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Dear Readers,

We all know that information is vital for running a success-
ful bussiness. Every company and institution stores sen-
sitive data that need to be protected. The cyber threats 

are evolving and information security must evolve accordingly. 

In this issue we focus on the extremely important area of Malware 
Forensics. How to detect the unknown virus? What kind of mal-
ware is out there waiting to take over our data? How to recov-
er the information and protect against future attacks? Go on with 
reading and you will learn about various aspects of malware foren-
sics. There is a bit of theory followed by very practical step-by-step 
guides and real case scenarios presented by experts in the field. I 
hope you will enjoy these more than 100 pages of a great content 
and that you will find it useful. 

We also prepared a special interview for you. Our guest is Richard 
Zaluski from Centre for Strategic Cyberspace + Strategic Science 
who tells us about CSCSS work and current cyber threats and chal-
lenges. Make sure you give it a read and consider joining the CSCSS 
Experts Programme.

Thank you so much for your constant interest in our magazine and 
for your support. We would like you to become members of our 
team and help us creating the best content for you. Therefore, 
please feel free to contact us and give us your feedback. If there 
are any topics you would like to see in the upcoming issues, just let 
us know. Tell us your thoughts and share your ideas. This way we 
will be able to provide you the information you need and look for.

Moreover, I’m glad to inform you that this week we have launched 
our blog, where you can read full articles from our experts. Check 
it and leave us your comments! You can find our blog via our web-
site: eforensicsmag.com 

Feel free to drop us a line and contact me at: 
marina.nowacka@software.com.pl.

Enjoy your reading & let’s stay in touch!

Marina Nowacka
Editor at eForensics
& eForensics Team
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UNDERSTANDING MALWARE FORENSICS
by dr. Eric Vanderburg
At this point, everyone is familiar with malware. It has been around for decades in the form of viruses, 
Trojans, bots and worms. Everyone with a computer has been infected at one point or another. In 
fact, the problem is so pervasive that, like the common cold, we have become used to and somewhat 
tolerant of these malicious programs. The malware of the past has given way to today botnets and 
fast acting worms that infect with impunity, stealing information, hijacking computers and causing 
all manner of harm. This leads us to malware forensics, the study of how such crimes happen. While 
remote hackers hide under a mast of anonymity, their programs do their dirty work and it is the fo-
rensic investigator who must determine the facts of the case. 

MALWARE AND ANTI-VIRUS ARCHITECTURE 
by Cecilia McGuire
This Do-it-Yourself on Malware and Anti-virus technologies is a beginner’s “how-to” on malware and 
antivirus technologies. The scope of Malware is vast and dynamic, covering an array of Malicious pro-
grams such as Viruses, Trojan Horses, rootkits, spyware, browser hijacking, worms, to name a few. As 
a consequence the scope is limited to some of the fundamentals principles of Malware and Antivirus 
technologies. Where possible links are provided for readers wishing to learn more. A guide to devel-
oping a basic antivirus using Visual Basic 2013 to provide readers with the building blocks they need 
to create a more advanced, personalised custom antivirus utility. 

PHISHING ANALYSIS: A REAL ATTACK CASE SCENARIO
by Anderson Tamborim
In this article, we will analyze a real case of a directed attack known as APT. We will study its main 
aspects, understand what the general purpose of these kind of attacks are and how to leverage the 
knowledge over the enemy for our own profit.

AN INTRODUCTION TO KEYLOGGERS 
by Irv Schlanger and Ruth Forese
Keyloggers have the reputation as being one of the most intrusive kinds of tracking devices. Keylog-
ging refers to the recording of keystrokes that a user types on a computer. Keylogging is often associ-
ated with malware, where its purpose is to obtain personal information without a user’s knowledge 
or consent. However, keyloggers can also be used for other reasons such as troubleshooting comput-
er problems and conducting research. This article introduces various types of keyloggers and then 
overviews two types of keylogging software, both of which require little technical knowledge and 
can be easily set up by the average user. 

THE BAREBONES APPROACH TO MALWARE FORENSICS
by Charles Coker, Nicole Michaelis and Andrew Akker
For some organizations, a strategic response may not involve the most sophisticated software tools. 
In fact, end-user education and procedures that recognize the end-user’s role in malware protection 
and forensics can go a long way toward the protection of sensitive information assets.
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INTERVIEW WITH RICHARD ZALUSKI Chairman, Chief Executive 
Officer, and President of the Centre for Strategic Cyberspace + 
Security Science / CSCSS
by Marina Nowacka and eForensic Team
We need to address what our systems are doing, why, when and where. When I check into a hotel, 
the first thing they ask me is for my credit card for ‘incidentals” associated with a hotel stay. People 
readily hand over their cards which are then transacted and information is stored. Stored? Where? 
How? By whom? Who has access? What about confidentiality? 

THE ROOTKITS: AN INFORMATIVE NUTSHELL APPROACH OF ROOTKIT 
FORENSICS FOR COMPUTER FORENSICS EXPERTS
by dr. Sameera de Alwis
Enormous volume of hacking occurrs, severe data breaches and data leakages are being reported 
universally. Rootkits (A.K.A – Administrator’s Nightmare) are rapidly fetching the tool of choice for the 
present day cyber-crimes and reconnaissance involving network interrelated computing equipment 
and data. Rootkit is a type of malicious (malcode) software application or malware that is installed by 
an invader afterward the target victim system has been compromised at the root or administrator’s 
level. Present-day and emerging uncovering tactics rely on low level knowledge of Rootkit enact-
ments, and so will persist in a mercurial point.

HUNTING FOR MALWARE TRACES IN AUTOSTART LOCATIONS OF A BIOS-
BASED WINDOWS 7 MACHINE Intercept malware infections by 
looking for their persistence traces
by Lorenzo Cantoni
During a security incident you have found a machine which communicates with a suspicious Internet 
host. After an initial analysis you found a malicious DLL injected inside “svchost.exe”. Malware Analy-
sis shows that the DLL is a Trojan Horse and it is responsible of the malicious network traffic. You re-
move the DLL from the system and reboot it, but it magically reappears and restarts to communicate 
with his Command & Control host. Now what?

ANALYSIS OF A POTENTIAL MALICIOUS PDF DOCUMENT The tools and 
brief understanding of the mechanics of a PDF document
by Stephen Roy Coston Jr.
Cyber criminals are using special crafted PDF documents to bypass governments and private sector 
intrusion detection systems (IDS) and antivirus software. These PDF’s can be used in phishing attacks 
and combined with social engineering to gain a foot hold into your secure network. These attacks 
have been on the rise as of late, and a malware  analyst should beware of this attack vector and the 
tools to analyze the potential malicious document. 

FINDING ADVANCED MALWARE USING VOLATILITY 
by Monnappa Ka
When an organization is a victim of advanced malware infection, a quick response action is required 
to identify the indicators associated with that malware to remediate, establish better security con-
trols and to prevent future ones from occurring. In this article you will learn to detect advance mal-
ware infection in memory using a technique called “Memory Forensics” and you will also learn to use 
Memory Forensic Toolkits such as Volatility to detect advanced malware with a real case scenario.

CHALLENGES OF MOBILE MALWARE FORENSICS EVOLUTION
by David Clarke
Mobile Malware is evolving fast. The development of Mobile Malware is growing at an unprecedent-
ed rate, so the mitigation and counter measures needed to understand the landscape and provide 
the appropriate solutions must develop as rapidly. Mobile devices are part of our everyday lives, so 
much so that they have become part of our identity, especially for payments. The forensic solutions 
now need to appreciate psychology, human nature and social media as they too become part of the 
attack vectors used. The following is an outline of the challenges we are now faced with, and which 
have emerged in just a few months.
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UNDERSTANDING 
MALWARE FORENSICS
by dr Eric Vanderburg

At this point, everyone is familiar with malware. It has been 
around for decades in the form of viruses, Trojans, bots and 
worms. Everyone with a computer has been infected at one 
point or another. In fact, the problem is so pervasive that, like the 
common cold, we have become used to and somewhat tolerant 
of these malicious programs. The malware of the past has given 
way to today’s botnets and fast acting worms that infect with 
impunity, stealing information, hijacking computers and causing 
all manner of harm. This leads us to malware forensics, the study 
of how such crimes happen. While some remote hackers hide 
behind a mask of anonymity, their programs do their dirty work 
and it is the forensic investigator who must determine the facts 
of the case. 

Malicious programs are a significant threat for both offline and online 
computer users. Technological advances have paved the way for var-
ious types of malicious software. Malware includes viruses, worms, 

bots, spyware, trojans and so forth. The major reason for the growth of so ma-
ny different categorizations of malicious programs is their propagation meth-
ods, which are changes in the methods, used to spread across machines. 
Starting from email harvesting to spreading through peer-to-peer networks, 
given the opportunity malware needs little time and effort to affect systems. 
The proportion of software programs on the Internet affected with one or ma-
ny malware programs is on the rise over the years which has led to both 
greater fears in doing business and utilizing online resources and in apathy 
due to the seemingly inevitable fact that malware will infect computers. It has 
also lead to an increase in those accused of a crime purporting that malware 
was the cause rather than a direct action on their part. 

Forensic investigators continuously need to analyze malware. The best way 
to do so is to examine the code manually without letting the system interfere. 
The study of malware programs to prevent them from entering the system is 
malware analysis and when the same is systematically analyzed and explored 

What you will learn:
• 	 When to use malware forensics
• 	 Why malware forensics is impor-

tant
• 	 Steps to take in performing mal-

ware forensics

What you should know:
• 	 What malware including viruses, 

Trojans, bots and worms are. 
• 	 How to perform general forensic 

techniques
• 	 An basic understanding of operat-

ing systems and how they work



UNDERSTANDING MALWARE FORENSICS

in laboratory settings, it is called malware forensics. The techniques used in forensics are highly rigorous, 
born out of techniques in computer forensics and systems analysis leading to a variety of approaches. 

APPROACHES
Even though there are different techniques in malware forensics, the most widely used approach starts 
with the examination of volatile code followed by examination of memory drives and hard disks. The final 
approach is the analysis of malware specimen using dynamic and static techniques. All of these steps 
include predetermined goals of finding the exact nature of the code and its behavior. Moreover, it is im-
portant for the investigator to test malware from more than one device. This is because, malware most 
often gets transmitted through networks and it becomes important to analyze its methods of propaga-
tion in real-time. The most important trait for the investigator is critical thinking since malware analysis 
involves analyzing code that can change quickly. The behavior of malware causes adverse changes in 
very short duration. 

Malware forensics is performed through the following steps:

• 	 Preserve volatile data
• 	 Temporal analysis
• 	 Functional/relational analysis

The first and foremost step in malware forensics is the preservation of volatile data that helps in exami-
nation of behavior of the system with respect to even minor changes. It is always a best practice, in fact, 
a requirement, to document all the changes that are made to the system along with all the actions being 
performed as this helps in recovering the system to earlier state in case of emergency. 

Once a system is scanned for volatile data, the next step is to proceed with temporal analysis where 
a timeline of actions taken by the malware is constructed. This is followed by functional and relational 
analysis. These three steps form an important part of crime reconstruction. These steps help in regen-
erating the same set of events that would have occurred during the actual malware intrusion. Before 
delving deep into the investigation of malware code, it is important to understand the basics of code 
execution along with differences in static and dynamic code linking. This six step approach to malware 
incident response will usually help in cases of incident handling that also includes the above men-
tioned techniques. 

a d v e r t i s e m e n t



10

Malware incident response steps:

• 	 Discovery
• 	 Identification
• 	 Containment
• 	 Eradication
• 	 Recovery
• 	 Reflection

The malware incident response steps listed above truly begin with preparation prior to an event occurring 
but the first step in response is discovery. After event discovery comes identification, containment and 
eradication of malware code. The next important step is the recovery of data followed by implementing 
the lessons learnt during the forensics which we call reflection here. 

OBJECTIVES
The goals of a malware forensics investigation commonly include determining the following:

• 	 The infection mechanism used by the malware
• 	 The interaction of code with host devices and network systems
• 	 The profile of the attack and the methods used by the attacker to take control of the program
• 	 Specific actions taken by the malware (the crimes)

Arriving at these results will let investigators analyze the behavior and attributes of the malware code. 
All the techniques aim at concluding the results of the objectives. The investigation of malware should 
be well supported by documentation of each step or test taken and the results of those steps or tests. 

Forensic documentation provides a method whereby the study can be repeated. As such, factors such 
as the environment and specific actions taken are critical to this. The analysis should be repeatable by 
another investigator so that it can be validated so it is essential to follow a reliable procedure. 

It is very important to contain the environment for malware forensics as any code outbreak will cause 
problems to the other systems in the network which potentially could contain client data. Hence, isolate 
the machines and networks used for the study and analyze the behavior accordingly. This isolated envi-
ronment is usually referred to as a sandbox. It is also important to use clean systems for the analysis so 
as to prevent contamination of the investigation. This will also ensure that the changes happening in the 
system and the network are due to the malware. 

ENVIRONMENT
It is very important to set up a completely sanitized environment for analyzing the malware. The test lab 
needed for the analysis should at least have a couple of machines installed, one for hosting malware 
program and the other for baselining the traffic. Ensure that the two machines are cut off from other ma-
chines in the network. 

Do not install any other applications in the machines than was found in the original crime scene as that 
may cause different behavior. The operating system used in the analysis machines should be installed 
before the lab setup and all the necessary tools should be transferred as well. The malware box typically 
is created from an image of the crime scene computer but sometimes a fresh install is used to isolate 
other factors. 

Finally, the malware binary should be transferred to the system. It is essential to have a Domain Name 
System (DNS) server so that malware can be tracked to its originator, if it tries to communicate with an 
external server. All of these settings are not one time settings. They need to be reciprocated as and when 
needed since there will be changes to the environment because of the malware activities. 

COLLECTING INFORMATION
Baselining the system plays a major role in the analysis of malware. In simple terms, baselining 
can be described as capturing the snapshot of the normal state of the system and network settings.  
This information becomes vital during later stages of malware analysis and its impacts over the system 
as changes can be easily seen when compared to the baseline. If a base lining is done perfectly, all the 
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later stages can be accomplished based on objectives. Base lining should be performed twice in the en-
vironment. Once, before the malware is installed and second, after the execution of the binary. The differ-
ences between the two results give out the theoretical results of changes made by binary to the system 
and the network. 

Evidentiary machines and network traffic are the first elements to be baselined before executing the bi-
nary. The machine should be examined for the type of file system being used and the registry settings. 
All the running programs should be captured followed by examining the open ports, active users, network 
services and shared resources. Moving on to network traffic, it is essential to record the traffic even when 
there are no applications sending or receiving data. This normal traffic should be monitored and recorded. 

STATIC ANALYSIS
The binary of the specimen is examined in this technique without the code being executed. The first step 
in this technique is file profiling in which the basic functionalities of the specimen is assessed. The im-
portant information that is extracted from this step includes antivirus signatures and metadata. The infor-
mation will help assess the behavior of the file and the approach to be taken for fulfilling the detection of 
infection. In the first step of file profiling, the cryptographic hash value of the specimen is obtained which 
acts as the digital fingerprint. It is followed by obtaining information about the type of the file. The last step 
includes analysis of import and export tables. 

DYNAMIC ANALYSIS
As opposed to static analysis technique, the specimen is examined by providing interaction between the 
specimen and host. Even though there are many tools for performing dynamic analysis, it is important to 
find the best among them. The specimen interacts with the host in five main areas including processes, 
file systems, registry, Application Programming Interface (API) and network activity. The process monitor 
that is available records all the information and gives output as a very noisy data. Hence, filters should be 
used from the beginning of the process so as to remove unwanted noise from the output. The malware 
uses the registry of the system to store its own configuration information along with analyzing the state 
of the system. It also takes the help of registry to identify its targets. Therefore, a complete analysis of 
the registry helps the user to find the traces left behind my malware. The other way to track the malware 
is through network activities as it tends to communicate to the attacker. This payload can be fetched and 
explored to identify the source of the attack. 

CODE ANALYSIS AND BEHAVIOR ANALYSIS
There are two other techniques that are used for code analysis of malware and they are termed as code 
analysis and behavior analysis. Even though they are closely related to the static and dynamic analysis 
techniques, there are some minor changes which separate them apart. In code analysis technique, the 
source code of the program is analyzed so as to understand how the program works. It is easier to say 
so in a single line but it is almost difficult to practically examine the source code of the malware since 
the malware needs to be decompiled using debuggers that read binary values and extract information. 

Behavior analysis, on the other hand does not deal with the source code of the program, instead focus-
es on the behavioral aspects of the program. Consider black box testing and white box testing. In black 
box testing, the source code of the test software is not taken into consideration but the system is tested 
as a whole by providing various inputs and outputs. White box testing, on the other hand tests the soft-
ware by examining the source code. The same logic is applicable in the case of code analysis technique 
and behavior analysis technique. Since behavior analysis technique doesn’t need any code knowledge, 
it is easier for people to follow up and administer. 

