\VWHP��0RVW�RUJDQL-
]DWLRQV�PDLQWDLQ�YHUVLRQV�RI� WKHLU� ,3�QHWZRUN�GHYLFH�
FRQÀJXUDWLRQV�RQ�D�ÀOH�V\VWHP�DV�EDFNXSV��WR�EH�XVHG�
to recover a device after its failure or for rolling-back 
FRQÀJXUDWLRQV� DIWHU� DQ� XQVXFFHVVIXO� FRQÀJXUDWLRQ�
FKDQJH��7KH�FRQÀJXUDWLRQ�DVVHVVPHQW�VROXWLRQ�FDQ�DF-
TXLUH� WKHVH� EDFNHG�XS� FRQÀJXUDWLRQV� DXWRPDWLFDOO\��
HLWKHU�SHULRGLFDOO\�RU� HYHU\� WLPH�QHZ�FRQÀJXUDWLRQV�
DSSHDU�LQ�WKH�EDFNXS�ÀOH�V\VWHP�

&RQÀJXUDWLRQ�$GDSWRUV�

6XSSRUWLQJ�WKH�GHVLUDEOH�IHDWXUHV�LGHQWLÀHG�DERYH�
requires detailed information from the device con-
ÀJXUDWLRQV�� 6LQFH� HYHU\� ,3� QHWZRUN� GHYLFH� YHQGRU�
KDV�WKHLU�LQGLYLGXDO�FRQÀJXUDWLRQ�ODQJXDJH��VRIWZDUH�
adaptors are needed that can extract the detailed in-
IRUPDWLRQ�IURP�YHQGRU�VSHFLÀF�IRUPDW��H�J��&LVFR�,26��
Checkpoint, etc.), and convert the information into a 
vendor-neutral representation. Based on our expe-
rience, the adaptors need to extract as many as 750 
DWWULEXWHV� IURP�D�VLQJOH�FRQÀJXUDWLRQ� WR�VXSSRUW� WKH�
desired features, as compared to less than 100 that are 
extracted by NCCM systems.

Telcordia IP Assure.

Telcordia’s IP Assure solution (www.telcordia.
FRP�SURGXFWV�LS�DVVXUH�� VDWLVÀHV� PDQ\� RI� WKH� UH-
quirements discussed previously for IP network con-
ÀJXUDWLRQ�YDOLGDWLRQ��)LJXUH������LOOXVWUDWHV�WKH�KLJK�
OHYHO�LQIRUPDWLRQ�ÁRZ�WKDW�LV�VXSSRUWHG�LQ�,3�$VVXUH��
Solution details can be obtained by contacting the au-
thor.
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Figure 11.2. Telcordia IP Assure Information Flow.

SUMMARY

IP networks are no longer optional throughout 
the business and government sectors. This fact, along 
with the emergence of international regulations on 
security, reliability, and QoS, means that IP network 
assessment is a necessity. Many existing solutions on 
the market, including troubleshooting by skilled ad-
PLQLVWUDWRUV�� WUDIÀF�EDVHG�YXOQHUDELOLW\� DQG�SHQHWUD-
tion testing, NCCM software, and network simulation 
WRROV��GR�QRW� �DQG�FDQQRW�� IXOÀOO� WKH�ZRUOG·V� LQFUHDV-
ingly rigorous objectives. However, the technology 
exists today for a nonintrusive and comprehensive 
IP network assessment solution. Such a solution can 
provide auditable validation of regulations, eliminate 
,3�QHWZRUN�GRZQWLPH�FDXVHG�E\�FRQÀJXUDWLRQ�HUURUV��
and stop the cyber attacks that exploit those errors. 
Telcordia IP Assure is an example of such a solution 
that is available today.
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CHAPTER 12

ON THE NEW BREED OF DENIAL OF SERVICE 
(DOS) ATTACKS IN THE INTERNET

Nirwan Ansari
Amey Shevtekar

INTRODUCTION

Denial of Service (DoS) attacks impose serious 
threats to the integrity of the Internet. These days, 
attackers are professionals who are involved in such 
DFWLYLWLHV� EHFDXVH� RI� ÀQDQFLDO� LQFHQWLYHV�� 7KH\� EULQJ�
higher sophistication to the attack techniques that 
can evade detection. A shrew attack is an example of 
VXFK�D�QHZ�WKUHDW�WR�WKH�,QWHUQHW��LW�ZDV�ÀUVW�UHSRUWHG�
in 2003, and several of these types of attacks have 
emerged since. These attacks are lethal because they 
can evade traditional attack detection systems. They 
possess several traits, such as low average rate and 
WKH�XVH�RI�7&3�DV�DWWDFN�WUDIÀF��ZKLFK�HPSRZHUV�WKHP�
to evade detection. Little progress has been made 
in mitigating these attacks. This chapter presents an 
overview of this new breed of DoS attacks along with 
proposed detection systems for mitigating them. The 
analysis will hopefully lead to a better understanding 
of these attacks, and help to stimulate further devel-
opment of effective algorithms to detect such attacks 
and to identify new vulnerabilities which may still be 
dormant.

The Internet has become an integral part of various 
commercial activities like online banking, online shop-
ping, etc. However, the Internet has been plagued by a 
variety of security threats over the past several years. 
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The Distributed Denial of Service (DDoS) attacks re-
ceived much attention after 2000 when yahoo.com was 
attacked. After that event, DDoS attacks have been 
rampaging throughout the Internet. DDoS News,1 has 
since been keeping track of DDoS related news. A tre-
mendous amount of work has been done in the indus-
try and academia to mitigate DDoS attacks, but none 
have been able to successfully eradicate them. The 
PRWLYDWLRQV�IRU�ODXQFKLQJ�DWWDFNV�KDYH�VKLIWHG�VLJQLÀ-
cantly. Initially, they were for publicity, but now they 
are for economic or political incentives. Thus, DDoS 
attacks are a prevalent and complex problem. 

Figure 12.1 depicts the trend of DDoS attacks in the 
,QWHUQHW��7KH�[�D[LV� LQGLFDWHV�WKH�HIÀFLHQF\�RI� WKH�DW-
tack, indicating how much damage it can cause to the 
JRRG� WUDIÀF��7KH�\�D[LV� LQGLFDWHV� WKH�GHWHFWDELOLW\�RI�
the attack, indicating the exposure of the attack to de-
fense systems. The early brute force attacks relied on 
VHQGLQJ�KLJK�UDWH�DWWDFN�WUDIÀF�FRQWLQXRXVO\�WR�D�ZHE-
site. They are now easily detected because many de-
fense systems can distinguish such anomalous attack 
WUDIÀF�2 The shrew and Reduction of Quality of Ser-
vice (RoQ) attacks are emerging low rate DoS attacks 
WKDW� DUH� GLIÀFXOW� WR� GHWHFW� DV� FRPSDUHG� WR� WKH� EUXWH�
force attack, but they primarily affect only long-lived 
7&3�WUDIÀF��2QH�PDMRU�FRQWULEXWLRQ�RI�WKLV�FKDSWHU�LV�
to forewarn and model the emerging sophisticated at-
tacks, because attacks have a higher impact on good 
WUDIÀF�DQG�\HW�WKH\�DUH�YHU\�HYDVLYH��
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Figure 12.1. The Trend of DDoS Attacks in the 
Internet.

TRADITIONAL BRUTE FORCE ATTACKS

$�'HQLDO�RI�6HUYLFH� �'R6��DWWDFN� LV�GHÀQHG�DV�DQ�
attack that prevents a network or a computer from 
providing service to the legitimate users.3 It typically 
targets the bandwidth of the victim. A DDoS attack 
LV� GHÀQHG� DV� DQ� DWWDFN� WKDW� XVHV�PXOWLSOH� XQZLOOLQJ�
FRPSXWHUV� WR� VHQG� WKH�DWWDFN� WUDIÀF� WR� WKH�YLFWLP��$�
DDoS attack is more lethal since it exerts a large ca-
SDFLW\�RI� DWWDFN� WUDIÀF� DV� FRPSDUHG� WR� D�'R6�DWWDFN��
These attacks are also referred to as brute force at-
WDFNV��VLQFH�WKH\�VHQG�DWWDFN�WUDIÀF�DW�KLJK�UDWHV�DQG�
lack characteristics required to be stealthy. There are 
several types of brute force DDoS attacks that have 
been reported in the literature, a few of the commonly 
used attacks are described below. DDoS attacks can be 
FKDUDFWHUL]HG�DV�VKRZQ�LQ�)LJXUH������4 DDoS attacks 
FDQ�EH�FODVVLÀHG�E\�WKH�GHJUHH�RI�DXWRPDWLRQ��L�H���WKH�
level of sophistication of the attack mechanism.



282

)LJXUH�������&ODVVLÀFDWLRQ�RI�''R6�$WWDFNV�

Early attacks were manual, and were improved 
gradually. In a manual attack,5 the victims are scanned 
for a particular vulnerability which is exploited by the 
attacker to gain access into the victim’s system. An at-
tacker then use commands to control the victim dur-
ing the attack. In a semi-automatic attack, some steps 
of the attack procedure, which were originally manu-
ally performed become automated; for example, some 
of the victims are compromised to act as attack agents 
who coordinate the attack by issuing commands to con-
ceal the identity of the real attacker even if the attack is 
detected.6 The attack agents are preprogrammed with 
the necessary required commands. All  of the recent 
attacks have been highly automatic requiring minimal 
communication between the attacker and the compro-
mised machines once the attack was launched. All the 
attack steps are preprogrammed and delivered as a 
SD\ORDG�WR�LQIHFW�FOLHQWV��DOVR�UHIHUUHG�WR�DV�]RPELHV�RU�
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bots. Some new attack payloads, which fail to detect 
D�VSHFLÀF�YXOQHUDELOLW\� LQ�D�YLFWLP�PDFKLQH��ZLOO�DX-
tomatically scan for another vulnerability in the same 
machine. Recent botnet attacks on Estonia’s websites 
employed fully automated mechanisms.7 Botnet is a 
QHWZRUN�RI�ERWV�RU�]RPELHV�FRQWUROOHG�E\�D�ERWPDVWHU�8

&ODVVLÀFDWLRQ�RI�''R6�DWWDFNV�EDVHG�RQ�DQ�H[SORLW-
ed vulnerability takes into account the property of the 
network or the protocol used in the attack. The catego-
U\�WR�ZKLFK�WKH�ÁRRG�DWWDFN�EHORQJV�LV�WKH�VLPSOHVW�RI�
all categories and is one in which an attacker relies on 
denying the network bandwidth to the legitimate us-
ers. The common example of this category is the UDP 
ÁRRG�DWWDFN�9�,Q�D�8'3�ÁRRG��DQ�DWWDFNHU�VHQGV�8'3�
packets at a high rate to the victim so that the network 
bandwidth is exhausted. UDP is a connectionless 
protocol, and therefore it is easy to send UDP pack-
ets at any rate in the network. Another attack in this 
FDWHJRU\�LV� WKH�,&03�HFKR�ÁRRG�� LW� LQYROYHV�VHQGLQJ�
many ICMP echo request packets to a host. The host 
replies with an ICMP echo reply to each of the two 
ICMP echo request packets, and many such requests 
DQG�UHSO\�SDFNHWV�ÀOO�XS�WKH�QHWZRUN�EDQGZLGWK�

,Q�WKH�FDWHJRU\�RI�DPSOLÀFDWLRQ�DWWDFN��DQ�DWWDFNHU�
exploits a protocol property such that few packets will 
OHDG� WR�DPSOLÀHG�DWWDFN� WUDIÀF��7KH�''R6�´6085)µ�
attack, which exploits the ICMP protocol,10 falls in this 
category. It involves replacing a source IP address of 
the ICMP echo request packet with the address of the 
victim. The destination address of the ICMP echo re-
quest is the broadcast address of the LAN or so-called 
directed broadcast addresses. On receiving such a 
packet, each active host on a LAN responds with an 
ICMP echo reply packet to the victim. Typically, a LAN 
has many active hosts, and so a tremendous amount 
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RI�DWWDFN�WUDIÀF�LV�JHQHUDWHG�WR�FULSSOH�WKH�YLFWLP��7R�
avoid such an attack, most system administrators are 
advised to disable the directed broadcast addresses.

In the category of protocol exploit, a property of 
the protocol is exploited. The SYN attack11 exploits 
the TCP protocol’s three-way handshake mechanism. 
Web servers use port 80 to accept incoming HTTP 
WUDIÀF� WKDW�UXQV�RQ� WRS�RI� WKH�7&3�SURWRFRO��:KHQ�D�
user wants to access a webpage, it sends a SYN packet 
to the web server’s open port 80. The web server does 
not know the user’s IP address before the arrival of the 
SYN packet. The server, upon receipt of a SYN packet, 
sends a SYN/ACK packet, and thus puts the connec-
tion in the LISTEN state. A legitimate user’s machine 
replies to the web server’s SYN/ACK packet with an 
ACK packet and establishes the connection. However, 
if the SYN packet has been sent from an attack machine 
which does not respond to the server with an ACK 
packet, the web server never gets an ACK packet and 
the connection remains incomplete. Every web server 
KDV� D� ÀQLWH� DPRXQW� RI�PHPRU\� UHVRXUFHV� WR� KDQGOH�
such incomplete connections. The main goal of the 
6<1�DWWDFN�LV�WR�H[KDXVW�WKH�ÀQLWH�DPRXQW�RI�PHPRU\�
resources of a web server by sending a large number 
of SYN packets. Such an attack causes the web server 
to crash. Another similar protocol exploit attack is the 
PUSH + ACK attack,12 which also falls in this category.