EVIDENCE OF MALWARE
Usually, the malware activity in the system leaves behind a couple of different types of information.  
They are classified as digital impression evidence and trace evidence. The major difference between the 
two types of evidence is that digital impression evidence is the collection of information left behind in  
the physical memory of the system while trace evidence is the collection of temporary files introduced into 
the system by the intruder. Another difference between the two types of evidence is that, digital impression 
evidence can be reproduced in the clean environment set up and hence they are classified as mandatory 
attributes but trace evidence cannot be reproduced and hence they are termed as optional attributes. 
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EXAMINING MALWARE
Once all the information is collected, it is time to analyze the same using better standards. The malware 
traces can be tracked easily with known samples that are available which will give better picture of what 
is happening in the system. It is not only important to identify the malware specimen but also to inter-
pret it. There are various malware specimens and samples with evidence which the user can track down 
for analysis. Usually, the samples that are available would have been collected from authentic sources. 
Hence the user can identify the samples on comparing them with known samples that already exists. 
Thus it is necessary for the user to collect all required information before starting the analysis of the 
specimen. Once the samples are collected from authentic sources, they need to be compared with the 
questioned evidence. The experience of the tester comes into picture here for examining the malware 
with the known samples. When the source of the malware is identified, it can be easily stated that mal-
ware is closely connected with the source. Also, the IP address and other information about the source 
can be identified. 

The information from the Internet can be easily obtained by using key terms. The static analysis tech-
nique gives out a few words that can be used as resource during online searching. Even though the 
online virus directories provide all necessary keywords, it will also be helpful to browse through mailing 
lists and blogs. Every malware will have needs some method to start its operation. Identifying the way by 
which the malware starts up can give the user some steps to prevent the damage caused to the system. 

FRAMEWORK
Currently, there are no languages that can be used to describe the characteristics of malware. Even though 
the hash value of the binary sample can be obtained, it is of very little importance to the analyzer. In some 
cases, more than one malware will result in same hash identity which makes it difficult to differentiate vari-
ous specimens. This is the major reason for the need of identification of malware through its semantics, 
which is nothing but the effect of instructions as carried out by the specimen. A framework such as Exten-
sible Markup Language (XML) is often used to describe the semantics of the malware. The XML Schema 
helps in analyzing the technical characteristics of the specimen and the threats they pose to the system. 
The low level attributes of the specimen can be translated to machine formats which can later be used for 
security monitoring. The results of the observation can also be shared as framework documents. 

The framework that is used can solve all the objectives of the malware forensics starting from prepa-
ration. Time and effort spent preparing for a potential incident will greatly reduce the amount of time 
and cost to respond to an incident. The first step of incident handling is detection. The next step is de-
tecting a possible infection in which the framework can be used to describe the semantics of the mal-
ware. The next step in preventing infection of the system is containment and eradication. The changes 
to the system are analyzed, making sure that the other systems in the network are segmented to pre-
vent infection. The final step is documentation of the evidence and presentation of findings. As always, 
stick to the facts only and leave opinions out of your findings. 

CONCLUSION
Malware is constantly spreading and infecting machines. Some malware steals passwords, tracks on-
line usage, gathering personal data on users. Other malware corrupts or destroys data or hampers pro-
ductivity by slowing down machines or making service unavailable. When this loss is the subject of an 
investigation, forensic investigators must step in to gather the evidence. Now that you understand the 
essentials of malware forensics, utilize these skills to find the evidence of malware crimes. 

ABOUT THE AUTHOR
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MALWARE AND ANTI-
VIRUS ARCHITECTURE 
by Cecilia McGuire – MS InfoSec

This Do-it-Yourself on Malware and Anti-virus technologies is 
a beginner’s “how-to” on malware and antivirus technologies. 
The scope of Malware is vast and dynamic, covering an array 
of Malicious programs such as Viruses, Trojan Horses, rootkits, 
spyware, browser hijacking, worms, to name a few. As a 
consequence the scope is limited to some of the fundamentals 
principles of Malware and Antivirus technologies. Where possible 
links are provided for readers wishing to learn more. A guide to 
developing a basic antivirus using Visual Basic 2013 to provide 
readers with the building blocks they need to create a more 
advanced, personalised custom antivirus utility. 

M alware (Malicious Software) are programs designed to interrupt, 
disrupt, steal data or gain access to target computer systems. Many 
common types of malware programs include Viruses, Trojan Hors-

es, rootkits, spyware, browser hijacking, worms and many others. The num-
ber of new forms of malware being released continues to grow rapidly and 
each of these malicious programs has its own unique characteristics. Which 
are designed with the intent to interrupt, fabricate, modify and intercept el-
ements of hardware, software and data. When these malicious programs 
drop their payload they will attack the availability, integrity, authenticity and 
confidentiality of computers, networks, mobile technologies, servers, etc 
(Pfleeger, 2003, p15).

Components of Malware can be composed of up to six main elements (Har-
ris, 2012) (but not necessarily all). The six elements are: 

• 	 Insertion: Mechanism which enables it to install itself on the target system
• 	 Avoidance: Mechanisms in place to avoid detection
• 	 Eradication: Removes itself after the payload has been executed
• 	 Replication: The ability to create copies of itself and to propagate to other 

machines (e.g. Worm)

What you will learn:
• 	 DIY Basic Anti-Virus – Visual Basic
• 	 Introduction Malware Architecture
• 	 Different types of Malware
• 	 Detecting Malware
• 	 Other Countermeasures

What you should know:
• 	 Basic Visual Basic Programming
• 	 Basics principles of malware
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• 	 Trigger: A trigger event that initiates its payload (e.g. Time and date, mouse click, etc.)
• 	 Payload: Carries out its function (e.g. format a hard drive, installs a back door, exploits vulnerabili-

ty, etc.)

For the purposes of this article, the scope will be limited to viruses, as the entire scope of malware is sim-
ply too large for the purposes of this article. For more information on malware, please go to http://www.
kaspersky.com/au/internet-security-center/threats/malware-classifications.

A virus is a malicious code designed to target vulnerable hosts then infecting them with their malicious 
code. The main objective is to deliver its payload and replicate itself. Viruses belong to their own category 
within the scope of malware and there are many different designs of viruses. What unites this malicious 
software is its ability to self-propagate (Harris, 2012). Stealth Virus, Polymorphic, Multipart virus, script 
virus, meme viruses, self-garbling viruses are just a few of the different types of viruses, far too many to 
go into any detail in this article. To learn more about the architecture of viruses refer to the link below con-
taining a library of links of different categories of viruses, located at: http://www.virusbtn.com/resources/
glossary/metamorphic_virus.xml.

ANTIVIRUS
Antivirus software detects viruses using two common methodologies – Signature based detection and 
heuristic based detection to detect malicious code. Signature based detection is an effective way to de-
tect malicious software. The signature is usually based upon part of the code that was extracted from 
the virus itself. The antivirus software will scan files, email messages and other data using specific pro-
tocols and then compares this data to the signatures stored in its database. When the data matches the 
signature the antivirus software will carry out a range of actions (depending on configuration and rules) 
such as quarantining the file, removing the file with virus and logging/warning the event has occurred. 
The main challenge with signature based detection is that the antivirus is dependent on the database 
containing viruses to be current and there can be a delayed response time between new threats being 
updated in the virus database. Alternatively Heuristic detection analyses the assembly of the malicious 
code, examining the code and logic in order to identify whether the software is designed to execute mali-
cious activities. Heuristic detection provides advantages in its ability to identify unknown malware resolv-
ing the challenges with signature detection databases requiring regular updates.

BUILDING YOUR OWN ANTIVIRUS
There are many different ways to build your own antivirus application. Now that you have a fundamental 
understanding of Malware and Antivirus architecture, this will provide you with basics you need to de-
velop a simple antivirus application to strengthen your knowledge. Live antivirus programs are designed 
to operate at lower levels of the operating system and network protocol stacks and as such it is recom-
mended that C/C++ languages are used instead. 

As explained earlier, Antivirus programs detect viruses via signature based detection and heuristic 
based detection. For the purposes of this DIY, we will create an antivirus using signature based detec-
tion, where a simple text file containing virus signatures are scanned against selected directory files. 

To learn more and download your own test virus signature files go to: http://www.eicar.org/.

DO-IT-YOURSELF ANTI-VIRUS!
The Visual Basic Code is used to develop the Anti-Virus was created with the intention to provide basic 
GUI functionality which can be improved upon with time, as it is the Malware Architecture and the ability 
to plug-in the GUI into use advance Virus Library’s therefore providing a comprehensive up to date pic-
ture of malware in current circulation today.

Scope: the instructions provided for this Do-It-Yourself Anti-Virus will be to create a very basic GUI, as 
the goal of this exercise is to develop a better understanding into Malware architecture – not to master 
development of GUI’s.

Again, to create a full anti-virus solution would require extensive development work, far beyond 
the scope of this DIY. This example will provide the basic VB code to create your own basic antivi-
rus application.

http://www.kaspersky.com/au/internet-security-center/threats/malware-classifications
http://www.kaspersky.com/au/internet-security-center/threats/malware-classifications
http://www.virusbtn.com/resources/glossary/metamorphic_virus.xml
http://www.virusbtn.com/resources/glossary/metamorphic_virus.xml
http://www.eicar.org/


16

First we will start with setting up the basics of the GUI, composed of the basic building blocks of:

• 	 Scan, stop & delete buttons
• 	 Combo box to select directories to be scanned
• 	 List box containing files and results
• 	 Progress Bar 
• 	 Timer
• 	 Labels

Once you have built your GUI using the components mentioned above, you should have a GUI similar to:

Figure 1. A template of Anti-Virus GUI

The next step is to add your test virus database, preferably a simple text file, containing virus signa-
tures (can also be downloaded from link provided earlier). Simply drag and drop this file into the resourc-
es in your Solution Explorer view.

Figure 2. Adding your test virus database

Next is to develop code so that your GUI can execute tasks. A template of the code you require to de-
velop the antivirus program is provided below and will need to be entered into your VB 2013 Forms code 
view. Simply copy the code below and paste this into your form ensuring that your GUI object names & 
design resemble the below code: 
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Listing 1. A template of the code to develop the antivirus program

Public Class Form1
    Dim percent = 0
    Dim red

    Private Sub Timer1_Tick(sender As Object, e As EventArgs) Handles Timer1.Tick
        percent = (ListBox1.Items.Count / ListBox1.Items.Count) * 100
        If (ListBox1.SelectedIndex < ListBox1.Items.Count – 1) Then
            ProgressBar1.Value = percent
            Label2.Text = “Scanning For: “ & ListBox1.SelectedItem
            ListBox2.Items.Add(“Scanning: “ & ListBox1.SelectedItem)
            Try
                If Dir(ListBox1.SelectedItem.ToString) <> “” Then
                    ListBox3.Items.Add(“Threat Found: “ & ListBox1.SelectedItem.ToString)
                ElseIf Dir(ListBox1.SelectedItem.ToString, FileAttribute.Hidden) <> “” Then
                    ListBox3.Items.Add(“Threat Found: “ & ListBox1.SelectedItem.ToString)
                Else
                End If
            Catch ex As Exception

            End Try
            ListBox1.SelectedIndex += 1
        Else
            If ListBox3.Items.Count = 1 >= 1 Then
                ListBox3.SelectedIndex = 0
                Button3.Enabled = True
            End If
            Clock.Stop()
            ProgressBar1.Value = 100
            Label2.Text = “Finished Scanning “ & ListBox3.Items.Count & “ Threats Found”
            Button2.Enabled = False
            Button1.Enabled = True

        End If
    End Sub

    Private Sub TabPage1_Click(sender As Object, e As EventArgs) Handles TabPage1.Click
        Button1.Enabled = False
        Button2.Enabled = False
        Button3.Enabled = False
        ComboBox1.SelectedIndex = 0
        ComboBox1.Items.AddRange(System.IO.Directory.GetLogicalDrives)
    End Sub

    Private Sub Button1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
Button1.Click
        ProgressBar1.Value = 0
        ListBox2.Items.Clear()
        ListBox3.Items.Clear()
        percent = 0
        Button1.Enabled = False
        ListBox1.SelectedIndex = 0
        Timer1.Start()
        Button2.Enabled = True
    End Sub

  
    Private Sub ComboBox1_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As EventArgs) 



18

Handles ComboBox1.SelectedIndexChanged
        If ComboBox1.SelectedIndex >= 1 Then
            ListBox1.Items.Clear()
            TextBox1.Text = My.Resources.VirusList.ToString
            For Each line As String In TextBox1.Lines
                ListBox1.Items.Add(ComboBox1.SelectedItem.ToString & line.ToString)
            Next
            If ListBox1.Items.Count – 1 >= 0 Then
                Label1.Text = “Database Loaded!”
                Button1.Enabled = True
            Else
                Label1.Text = “No Database Loaded!”
                Button1.Enabled = False
            End If
        Else
            Button1.Enabled = False
            ListBox1.Items.Clear()
            TextBox1.Text = “”
            Label1.Text = “No Database Loaded!”
        End If

    End Sub

    Private Sub Label1_TextChanged(sender As Object, e As EventArgs) Handles Label1.TextChanged
        If Label1.Text = “Database Loaded!” Then
            Button1.Enabled = True
        Else
            Button1.Enabled = False
        End If
    End Sub

    Private Sub Button3_Click(sender As Object, e As EventArgs) Handles Button3.Click

        red = Replace(ListBox3.SelectedItem.ToString, “Threat Found: “, “”)
        Try
            System.IO.File.Delete(red)
            If Dir(red) <> “” Then
                MsgBox(“Unable to delete “)
            Else
                MsgBox(“File “ & red & “ successfully deleted”, MsgBoxStyle.Critical)
                ListBox3.Items.Remove(ListBox3.SelectedItem)
            End If
        Catch ex As Exception
        End Try
    End Sub

    Private Sub Button2_Click(sender As Object, e As EventArgs) Handles Button2.Click
        Timer1.Stop()
        If ListBox3.Items.Count – 1 >= 0 Then
            ListBox3.SelectedIndex = 0
            Button3.Enabled = True
        End If
        Button2.Enabled = False
        Button1.Enabled = True

    End Sub
End Class
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Now all you will have to do is click: “Start Scan” 

Figure 3. Scanning of the selected files

As you can see in this screenshot captured, the antivirus utility you have developed will scan the se-
lected files based on the list of viruses in the virus library you included. 

The challenge with Anti-Virus is that they only detect viruses residing within your systems, they are de-
signed react to identified malicious threats. For this reason it is important to include additional preventative 
measures within your architecture, such as Firewalls, Spyware protection and Intrusion Prevention tech-
nologies where necessary in order to ensure that a defence-in-depth strategy is protecting your systems.
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PHISHING ANALYSIS: 
A REAL ATTACK CASE 
SCENARIO
by Anderson Tamborim

In this article, we will analyze a real case of a directed attack 
known as APT. We will study its main aspects, understand what 
the general purpose of these kind of attacks are and how to 
leverage the knowledge over the enemy for our own profit.

D ay by day, digital threats are evolving in an exponential way.  
One major question that we must always keep in mind is if the way 
we are seeing the infrastructure security of our organizations are 

seeking this advance.

When I talk to the people responsible for big company’s security and ask 
what they are doing to improve the operational security of their environment, 
very often the answers come to something like:

• 	 “I am deploying one patch management platform”
• 	 “We keep the servers and workstations antivirus software up to date”
• 	 “We are using a very resilient and trustful firewall of a well-known brand”

It is pretty obvious that the advances of the security systems are not seeing 
the new threats that are becoming more and more stealth and complex. This 
demands, above all, a strategic vision of the company’s business in order to 
accomplish the appropriate management, minimizing the damage caused by 
security incidents.

When we talk about security incidents, we have to keep in mind that the 
evolution of frauds utilizing the digital ways is today three times bigger than 
the ones utilizing the conventional ways. Even more people are changing 
their daily activities to the digital world, as for example many people do the 
shopping, pay the bills and much more electronically.

Having this scenario in mind, the developed tactics to act criminally in the 
digital world also grow seeking this tendency. This kind of motivation comes to 
the top when we talk about Advanced Persistent Threats. During many years, 
the major concern was about the attacks that could reach the external perim-
eters of the systems, keep the walls fortified and ensure that no kind of attack 

What you will learn:
• 	 The main aspects of an APT at-

tack, the phases and what you 
could expect when facing this kind 
of attack

• 	 We will learn some tools to lead 
an initial analysis of the attack and 
see some strategies to continue 
learning

What you should know:
• 	 Basic knowledge on network and 

Windows Operating Systems 
• 	 Knowledge of network protocols



PHISHING ANALYSIS: A REAL ATTACK CASE SCENARIO

will breach into the services available online. As we know, the security of your company infrastructure are 
as good as the weakest point. So, the main new target becomes the most susceptible one: People!

In most cases, APT attacks aim to give access to external attackers using as a major starting point 
through Social Engineering attacks. Using tailored made phishing e-mails, directed to the users with the 
objective to claim to be a trusted and real communication and make the user accept the malicious con-
tent unsuspiciously. There are many variations for this kind of attack, but the most common is the user 
receives an e-mail with an attached malicious hyperlink where the attacker will use some kind of exploit 
that will allow it to gain complete access to the user workstation.

Unlike the large range of attacks, that often occur on daily basis, the APT attacks in an almost imper-
ceptible way. The traffic generated by this kind of attack generally confuse itself with the legitimate traffic 
generated by the user, and this keeps it invisible from systems like an IDS or IPS. The most notable fea-
ture of this malware is the super persistence in the system, modifying many sectors and ensuring that it 
will remain in there for a long time, allowing the attacker to interact for a long term with the target. Once 
the attacker gains access to the target network, he will do something known as “Lateral Moving”. In this 
moment the attacker will try to exploit security flaws in other machines next to the first one infected. This 
will grant him the chance to enlarge his territory and facilitating his climbing to the total control of the 
network. With some efforts the attacker will inevitably gain access to elevated privilege credentials and 
this will allow him to access private documents, sensitive files, identify which users has access to which 
systems like, CRMs, ERPs and learn the process flow of the target company. This way he can apply this 
knowledge to gain access to the most valuable resources of the business.

The theft of confidential data and business vital information becomes the primary goal of the majority 
of structured attacks suffered by big corporations. What comes to the external border are no longer the 
most important when you observe the security aspect of the network, WHAT is leaking, HOW it is leaking 
and WHERE it is leaking to, this is truly the major concern.

The term “Information Leaking” refers specifically to this kind of attack. Keeping in mind that APT-like 
attacks are directional and in most cases have some background sponsors, some company’s may be 
interested in leaking your private information, which will lead your brand into many problems, especially 
when it comes to the media. Information is power; in this case, it can dictate the ways of success or fail-
ure of your operation.

a d v e r t i s e m e n t
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REAL SCENARIO CASE STUDY: DISSECTING A THREAT AND LEARNING FROM IT
Now that we are aware about the topic and know about what we are fighting against, it is time to analyze 
a real APT case. The malicious artefact that we will use in this example was collected in the network of 
a Brazilian company in the beginning of 2013. Especially in Brazil, we can observe a huge increase in 
malware focused on Bank information theft. 

The first phase in a direct attack occurs through some social engineering vectors, using phishing scam 
messages. The user will receive an e-mail message containing a teasing information, this will make him 
inadvertently helps the attacker to take control of the workstation. In this specific case, the attack sent a 
message claiming to be a “Facebook” message. We can see the replica of the message below.

Figure 1. Phishing message pretending to be a real message for a Facebook user. “You received a voice comment in your 
picture. Listen to it”

When the user click in the button “Listen the commentary”, the user’s browser will be redirected to a 
URL containing the first stage of the malicious artefact. This URL has a malicious Java Applet that will 
start the download of the payload containing the first part of the APT attack. Let´s download this Java Ap-
plet to analyze its features. After the download process is done, we need to decompile it For this, we will 
use a tool named “Java Decompiler”. Java Decompilerm(JD) is amdecompiler for the Java programming 
language. JD is provided as a GUI tool as well as in the form of plug-ins for Eclipse (JD-Eclipse) and In-
telliJ IDEA (JD-IntelliJ) integrated development environments.

JD supports all versions of Java from 1.1.8 through 1.7.0 as well as Jrockit 90_150, Jikes 1.2.2, Eclipse 
Java Compiler and Apache Harmony. You can reach it on http://jd.benow.ca.

Opening the .JAR file using JD, we have its clear text source code and we can analyze its functions 
without difficulty.

http://jd.benow.ca
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Figure 2. Java Applet decompiled. We can see the malware download features on it

We have the URL hosting the executable, which the Applet will try to deploy in the user´s machine. 
The attacker used a Dropbox account to host his malicious executable; this is very common because 
using Dropbox he does not need to be bothered about the availability of his malware. A second aspect 
is that Dropbox offer the content over a valid HTTPS channel. As you know, no proxy can read infor-
mation that transits through a SSL connection because all the traffic in this channel is encrypted, this 
way the content filter and IDS/IPS systems will be bypassed. Third reason, the attacker can create as 
many accounts as he desires and use them anonymously. 

It is very important to notice that the applet will save the downloaded file directly in the startup folders of 
the user’s profile. With this, we have one of the major aspect in this kind of attack, the super persistence. 

Figure 3. Super persistence applied to the malicious object downloaded

I think that is important to remind you that, from now on, each and every operation must be done in a to-
tally isolated equipment. Since we are dealing with a real threat found “in the wild”, we do not know in fact 
what is its behavior and what are the consequences of executing it. It is indispensable to have a virtualized 
environment totally segregated or a machine specially prepared for this objective. I recommend you to use 
VMware or Virtualbox virtualization systems. One important thing to do is that the network adapter of the 
virtual machines used in this lab won’t be connected with the Internet.

There are two major types of analysis that can be made upon a malicious binary. One is the Static 
Analysis, where we will analyze the binary totally offline, without any kind of execution, using reverse 
engineering, observing binary properties like libraries, doing its disassembly and obtaining information 
from the sample in an inert way.

The other is the Dynamic Analysis. On this kind we will execute the binary and observe its behavior 
once it is under execution in a controlled environment. We will try to identify many aspects of the sample 
while it is changing and infecting the target system. 
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For the static analysis, we will use a virtual machine running Windows XP, but stay comfortable to 
choose the system of your preference.

STATIC ANALYSIS: THE AUTOPSY OF THE ALIEN CORPSE
Once we have the malicious binary sample, let’s start the process of static analysis, where basically 
there are three main stages: 

• 	 Binary Identification
• 	 Unpacking/Decrypt
• 	 Disassembly/Reverse 

At first, we will make a simple trial to identify what kind of binary we are dealing with. Is it an execut-
able, a document or a dll? We need this knowledge to define the best approach on the next steps in the 
analysis. If the sample was obfuscated or encrypted it will be much harder to obtain important informa-
tion without using some reversion methods on it. Identifying and knowing what we are dealing with will 
provide us the option to have a better toolkit to execute a most satisfying analysis. 

For the initial identification in our sample, we will use PEid. PEiD detects most common packers, 
cryptors and compilers for PE files and it can currently detect more than 470 different signatures.  
It seems that the official website (www.peid.info) has been discontinued. Hence, the tool is no longer 
available from the official website but it still hosted on other sites. You can download it from here: http://
www.softpedia.com/get/Programming/Packers-Crypters-Protectors/PEiD-updated.shtml.

After you unpack the file, you will have a folder tree similar to the one below:

Figure 4. PEid directory tree files.

Now you need to update the signature base on the folder. You can use one of the repositories ahead

• 	 http://reverse-engineering-scripts.googlecode.com/files/UserDB.TXT
• 	 http://research.pandasecurity.com/blogs/images/userdb.txt

PEid interface is quite simple, you just need to load the file that will be identified and it will show you 
the information about it. Let´s see what PEid can tell about our sample.

http://www.peid.info
http://www.softpedia.com/get/Programming/Packers-Crypters-Protectors/PEiD-updated.shtml
http://www.softpedia.com/get/Programming/Packers-Crypters-Protectors/PEiD-updated.shtml
http://reverse-engineering-scripts.googlecode.com/files/UserDB.TXT
http://research.pandasecurity.com/blogs/images/userdb.txt


www.eForensicsMag.com 25

PHISHING ANALYSIS: A REAL ATTACK CASE SCENARIO

Figure 5. PEid analysis on binary: ASPack Packer identified.

The software has identified an ASPack Packer signature in our sample.

ASPack is an advanced Win32 executable file compressor, capable to reduce the file size of 32-bit 
Windows programs by as much as 70%. (ASPack’s compression ratio improves upon the industry-stan-
dard zip file format by as much as 10-20%.) ASPack makes Windows 2000/XP/Vista/7/8 and Windows 
Server 2003/2008/2012 programs and libraries smaller, and decrease load times across networks, and 
download times from the Internet; it also protects programs against reverse engineering by non-profes-
sional hackers. Programs compressed with ASPack are self-contained and run exactly as before, with 
no runtime performance penalties. 

To continue with the analysis we will need to unpack the binary. For this example we can use a tool 
called AspackDie. http://unpacking.narod.ru/aspack.html

Figure 6. ASPackDie successfully unpacked the executable

With the unpacked binary, we can go ahead. Let´s see the “unpacked.exe” file that was given by the As-
packDie program and see if there remains any kind of packer. This time let´s use another tool that can 
be an option for PEid, the “ExeInfo PE”

http://unpacking.narod.ru/aspack.html
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Figure 7. Binary identified as a Borland Delphi generated program. Not Packed

As we can see, our sample was generated using Borland Delphi 7. This is very interesting for 
the analysis point of view. When we are doing reverse engineering on any binary it is not possible 
to recover 100% of the source code, this occurs because of the operations made by the compiler.  
However, Borland Delphi keeps a DFM structure that can be decompiled easily and can help you find 
a lot of interesting information. 

There are two main tools when facing Delphi generated files. One is DeDe (Delphi Decompiler), the 
other is IDR (Interactive Delphi Reconstructor). Both are very easy to use and if you have any experience 
with Delphi programming you will receive the most benefit without big trauma. 

Delphi Decompiler loads a Delphi program and breaks it down for you, showing all the forms of data 
we’ve seen, but also where all the methods are called, the address of all the methods, and the method 
names. It also shows a complete decompilation of the binary if we wish, along with capabilities, to modify it.

Figure 8. The binary opened on DeDe showing the Units and Classes available

We will not going deep into the available features, for this if you want to explore it – be my guest. 
Hence we import the executable into the DeDe, let´s export the project so we can visualize directly on 
the Delphi IDE
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You have to choose the “Export” area, select the destination folder and click on “Create Files”.  
Once you finished the export of data, just go to the selected folder and you will see the files ready to be 
edited on Borland Delphi:

Figure 9. Output files exported by DeDe.

Just open the yogurTi project file and the resources will be recreated, you will have access to the origi-
nal form, the components used and the properties used in the program, this will help you figure out who 
starts, when, how and what each part of the program does at any given momment. Any piece of informa-
tion in this momment can be very usefull.

Figure 10. Decompiled Delphi Project edited directly in the Borland IDE

Ahead in the article, I will show the use of the IDR to analyze another Delphi binary. I recommend you 
to practice and test the functions and features of DeDe. It is a very nice tool.

Another tool that can help you figure out some binary features is the PeStudio. This is a tool that per-
forms the static investigation of any Windows executable files. It is worth noting, that when analyzed with 
PeStudio, files are never started. Unknown Executable files and even Malware can be thus inspected 
with no risk. PeStudio runs on any Windows Platform and is fully portable. It has a zero foot print and 
does not change the system it is running on.

Among some famous security tools, PeStudio has obtained Rank 4 on the Best 2013 Security Tools. 
You can handle a free copy at http://www.wininit.com.

http://www.wininit.com
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Figure 11. Main indicators of malicious tricks on the binary

PeStudio shows Indicators as a human-friendly result of the analyzed image. Indicators are grouped 
into categories according to their severity. Indicators show the potential and the anomalies of the ap-
plication being analyzed. The classifications are based on XML files provided with PeStudio. By editing 
the XML file, one can customize the Indicators shown and their severity. Among the indicators, PeStudio 
shows when an image is compressed using UPX or MPRESS. PeStudio helps you define the trustwor-
thiness of the application being analyzed.

PeStudio can query Antivirus engines hosted by Virustotal for the file being analyzed. This feature only 
sends the MD5 of the file being analyzed. This feature can be switched ON or OFF using an XML file in-
cluded with PeStudio. PeStudio helps you to determine how suspicious the analyzed file is.

Figure 12. PeStudio automatically check for the sample in VirusTotal Website
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PeStudio is also capable to detect and proceed to a RAW handling of the digital certificates (when 
available) embedded in an image. The interaction with the Certificates does not use any Windows API. 
Using PeStudio you can even Dump the content of the Certificate to a file.

A section that I always pay a little attention to, is the “Strings” sections. Strings are generally human-
readable parts of the binary code, that you can find very useful information, like Paths, Usernames, hard-
coded passwords etc.

Figure 13. Strings denouncing that the executable writes some files on the disk

Here we can see some indicators that the binary accesses or writes files on the infected host. This can 
indicate that this binary is a staged downloader and its main job is to deploy the real malicious payload 
inside the infected machine. One of the best way to obtain the dropped files and analyze them are by us-
ing a Dynamic Analysis methodology.

DYNAMIC ANALYSIS: WATCHING THE MONSTER IN THE JAIL
Dynamic Analysis consist of observing the behavior of the application during the runtime. Different from 
the static analysis in that we can observe the sample without executing it, in dynamic analysis we will set 
an ambient that can simulate the real world, applying some restrictions and using software that can track 
everything that happen inside this little jail. We will try to see the sample executing and acting like it was 
in real life, so we can learn from its behavior, learn what files it modifies, creates or deletes, if it contacts 
external hosts, if it tries to send or download information data and using the results of this observation 
generate the best mitigation plan. The Dynamic Analysis are very good but can have few limitations.

Some malware creators uses some protections in their executables to detect if the malware are running 
in a real machine or if it is inside a sandbox or virtual machine specially crafted to analyze it, so taking this 
assumption in mind you must understand that if the sample just exits, some protection must be applied. 

For this type of analysis, we can use a variety of open sources frameworks and standalone programs. 
For this specific example, we will use the ZeroWine Tryouts Framework. It is a virtual machine environment 
created using QEMU and containing the necessary tools to generate an analysis in the sample without any 
risk to your network. You just have to download it, start and submit the sample. It is one of the easiest and 
quickest start frameworks existing today. For this, let us start the dynamic analysis on it. First, you have to 
download the package containing Qemu+Zerowine Tryouts. http://zerowine-tryout.sourceforge.net.

http://zerowine-tryout.sourceforge.net
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Unpack the files and start the start_img.bat file to initiate the ZeroWine virtual machine. It will configure 
a local redirection for the local port 8000/tcp and 2022/tcp for you access the Linux. 8000/tcp will be the 
access on the web interface used to generate the analysis and download the results and 2022/tcp for 
access directly on SSH console.

Figure 14. Just execute the start_img.bat file to start the Zerowine virtual machine

Figure 15. Since the Linux VM has started, just access http://127.0.0.1:8000
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Since you executed the batch file all you have to do is wait for the Linux VM to completely load itself 
and the web interface will be available to initiate the analysis of our file.

Point your browser to the address http://localhost:8000 and you will arrive to the landing page.  
There you can choose the Windows template used for the analysis, for this specific case, we will use 
Windows 7 SP1 template. 

You can setup the Timeout value; I recommend using 90 seconds and inputting the value for the mem-
ory drop at 30 seconds.

Figure 16. Landing page on ZeroWine web interface. Choose the Template and submit the file

Once you submit the analysis, just sit back and wait. Zerowine will do the entire job and just give you 
the result. It will take a little time depending on your gear power. If you have enough ram to improve the 
value in the start_img.bat parameter you will have the result complete earlier. When it is over you can 
check the View page and download the analysis result.

For any analysis generated on Zerowine, you will have:

• 	 The original file name (even if modified many times, there is a metadata originated on the compila-
tion of the file)

• 	 The calculation of most common identification hashes (md5, sha, rc4)
• 	 It will tell you if the sample tried to use some identification trick to know that it is been executed in-

side a secure environment.
• 	 And the report containing the behavioral analysis, the file headers, file strings and the signatures of 

identified files
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Figure 17. View of analysis result

Figure 18. Section “report” of the analysis. Here we can see the behavioral analysis of binary

Diving into the result of behavioral analysis you will find that the original file created two new binaries 
in the hard disk, they are “overflow.exe” and “resolver.exe”. Now that we have these new files let’s check 
what these files are really doing once they have been deployed.

Dropped File 1 – Overflow.exe
Once we have these new files, we can go ahead and do the same process we did before here.  
You will see that Overflow.exe is not packed and is a Delphi binary. For the dynamic analysis of this file, 
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we will use Cuckoo Sandbox. There is an online version of the framework you could use at no cost and 
submit some samples for analysis. You can check the analysis of the overflow.exe sample: https://malwr.
com/analysis/OWE2Y2I1OGYyNzM2NGY5MmJhODA5NDRiYTFhNWQ5ZDA/.

The first thing you observe when the analysis finishes is the triggered signatures. These signatures are 
scripts that parse all the static/dynamic analysis result and then check the existence of some patterns. 
Once the pattern is located and match with the signature it is added to the final report. There are signa-
tures for the most common behaviors. For the Overflow.exe file we can see some of them:

Figure 19. Signatures triggered by the Cuckoo on Static Analysis

We can see that the overflow.exe file once executed creates a local socket listening to any address 
on the host. The secondary signature tell us that this file is identified by at least one antivirus in the Vi-
rusTotal engine as malicious. This means that someone else already has submitted the file for VirusTotal 
analysis and maybe it has been detected by some antivirus systems. Some important signature say that 
is performs some http requests, this requests can be used to download files, to upload information gath-
ered or just to notify the hacker that our machine was compromised. Last but not least, signature shows 
that the sample steals information from local internet browsers. This means that the malicious software 
may be searching for some authentication cookies, saved history credentials and much more. You can 
check the Behavioral Result to see what registry keys it is accessing. For this example, we can see some 
hosts that the binary are contacting:

Table 1. Table of domains reached by the binary

DOMAIN IP
dl.dropbox.com 107.22.212.163

www.download.windowsupdate.com 23.62.99.27

dl.dropboxusercontent.com 50.19.80.165

vulcanoempresasv1.hospedagemdesites.ws 187.45.240.50

If you set up a Wireshark on a virtual machine host and then execute the sample, you will see ex-
actly what this binary is requesting. Since the majority of the urls used by the sample are currently of-
fline, I just could check one of them, and found something interesting that I will show you in few pages 
ahead. Let’s try to understand what overflow.exe is exactly trying to do to our lab.

When we check the behavioral analysis of this binary we are lead to see the parameters used by 
the program:



34

Figure 20. Events triggered on the binary for each key press on the keyboard.

For each key press executed on the machine, an event will be triggered in the binary, this is a common 
behavior of Keylogger and Screenlogger. We are most probably dealing with a keylogger created to steal 
bank information on your machine. When the signature says the sample are stealing information about 
the internet browser, we can found this actions on the registry activity.