In the category of malformed packet attack, the 
SDFNHW�KHDGHU�ÀHOGV�DUH�PRGLÀHG�WR�LQVWLJDWH�D�FUDVK�
of the operating system of the receiver. An IP packet 
having the same source and destination IP address is 
a malformed packet.13 In another kind of malformed 
SDFNHW� DWWDFN�� WKH� ,3� RSWLRQV� ÀHOGV� RI� WKH� ,3� KHDGHU�
DUH� UDQGRPL]HG�� DQG� WKH� W\SH�RI� VHUYLFH�ELW� LV� VHW� WR�
one. A ping of death attack involves sending a ping 
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SDFNHW� ODUJHU� WKDQ� WKH� PD[LPXP� ,3� SDFNHW� VL]H� RI�
65535 bytes.14�+LVWRULFDOO\��D�SLQJ�SDFNHW�KDV�D�VL]H�RI�
56 bytes, and most of the systems cannot handle ping 
SDFNHWV�RI�D�ODUJHU�VL]H��2SHUDWLQJ�V\VWHPV�WDNH�PRUH�
time to process such unusual packets, and a large 
quantity of such packets can crash the systems.

''R6�DWWDFNV�FDQ�DOVR�EH�FODVVLÀHG�E\�WKHLU�DWWDFN�
rates, namely: continuous vs. variable. Likewise, they 
FDQ�DOVR�EH�FODVVLÀHG�E\�WKHLU�LPSDFWV��GLVUXSWLYH�YV��
degrading. Disruptive attacks aim for denial of service 
while degrading attacks aim for reduction of quality.

NEW BREED OF STEALTHY DoS ATTACKS

Internet security is increasingly more challenging 
as more professionals are getting into this lucrative 
business. An article in the New York Times,15 describes 
one such business of selling the software exploits. 
Attacks are also getting more sophisticated, as the 
attackers are not merely interested in achieving pub-
licity. The shrew attack is one such intelligent attack, 
ZKLFK�ZDV�ÀUVW� UHSRUWHG� LQ�/RZ�5DWH�7&3�7DUJHWHG�
Denial of Service Attacks in “The Shrew vs. the Mice 
and Elephants,”16 followed by a series of variants.17 
This study considers these attacks as low rate DoS at-
tacks. It is typically illustrated by a periodic waveform 
shown in Figure 12.3, where T is the time period, t is 
the burst period, and R is the burst rate. 
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Figure 12.3. An Example of a Generic Low Rate  
DoS Attack Pattern.

A shrew attack exploits widely implemented mini-
mum RTO,18 property of the TCP protocol. The follow-
LQJ�FKDUDFWHUL]H�WKH�ORZ�UDWH�7&3�'R6�DWWDFN�

�� �,W� VHQGV�SHULRGLF�EXUVWV�RI�SDFNHWV�DW�RQH�VHF-
ond intervals.

�� �7KH� EXUVW� UDWH� LV� HTXDO� WR� RU� JUHDWHU� WKDQ� WKH�
bottleneck capacity.

�� �7KH� EXUVW� SHULRG� LV� WXQHG� WR� EH� HTXDO� WR� WKH�
round-trip times of the TCP connections; this 
parameter determines whether the attack will 
cause DoS to the TCP connections with small or 
long round-trip times.

�� �7KH� H[SRQHQWLDO� EDFN� RII� DOJRULWKP� RI� WKH�
TCP’s retransmission mechanism is eventually 
exploited.

In a Reduction of Quality of Service (RoQ) attack,19 
the attacker sends high rate short bursts of the attack 
WUDIÀF� DW� UDQGRP� WLPH� SHULRGV�� WKHUHE\� IRUFLQJ� WKH�
DGDSWLYH�7&3�WUDIÀF�WR�EDFN�RII�GXH�WR�WKH�WHPSRUDU\�
congestion caused by the attack bursts. In particular, 
WKH� SHULRGLFLW\� LV� QRW� ZHOO� GHÀQHG� LQ� D� 5R4� DWWDFN��
thus allowing the attacker to keep the average rate 
RI� WKH� DWWDFN� WUDIÀF� ORZ� LQ� RUGHU� WR� HYDGH� WKH� UHJX-
lation of adaptive queue management like RED and  
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RED-PD.20�%\�VHQGLQJ�WKH�DWWDFN�WUDIÀF��WKH�5R4�DWWDFN�
introduces transients and restricts the router queue 
from reaching the steady state. The awareness of these 
VWHDOWK\� DWWDFNV� GHPDQGV� HDUO\� À[HV�� )RU� VLPSOLF-
ity, the term “low rate DoS attack” refers to both the 
shrew and the RoQ attack, unless otherwise stated as 
shown in Figure 12.3. The attacker can also use differ-
HQW�W\SHV�RI�,3�DGGUHVV�VSRRÀQJ�WR�HYDGH�VHYHUDO�RWKHU�
detection systems. Owing to the open nature of the In-
WHUQHW��,3�DGGUHVV�VSRRÀQJ�FDQ�VWLOO�HYDGH�LQJUHVV�DQG�
HJUHVV�ÀOWHULQJ�WHFKQLTXHV�DW�PDQ\�VLWHV�21 A low rate 
'R6�DWWDFN�FDQ�XVH�,3�DGGUHVV�VSRRÀQJ�LQ�D�YDULHW\�RI�
ZD\V�OLNH�UDQGRP�,3�DGGUHVV�VSRRÀQJ�DQG�FRQWLQXRXV�
,3�DGGUHVV�VSRRÀQJ�22�7KH�XVH�RI�,3�DGGUHVV�VSRRÀQJ�
PRVW�LPSRUWDQWO\�GLYLGHV�WKH�KLJK�UDWH�RI�D�VLQJOH�ÁRZ�
during the burst period of the attack among multiple 
ÁRZV�ZLWK� VSRRIHG� LGHQWLWLHV�� 7KLV�ZD\�� DQ� DWWDFNHU�
FDQ�HYDGH�GHWHFWLRQ�V\VWHPV�WKDW�FRQFHQWUDWH�RQ�ÀQG-
LQJ�DQRPDORXV�WUDIÀF�UDWH��7KH�GHWHFWLRQ�V\VWHPV�WKDW�
rely on identifying periodicity of the low rate DoS at-
tack in the frequency domain can detect the periodic-
LW\��EXW�WKH\�IDLO�WR�ÀOWHU�WKH�DWWDFN�WUDIÀF�EHFDXVH�LW�LV�
GLIÀFXOW�WR�NQRZ�WKH�,3�DGGUHVVHV�WKDW�DQ�DWWDFNHU�ZLOO�
use in the future.