Figure 21. Registry activity displaying the query of values of Internet Browser configuration

Let´s check the overflow.exe binary using the IDR (Interactive Delphi Reconstructor) since it is also a 
Delphi binary program. Just open the file and it will export all the units, classes and Forms used in the 
application. Once it finished the process you can check the Forms tab, it will show you all the available 
Forms in the application, even the Hidden one. The overflow.exe seems to be a kind of command cen-
ter for the attacker because we can see many database connectors, socket plugins that can attach the 
application to other external hosts, and we can see many Database queries in the strings of the file. 
This way we can figure out that this application is the main resource of data manipulation and parsing 
them all to an external database.
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Figure 22. All available units and classes on the program. We can see some DB queries on strings

a d v e r t i s e m e n t
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Figure 23. Main form on the application displaying many connectors to external database

This program will be added to the startup of the user and will be loaded every time you log in into 
your computer. So now we know that this guy is really malicious and is stealing our information. As I 
said before only one URL was available to access, the url is vulcanoempresasv1.hospedagemdesites.
ws. Since the sample made a request to it, I become curious to see if I can find something else on this 
address. I will save the best for the end.

Let’s see the other file created by the downloader, “resolver.exe”

Dropped File 2 – Resolver.exe
When I checked this file, I noticed that it had been sent many times to VirusTotal, and the md5 checksum 
of it shows me that this is not a new fresh binary, but an existing tool that the malware creator indexed 
inside his toolkit. When I executed it on one of my Virtual Machines, I noticed the following on my screen:

Figure 24. The Avenger malware removal toolkit
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The Avenger is a fully scriptable, kernel-level Windows driver designed to remove highly persistent 
files, registry keys/values, and other drivers protected by entrenched malware. It is effective at removing 
malware that is hooked deeply into the operating system itself, which is often difficult for standard tools. 

The Avenger is a VERY POWERFUL program, and can easily be misused.

Well, it is not that hard to presume that this tool is not here to just remove a malware presence.  
Once this is highly scriptable just check one txt file dropped by overflow.exe

Figure 25. Script written to the disk by overflow.exe

Since The Avengers, at the kernel-level, removes the files commanded by the script, our sample will 
remove the presence of some well-known antivirus leaving a free way for the malware to prosper and 
grow happy and free.

THE HEIST
Analyzing the results of the malware HTTP requests, we can notice the contact with the host bellow:

Figure 26. HTTP Request intercepted from the binary

This URL receives all the stolen information from the infected machine. I tried to check if this conte.
php was available but it was not. The current folder was availed and I tried to navigate to the folders 
bellow that one and found something very interesting. A folder with a php script called “conn_fabrik.
php”. This name was familiar to me and I accessed it, the result is below:
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Figure 27. conn_fabrik.php 

Yes, this is a PHP Shell uploaded to the host, and used by the attacker to manage the files used in the 
Phishing campaigns. The shell has the ability to send system commands to the bash, upload files, restart 
services and much more. 

Figure 28. Just send the command: $ cat /bin/passwd

As you can see, the attacker was not that concerned about the security of his operation center. I tried to 
find the database with the stolen information from infected victims but found nothing. I think the attacker 
moved the database to another base.
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Navigating in the folders inside the shell page, I found a .RAR file and downloaded it. The content was this:

Figure 29. Files inside the downloaded attacker directory

I put these files into my XAMP server used for laboratory and the result was this:

Figure 30. Phishing landing page posing as a real credit card website

A phishing scam website pretending to be a landing page of “Hipercard”, a very common credit card 
company here in Brazil. In the form, the attack says to the visitor to fill the input with some credit card in-
formation in order to participate in a sales opportunity.
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Editing the index.php using notepad++ we can see the e-mail address of the attacker:

Figure 31. Attacker e-mail contact at index.php file

From this, we can learn that this kind of attack can be lead from many vectors and Internet is not a very 
safe world to live in.

SUMMARY
I hope you have enjoyed this little walk around the APT Scene analysis. Of course, we can go much 
deeper into the analysis but for now, you can on your own in the search of knowledge and more refer-
ences to start your advanced research to improve your skills. I know that there are some gaps in the 
analysis but even this article is just scratching the surface of this samples analysis we have taken more 
than 25 pages. 

External Reference
• 	 http://www.cuckoosandbox.org – Very good framework for malware analysis and open source
• 	 http://www.malwr.com – Online free instance of Cuckoo Sandbox for you to submit samples
• 	 http://ytisf.github.io/theZoo – Malware DB is a project created to make the possibility of malware analysis 

open and available to the public.
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AN INTRODUCTION TO 
KEYLOGGERS 
by Irv Schlanger MSIS, ACE, Security+ and Ruth Forese

Keyloggers have the reputation as being one of the more 
intrusive kinds of tracking devices. Keylogging refers to the 
recording of keystrokes that a user types on a computer. 
Keylogging is often associated with malware, where its purpose 
is to obtain personal information without a user’s knowledge or 
consent. Keyloggers can also be used for other reasons, however, 
such as for troubleshooting computer problems and conducting 
research. This article introduces various types of keyloggers and 
then overviews two types of keylogging software, both of which 
require little technical knowledge and can be easily set up by the 
average user. 

K eyloggers come in many forms but can be separated in two general 
categories: hardware and software. Hardware keyloggers are physical 
devices, while software keyloggers are programs that do not require 

an external device. Hardware keyloggers might use software to provide addi-
tional functionality, but for the purpose of this article, all hardware keyloggers 
have a physical component that is not part of a traditional computer setup. 
Below is a basic description of each type:

Hardware
Hardware keyloggers are usually devices that attach to the port the keyboard 
uses to connect to the computer. On most modern systems, hardware key-
loggers connect to a USB or PS/2 port. The keyboard is then plugged into the 
keylogger and all keystrokes are recorded onto the device’s internal memory. 
Hardware keyloggers have dropped in price in recent years but can still be 
expensive depending on their memory capacity. Additionally, hardware de-
vices pose a risk upon removal and installation because they require physi-
cal access to the computer. However, they typically use fewer resources than 
their software equivalents and attempted removal can be easier to detect. 
These advantages make them preferable in some situations such as on fam-
ily computers or in business environments. 

Some hardware keyloggers are relatively simple and record data to a sin-
gle file, while others have a wide variety of features. For example, some  

What you will learn:
• 	 The basics of how different kinds 

of keyloggers work in a Windows 
OS

• 	 Examples of keyloggers that are 
available for personal use

• 	 Methods for removing, mitigating 
and detecting keyloggers 

What you should know:
• 	 Familiarity with Windows system 

concepts such as the registry
• 	 Basic understanding of modern 

PC system hierarchy 
• 	 Optional: How to compile and run 

a C++ program
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devices have Wi-Fi capabilities for wireless data transmission via email reports. In this case, the own-
er of the device can gather data without having to physically visit the computer. Hardware keyloggers 
also range in memory capacity and size. Most modern keyloggers are small and inconspicuous at a 
quick glance. The following can be found on Amazon.com:

Table 1. Table of Various Hardware Keyloggers and Their Features

Name: Keyllama 4MB USB Value 
Keylogger

Spy Cobra Deluxe PC 
Keystroke Remote 
Monitoring Software

KeyKatcher (Mini) 64K PS/2 
Hardware Keylogger

Photo:

Current Price: 57.99 USD 106.00 USD 33.95 USD

Memory Size: 4MB 4GB 64KB

Physical Size: 1.6 in .6 in 1.5 in

Other Features: Plug-and-play Screenshot capabilities, remote 
data retrieval, encryption

Plug-and-play, tamper-proof 
seal 

Software
Software keyloggers are programs that monitor and capture keyboard input. Software keyloggers can be 
legitimate programs, but many are obtained covertly as malware. Malicious keyloggers are installed like 
most other kinds of malware; for example, through visiting a malicious website or by downloading a Tro-
jan. Some software keyloggers come as part of a suite containing tools such as those for data analysis, 
automatic file retrieval and screen capturing. 

Different keyloggers interact with different system components to obtain data. Many common key-
loggers use keyboard APIs to intercept communication between the keyboard and user applications. 
Most of these keyloggers use a technique called API “hooking” to interact with the state of the operat-
ing system. Although hooking isn’t used, the first software example described later in the article takes 
advantage the Windows API to capture keystrokes and will be described in more detail. 

Stealthier keyloggers can inject themselves into another program’s executable. In Windows, executing 
inconspicuous code may use DLL injection to force an existing process to load a DLL. Other software 
keyloggers can even reside at the kernel level and work much closer to the hardware. These programs 
are less common and harder to remove. Many kernel-based keyloggers use or replace device drivers to 
immediately access keyboard input. 

Keylogging remains a popular research topic as technology continues to evolve. Many methods in 
research are currently theoretical or impractical but with improvement may someday be used in real-
world applications. For example, a new project in collaboration with the Institute of Computer Science, 
Foundation for Research and Technology and Columbia University explored using GPU memory to 
log keystrokes. The keylogger stored data directly into GPU memory without requiring kernel modifi-
cation or access to keyboard API (Ladakis, Koromilas, Vasiliadis, Polychronakis, & Ioannidis, 2013). 
Although the current concept required root privileges, a more advanced version would be stealthier as 
the keylogging uses the GPU to store data. MIT and Georgia Tech researchers have also used smart-
phone sensors to detect keystrokes on a desktop keyboard. In the experiment, vibrations created on 
the desk as the user typed were successfully monitored and logged by the phone (Marquardt, Verma, 
Carter, & Traynor, 2011). 

Other methods can be used to obtain keystroke data that do not require a specialized software keylog-
ger. For example, packet sniffers can capture passwords and other sensitive information over a network, 
and form-grabbers obtain data from forms through the web browser. Although these techniques record 
what a user types, they do not fit into a strict definition of “keylogging” because they don’t directly pro-
cess keyboard input.
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USES FOR KEYLOGGERS
The term “keylogging” often has a negative connotation because of its association with malware.  
Arguably the most well-known keyloggers are malicious and obtain confidential information for stealing 
identities, committing fraud, and other criminal objectives. Keyloggers in these cases are installed as 
malware on an unsuspecting person’s machine. However, they have a variety of different purposes. Be-
low are some ways keyloggers are used: 

• 	 Recording a suspect’s keystrokes for criminal activity 
• 	 Conducting research in areas such as typing or human-computer interaction
• 	 Recording your own keystrokes to measure productivity or improvement 
• 	 Troubleshooting a computer problem 
• 	 Logging activity to see if someone is using a computer without the owner’s permission
• 	 Monitoring employees to ensure they are complying with company policy
• 	 Parental monitoring of minor children for safety reasons 

Keyloggers in the News
Keyloggers both fight against and facilitate crime. Below are a couple keylogger-related incidents that 
have appeared in the news: 

The ZeuS Trojan
ZeuS is an advanced and infamous Windows Trojan that became widespread in 2009. Its primary pur-
pose is to steal financial information and has so far been responsible for the theft of over 70 million USD 
(Federal Bureau of Investigation, 2010). The Trojan takes advantage of botnets to infect personal com-
puters and company networks. ZeuS itself is a large software suite containing functionality such as form-
grabbing and a memory injection-based keylogger (Falliere & Chien, 2009). ZeuS is not as active as it 
was a couple years ago but may evolve and become more prevalent in the future.

The Arrest of Nicodemo Scarfo
The FBI used a keylogger to gather enough evidence to arrest Nicadermo S. Scarfo Jr., the son of Philadel-
phia mob boss “Little Nicky” Scarfo. The keylogger obtained a PGP key that Scarfo used to encrypt records 
of a sports-betting ring and other gambling information. A report suggested that the software was sophis-
ticated and hid in “normally occurring Windows processes” that activated only when a key was being en-
tered (Electronic Privacy Information Center, n.d.). Although the FBI was authorized to install its “Key Log-
ger System,” the case sparked debate over electronic privacy and wiretapping laws in the United States. 

Purdue University Student Hackers
Three Purdue University students were accused of hacking into their professors’ computers to change 
their grades. The students switched faculty office keyboards with keyboards containing logging devices 
to gather passwords and other sensitive information. The students used these credentials to log into 
their professors’ accounts and change their grades to higher marks. They were able to alter grades for 4 
years, from 2008 to 2012, without detection. The students were charged with multiple computer crime-
related misdemeanors and felonies when they were caught in 2012 (Vaoravong, 2013). 

Legal Issues
The use of keyloggers without the other party’s consent presents a number of legal problems. In the 
United States, there is no one law that specifically prohibits keylogging not authorized by a court order 
or some other official procedure. The recording of keystrokes is often considered to be a form of “wire-
tapping,” but individual states may interpret federal law differently. For instance, some states require that 
both parties involved in data transmission consent to recording of data. Stricter laws such as these make 
it easier for keylogging to be considered illegal. 

Only single-party consent is required in some states and at the federal level. The definition of keylog-
ging as a criminal activity has been disputed in some court hearings; for example, the Southern District 
Court of Indiana ruled in 2011 that the keylogger used in one case was not a form of wiretapping because 
the data was not “transmitted” or “stored” in a way that violated the Federal Wiretap Act (Lichter, 2012). 

Recent amendments to Title 18, Section 1030 of the United States Code more clearly outline laws for 
unauthorized computer use (Prosecuting Computer Crimes). In general, most forms of unauthorized in-
formation gathering and access is now considered illegal. The law is specifically applicable to computers 
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owned by the government and financial institutions but has been interpreted to apply to personal devices 
as well. Laws regarding issues like cyberwarfare and unauthorized computer access are actively chang-
ing due to the evolution of technology and cyber-crime. Therefore, it is very important that users check 
the regulations that apply to their area – whether it be a country, state or organization. The most danger-
ous situations are those without consent where the collection is for a malicious purpose. However, even 
those situations may not be criminal depending on specific circumstances. 

DETECTION, PREVENTION AND REMOVAL 
Both hardware and software keyloggers can be difficult to detect. Instead of making conspicuous system 
file changes like many forms of malware, they simply sit and “wait” for a user to perform an action and 
record it. Below are some methods for detecting and removing different types of keyloggers: 

Hardware
In most cases, the only easy way to detect a hardware keylogger is through physical inspection. 
Many modern keyloggers are small thumb drive or converter-type devices connected to the PS/2 or 
USB ports on the computer, although some advanced keyloggers can be embedded into the key-
board itself. Such devices might require an expert to look for unusual modules or chips inside the 
keyboard. Many simpler devices can be removed by simply disconnecting them, but use caution 
when handling suspected keyloggers as some might be equipped with an anti-tampering mecha-
nism. Employees should consult their company’s policy before attempting to remove anything from 
their computer.

Software
There is no one way to detect all kinds of software keyloggers. General antimalware programs can detect 
some – these work best with simpler, higher-level keyloggers because they have a standard behavior 
that can be recognized more consistently. Common keyloggers may also be discovered by their signa-
ture like other malware. Anti-keylogger programs specifically focus on removing and detecting keylog-
gers, but some can’t distinguish between legitimate software and malware. 

Keyloggers can also be hard to differentiate from other software because they rely on functionality 
used by many “normal” applications. For example, applications might use keyboard API to recognize 
shortcuts and hotkeys, because they need to “listen” for a particular keystroke combination. It’s important 
to note that most applications do not actually record the keystrokes. However, this shared functionality 
can still trick antimalware programs into ignoring potentially harmful software. 

Forensic methods can detect keyloggers just like other types of hidden malware. Again, different meth-
ods are effective for different keylogger implementations. In Windows, some keyloggers conduct typical 
malware “behavior” such as modifying the registry or forcing executables to use libraries they don’t nor-
mally use. These changes can often be discovered in a simple process or registry monitoring program. 
Windows Sysinternals is a free group of system monitoring utilities for the Windows operating system 
that administrators often use for diagnosing problems and malware.

Keystroke Encryption 
Keystrokes can be encrypted as they are interpreted by the operating system and before they are sent to 
user applications. Encrypted keystrokes can therefore combat a number of higher-level keyloggers, such 
as those that hook Windows keyboard APIs. The diagram above demonstrates where encryption and de-
cryption typically take place using keystroke encryption software. Various keystroke encryption programs 
are available such as QFX Software’s KeyScrambler. Note that some software encrypt keystrokes at levels 
different from the above diagram. Keystroke encryption may be effective against common threats, but it is 
not a perfect defense because it is possible for keylogging to occur before encryption or after decryption. 
Hardware keyloggers, for example, would still work since they record keystrokes before the data is sent to 
the motherboard. High level keylogging-like programs such as form grabbers may also not be affected by 
encryption because they could gather data after the keys are decrypted at the application level. 

Lastly, sophisticated low-level keyloggers installed in the kernel may be able to bypass the encryption as 
well. If a keylogger manipulated an existing driver or added itself as its own driver, then it is possible it runs 
at a level “below” the keystroke encryption. Although these types of keyloggers do exist, they are uncom-
mon and harder to install. New theoretical methods to create kernel-level keyloggers are currently being 
researched, so current encryption methods may become less effective as malware continues to evolve. 
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SOFTWARE EXAMPLES
Below are two examples of keylogging software – one is a simple program in C++, while the other is a 
complete suite of user monitoring software. Both examples are fairly easy to set up and use. The pro-
grams were tested on a Windows 7 computer. Note that writing and running the C++ program will require 
a text editor and compiler.

WARNING
Check all applicable laws, regulations, and policies in your area before installing and/or using these 
programs, even for personal use. Do NOT use the following software for anything other than legal re-
search purposes. 

A Simple Keylogger in C++ 
Many online tutorials provide step-by-step instructions for building keyloggers. Users with just a little time 
and technical knowledge can easily construct their own. Below is a simplified version of a program from 
the programming tutorial site WiBit.net. This example demonstrates how a programmer can easily imple-
ment keyboard API to intercept keystrokes. Note that this example is for demonstration purposes only 
and is not an effective real-world implementation. 