This problem is further exacerbated by the use of 
botnets; a botnet is a network of compromised real 
hosts across the Internet controlled by a master.23 
Since an attacker using botnets has control over thou-
sands of hosts, it can easily use these hosts to launch 
a low rate DoS attack; this is analogous to a low rate 
DoS attack that uses random or continuous IP ad-
GUHVV�VSRRÀQJ��1RZ��ZLWK� WKH�XVH�RI�ERWQHWV�� WKH� ,3�
addresses of bots are not spoofed and so these packets 
FDQQRW�EH�ÀOWHUHG�E\�VSRRÀQJ�SUHYHQWLRQ�WHFKQLTXHV��
In fact, these attack packets are similar to the HTTP 
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ÁRZV��7KLV�UDQGRP�DQG�FRQWLQXRXV�,3�DGGUHVV�VSRRI-
ing problem described above is unique to the low rate 
DoS attacks, and is different from other types of DDoS 
attacks. These attacks24 can be launched from any 
routers in the Internet; the edge routers can be easy 
targets as their capacities are small, and hence attack-
ers can easily incite denial of service to the VoIP users 
traversing those routers. Low rate DoS attacks fall in 
the DDoS attack category of variable attack rate and 
degrading impact.

The perfect attack25 is the latest attack model which 
is extremely lethal as compared to the attack models 
discussed before. The perfect attack has the ability 
WR�GLVJXLVH� LWVHOI�DV�D�QRUPDO� WUDIÀF�� WKHUHE\�PDNLQJ�
GHWHFWLRQ�GLIÀFXOW��,W�UHOLHV�RQ�XVLQJ�UHDGLO\�DYDLODEOH�
ERWQHWV�WR�VHQG�WKH�DWWDFN�WUDIÀF��%RWQHWV�DUH�IRUPHG�DW�
an alarming rate today because of increasing vulner-
abilities in various software applications. The users of 
these applications are often average users who are not 
security conscious, thus leaving their systems exposed 
to exploitations. Social engineering attacks are also 
used to increase the bot population. Thus, all these 
conditions create a breeding ground for rogues to de-
velop new attacks. The perfect attack model consists 
of two parts: an initial, short, deterministic high-rate 
pulse, and a feedback-driven sustained attack period 
with a network-adaptive attack rate, as depicted in 
Figure 12.4. 
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)LJXUH�������$WWDFN�7UDIÀF�IRU�D�3HUIHFW�''R6�
Attack.

7R� DFFRPSOLVK� WKH� REMHFWLYHV� LGHQWLÀHG� DERYH�� D�
perfect attack is envisioned to be executed as follows. 
7KH� DWWDFN� WUDIÀF� LV� LQMHFWHG� IURP�D� ERWQHW� WRZDUG� D�
target with a bottleneck queue as described in Figure 
12.4. Initially, a high-rate pulse is sent at a rate of r for 
a duration of W�WKDW�RYHUÁRZV�WKH�EXIIHU�VXFK�WKDW�DOO�
packets are dropped. This pulse is similar to a shrew 
pulse, with the main difference that it only occurs at 
the beginning, once or twice, to drop all the packets in 
the queue. Thus, after this pulse, it is assumed that all 
ORQJ�OLYHG�7&3�ÁRZV�DUH�LQ�D�WLPHRXW�VWDWH��DQG�WKXV�
GR�QRW�VHQG�WUDIÀF��7KH�RQO\�OHJLWLPDWH�WUDIÀF�WKDW�DU-
ULYHV�LPPHGLDWHO\�DIWHU�WKH�SXOVH�LV�ÁRZ�WKDW�LV�EHLQJ�
established.

Thus, in the phase after the pulse, the attacker 
PXVW�ÀOO� WKH�ERWWOHQHFN�TXHXH�ZLWK�LWV�RZQ�WUDIÀF�DV�
fast as possible and to sustain this level. Ideally, this 
ÀOOLQJ�HQVXUHV�WKDW�RQO\�D�VPDOO�IUDFWLRQ�RI�OHJLWLPDWH�
packets ever passes the bottleneck. Such a high drop 
UDWH�SHU�ÁRZ�LPSOLHV�WKDW������D�ODUJH�QXPEHU�RI�6<1�
SDFNHWV�DUH�GURSSHG������7&3�ÁRZV�H[SHULHQFH�SDFNHW�
loss already in slow start; and (3) other non-TCP traf-
ÀF�LQFXUV�VLJQLÀFDQW�SDFNHW�ORVV��7KXV��LQ�WKLV�VHFRQG�
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SKDVH��WKH�DWWDFN�WUDIÀF�LV�VHQW�DFFRUGLQJ�WR�WKH�IROORZ-
ing pattern. Denote B(t) as the available bandwidth 
at the bottleneck and C as the link capacity of the at-
WDFN�WDUJHW�OLQN��7KHQ��WKH�VXVWDLQHG�DWWDFN�WUDIÀF�N(t) 
Equation (1) is: N(t) = C + B(t)