The above program listens for keyboard input using the first while loop. If a key is found, the Save meth-
od is called, which saves the key to LOG.TXT in its proper format. The Stealth method hides the program 
from appearing in a console. Notice how this program, minus the optional if statements that format spe-
cial keys not recorded in translatable ASCII, takes less than 50 lines to write. 

As stated before, the above program is not reliable in practice. Most modern keyloggers hook the key-
board API to listen for events rather than using getAsyncKeyState to poll input. They also use DLL injec-
tion to make their programs stealthy, more reliable, and less CPU-intensive. This keylogger would be 
easy to detect through a process monitoring tool like the Task Manager and would also fail to recognize 
some keystrokes. 

RelyTec All In One Keylogger for Windows
RelyTec provides a complete spy software suite for Windows called the All In One Keylogger. Besides key-
logging, the program has a range of features that include automatic screen capture, two way instant mes-
saging capture, logging audio and printing, automatic disabling of anti-keylogger software, log encryption, 
and report sending through email or FTP. RelyTec provides a complete free trial so users can test it out 
before deciding to purchase the full version. Below are some screenshots that demonstrate the software’s 
functionality and level of stealth. Under each screenshot is a description of the highlighted features:

The Main Window

Figure 2. The window that appears when the All In One Keylogger is opened
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The window above is the main window that appears when the software is opened. The All In One Key-
logger only opens when a password is typed – this password works while using most programs and will 
also work from the desktop. Some of the general settings help increase the program’s stealth level; for 
example, users can remove Start Menu entries and hide the process from the Task Manager.

A Sample Text Log 

Figure 3. The text log window

Above is a sample text log. The All In One Keylogger organizes keystrokes by where and when they 
occurred. In this example, the user tried to sign into her Google account. The username and password 
fields were logged and displayed in the lower half of the window. “Account” was the entered username 
and “accountpassword” was the attempted password. The left-hand side displays the options for viewing 
and exporting logs. 

A Sample Visual Log

Figure 4. The visual log window

The All In One Keylogger takes screenshots whenever the user opens a program or starts typing.  
The screenshot above correlates with the text log as the user tried signing into a Google account.  
Like text logs, visual logs can be exported and sent to a remote computer through FTP or email. 



48

Stealth 

Figure 5. Finding the All in One Keylogger using the Windows Process Monitor

The keylogger installs itself in a hidden directory of the user’s choice. By default, the name seems to be 
a string of random characters. The name of the executable is also ambiguous. The keylogger is hidden 
from simpler process monitoring utilities such as the default Windows Task Manager. However, one can 
find the executable operating in more detailed utilities such as Windows Sysinternal’s Process Monitor. 
The above screenshot displays a simple filter for operations coming from the “Program Files” system di-
rectory. Note the oddly-named process and directory of execution. 

Keystroke Encryption Test

Figure 6. The Zemana AntiLogger (left window) was able to remove keystroke data before it was detected by the All In One 
Keylogger

Zemana AntiLogger Free attempts to replace keystrokes with empty data while they get sent from the 
kernel to user applications. The All In One Keylogger did not detect most keystrokes while the AntiLog-
ger was being used, indicating that the keystrokes are being monitored at a higher level in the computer 
system. The screenshot attempts to show that the keylogger did not pick up the test written in Notepad 
because they were hidden by the AntiLogger. Notice that there is no log data in the time period that the 
keystrokes were typed. 
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CONLCUSION
Keyloggers come in a variety of different types, each with their own methods for installation, detection 
and removal. Software and hardware keyloggers have their own advantages and capabilities depending 
on their level of sophistication. To recap:

• 	 Almost all hardware keyloggers require physical access to the computer for installation. Models with 
high memory capacity and advanced features can be costly but most are inexpensive.

• 	 Software keyloggers operate in many different ways. Software keyloggers and keylogger-like pro-
grams include but are not limited to form grabbers, kernel-based keyloggers, API hooking keylog-
gers, and keyloggers that use other techniques such as memory injection. 

• 	 Many software keyloggers can be found using typical memory forensic or process monitoring tech-
niques. Different keyloggers require different methods for discovery and some may be easier to find 
than others. For example, the All In One Keylogger was hidden from the Task Manger but discov-
ered in the Sysinternals Process Monitor. 

• 	 Keylogging encryption will effectively combat some higher-level keyloggers. An understanding of 
“where” the software encrypts and decrypts data on the system hierarchy is necessary to determine 
what kinds of keyloggers it can mitigate. 

• 	 Keyloggers are commonly malware, but they can be used for research, law enforcement, and other 
purposes.

• 	 The laws and policies regarding keyloggers vary according to location and jurisdiction and are up to 
interpretation. 

• 	 Although highly sophisticated keyloggers require technical expertise to create and use, extensive 
programming experience is not needed to configure less sophisticated keyloggers.

• 	 Many are even freely available online. 
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THE BAREBONES 
APPROACH TO 
MALWARE FORENSICS
by Charles Coker, Nicole Michaelis and Andrew Akker

For some organizations, a strategic response may not involve 
the most sophisticated software tools. In fact, end-user 
education and procedures that recognize the end-user’s role in 
malware protection and forensics can go a long way toward the 
protection of sensitive information assets.

Malware forensics has become increasingly important as the cyber-
crime community wreaks havoc on retail, technology and financial in-
stitutions. Edward Snowden’s release of top-secret NSA documents 

was a powerful example of how damaging data leakage can be. Cybercrime 
can endanger governmental and private organizations alike, and malware is 
a commonly used tool of the cybercriminal. Target’s data breach, caused by 
memory scraping malware software installed at point-of-sale (POS) termi-
nals, may be the largest corporate hack in history. Affecting up to 110 million 
customers, Target’s cyber attack occurred on a larger scale than the Neiman 
Marcus data breach. However, both incidences of cybercrime were caused 
by the same kind of malware. The only way for organizations housing sensi-
tive information to protect company and client data is to respond to malware 
with speed and precision. 

END-USER EDUCATION
When malware detection software is limited or inadequate, the end-user is 
the first line of defense against a malware attack. Anti-virus software and IT 
professionals are not always available to identify and treat a malware infec-
tion quickly. Given that the majority of infections start at the PC level, we are 
forced to rely on the end-users to accurately identify a threat and to take the 
appropriate initial steps. If the proper procedural techniques are not in place, 
then malware may not be quickly identified, worms may spread across the 
network, users may restart their machines, and the information that IT needs 
to do forensics may disappear. 

End-users must be trained to take the appropriate measures whenever they 
determine or suspect that their machine is infected. The end-user’s response 
plays a crucial role in malware forensics, but the uneducated end-user can 

What you will learn:
• 	 Why organizations housing sensi-

tive information should strengthen 
their malware defense strategies

• 	 How to develop a malware foren-
sics action plan that focus on strat-
egy, not tools

• 	 The importance of ensuring a 
quick and effective response to a 
malware infection

• 	 How to train end-users to detect vi-
ruses, quarantine their machines, 
and preserve memory

What you should know:
• 	 Familiarity with your organization’s 

anti-virus software’s features and 
limitations

• 	 A basic understanding of the work-
place environment

• 	 Familiarity with a Windows com-
puter system
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also be the weakest point. End-user education can help an organization strengthen its security. In gen-
eral, a user-focused malware awareness training program should provide instruction to end-users on the 
following procedures:

• 	 Detect Malware
• 	 Contact IT
• 	 Safeguard the Network
• 	 Preserve Memory

MALWARE DETECTION
In general, the longer a system has been infected prior to malware detection, the higher the risk of data 
leakage, corruption, and loss. Early malware detection is therefore essential to reducing these risks. If mal-
ware can be detected in the early stages of infection, then the greater the likelihood that malware forensics 
can recover system memory and end-user system usage. Early detection, which should coincide with early 
isolation from the network, can also prevent computer worms from spreading across the network.

End-users should be equipped with malware identification skills that do not require a technical back-
ground. End-users should be trained to identify these key indicators of a potential malware attack:

• 	 Machine is exhibiting abnormal performance
• 	 Machine randomly rebooted
• 	 Files opened without user opening them
• 	 Drives suspiciously full
• 	 Malware detection software message

POINT OF CONTACT
It is important that end-users know whom to contact if their machines are infected with malware. 
While end-user education is important, assistance from an IT professional is helpful and often re-
quired. End-users should be instructed to contact certain individuals as soon as their machine de-
velops signs of hosting a malware infection. The availability of professional IT help determines what 
happens next. If IT professionals are housed in the same building as the end-users, then the end-us-
er’s responsibilities are greatly diminished. However, end-users should be trained on the procedural 
steps that follow in the remainder of this article regardless due to the possibility that IT professionals 
cannot reach the end-user as quickly as would be expected. Further, end-users should be aware of 
the malware forensics process in order to prevent them from attempting to fix the problem on their 
own using a misguided approach. 

SAFEGUARD THE NETWORK
If IT professionals are not immediately available to investigate a potential malware attack, end-users 
should know how to disconnect their PC from the network. Disconnection from the network is a key step 
in a malware defense plan because it can prevent malware from spreading across the network, if the 
malware is a worm. Since malware forensics is required to determine if the malware is capable of infect-
ing other machines on the network, it is best to mitigate further harm by disconnecting the machine from 
the network before investigating the malware. 

Users may not know what it means to disconnect the PC from the network and instructions via a phone 
call with an IT professional may not be sufficient. A training session would include detailed instructions, 
and preferable, a live demonstration of how to disconnect the PC from the network. Users should know 
exactly how to pull out the network cable and where the network cable is located. It is best to routinely 
train users on malware defense techniques so that they will know what to do if and when their machines 
become infected. 

MEMORY PRESERVATION
When end-users notice that their machine is malfunctioning, their instinct is to restart their machine. 
In some organizations, the IT Department may even have this tendency. It is important that both 
end-users and technicians resist the temptation to shut down the machine and instead work toward 
troubleshooting the root cause. Shutting down the machine purges the memory, which would have 
served as valuable forensics material. Such information could have helped a technically trained in-
dividual locate the source of the malware or at least the user’s recently visited websites. It is thus 
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important for users to be regularly reminded of their role and responsibilities for information security. 
End-users can negatively impact a malware investigation if they are not trained to participate in a 
malware defense strategy.

MALWARE ANALYSIS
An IT professional should examine an infected machine as soon as possible. The following steps should 
be included in any formal plan of action:

• 	 Remove the malware
• 	 Scan the machine for malware
• 	 Collect data

Malware Removal
Malware removal is generally a simple step. However, if the IT professional cannot detect malware on 
the machine but is confident that the machine is infected, clear the hard drive and re-image the ma-
chine. This precaution should only be taken after a thorough forensic investigation. Prematurely recon-
necting the machine to the network could cause the malware infection to spread across the network 
to additional machines.

Malware Scan
After removing the malware, it is important to scan the machine for additional malware. This machine 
may be particularly vulnerable to malware infections and malware may have infected the machine since 
the last scan. Either way, scanning the machine is an important precursor to reconnecting the machine 
to the network. 

Before scanning the machine, make sure that the malware detection software is updated to the latest 
version and that the DAT file is up to date. In deciding how many passes to take and how deep the scan 
should be, an IT professional should consider whether the malware is a major or minor infection and 
how likely it is for the malware detection software to detect malware on a single quick pass. Generally, 
the more sophisticated the software and the less serious the malware, the lesser the need for multiple 
passes and deep scans. 

Data Collection
When a technician does reach the end-user, this is a prime opportunity to collect data from the machine 
and the user. Logs from any anti-malware software installed on the computer, browser cookies, surfing 
history and e-mail history should be collected at this point. This information will help pinpoint the origin 
of the malware so that other users can be alerted and machines on the network can be protected. For 
example, are suspicious websites or e-mail senders found in the surfing or e-mail histories? If so, these 
websites and e-mail addresses should be investigated and potentially blocked. 

CONCLUSION
A strong plan of action for responding to malware recognizes the role of end-users and IT professionals. 
Many software tools take over these roles, thereby making procedural techniques irrelevant. For organi-
zations that do not have these tools, procedures and end-user training are essential. These procedures 
should include: malware detection techniques, the point of contact in IT, quarantining the machine, pres-
ervation of memory, malware removal, machine scanning and data collection. A strong end-user educa-
tion program should include regular training sessions to remind users of the procedure. IT professionals 
should also routinely examine the procedure, their role in this procedure and any necessary updates to 
the procedure due to system and software changes.
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What is CSCSS and what are your goals?
The Centre for Strategic Cyberspace + Security Science was established to provide leadership in inter-
national cyber security and cyberspace affairs. It represents what is best about cyber-centric leadership, 
and is capable of bringing together diverse and converging viewpoints and leadership for cyberspace 
and the central strategic issues and opportunities on the international stage. 

The Centre for Strategic Cyberspace and its mission are critical to the evolution of cyberspace security, 
research, development and the fundamental convergence we see every day. Information is a vital asset 
to economic development innovation and national security. The cyber threats to information and com-
munication technologies (ICT) systems and information security are evolving; cyber technology, process 
and the supporting human element must evolve accordingly. 

The unique value The Centre for Cyberspace + Security Science (CSCSS) brings to the cyberspace 
stage can be defined in many ways. Primarily, in the global forum, we are the only independent, biparti-
san, not for profit, Strategic Cyberspace + Security Science group in operation working to develop inter-
national strategies for cyberspace and scientific based research + development that clearly articulates 
strategic cyberspace security objectives, goals, and priorities.

What are your deliverables? 
Fundamentally our approach can be best described by the following quote:

“ We cannot solve our problems with the same thinking we used when we created them.”

Albert Einstein

Clearly, the approaches to “cyber’ taken to date are not sustainable and are essentially a patchwork de-
fence to the threats. There is an urgent need to examine the constantly evolving trends, environments, and 
issues that present themselves in a new light, through innovation, through convergence of public – private 
partnerships, through leadership and facing the tough choices and challenges ahead as we move forward.

To counter these issues we see, CSCSS is strengthening our commitment to our global partners, 
stake holders, and clients through cyberspace thought leadership, security and collaboration. Addition-
ally, we are providing a cyber + scientific approach to security research, development and services. Our 
approach, through our CSCSS Intelligence 
Services, which includes CSCSS Defence 
Intelligence Group (CDIG) and Cybercrime 
Intelligence Service (CCIS) translate into 
an approach to deliver a security strate-
gy that consistently delivers proactive in-
sights on true threats, the intelligence to 
avoid pitfalls, and understand what the ex-
posures your organization faces and rev-
enue protection through improved organi-
zational cyber stability. 

What is the CSCSS structure? How dooes it all work? 
We take a convergent approach to address the CSCSS mission, vision and objectives. Within the CSC-
SS Framework we are clearly focused in three distinct areas of operation:

• 	 Security programmes,
• 	 Security + cyber intelligence services,
• 	 Cyber science driven research and development. 

Spanning all CSCSS Divisions and groups; from thought leadership, strategy development, to opera-
tions, CSCSS delivers a highly skilled professionals with leading-edge experience, skill, and technology 
to adapt to ever changing cyber threats, and evolving challenges. 

Our resources are drawn from industry cyber professionals, former and current Intelligence Analysts, 
Network engineers, and Computer Security Analysts, and cyber professionals who have worked with 

“in the global forum, we are the only independent, 
bipartisan, not for profit, Strategic Cyberspace + Security 

Science group in operation working to develop international 
strategies for cyberspace and scientific based research + 
development that clearly articulates strategic cyberspace 

security objectives, goals, and priorities”
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various governments within the law enforcement and military intelligence community. Our standard is a 
comprehensive, competitive, highly trained, highly skilled and agile team. This enables CSCSS to pro-
vide a response to the evolving trends and challenges faced by our clients.

What are you currently working on? 
Some of the most exciting projects we are working on include our Cyber Intelligence USA Conference 
to be held June 18-20th 2014 in Washington D.C. We are very excited to be in partnership with the FBI/
InfraGard and our logistics partner Intelligence-Sec in the United Kingdom. The conference has a very 
strong lineup of speakers, events, educational workshops that are sure to attract a lot of attention and 
deliver on the contemporary issues faced in the Cyber Intelligence area of operations. 

Another key programme for us is our C3i (C3i – Cybercrime, Cybersecurity + Cyber Intelligence) Initia-
tive and associated C3i Group. We have had a tremendous response to C3i in relation to law enforce-
ment services in the UK, including the National Business Crime Forum (NBCF) and the National Crime 
Agency (NCA). We are developing and furthering our relationship with NIST and our association with the 
National Science Foundation to expand our CSCSS International Academic Council (CIAC) in the USA, 
Canada, Australia as well as the UK ad Europe.

One of the most highly anticipated programmes will be the International Cyber Law and Policy Group 
(ICLP). This group, led by Dr. Amit Matira will be a cornerstone program for CSCSS. The purpose of 
the Group is to enhance capability, cooperation, and information sharing in International Cyber Law and 
Policy through education, R&D, and lessons learned. 

A key will be to inform the public through workshops, seminars, meetings and conferences, about the 
values set forth in international humanitarian law (IHL), derived from the UN Charter, treaty laws based 
on The Hague Regulations, Geneva Conventions and Additional Protocols to prohibit practices such as 
indiscriminate attack.

Could you give details on the actions of the “cyberspace – critical infrastructure protec-
tion (CIP) group”? 
The sheer volume of attacks means many perpetrators are never traced with industry and law-enforce-
ment authorities struggling to remain contemporary in the required strategies, technologies and leader-
ship. C3i Group and its associated Select Committee on Cyber Intelligence has been created to bring 
into play the resources required, globally, to address this. 