Under the assumption that all or the vast majority 
of the bottleneck bandwidth is consumed by the at-
WDFN�WUDIÀF��(TXDWLRQ�����DLPV�DW�PDLQWDLQLQJ�D�VWHDG\�
FRQVXPSWLRQ��7KLV�DWWDFN�WUDIÀF�LV�WKH�7&3�WUDIÀF�DW�D�
rate equivalent to the link capacity C��7R�ÀOO�WKH�ERWWOH-
neck and to compensate for drops in the TCP attack 
UDWH��8'3� WUDIÀF� DW� D� UDWH� RI�B(t) is injected into the 
QHWZRUN��1RWH�KHUH�WKDW�WKH�8'3�WUDIÀF�LV�D�IXQFWLRQ�
of the available bandwidth rather than the capacity as 
in a shrew attack or an RoQ attack. N(t) is periodically 
updated and adjusted with the time period T. The up-
date contains a rate adaptation but also the chance to 
H[FKDQJH�WKH�]RPELHV�LQ�WKH�DWWDFN�WR�FUHDWH�D�GLYHUVH�
WUDIÀF�SDWWHUQ� IURP�GLIIHUHQW� WUDIÀF�VRXUFHV��7KXV��DW�
the bottleneck, N(t)�FUHDWHV�D�WUDIÀF�SDWWHUQ�FRQVLVWLQJ�
RI� D� VXSHUSRVLWLRQ�RI�PDQ\�7&3�ÁRZV��ZLWK�D� VPDOO�
IUDFWLRQ�RI�8'3�WUDIÀF��ZKRVH�VRXUFHV�YDU\�RYHU�WLPH��
After each period T�� D� QHZ� VHW� RI�7&3�ÁRZV� DUH�GL-
UHFWHG�DW� WKH�ERWWOHQHFN� OLQN��7KHVH�7&3�ÁRZV�EHJLQ�
in the slow start phase of TCP and end in the slow 
start phase as well. It is important to keep the attack 
7&3�ÁRZV�LQ�VORZ�VWDUW�EHFDXVH�WKH\�KDYH�EHHQ�VKRZQ�
WR�DIIHFW� ORQJ�OLYHG�7&3�ÁRZV�RQ�VKRUWHU� WLPHVFDOHV��
and also introducing a new TCP connection allows the 
congestion window to grow rapidly, otherwise attack 
7&3�ÁRZV�ZLOO�HQWHU�FRQJHVWLRQ�DYRLGDQFH�SKDVH�DQG�
will try to share the bandwidth with the legitimate 
7&3�ÁRZV��7KH�SHULRG�T can be random so as to evade 
GHWHFWLRQ�SDUWLFXODUO\�IRU�V\VWHPV�WKDW�WU\�WR�ÀQG�WKH�
deterministic attack pattern. Note that this interplay 
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between TCP and UDP further complicates the detec-
tion. In contrast to the shrew attack where the repeti-
tive pulses can be relatively detected, the perfect at-
tack does not create such a repetitive pattern. Instead, 
WKH�G\QDPLFV�OHDG�WR�DQ�HYHU�FKDQJLQJ�WUDIÀF�SDWWHUQ�
that cannot be observed and captured by the defense.

DEFENSE SYSTEMS

Mitigating DDoS attacks is a widely studied prob-
lem, and some of the popular approaches are de-
scribed below. Defense systems can be broadly clas-
VLÀHG� EDVHG� RQ� WKHLU� IXQFWLRQV�� 7KHUH� DUH� IRXU�PDLQ�
categories of defense systems: intrusion prevention, 
intrusion detection, intrusion response, and intrusion 
mitigation.26

Intrusion prevention systems prevent an attack 
IURP� RFFXUULQJ�� ,QJUHVV� DQG� HJUHVV� ÀOWHULQJ� FRQWURO�
,3�DGGUHVV�VSRRÀQJ�WKDW�LV�XVHG�LQ�WKH�DWWDFN��,QJUHVV�
ÀOWHULQJ�RQO\� DOORZV�SDFNHWV�GHVWLQHG� IRU� WKH� VRXUFH�
QHWZRUN� WR� HQWHU� WKH� QHWZRUN�� WKHUHE\� ÀOWHULQJ� DOO�
other packets. It is implemented at the edge routers of 
WKH�QHWZRUN��DQG�LW�OLPLWV�WKH�DWWDFN�WUDIÀF�IURP�HQWHU-
LQJ� WKH� QHWZRUN�� (JUHVV� ÀOWHULQJ� LV� DQ� RXWERXQG�ÀO-
ter that allows only packets with source IP addresses 
originated from the source network to exit the source 
QHWZRUN��8VH�RI�HJUHVV�ÀOWHULQJ�FRQWUROV�DWWDFN�WUDIÀF�
going to destination networks.27 Disabling IP broad-
casts prevents smurf attacks. Honeypots are network 
decoys,28 that study attack behavior before the onset 
of an attack. Honeypots act as early warning systems. 
Honeypots mimic all aspects of a real network like a 
web server and a mail server to lure attackers. The 
primary goal of the honeypots is to determine/derive 
the exploit mechanism of the attack in order to build 
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defense signatures against the exploit. Intrusion pre-
vention systems cannot completely prevent an attack, 
but they contain the damage of the attack. They allow 
EXLOGLQJ�EHWWHU�GHIHQVH�V\VWHPV�E\�DQDO\]LQJ� WKH�DW-
tack.

Intrusion detection systems detect an attack based 
on attack signatures or anomalous behaviors. Snort is 
a popular signature based network intrusion detec-
tion system.29 It performs protocol analysis and con-
tent matching to passively detect a variety of attacks 
OLNH�EXIIHU�RYHUÁRZV��SRUW�VFDQV��DQG�ZHE�DSSOLFDWLRQ�
attacks. Snort uses Berkeley’s libpcap library to sniff 
packets. It uses a chain structure to maintain rules. The 
header of each chain is a tuple of source IP address, 
destination IP address, source port, and destination 
port. Various rules are then attached to the header so 
that packet information is matched to a header and 
the corresponding rules to detect an intrusion.

Anomaly detection systems rely on detecting shift 
LQ� WKH� QRUPDO� WUDIÀF� SDWWHUQV� RI� WKH� QHWZRUN�� 7KH�
Reference A network management system is widely 
deployed in the Internet and is effectively used for 
LQWUXVLRQ�GHWHFWLRQ��&RQVLGHU�WKH�SLQJ�ÁRRG�DWWDFN�LQ�
which many ICMP echo request packets are sent to 
the target. The SNMP ICMP MIB group has a variable 
icmpInEchos, which shows the sudden increase in its 
FRXQW�GXULQJ� WKH�SLQJ�ÁRRG�DWWDFN��'XULQJ� WKH�8'3�
ÁRRG� DWWDFN�� 6103� 8'3� 0,%� JURXS·V� XGS,Q'DWD-
grams shows a similar increase in its count. To detect 
ORFDOL]HG�YDULDWLRQV�LQ�LPSRUWDQW�0,%�YDULDEOHV��D�WLPH�
series is segmented in small sub-time series which are 
FRPSDUHG� WR� WKH� QRUPDO� SURÀOHV�� ,Q� D� ''R6� DWWDFN��
variations are so intense that averaging the time series 
on properly chosen time intervals enables anomaly 
detection.
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The examples discussed above are network based 
intrusion detection systems, but intrusion detection 
can also be performed at a host. A data mining based 
approach is one such method.30 Datasets consisting of 
normal and abnormal data points are gathered and 
IHG� WR� D� FODVVLÀFDWLRQ� DOJRULWKP� WR� REWDLQ� FODVVLÀHUV��
2QFH�WUDLQHG�RQ�WKHVH�FODVVLÀHUV�WKH�WUDLQLQJ�GDWDVHWV�
DUH�WKHQ�XVHG�WR�ÀQG�DEQRUPDO�GDWD�SRLQWV��'�:$5'31 
is an intrusion detection system to be installed at the 
network edges to detect attack sources. It monitors 
QHWZRUN� WUDIÀF� UDWHV� WR�GHWHUPLQH� DV\PPHWU\� LQ� WKH�
WUDIÀF�UDWH��7\SLFDOO\�LQ�D�''R6�DWWDFN�OLNH�WKH�6<1�DW-
tack, there are more SYN packets leaving the network 
as compared to ACK packets entering the network. 
D-WARD attempts to stop the attacks close to the 
sources so that network congestion is reduced. Attack 
WUDIÀF�HYHQ�DIIHFWV�WUDIÀF�QRW�LQWHQGHG�IRU�WKH�YLFWLP��
DQG�WKXV�'�:$5'�DOVR�PLQLPL]HV�WKH�FROODWHUDO�GDP-
age from the attack. Figure 12.5 shows the conceptual 
diagram of the PPM scheme where each router marks 
packets probabilistically so that the victim can recon-
struct the entire path from the source router.32

,QWUXVLRQ�UHVSRQVH�V\VWHPV�DUH�UHTXLUHG�WR�ÀQG�WKH�
source of the attack in order to stop the attack. Blocking 
WKH�DWWDFN� WUDIÀF� LV� VRPHWLPHV�GRQH�PDQXDOO\�E\� FRQ-
WDFWLQJ�QHWZRUN�DGPLQLVWUDWRUV�ZKR�FKDQJH�WKH�ÀOWHULQJ�
SROLFLHV�WR�GURS�WKH�DWWDFN�WUDIÀF�DW�URXWHUV��,I�DQ�DWWDFN-
HU�LV�XVLQJ�VRXUFH�,3�DGGUHVV�VSRRÀQJ��PDQXDO�ÀOWHULQJ�
is not useful and schemes like IP traceback are required. 
IP traceback traces the IP packets back to their sources 
and helps reveal attack sources.33 In probabilistic packet 
marking (PPM)34 shown in Figure 12.5, routers mark 
their addresses on packets that traverse through them. 
3DFNHWV� DUH� VHOHFWHG� UDQGRPO\�ZLWK� VRPH� À[HG� SURE-
ability of marking. Upon receiving many packets a vic-
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tim can construct the route back to the sources by read-
ing router marks. Router vendors need to enable the 
marking mechanism, so ISP participation is required. 
This scheme does not require additional overhead 
bandwidth, which is an important advantage of this 
scheme. In contrast, a scheme referred to as determin-
istic packet marking (DPM),35 shown in Figure 12.6, 
only marks packets passing through edge routers of 
the network. At the victim, a table is maintained for 
mapping between source addresses and router in-
terface addresses. This facilitates the reconstruction 
DQG�LGHQWLÀFDWLRQ�RI� WKH�VRXUFH�RI� WKH�SDFNHWV��6RPH�
countermeasures to mitigate the low rate DoS attacks 
in the Internet have been reported although none of 
them has made a comprehensive attempt to address 
VXFK�DWWDFNV�ZLWK�,3�DGGUHVV�VSRRÀQJ�

Figure 12.5. Conceptual Diagram of the  
PPM Scheme.
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Figure 12.6. Conceptual Diagram of the DPM 
Scheme.

Pushback, also known as aggregate congestion 
control scheme (ACC),36� GURSV� ''R6� DWWDFN� WUDIÀF�
by detecting the attack and sends signals to drop the 
DWWDFN�WUDIÀF�FORVHU� WR� WKH�VRXUFH�DV�VKRZQ�LQ�)LJXUH�
12.7. The rationale behind the pushback scheme is that 
WKH�DWWDFN�WUDIÀF�KDV�D�XQLTXH�VLJQDWXUH�LQ�DQ�DWWDFN��
ZKHUH�WKH�VLJQDWXUH�FRQVLVWV�RI�LGHQWLÀHUV�VXFK�DV�SRUW�
QXPEHUV�� ,3�DGGUHVVHV��DQG�,3�SUHÀ[HV��%\�GHWHFWLQJ�
D� VLJQDWXUH� LQ� WKH� DJJUHJDWH� DWWDFN� WUDIÀF�� XSVWUHDP�
URXWHUV�FDQ�EH�LQVWUXFWHG�WR�UDWH�OLPLW�ÁRZV�WKDW�PDWFK�
the signature. A router in a pushback scheme has two 
components: a local ACC mechanism and a pushback 
mechanism.

The local ACC mechanism is invoked if the packet 
loss percentage exceeds a threshold of 10 percent. It 
then tries to determine the aggregate congestion sig-
nature and correspondingly tries to rate limit the ag-
JUHJDWH�WUDIÀF��,I�WKH�UDWH�OLPLWLQJ�GRHV�QRW�UHGXFH�WKH�
DUULYDO� UDWH� RI� WKH� DWWDFN� WUDIÀF� EHORZ� D� SUHGHÀQHG�
target rate, ACC invokes the pushback mechanism 
which sends pushback messages to the upstream rout-
HUV�WR�ÀOWHU�WKH�DWWDFN�WUDIÀF��%\�UHSHDWLQJ�WKLV�VFKHPH�
upstream, pushback aims at rate-limiting the attack 
WUDIÀF� DW� WKH� VRXUFH� QHWZRUN�� 7KURWWOLQJ� LV� DQRWKHU� 
approach to defend web servers from a DDoS
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Figure 12.7. Conceptual Diagram of the Pushback 
Scheme.

attack. It uses max-min fairness algorithm to compute 
WKH�UDWH�WR�GURS�H[FHVV�WUDIÀF��8SVWUHDP�URXWHUV�DOVR�
participate in the scheme so as to drop the attack traf-
ÀF�QHDU� WKH�VRXUFH��7KHUH�KDYH�EHHQ�VHYHUDO�ZD\V�WR�
PLWLJDWH� VSHFLÀF� ''R6� DWWDFNV� OLNH� 6<1� DWWDFNV�� $�
technique, referred to as a SYN cookie, avoids giving 
server resources to the SYN packet until a SYN/ACK 
is received.37