The CIP group works directly (internally) with CSCSS (combined) intelligence services to identify the 
Advanced Persistent Threats and their associated threat profile which can be applied to a critical infra-
structure, such as, healthcare or the financial industry. 

Where do you operate? 
The Centre for Strategic Cyberspace + Security Science is a non profit organization that operates inter-
nationally and is headquartered in London, United Kingdom. 

We have a regional presence in a variety of locations including North America, Asia, Asia Pacific, and 
the EU. This provides CSCSS with a strong global footprint and effective reach into potential strategic 
partnerships at varied levels. I often say that CSCSS brings a global presence with a regional slant. We 
know that regionally the issues in cyberspace can are often very different. Our philosophy is embedded 
our ‘Global’ view on how we operate, providing us with a great deal of leverage and impact to understand 
the bigger picture ‘ cyber’ on the international stage. 

How do you support uk and US Government?
All our support is based upon public-private partnerships. At this point in time we are further developing 
our relationships within governments. C3i is a prime example that we can point to as a success. 

Our framework has been looked at by NATO, the NBCF (National Business Crime Forum) in the UK. 
We have hard and soft relationships through these organizations that connect into Interpol, Europol and 
InfraGard. We are further developing these to provide our insight and leadership. 
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For our Cyber Intelligence USA conference we are specifically targeting our demographic to be govern-
ment and industry. The only way we are going to move past the point we are at is to have a clearer and 
deeper way to share information securely, effectively and more openly. 

Who can join you? 
Anyone can join CSCSS. 

Our framework allows for the rapid adoption of new 
methodologies, concepts and ideas. We are built on 
convergence and collabora- tion. We are always inter-
ested in those applicatcants who whish join our Cyber 
security Faculty of Analysts. We seek seasoned cyber-
space security practitioners and professionals to be part 
of our ongoing research and development projects. 

In conjunction with our CSCSS Experts programme which provides us with a group of highly placed 
individuals who are well respected and in the top of their respective fields. We offer the ability to work on 
CSCSS projects both at a personal and organizational level. We are approached every day to conduct 
workshops, speak at conferences, and comment on current issues in cyberspace. 

In 2014, we will be launching a formal membership programme open to all public and private sector or-
ganizational entities including government; business and industry organizations; foundations; academic 
institutions; standards organizations; industry and trade associations. 

If your readers wish to join our Experts Programme and have particular area interest in cyberspace or 
cybersecurity, they join specific research and development under way at CSCSS, including the work be-
ing done in our regional centers on CSCSS initiatives or nominate your own research project proposal 
to be reviewed by CSCSS. 

If any of your readers wish to be in our Experts programme it is as simple as contacting CSCSS to 
schedule and interview and assessment.

Could you please share with us some statistics on cyber attacks? How many attacks we 
face per day worldwide? Who is mainly the victim of attacks? For what purposes mostly?
Cyber attacks and Cyber Crimes in general are growing exponentially. We estimate that by the year 
2017, on a global level, the Cyber Security market is expected to attain or exceed an estimated $120.1 
billion. The estimated annual cost over global cyber crime is 100 billion. 

Studies show that cyber crimes are achieving a rate of 550+ million victims per year, 1.5 million vic-
tim’s per day with an associated rate of approximately 1.5 victums per second. Social Media is the new 
”killing ground” with approximately 600,000 facebook accounts are compromised per day. This is merely 
cybercrime. 

If we look at what is occurring, where, and the types of 
attacks we see that they are becoming more targeted, 
more malicious with a key upswing in evolutionary so-
phistication. This leaves the security industry, research-
ers, industry and governments looking for ways to close 
the gap on a situation that is effectively out of control. 

The major motivators for cyber attacks are (estimated) 40% Cybercrime, 50% hactivism, 3% cyber 
warfare and 7% cyberespionage. The top tier countries contributing to malware attacks are Russia and 
the Untied states. From a standpoint of cyber attack itself Russia is the clear leader with an estimated 
2.5 million attacks (as of Feb 2013). The cyber world is clearly behind the curve when it comes to dealing 
with these transnational threats. 

“If any of your readers wish to be in 
our Experts programme it is as simple as 

contacting CSCSS to schedule and interview 
and assessment”

“Social Media is the new ”killing ground” 
with approximately 600,000 facebook 

accounts are compromised per day. This is 
merely cybercrime”
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From your experience, do the companies and governments have a proper network pro-
tection? 
In relation to your previous question, there is no ‘proper’ protection other than organizations working to 
properly address the cyber ecosystem in which they operate. Cyberspace is effectively a hostile environ-
ment. The organizations that understand this will do relatively better. 

We are all a target for whatever reason. Be it a tech-
nology, intellectual property or something someone per-
ceives as value. That is not to say all is lost. We can pro-
tect ourselves and our organizations. How? Common 
sense approaches to technology, looking beyond mar-
ket and marketing spin by vendors and holding vendors 
accountable for their protective services. 

This also includes holding accountable the organiza-
tions, corporations and governments that house and 
store our personal information. We need to address 
what our systems are doing, why, when and where. 
When I check into a hotel, the first thing they ask me 
is for my credit card for ‘incidentals” associated with a 
hotel stay. People readily hand over their cards which 
are then transacted and information is stored. Stored? 
Where? How? By whom? Who has access? What about 
confidentiality? 

To directly answer your question – in my experience – no they are not. I have been involved in security 
assessments of government systems and large multinational corporations. To say the least they are lack-
ing in any number of ways. The issues lie in complexity, cost, staff training and over all corporate cyber 
security awareness. Cybersecurity at this level can be seen as crunchy on he outside; soft and chewy on 
the inside. Breaches are occurring every day, most times they are not even noticed. That’s the scary part.

If you agree that one of the biggest advantages for a computer forensics investigator is 
an access to the hardware, how does the restricted access to cloud-based hardware in 
cyberspace impede a forensics inestigation? 
While I’a m not forensics SME, from my experience, If there is detailed reporting of the hardware, STIX 
and CybOX come to mind as frameworks that can really assist in this. STIX or and CyBox provide de-
tailed reporting processes, and if there are copies of the logs – that meets most of my requirements. 
STIX defines a set of services and message exchanges that enables sharing of actionable cyber threat 
information through organizational, product line and service boundaries. Collaborative effort to develop a 
standardized, structured language to represent the STIX framework provides and extends very full range 
of potential cyber threat data elements and delivers expressive, flexible, and extensible.

CybOX provides a common structure and content types for addressing cyber observables across this 
wide range of use cases. CybOX is a standardized schema for the specification, capture, characteriza-
tion, and communication of events or stateful properties, being observable in all (system and network) 
operations. A wide variety of cybersecurity cases rely heavily information that includes event manage-
ment/logging, malware characterization, intrusion, detection/prevention, incident response, and most im-
portantly in this case digital forensics. 

I don’t see the requirement for hardware access in 
many cases. If there is a requirement for hardware 
aaccess then the provider will need to be brought into 
the picture. This can be an issue, depending on where 
on the planet they are located, how cooperative they 
are and what legal requires are in place for cooper-
ation and reporting. When the attack is on firmware 
and/or hardware I don’t see how the restrictions can 
be overcome. That is an entirely different level and pro-
cess. That is when physical access is required. 

“When I check into a hotel, the first 
thing they ask me is for my credit card for 
‘incidentals” associated with a hotel stay. 

People readily hand over their cards which 
are then transacted and information is stored. 

Stored? Where? How? By whom? Who has 
access? What about confidentiality?”

“I don’t see the requirement for hardware 
access in many cases. If there is a requirement 

for hardware aaccess then the provider will 
need to be brought into the picture”
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From a purely scientific approach CSCSS will be shortly launching our Cyber Sciences Directorate that 
will provide the appropriate platform to promote and further our approach in this area. This directorate 
is being led by Shawn Riley, Executive Vice President, Strategic Cyberspace Science and and CSCSS 
Vice President, Curtis Levinson (United States Cyber Defense Advisor to NATO). They bring a tremen-
dous amount of insight and experience in this area with their ties to industry the public private sector as 
well as NATO. This will provide us with a much deeper global reach to promote much needed work in 
cyber sciences.

What are the emerging threats and trends? 
There is still no systematic effort at strategic cyberspace planning for national security that is inclusive, 
deliberative, and integrative and defensive. Almost all cyber warfare capabilities developed to date are 

offensive in nature. The cyber security industry (vendor), as a group that is entrusted for defense, is gen-
erally lagging behind offensive capabilities of cybercriminals, terrorist organizations, cartels and nation 
sponsored and corporate espionage. Trending is incredibly hard to do, what is relevant today is, in 1, 2 
or 3 years time, is inefficient to ineffective. Strategically we see changes in the global framework govern-
ing the internet, hacktivists and cyber criminals pool interests. 

We see a steady if not exponential grown in cyber attacks leveraging mobile devices. As such we fore-
see a greater need for better intelligence and sharing on cyber threats to better address Security issues 
to critical infrastructures as attacks target control systems and cloud computing. I strongly believe that 
we must be resilient enough to address the ‘unexpected’ as cyberspace and its security has become a 
focus topic with implications for every major line of business and market segment. Cyberspace by it na-
ture and new generations of cyber attacks is costing millions and straining the structure of the Internet.

How can companies and security experts contact you? 
Companies can contact us via our website http://www.cscss.org/contact_us.php which provides a list of 
divisions and contact points or call: UK +44 2035141784, USA 877.436.6746. 

We respond to requests globally and treat each contact and the information you provide to us with the 
highest regard for confidentiality. 

http://www.cscss.org/contact_us.php
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THE ROOTKITS 
AN INFORMATIVE NUTSHELL APPROACH OF ROOTKIT 

FORENSICS FOR COMPUTER FORENSICS EXPERTS

by dr Sameera de Alwis

Enormous volume of hacking occurrs, severe data breaches 
and data leakages are being reported universally. Almost 
every foremost business and every distinct government are 
being relentlessly smashed by these invaders and the revenue 
loss causes of these hostile occurrences are immense and the 
reputational damages are also innumerable. The contemporary 
computer/digital forensics software tools and approaches 
habitually miscarries on the detection of contemporary Rootkits, 
and forthcoming Rootkit progresses will exacerbate this 
circumstances. Present-day and emerging uncovering tactics 
rely on low level knowledge of Rootkit enactments, and so will 
persist in a mercurial point. This manuscript offers the fallouts of 
a digital forensics investigative determination to inaugurate the 
contemporary state of Rootkits and architectural/internals of the 
Rootkits, to file the foreseen forthcoming state of Rootkits and 
its architectural/internals, and to pinpoint effective elucidations 
to the contest of Rootkit exposure in the domain of Malware 
Forensics in the prime domain of Computer/Digital Forensics. 

What you will learn:
• 	 Nutshell Classification/Types of Rootkits for Malware Forensics Experts
• 	 In-Depth Capabilities of Rootkits for Malware Forensics Experts
• 	 The Rootkit Discovery/Recognition Process and Procedures

What you should know:
• 	 Operating System’s Architectures
• 	 OS User Mode and Kernel Mode Internals
• 	 Computer Hardware Architectures
• 	 Virtual Machines and Associated Technologies
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Rootkits (A.K.A – Administrator’s Nightmare) are rapidly fetching the tool of choice for the present 
day cyber-crimes and reconnaissance involving network interrelated computing equipment and 
data. Rootkit is a type of malicious (malcode) software application or malware that is installed by 

an invader afterward the target victim system has been compromised at the root or administrator’s lev-
el. For the reason that the Rootkits transports the stealth process and the facility to ex-filtrate data con-
cealed from the network. The vital or confidential information is being saved in computers, the defective/
vulnerable software and a deficiency of security reins render the valuable information to outbreak these 
forms of malware. The determination of a Rootkit is to deliver sustained and stalwart dense access to the 
negotiated victim system, to conceal information about the concession and its enduring events from au-
thentic system supervisors or administrators. 

In accumulation to these rudimentary topographies, Rootkits may also deliver the functionalities such 
as: Keystroke Loggers (Keyloggers), Backdoors, Data Packet Sniffers, Data-Exfiltration, Remote Attack 
Tools RATs, Botnets and occasionally even APTs (Advanced Persistent Threats)), and mostly it uses 
the extremely encrypted covert communication channels with the robust encryption or cryptographic 
algorithms to negotiate with the invaders. Rootkits are divergent from worms or viruses, for the reason 
that they do not self-propagate like worms, nevertheless manifold formulae of malware are occasionally 
pooled. The mutual philological manner for Computer Security Incidents published by Sandia National 
Laboratories categorizes rootkits as a form of invasive toolkit (Howard and Longstaff, 1998). 

These invasive toolkits instigated from malicious invaders who desired to endure to exploit a conceded 
systems by forming a concealed cache of tools. This is not a newfangled run-through; the conception has 
been around as elongated as hacking has in the biosphere. Certain cradles deliberate a rootkit to be a 
form of Trojan-Horse, nonetheless not like most of Trojans, Rootkits deliver the stealth functionalities that 
is castoff to masquerade itself and its activities. There are thousands of Rootkit variations readily prevail-
ing in the online biosphere for download on the Internet, and their custom is on upsurge. The Rootkits 
are available for every prevalent key operating platforms (OS) such as: Microsoft Windows, Apple Mac 
OS X, and numerous flavors/distributions of UNIX and Linux. 

CLASSIFICATION OF ROOTKITS 
There have been manifold challenges to classify Rootkits, nevertheless none of them have ensued in 
an approximately acknowledged the Rootkit taxonomy. Numerous tactics have castoff the level at which 
subversion befalls, Rootkit topographies or competences, the stealth techniques engaged, Rootkit an-
cestry and resemblance, and Rootkit code rheostat stream. 

More than a few tactics denote to Rootkits consuming a casual classification built upon the level at 
which the subversion performances are engaged, such as: Kernel-Mode, User-Mode and Virtualized. 
The most presumed key classification forms are, 

• 	 Infect Code (Type 1) – Subverts OS or applications by functioning Static System Resources.
• 	 Infect Data (Type 2) – Subverts OS Kernel by functioning Dynamic System Resources.
• 	 Hypervisor (Type 3) – Subverts OS prior to Boot, consuming Virtualization, Hypervisor, or Low Level 

Chipset Control.
• 	 No Subversion (not Rootkit forms) – Does not subvert the OS or applications). 

The Type I Rootkits target those system resources which were intended to be persistent, such as Ker-
nel Code units. The Type II Rootkits target dynamic system resources, approximating the data segments, 
counting components of specific Kernel built data structures. And the Type III Rootkits target the newfan-
gled hypervisor systems and are by classification those which cannot be perceived by whichever form of in-
tegrity scanning, for the reason that they live entirely freestanding the intrinsic OS. An advanced classifica-
tion can be devised at the diverse topographies or the feature sets which castoff by Rootkits. The supreme 
outstanding competence in a Rootkit is how it masquerades its internal Rootkit segments. 

Concede manner, the Rootkits can be fragmented into tri-extensive types contingent on the uppermost 
intensified privileges with which they execute in the system. A Rootkit that executes like an ordinary soft-
ware applications would be named as, 

Userland/User-Mode Rootkits and would custom in the “CPU Ring 3” system privilege level, which 
does not have the identical privileges as the OS Kernel. Maybe, a supplementary anticipated Rootkits 
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will drive within the Kernel itself, and consequently be capable to access whichever sector of the system. 
These are acknowledged as Kernel-Mode Rootkits which execute at the identical privilege as the Kernel 
“CPU Ring 0” system privilege level. There are also explicit forms of Rootkits which can execute beneath 
the Kernel level, via the Virtual Machine (VM) technology, even counting the Rootkits that can acquire in-
to the “Hypervisor” hardware levels of the VM architectures and those are named as Hypervisor Rootkits.

Figure 1. Kernel Privilege Stack in Microsoft Windows Architecture

A supplementary distinguished classification of the stealth technologies engaged by Rootkits was pre-
sented by Butler, Arbaugh and Petroni. They nominated six comprehensive customs that Rootkits Mas-
querade: Hooks, Registers, Layered Drivers, Callbacks, DKOM (Direct Kernel Object Manipulation) and 
at the present time retro undeniably the VM (Virtual Machines). Most of these practices are Kernel-Mode, 
with the exclusion of Userland Hooks. One could also form a capability of vector for every Rootkit, by 
satisfying in tenets for an enormous set of conceivable topographies, such as: Collective Topographies: 
Injection Process, Target OS, Mode, Persistent, EEPROM/Flash, Weaponized and Maturity, Hooking 
Techniques: IAT, SST/SSDT, /proc, EAT, DLL Injections, IRP, DKOM, IDT, Inline, Page-Fault Handlers, 
APIs, VMMs and Layered Filter Drivers, Object Masquerading Processes: Handles, Files, Modules, Pro-
cesses, Services, Ports, Registry Keys, Drivers and In-Memory Executable(s) and the Comportments: 
Elevate Process Privileges, Enhances Internet Protocols, Polymorphic Procedures, Evasive Perfor-
mances, Overwrites Syscall Jumps, Terminate Rivals, Complements Newfangled Syscall Jumps, TPC/
UDP Packet Sniffers, Varies of Kernel Text, DoS (Denial of Service) and Key Logging.
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COMPETENCES OF THE ROOTKITS

Figure 2. Competence Map of the Rootkit
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Bus Address Translations
The numerous System and Control Busses on the system are focus to layers of address translation be-
forehand they can directly and right of entry to the Physical Memory. Consequently, the Rootkit discov-
ery resolutions that are built on DMA (Direct Memory Access) access can hypothetically be subverted.

Processor Caches
The processor upholds a copy or cache of data and code for performance motives. These CPU Caches 
can occasionally be toxin to encompass the voided data. Such toxin can be castoff to masquerade code 
or data in a manner that cannot be discovered by the ordinary memory access procedures.

Table Base Registers
The position of the system tables, such as the IDT (Interrupt Descriptor Table) are preserved as an ad-
dress in a CPU Register. If the CPU Register is reformed, the entire table can be stimulated somewhere 
else in system memory. Also if this base address is not integrity checked, a Rootkit might be able to 
transport the complete table deprived of the original table is being altered. Accordingly, the Rootkit would 
be able to transform the recently engendered table deprived of recognition.

Translation Lookaside Buffers (TLB) 
The Virtual Memory Addresses is translated into Physical Memory Addresses by Page-Tables.  
These Page-Tables are cached for performance motives into the Translation Lookaside Buffers. Spe-
cific Rootkits will toxin the TLB in a manner that permits memory to be subverted then again persist 
unobserved. Such Rootkits can make direct reforms to the object code. On the supplementary pointer, 
these variations are not distinguished by consuming ordinary memory reads. As a consequence, integrity 
checks be unsuccessful to perceive the alterations.

Exception Based Control Flow Modifications
To circumvent altering code bytes directly, a Rootkit can instead transform data in a manner that will 
persuade an omission. For an instance, a Rootkit might zero out a number that is castoff in an inte-
ger divide process, triggering a divide-by-zero exception. This exception is trapped by the Rootkit and 
countenances it to intercept regulator flow at the socket of the divisional instruction. This governor is 
acquired deprived of consuming to patch the original code and is instead persuaded only by building 
a data state alteration.

Breakpoints
These are a manners for Rootkits to reason an exception to befall on a memory or code address.  
These can be directly positioned into the code bytes as Breakpoints or interrupt instructions and/or they 
can be persuaded via Debug Registers in the CPU. This permits the Rootkit to intercept the control flows 
at the socket of the Breakpoint addresses. These Breakpoints predominantly classifies as the Hardware 
and the Software.

Detour Patching
A Rootkit can position a Branching (Jumping) instruction directly into code and consequently hook to a 
system task. This does not necessitate the patching whichever tables in memory which is frequently dis-
tinguished. Instead of a Jump or Call instruction is sited into the definite code, consequently altering the 
logic flow. This consents the Rootkit to control the function in a manner that is supplementary obscure 
that patching a table.

Page-Tables Manipulations
It control how memory is translated into Physical RAM. Alterations can be made to the Page-Tables to 
masquerade the code or data. Page-Table alterations are equitably unconventional and Rootkits that 
custom they are mostly challenging to discover. Page-Table suppositories can be castoff to masquerade 
entire sectors of code so that they cannot be read by consuming the ordinary data access.

Kernel Mode Threads
Threads can be generated in the Kernel directly and they are not concomitant with whichever process. 
Rootkit exposure systems that be dependent on enumeration of Threads might not acquire into account 
these exceptional Kernel Threads. Rootkits frequently generates the custom of Kernel Threads in their 
system strategies.
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Subverting User-Mode Programs
Typical applications executing on a computer, be contingent on Kernel level process to query data in the 
system. The Rootkits that intercept actions of the applications in Kernel-Mode can effortlessly circumvent 
whichever form of integrity check or system immunity utility tool.

Device Drivers
Regularly castoff with Rootkits as a modest manner to load into the Kernel. The Device Drivers contrib-
ute Rootkits every access they prerequisite to contrivance every trick. Numerous forms of Rootkits are 
acknowledged to be consuming a linked Device Driver.

Freestanding Codes
Some particular form of Rootkits will not use Device Drivers, on the supplementary pointer instead will 
copy code directly into main memory with no associated Device Driver. This code can be executed like 
whichever ordinary code and the datum it does not have a Device Driver does not thwart it from occupy-
ing. The code functions are ordinarily. This is a supreme strategy for stealth for the reason that there is 
no Device Driver that can be identified.

Cavern Infections
Instead of apportioning fresh memory, a Rootkit may duplicate its binary code to the conclusion of a pre-
standing page. The zone at the end of every page is classically not castoff and there might be a limited 
hundred bytes of accessible space. This consents a detached code of Rootkit to seem to be share of a 
prevailing module and consequently upsurges its stealth.

Injected DLLs
Modest Rootkits might inject DLLs into supplementary system processes. There is no fresh process that 
can be identified afterward the contamination. The injected DLLs apparatuses of the Rootkit and the 
Rootkit tasks like a parasite in the interior of prevailing authentic system processes.

Injected Threads
Additional modest evasion trick is for a Rootkit to inject a fresh Rootkit thread into an additional system 
process. The process will register as having a novel thread and the fresh thread will perform every Root-
kit correlated processing stack. Such an outbreak does not necessitate an injected DLL and might trans-
port an additional stealth state.

Service Function Hooking
Tables in memory retain the track of which system functions should be named for System Calls (Sys-
calls) or imported services. These tables can effortlessly be reformed to call a Rootkit explicit function as 
divergent to the original task. Rootkits that hook the tasks correspondingly can evade whichever applica-
tions that be contingent on these service calls or system calls functioning appropriately.

Data State Modifications
Rootkits can alter the data instead of binary code. Code reforms can occasionally be identified whereas 
the data reforms are much supplementary challenging to integrity checks. For an instance, a Rootkit can 
eliminate objects from an associated objects consequently eliminating the facility of System Calls (Sys-
calls) to enumerate those objects whichever extensive. The element in interrogation is then concealed 
and it is such as a system process or system file.

Internally Induced Buffer Overflows
Particularly the crafted mutation in the data state can be castoff to induce a Buffer Overflow (BoF) and 
then sources embedded data to turn out to be the code. The code then performs Rootkit processing. The 
code does not prerequisite to continue neighborhood as code. The data mutation might persuade the 
overflow on an episodic basis or in response to a precise occurrence. The activation of the code is inge-
niously camouflaged in arrears a software bug. This variety of outbreaks would be precisely challenging 
to identify or discover with integrity exploration.

CONTEMPORARY EXPOSURE PROCEDURES
Contemporary rootkit recognition approaches may be inaccurately classified as Signature, Behavioral, 
Integrity, Tailored, and Cross-View Metamorphoses. The existing state-of-the-art is tailored recognition 
where customized discovery approaches are urbanized based on recognized Rootkit best practices and 
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implementations. Despite the fact that effectiveness in contradiction of the identified Rootkits, such a tac-
tic does not encompass to hitherto anonymous Rootkits. The most auspicious evolving revealing prac-
tice is cross-view metamorphoses, even though no comprehensive and effective implementation of this 
practice has yet been formed.

ROOTKIT EXPOSURE CHALLENGES
Rootkits posture numerous momentous challenges that mark the exposure is more challenging than 
supplementary forms of malware. Initially, the Rootkits frequently contrivance stealth apparatuses, ren-
dering the malicious code invisible to whichever signature-based malware scanner. Subsequently, as-
sailants installing Rootkits have characteristically gained Super-User or Administrator or Root access 
to the system’s core. With such uppermost echelons of system privileges, the invader can deactivate, 
modify or supplant the discovery tools, alter the system audit logs or system logs (syslog) and or else un-
authorized tamper with the system. The Signature built discovery tools may be effective against certain 
Rootkits prior to its comprehensive installation (as a classic instance prior to stealth process), then again 
these are inadequate and insignificant circumstances.

Rootkit discovery via integrity verification has its system roots in File Integrity Checkers of the 1990s 
(Ex: Tripwire). The indication at that point and as at the present, is that a snapshot of the critical platform 
or system components may be occupied at a time when the system is identified to be in a virtuous state. 
This system level snapshot characteristically proceeds the form of cryptographically robust mathematical 
crypto hashes of the critical system components. At whichever later time retro, a reliable external system 
may compare the contemporary system snapshot to the acknowledged virtuous state snapshot; which-
ever discrepancy designates a potential system compromise. 

Despite the fact that the system integrity checkers have specific expediency to distinguish Rootkits, they 
agonize from numerous boundaries. Predominantly, the initial system snapshot must be reserved when 
the system is in a recognized virtuous state. Such a prerequisite may be challenging in an operational at-
mosphere. Subsequently, computer systems and critical system files are frequently dynamic, fluctuating 
and complex systems. The critical system files and the system processes frequently modify for authentic 
motives (from the application patch to simple ordinary execution state vicissitudes). The list of system files 
and system processes which do not alter is trivial and Rootkit functionality may be instigated in numerous 
of the system files and system processes which do modification frequently and consequently cannot be 
integrity checked. As a final point, the reliable system monitor must receive authentic information from the 
system in query. 

Rootkits that alter data state (as an instance the DKOM and supplementary Kernel data structure al-
terations) are extensively rigid to identify. Since the data is in persistent mutability, it can be even sup-
plementary challenging to integrity check than system processes or system files. The number of con-
ceivable data structure states is infinite for every real-world determination, rendering integrity checking 
impractical. The precise explanation would be a secure OS that transports no boulevard to corrupt data 
in the initial point. Until such an OS is presented, the contemporary systems are being infected and req-
uisite specific resources to authenticate data structures. Even though in philosophy the delinquent is 
actually challenging, the real world sampling of the Rootkits are only confronting a limited thriving and 
recognized structures and these can in fact, be integrity checked. This does not address newfangled and 
anonymous procedures, nevertheless, and is an instance of tailored recognition.

OUTLINE TO THE ROOTKIT TAILORED RECOGNITION
A tailored recognition process is precise to a Rootkit practice or implementation. In this recognition it 
is analogous to the approach the medical experts at the present time retro combat with the outmoded 
human influenza virus in the area of medicine. In this process, they wait for this year’s influenza virus 
to transpire, then develop the vaccine precise to this year’s anxiety. With Rootkits, it can be somewhat 
effective at identifying recognized Rootkit practices and implementations, even the utmost advanced 
ones. Nevertheless, as with the influenza, they are moderately otiose until they are conscious of a 
method or implementation.
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THE TAILORED DISCOVERY PROCEDURES
KERNEL MODE DATA ANALYSIS
Discovering Kernel structures will expedite and facilitate the process finding malware masqueraded in 
the Kernel space, or else it is referred to as Rootkits. The subsequent eleven subclasses deliberate nu-
merous techniques that Rootkits can be discovered by understanding how they masquerade themselves 
and their activities.

KERNEL DRIVER MODULE DETECTION
The enumeration of loaded device drivers and modules on a system is a key preparatory socket to Ker-
nel level systemic analysis. Kernel shielded software will frequently challenge to masquerade the mani-
festation of their device driver or module consuming an imaginative diversity of procedures. The subse-
quent four subclasses term specific of these procedures.

UNLINKING THE DEVICE DRIVER
Unlinking the device driver from the PsLoadedModuleList in the Kernel can be identified in numerous 
techniques. Using off-axis deep system level scanning, the entry in the PsLoadedModuleList can be po-
sitioned in memory even nonetheless it is not in the system list. Or the device driver itself can be posi-
tioned by deep system level scanning for PE/MZ (Magic First Byte) Microsoft Windows executable sig-
natures that are not associated to an existing system entry in the tilt. They can also be identified by deep 
system level scanning the thread list and observing for Kernel Threads whose starting address does not 
fall within whichever recognized device driver. This is symptomatic of either a device driver that has been 
unloaded, or a device driver that has been masqueraded. Those two circumstances can be detached by 
the low level profound analyzing the system memory footprint at the initial start address.

CIRCUMVENTING ENCLOSURE INTO THE SERVICE CONTROL MANAGER
Certain Rootkits masquerade by loading the device driver using SystemLoadAndCallImage with NtSet-
SystemInformation, then that the device driver is not fetched into the Microsoft Windows SCM (Service 
Control Manager). Device drivers loaded in this manner are still contemporary in the PsLoadedModule-
List and can be identified by iterating this system list. If the device driver has been detached from this 
system list, it can be identified by consuming procedures termed in the preceding subsection.

CIRCUMVENTING THE SYSTEM LIST OF LOADED MODULS
Rootkits can be masqueraded by unlinking a system module or DLL from the system list of loaded mod-
ules in a user-mode system process or mapping it and hooked on system memory manually, then that it 
is on no occasion place on the system list to instigate with. If a system module has simply been unlinked 
from the user-mode process, a mirror-image of kernel-mode system list should still be existing that re-
directs the manifestation of this system module. If the system module was mapped and hooked on to 
the system memory manually. Then again nevertheless, the system was on no occasion conscious that 
it was loaded. This can be identified by profound system level scanning the memory map for enormous 
memory blocks of space that are not associated with a listed system module or profound system level 
scanning over the substances of memory observing for unlisted MZ/PE header signatures. If the system 
module has destroyed its own PE header and altered its memory footprint to combine itself with another 
module in the process, the module can be identified by equating every listed system modules with their 
binary image on the disk, if there is a size incongruity then this form of infection can be discovered.

HOOKING APIs
Hooking the APIs that are castoff to enumerate the system modules or system device drivers and steril-
izing their fallouts are castoff to masquerade themselves. Most of APIs have an ordinary function prolog 
or epilog in virtually every case. Whichever unorthodoxy from this ordinary is the consequence of a hook 
being sited on it. The Debug Registers can also be castoff to the system hook these functions, then it will 
monitor them as well.

NDIS SCANNING 
The NDIS (Network Driver Interface Specification) stack is a repeatedly target of malware for the rea-
son that it delivers precisely low level network access. This countenances malware to both realize ev-
ery network traffic transporting over the specified system (which frequent times comprises every net-
work traffic on the entire network) and generate its individual network traffic. The NDIS was intended 
as an encrusted stacked system thus that applications could interface with network system devices in a 
generic manner. The lowest system layer is exactly the device-specific and the top-most system layers  
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acquire lower level to lower, hence as it move up. Someplace in this ‘system stack’, the malicious code 
will attach itself thus that it can monitor the network traffic (interception) that passes among the sys-
tem layers and/or inject its own. To authenticate the integrity of the system stack, it will traverse every 
layer and look for unauthorized or suspicious level of code. There should only be an inadequate set of 
device drivers that perform in the NDIS stack and a device driver with whichever supplementary sus-
picious or malicious characteristics that is also hooked into this system stack would be a decent indi-
cator of malicious movement.

SSDT TABLE POINTER ANALYSIS
The SSDT also known as the KiSystemService table is fundamentally the adhesive that attaches User-
Mode APIs to Kernel-Mode APIs. When a User-Mode API call is driven, an interrupt is engendered, then 
again afore that the system call is made a “Syscall Number” is positioned in a CPU register to be castoff 
by the interrupt request (IRQ) handler to lookup which API in the Kernel is being invited. By manipulating 
lower level the SSDT, the User-Mode APIs can be re-mapped to either supplementary Kernel-Mode APIs 
or supplementary binary code entirely. This is a form of system hooking that is supplementary challeng-
ing to identify than an ordinary function system hook, for the reason that this form of system hook does 
not alter the system function itself. 

The supplementary issue with discovering SSDT system hooks is that Syscall Numbers modify persis-
tently among versions of Microsoft Windows and this creates it virtually awkward to perform a humble 
checksum on the table as an entire. There is a technique to map every User-Mode API to the lower API 
in Kernel-Mode that it is hypothetical to association to though. To fix this, it will parse the User-Mode seg-
ment of this system (NTDLL.DLL). The NTDLL encompasses the “Native Microsoft Windows API” which 
comprises of splendid sophisticated and most significantly standard-format, system wrappers around the 
Syscall Interrupt. By parsing every these system wrapper it can map APIs to obvious Syscall Numbers 
and make certain that the SSDT is acting the paraphrase decorously. If it is not performing appropriately, 
then it can be recognized that somewhat is hooking to the system itself.

IDT POINTER ANALYSIS AND INTEGRITY CHECK 
Intel CPUs custom “Hardware Interrupts” to process and signal events. A system interrupt is one of the 
most rudimentary apparatus of whichever operating system and control over the system interrupts is the 
effective corresponding of over-all system control. When a system interrupt hooks the CPU looks up in 
the IDT, the system address of that interrupt’s request handler. The IDT can effortlessly be altered by 
software as it be inherent in ordinary memory that can be altered from Kernel-Mode just like whichever 
other. This is predominantly hazardous for the reason that the IDT is so authoritative. To authenticate the 
integrity of IDT accesses they are not left with numerous options. The IDT is not system portion of the 
Operating System and it has no system layer beneath it that can be castoff for determinations of cross-
referencing. About the IDT system entries is that they should certainly not point outside of the Microsoft 
Windows Kernel stack, if they do socket outside of it then they are being hooked. Then again anybody 
who recognizes this can attach their code or a system redirection to their code, then the inside of the 
Kernel to form this modest genus of revealing awkward. To resolve this it requisite to authenticate the 
integrity of the system Kernel, for the reason that if every IDT entries socket into the System Kernel and 
the Kernel is secure then every IDT system entry must be legitimate or valid.

IRP CHAIN AUTHENTICATION 
IRPs or I/O Request Packets are what device drivers custom to communicate with every supplementary 
and with User-Mode processes. IRP chains hold every manner of sensitive information such as hooked 
keystrokes, network and system data, and system binary files. Rootkits and defense contrivances will 
frequently attach themselves into these chains hence that they can either monitor the intercepted net-
work traffic, inject their private network traffic or both. It is not challenging for to govern what is in the IRP 
chain or who is able to check which I/O data packets, then again there is also no system profile for an 
authentic device driver in most of the key IRP system stacks that can custom to heuristically authenticate 
their integrity. Certain things that can check for IRP chain system entries that are not allied with a spe-
cific device driver and system call code that is just floating out in system memory by itself. This is symp-
tomatic of either a masqueraded device driver or a portion of raw code injected into the system Kernel. 