The autocorrelation and dynamic time warping al-
gorithm38 relies on the periodic property of the attack 
WUDIÀF�WR�GHWHFW�WKH�ORZ�UDWH�'R6�DWWDFNV��,W�SURSRVHV�D�
GHÀFLW�URXQG�URELQ�DOJRULWKP�WR�ÀOWHU�WKH�DWWDFN�ÁRZV��
however, it fails to drop attack packets when the at-
WDFNHU�XVHV� WKH�FRQWLQXRXV�F\FOH�DQG�UDQGRPL]HG� ,3�
DGGUHVV� VSRRÀQJ� VLQFH� HDFK� DWWDFN� ÁRZ� LV� D� FRPEL-
QDWLRQ�RI�PXOWLSOH�ÁRZV�DQG�HDFK�ZLOO� EH� WUHDWHG�DV�
D� QHZ� ÁRZ�� 7KXV�� WKH� DWWDFNHU� FDQ� HDVLO\� HYDGH� WKH�
ÀOWHULQJ�PHFKDQLVP��7KH�UDQGRPL]DWLRQ�RI�572�SUR-
posed to mitigate the low rate TCP DoS attack cannot 
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defend against the RoQ attack, which targets the net-
work element rather than the end host. The main idea 
reported in “Collaborative Detection and Filtering of 
Shrew DDoS Attacks using Spectral Analysis,” Journal 
of Parallel and Distributed Computing,39 LV�WR�UDQGRPL]H�
the minimum RTO instead of setting it to be one sec-
ond. However, it ignores the advantages of having the 
minimum RTO of one second, which was chosen as a 
balance between an aggressive value and a conserva-
tive value.

The Collaborative Detection and Filtering scheme 
proposed in, “Collaborative Detection and Filtering 
of Shrew DDoS Attacks using Spectral Analysis,”40 
involves cooperation among routers to throttle and 
SXVK�WKH�DWWDFN�WUDIÀF�WRZDUG�WKH�VRXUFH��7KH\�UHO\�RQ�
the autocorrelation property to distinguish the peri-
RGLF�EHKDYLRU�RI�DWWDFN�WUDIÀF�IURP�OHJLWLPDWH�WUDIÀF��
Thus, it needs extra DSP hardware for implementa-
WLRQ�DQG�H[WUD�PHPRU\�WR�VWRUH�WKH�ÁRZ�LQIRUPDWLRQ�
of the attack packets to be dropped. The scheme main-
WDLQV� D� PDOLFLRXV� ÁRZ� WDEOH� DQG� D� VXVSLFLRXV� ÁRZ�
table, which can be overwhelmed under the presence 
RI� WKH� ,3�DGGUHVV�VSRRÀQJ��7KH�QRYHO�SDUW� LV� WKH�FX-
PXODWLYH� WUDIÀF� VSHFWUXP� WKDW� FDQ�GLVWLQJXLVK� WUDIÀF�
ZLWK� DQG�ZLWKRXW� WKH� DWWDFN�� ,Q� WKH� WUDIÀF� VSHFWUXP�
ZLWK� WKH� DWWDFN�� WKH� HQHUJ\� LV� IRXQG�PRUH� ORFDOL]HG�
DW�ORZHU�IUHTXHQFLHV��7KH�DWWDFNHU�FDQ�UDQGRPL]H�WKH�
attack parameters in the RoQ attack. This work does 
QRW�SURYLGH�FOHDU�JXLGHOLQHV�WR�DFWLYDWH�WKH�ÀOWHULQJ�RI�
attack packets.

7KH�ZDYHOHW�EDVHG�DSSURDFK�LGHQWLÀHV�WKH�DEQRU-
PDO�FKDQJH� LQ� WKH� LQFRPLQJ� WUDIÀF� UDWH�DQG� WKH�RXW-
going acknowledgments to detect the presence of low 
rate TCP DoS attacks.41 This approach cannot regulate 
WKH�EXIIHU�VL]H�VR�WKDW�WKH�DWWDFN�ÁRZV�FDQ�EH�GHWHFWHG�
DV�KLJK�UDWH�ÁRZV�E\�WKH�5('�3'�ÀOWHU��DQG�WKHUHIRUH�
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the approach was subsequently dropped.42 This work 
does not consider the RoQ attack in their analysis; it 
LV�GLIÀFXOW�IRU�WKLV�DSSURDFK�WR�GHWHFW�WKH�5R4�DWWDFN�
because the average rate of an RoQ attack is very low. 
7KH� EXIIHU� VL]LQJ� VFKHPH� IDLOV� LI� DQ� DWWDFNHU� XVHV� ,3�
DGGUHVV�VSRRÀQJ�EHFDXVH�WKH�KLJK�UDWH�DWWDFN�ÁRZ�LV�D�
FRPELQDWLRQ�RI�PXOWLSOH�ORZ�UDWH�LQGLYLGXDO�ÁRZV��$�
PRGLÀHG�$40�VFKHPH�UHIHUUHG�WR�DV�+$:.43 works 
E\� LGHQWLI\LQJ� EXUVW\� ÁRZV� RQ� VKRUW� WLPHVFDOHV�� EXW�
ODFNV� JRRG� ÀOWHULQJ�PHFKDQLVPV� WR� EORFN� WKH� DWWDFN�
ÁRZV� WKDW� FDQ�XVH� WKH� ,3�DGGUHVV� VSRRÀQJ��7KLV� DS-
SURDFK�FDQ�SHQDOL]H�WKH�OHJLWLPDWH�VKRUW�EXUVW\�ÁRZV��
WKHUHE\�UHGXFLQJ�WKHLU�WKURXJKSXW��$�ÀOWHULQJ�VFKHPH�
similar to HAWK is proposed to estimate the bursty 
ÁRZV� RQ� VKRUWHU� DQG� ORQJHU� WLPH� VFDOHV�44 The main 
LGHD� LV� WR� XVH� SHU�7&3�ÁRZ� UDWH� DV� WKH� QRUPDO� UDWH��
and anything above that rate is considered abnormal. 
7KH� LGHQWLÀFDWLRQ�RI�ÁRZ� UDWHV� LV�GRQH�RQOLQH��2Q�D�
VKRUWHU�WLPH�VFDOH��LW�LV�YHU\�HDV\�WR�SHQDOL]H�D�QRUPDO�
ÁRZ�DV�D�EXUVW\�ÁRZ��7KH�SURSRVDO�GLG�QRW�FRQVLGHU�
WKH�UDQGRP�,3�DGGUHVV�VSRRÀQJ��ZKHUH�HYHU\�SDFNHW�
PD\�KDYH�D�QHZ�ÁRZ�,'��,W�XVHV�D�YHU\�FRPSOH[�ÀOWHU-
LQJ�WHFKQLTXH��:LWK�WKH�XVH�RI�WKH�,3�DGGUHVV�VSRRÀQJ��
LW�LV�GLIÀFXOW�WR�FRPH�XS�ZLWK�WKH�QRWLRQ�RI�D�ÁRZ��EH-
FDXVH�WKH�QXPEHU�RI�SDFNHWV�SHU�ÁRZ�FDQ�EH�UDQGRP-
L]HG�LQ�DQ\�IDVKLRQ�GXULQJ�HYHU\�21�SHULRG�

An edge router based detection system is proposed 
to detect low rate DoS attacks based on time domain 
technique.45 Each edge router acts as an entry and exit 
SRLQW� IRU� WUDIÀF�RULJLQDWLQJ� IURP� WKDW� ORFDO� DUHD�QHW-
ZRUN�� HVVHQWLDOO\� DOO� LQFRPLQJ� DQG� RXWJRLQJ� WUDIÀF�
will pass through this point. The proposed detection 
system can be deployed at the edge routers of a lo-
cal area network in which the server is present. For 
illustrative purposes, it is assumed that all clients are 
outside the local area network in which the server is 
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present, so that the detection system can monitor all 
ÁRZV�FRQQHFWLQJ�WR�WKH�VHUYHU�

Figure 12.8 shows the basic layout of the system. It 
KDV� WKUHH�EDVLF�EORFNV��QDPHO\��ÁRZ�FODVVLÀHU��REMHFW�
PRGXOH�� DQG� ÀOWHU�� (DFK� EORFN� IXQFWLRQV� DV� IROORZV��
7KH�ÁRZ�FODVVLÀHU�PRGXOH�FODVVLÀHV�SDFNHWV�EDVHG�RQ�
WKH�ÁRZ�,'�E\�PHDQV�RI�D�FRPELQDWLRQ�RI�WKH�,3�VRXUFH�
address, IP source port, IP destination address, and IP 
destination port. Flow information is obtained from 
these packets, and packets are forwarded as usual by 
the routing mechanism resulting in no additional de-
lay apart from the lookup delay. The object module 
FRQVLVWV�RI�YDULRXV�REMHFWV�IRU�HDFK�ÁRZ�WKDW�LV�PRQL-
WRUHG��$�ÁRZ�LV�PRQLWRUHG�XQWLO�LW�LV�FRQVLGHUHG�QRU-
PDO��7KH�ÀOWHU�LV�XVHG�WR�EORFN�ÁRZV�WKDW�DUH�LGHQWLÀHG�
as malicious by the object module. Consider a DoS at-
tack which tries to exploit protocol shortcomings. The 
REMHFW�PRGXOH�PDLQWDLQV�SHU�ÁRZ�LQIRUPDWLRQ�E\�FUH-
DWLQJ�REMHFWV�SHU�ÁRZ�FDOOHG�ÁRZ�REMHFWV��$�WKLQ�GDWD�
VWUXFWXUH�OD\HU�LV�GHVLJQHG�WR�NHHS�WUDFN�RI�WKHVH�ÁRZ�
objects. It maintains only those parameters which are 
exploited in the attack. This thin structure keeps track 
RI� LQIRUPDWLRQ� DERXW� ÁRZV� FODVVLÀHG� DV� PDOLFLRXV��
7KLV�LQIRUPDWLRQ�LV�WKHQ�UHOD\HG�WR�WKH�ÀOWHU�PRGXOH�

Figure 12.8. The Detection System Architecture.
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7KH�ÁRZ�REMHFWV�PDLQWDLQ�WKH�DUULYDO�WLPHV�RI�SDFN-
ets at the edge router in the pseudo transport layer. 
7KH�PDOLFLRXV�ÁRZ�GHWHFWLRQ�VXEPRGXOH�RI�WKH�REMHFW�
module computes the time difference of consecutive 
SDFNHWV�RI�HDFK�ÁRZ��7KH�VXEPRGXOH�FRPSXWHV�WKH�DY-
erage high and low of the time difference values. The 
average high value of the time difference repeats peri-
RGLFDOO\�IRU�WKH�DWWDFN�ÁRZ��RWKHU�ÁRZV�GR�QRW�H[KLELW�
WKLV�SURSHUW\��7KH�PDOLFLRXV�ÁRZ�GHWHFWLRQ�VXEPRG-
XOH�WKHQ�HVWLPDWHV�WKH�EXUVW�OHQJWK�RI�D�ÁRZ�EDVHG�RQ�
WKH�SDFNHW�DUULYDO�WLPHV��$�ÁRZ�H[KLELWLQJ�SHULRGLFLW\�
in the time difference graph is marked malicious, since 
QR� OHJLWLPDWH� ÁRZV�ZLOO� VKRZ� VXFK� SHULRGLFLW\�� 7KH�
WLPH�GLIIHUHQFH�WHFKQLTXH�XVHV�D�SHU�ÁRZ�DSSURDFK�WR�
store the arrival times of the packets belonging to each 
ÁRZ��DQG�FRPSXWHV�WKH�LQWHUDUULYDO�WLPHV�EHWZHHQ�WKH�
consecutive packets to detect periodicity. The attacker 
XVLQJ�,3�DGGUHVV�VSRRÀQJ�FDQ�HDVLO\�GHFHLYH�WKLV�VLP-
SOH�SHU�ÁRZ�DSSURDFK�DV�WKH�WLPH�GLIIHUHQFH�DSSURDFK�
ZLOO�QRW�EH�DEOH�WR�GHWHFW�SHULRGLFLW\�LQ�WKH�DWWDFN�ÁRZ��
ZKLFK�LV�QR�ORQJHU�D�VLQJOH�ÁRZ�

FUTURE RESEARCH DIRECTIONS

Mitigating perfect attack and low rate DoS attacks 
is extremely critical. Router based solutions that can 
LGHQWLI\�DQG�GURS�PDOLFLRXV�DWWDFN�WUDIÀF�FDQ�EH�D�SRV-
sible defense approach. Currently, both perfect and 
low rate DoS attacks are facilitated by botnets. Mitiga-
tion of botnets can be another important step to pre-
vent stealthy DoS attacks. Botnet detection and miti-
JDWLRQ� LV� D� VHULRXV� FKDOOHQJH�� EHFDXVH� DWWDFNHUV� ÀQG�
new vulnerabilities at a rapid pace. Secure software 
development that would be void of vulnerabilities is 
desirable. These research goals are known and emerg-
ing everyday. On the other hand, isolating bots from 
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accessing the network by using better CAPTCHAs can 
be another approach to defend against botnets until 
such a time that we can completely eliminate bots. 

CONCLUSION

In this chapter, we have presented a survey of sev-
eral traditional brute force DoS attacks and examples 
of more recent stealthy DoS attacks. We have also in-
troduced defense systems discussed in the literature, 
DQG�LGHQWLÀHG�VRPH�RI�WKHLU�VKRUWFRPLQJV��7KH�IRFXV�
of this chapter was to present some of the  latest ad-
vances in the area of DoS attacks to stimulate research 
for better defense systems and to reveal vulnerabili-
ties that may exist.
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