In one or the other hand, it is virtually and definitely illegitimate. If a system entry in the chain is not 
masqueraded, then it will be observable in our enumeration of the loaded device driver list. The only 
residual option then is for a portion of code to be injected into the address space of alternative device 
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driver, hence that it performs legitimate, even though it is not. To identify this class of code it will look for 
inconsistencies among the device drivers’ itemized size in the memory resident device driver list and the 
size it prerogatives to have on the disk drive. If there is an incongruity, it can be identified the raw code 
segment of the device driver has been extended to permit the code injection. Nevertheless, it is conceiv-
able that there would be enormous adequate nulled raw mode code cave spaces within an authentic de-
vice driver that a function or system stub could be injected without altering the size of the code segment. 
In this scenario, it can compare the raw mode code image on the system disk with the code binary image 
in memory. Once more if there is a disparity here, the aforesaid injection has engaged in place.

SYSTEM CALL FUNCTION INTEGRITY CHECKS 
It is a non-trivial issue when emerging with software that vicissitudes versions regularly or device drivers 
for numerous diverse sections of hardware from correspondingly numerous diverse merchandise ven-
dors. By defining what is authentic and what is not is precisely challenging, even when done manually. 
The simplest process of discovering the patches to system functions is to equate the binary image on the 
system disk with the binary image in memory. If they do not counterpart, somebody has tampered with 
somewhat. Then again what if somebody patches the binary image on system disk the similar manner 
that they have patched the binary image in the system memory or worse yet, hence patched the binary 
image on system disk permanently is the prime interrogation. To covenant with this issue is awkward in 
the general circumstance, then again it can be dispensed with in most circumstances for the reason that 
the code injectors/modernizers have a tendency to monitor well acknowledged and analogous patterns. 

The simplest manner of redirecting the code flow is to place a system hook in a specific function. 
A system hook typically comprises of a system patch over the initial few bytes of the target function 
with a branch or jump into the hook function. Thus on every occasion the target is called, the function 
acquires the control at the first place. These can be effortlessly discovered by deep low level system 
scanning the initial 5 bytes of each system function for branch/jump Opcodes which will typically on 
no occasion perform within the initial 5 bytes of whichever system function except it has been hooked. 
Alternative state of affair is a static system function pointer has been altered someplace in the bi-
nary images memory, subsequently that on every occasion it attempts to call that system function, it 
calls somewhat else. Also it can identify this by confirming that every static system function pointers 
socket inside of the Kernel, and not to outward zones of the code. A supplementary standard tactic to 
this would be to custom to branch/jump tracing to deep low level scan for impulsive and unexpected 
boundaries from a system function in the Kernel to a system function in an entirely diverse zone of the 
system memory. There are certain occurrences in which this comportment is ordinary, nevertheless 
they are inadequate and can be white-listed in the investigation of scriptlet set.

REVERSE CODE ENGINEERING 
The reverse engineering is the practice of analyzing a focus system to generate exemplifications of the 
system at a sophisticated level of intellection and it is a practice of investigation manner only. The mal-
ware analysis over the reverse code engineering process explain in this biosphere assists incident re-
sponders evaluate the severity, risk and repercussions of a state of affair that encompasses malware and 
plan recovery steps. The malcode forensics investigators also absorb how to recognize key physiogno-
mies of malware exposed throughout the analysis, counting how to inaugurate pointers of compromise 
for scoping and encompassing the incident. The knowledge, experience and skill obligatory to reverse 
engineer (RE). 

The software and malware reverse engineering can be split into four diverse levels: 

Level I
Recovery of a particular string or symbol and responder delivers automatic analysis of imported binaries 
and classifies suspicious strings or symbols.

Level II
Single point reverse engineering of an API call, classifying system level arguments that are input to a 
function call, Google or MSDN to recognize system function parameter practice and view disassembly to 
recognize what components (Ex. CPU Registers etc…) are being castoff as system parameters.
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Level III
Reverse engineering of a set of system functions and branches/jumps, reverse engineering of an un-
known system function consuming disassembly or binary view, branches are conditional codes that are 
executed if the conditions are true. The Single-Level-Jump/Branch Conditions (if), Two-Way Conditional 
Jumps/Branches (if – else), Multiple Conditional Jumps/Branches (the programming compilers adds 
alternate blocks comprising of one or additional logical checks) and Compound Conditional Jumps/
Branches (checks two or additional conditions to select if it should enter a conditional raw code block.

Level IV
Algorithm rebuilding and programming skills which encompasses the utilizing RE Levels I/II and III with 
higher chunks of disassembly transversely manifold system functions to acquire a picture of how the 
malware performs. It disassembling manifold system functions and data structures and designate how 
those system functions interrelate with one another. 

Figure 3. Level I Reverse Code Engineering 

Figure 4. Level II Reverse Code Engineering
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For a successful malware reversing process, the subsequent phases to be performed by the malcode 
forensics expert: 

Figure 5. Successful Malware Reverse Engineering Process
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HUNTING FOR MALWARE 
TRACES IN AUTOSTART 
LOCATIONS OF A BIOS-BASED WINDOWS 7 MACHINE

Intercept malware infections by looking for 

their persistence traces

by Lorenzo Cantoni

During a security incident you have found a machine which 
communicates with a suspicious Internet host. After an initial 
analysis you found a malicious DLL injected inside “svchost.exe”. 
Malware Analysis shows that the DLL is a Trojan Horse and it is 
responsible of the malicious network traffic. You remove the 
DLL from the system and reboot it, but it magically reappears 
and restarts to communicate with his Command & Control host. 
Now what?

W hen dealing with malwares, concealment is a familiar word for a 
malware analyst or an incident responder. Every malware infection 
is characterized by the tentative of the malware’s author to hide his 

activity inside the infected system from the user eyes, with the aim to maintain 
its presence as long as possible. Concealment techniques may vary from the 
trivial ones, such as naming the malware as a legit Windows executable, to 
the most sophisticated such as installing a kernel rootkit that hides processes 
and network connections. But, in order to achieve persistence, each malware 
needs to be started automatically, either at the boot time or when some other 
program gets started by the user or by the system. In this article we’ll explore 
some forensics techniques that can be helpful while trying to identify mali-
cious executables that runs automatically.

BOOT PROCESS ON MODERN WINDOWS OS
For the purpose of this article I’ll use a Windows 7 operating system with 
NTFS file system and traditional BIOS. Probably, this is still the most popular 
configuration of a user endpoint. The operating system has been installed in 
a quite common way, inside the C:\ partition and without RAID or other par-
ticular hardware configuration (for my test, I’ve installed it in a VMware Virtual 
Machine). With such configuration, it is useful to remember how the Windows 
boot process works and which are the executables involved in this process. 

What you will learn:
• 	 Identify traces of infection in early 

stages of the boot
• 	 Inspect common autostart loca-

tions
• 	 Identify DLL search order exploits

What you should know:
• 	 An idea about how the windows 

boot process works
• 	 The Linux command line and The 

Sleuthkit
• 	 Acquire an image of a disk in of-

fline mode and mount its partitions 
on a Linux host
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In a traditional BIOS-based computer after the machine has been powered on, the BIOS transfers the 
control to the first bootable device which, if it is a hard disk, corresponds to its MBR. 

The MBR contains the partition table and the code that locates the bootable partition. This transfers the 
control to the boot sector of that partition (Partition Boot Record or Volume Boot Record). The boot sector 
contains the code that locates the boot manager (C:\bootmgr), which configuration is stored in a registry 
hive (HKLM\BCD00000000) inside C:\boot\BSD. The boot manager is responsible to switch the operat-
ing system from real mode to protected mode, and then executes the Windows boot loader (C:\Windows\
system32\winload.exe). The Windows loader loads the HKLM\SYSTEM registry hive, the kernel and the 
startup drivers. Then the operating system initializes the Session Manager (C:\Windows\system32\smss.
exe) which is responsible of four tasks. The Session Manager executes first, the disk check utility (C:\
Windows\system32\autochk.exe) specified by the HKLM\SYSTEM\CurrrentControlSet\Control\Session 
Manager\BootExecute key. Second, it starts the Windows Subsystem (essential for the GUI) by loading 
in the kernel the relevant driver, usually C:\Windows\System32\win32k.sys, specified by the key HKLM\
SYSTEM\CurrentControlSet\Control\Session Manager\SubSystem\KMod. 

The Session Manager also initializes the user-mode part of the windows subsystem (C:\Windows\sys-
tem32\crss.exe) usually defined by HKLM\SYSTEM\CurrentControlSet\Control\Session Manager\Sub-
System\Windows. As third task, it loads a number of user-space DLLs that basically implements the Win-
dows APIs, such as “kernel32”, “advapi32”, “user32” and so on. The path and the name of these libraries 
are defined in HKLM\SYSTEM\CurrentControlSet\Control\Session Manager\SubSystem\KnownDLLs. 

In the end, the Session Manager starts two instances of itself, each one representing a different ses-
sion: the session 0 launches wininit.exe that has the aim to handle machine-related tasks such as com-
puter policy settings, authentication (lsass.exe), services (services.exe). The session 1 launches winlog-
on.exe, which hosts more user-related tasks, such as the explorer.exe process and the login UI.

ANALYSIS IN ECONOMY
In this article I’ll perform analysis exclusively with open source or free programs, which requires some 
effort but helps to understand how things work. I’ve set up a windows 7 x86 virtual machine, I’ve used a 
forensic Linux distribution (DEFT Linux, http://www.deftlinux.net/) for imaging and I’m working on a Linux 
host machine with The Sleuthkit installed (http://www.sleuthkit.org/). I’ve also a second Windows VM 
available for analysis tools which run exclusively under Windows. The Figure 1 shows the partition lay-
out and the geometry of the virtual disk that I have acquired. There’s just one NTFS partition with some 
unallocated space that the operating system creates by default.

Figure 1. The partition layout of the target disk

http://www.deftlinux.net/
http://www.sleuthkit.org/
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INFECTED MBR
As the MBR is the first piece of the disk involved in the boot, it makes sense that is also the first place 
where to look at. MBR infections where in vogue 15 years ago, but there are also recent cases of emerg-
ing bootkits (eg: Rovnix, TDSS, Sinowal, Xpaj). A common technique for MBR infections is to install a 
hook for the int 13h interrupt. In real mode, this interrupt provides a set of subroutines served by the 
BIOS for accessing the disk (http://en.wikipedia.org/wiki/INT_13H). As there isn’t enough space for the 
hook code and the boot code, the malware needs to store some data in other parts of the disk (some-
times a copy of the original MBR), usually in the unallocated space. As the sector between the MBR and 
the first partition are usually empty, it is possible to raise a warning if there are bytes different from 0x00. 
I’ve infected my virtual machine with a copy of Xpaj (d5c12fcfeebbe63f74026601cd7f39b2), provided by 
Mila Parkour’s Contagio malware dump (http://contagiodump.blogspot.kr/2012/05/mbr-rootkit-xpaj-sam-
ple.html). I’ve then extracted the MBR from both the images and the first unallocated partition. Unfortu-
nately I didn’t find data inside the first unallocated space.

Figure 2. Hash comparison of the infcted and the clean MBRs

Figure 2 shows that the two MBRs have different hashes. The MBR has been modified but the unal-
located space between the MBR and the first partition has been untouched. By opening it with a hex 
editor, it will show just null bytes. In Figure 3 I have acquired the unallocated space of both images and 
calculated the corresponding MD5 hash, which is equal for both.

Figure 3. Hash comparison of the unallocated spaces of the clean and the infected image at the beginning of the disk

However by looking at the partition layout, it can be seen that we have also a portion of unallocated 
space at the end of the disk. As shown in Figure 4, the last part of the disk seems more interesting as 
we have different hashes.

Figure 4. Hashes comparison of the unallocated spaces of the clean and of the infected image at the end of the disk

http://en.wikipedia.org/wiki/INT_13H
http://contagiodump.blogspot.kr/2012/05/mbr-rootkit-xpaj-sample.html
http://contagiodump.blogspot.kr/2012/05/mbr-rootkit-xpaj-sample.html
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I’ve produced a hex dump in the format of a text file, it is very easy with Linux (e.g.:  
xxd unallocated.2.infected > unallocated.2.infected.hexdump). Then, I’ve opened the text files with 
a text editor that allows comparing the content of 2 or more files (meld) and I have inspected the differ-
ences between the two (Figure 5). The bootkit wrote some code in that space (there are many bytes that 
are different, not just the ones shown in Figure 5).

Figure 5. The hexdumps of the clean and of the infected unallocated space in a text editor

With a closer look at the hex dump, it can also be noticed that the last block of the disk, contains a copy 
of the original MBR. This can be confirmed by comparing the hashes of the last sector of the infected im-
age with the 1st sector of the clean image.

Figure 6. Hash comparison of the MBR of the clean image and the last sector of the infected image

In conclusion, inspecting the unallocated space is a good starting point for identifying MBR infections.  
As the content of this space is quite standard, anomalies can quickly be revealed by inspecting its content.

INFECTED VBR
The next piece of disk involved in the boot process is the Volume Boot Record (VBR) or Partition Boot 
Record (PBR). It is nothing else than the boot sector. Infecting the VBR has similar problems as infect-
ing the MBR, because the VBR code is contained in a 512 byte block as for the MBR. This way, the 
techniques described in the above section comes in handy. However by looking closely at the unallo-
cated space contained at the end of the disk of the clean image, it can be noticed that the first block of 
the space contains a backup copy of the boot sector. The rest of the space is filled with zeroes. A bootkit 
can infect the VBR but leave its backup untouched. A possible technique to identify an infected VBR is 
to compare the one in use with its backup, but it is not the case of XpaJ the VBR is untouched. In Figure 
7, I’ve compared the boot sector, its backup and the boot sector of the clean image: they all have the 
same hash.
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Figure 7. Hashes comparison of the boot sectors and its backup

AUDIT THE BOOT MANAGER
At this point of the boot process, the system locates the boot manager which is a file on the file system 
and that has his configuration written inside the registry. Since Windows Vista the “bootmgr” file has re-
placed his ancestor, “ntldr”. The new bootmgr is a 32-bit PE executable which hosts a small 16-bit stub 
program which operates in real mode and is responsible to switch the operating system to protected 
mode. It is stored on the root folder (C: in our case), it is named “bootmgr” without extension and it stores 
its configuration in a registry hive (HKLM\BCD00000000) which resides in the C:\Boot\BCD file. It is pos-
sible to audit the configuration in an offline manner with the Windows native utilities. I have mounted the 
partition of the acquired image of the Windows VM on my Linux machine. The command needs the off-
set of the system partition which is the number of blocks * the block size: 2048*512 = 1048576. On many 
Linux distributions, the mount command recognizes the file system type automatically (alternatively it 
can be specified as a mount option).

Figure 8. System partition mounting

Inside my Windows Analysis machine, I’ve mounted the /tmp/mountpoint as a read-only folder, so I can browse 
the file system image. I’ve also mapped the folder as a network drive so I will access it as “Z:\” (Figure 9).

Figure 9. VMware shared folder configuration
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Then, I have copied the “C:\Boot” directory from the “Z:\image-fs” shared folder on the Desktop of my 
Windows Analysis machine. Through the bcdedit command it is possible to inspect the boot manager 
configuration, without digging into the registry keys. This is possible through /store options which tells 
to bcdedit which configuration to read (Figure 10).

Figure 10. The “bcdedit” command

In order to get a complete view of the bootmgr without the need of command line kung-fu, there is also 
a GUI-based third party tool (Figure 11): “Visual BCD Editor” (http://www.boyans.net/).

Figure 11. Visual BCD Editor

The “Loaders” section shows how many loader configurations are present. By default there is the 
default Windows configuration and its recovery environment. In particular, it can be seen whichexe-
cutablethe boot manager launches. Normally this is the Windows Boot Loader, “winload.exe”, but 
it can also be “winresume.exe” if the operating system is going to be restored after an hibernation  

http://www.boyans.net/
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(Hibernate Resumers section). When a computer gets infected in an early stage of the boot, some op-
erating system protections (e.g.: PatchGuard, Driver Code Signing, etc..) could have been subverted. In 
presence of the feeling that one of the executable launched by the boot manager has been replaced or 
backdoored, the Sysinternals sigcheck tool comes in handy (http://technet.microsoft.com/en-us/sysin-
ternals/bb897441.aspx). Since Windows Vista these executables are digitally signed and can be verified 
from the Windows analysis machine, after they have been extracted from the infected image (Figure 12).

Figure 12. Signature checking on a Windows system executable

COMMON AUTOSTART LOCATIONS
After having executed the boot manager, the boot process continues with the loading of the other  
Windows components: Windows boot Loader, Kernel, Drivers, Session Manager. However, at this point 
the analysis can proceed with a powerful tool for autostart locations auditing: Autoruns from Sysinternals 
(http://technet.microsoft.com/it-it/sysinternals/bb963902.aspx). This tool is well known by system admin-
istrators when dealing with malware removal. As it can allow inspecting a number of autostart locations, 
the likelihood that a malware is using one of these is quite high. Usually, autoruns is launched inside a 
live system and infection traces are searched inside the various tabs that the tool shows. 

However as the reader may guess, infections that starts in early stages of the boot renders such tool 
useless. The presence of a kernel rootkit may subvert the results of some system calls, tricking into what 
tools which run inside a live system to look for. In addition, some autostart programs can be linked to a 
specific user account: each users has his HKCU registry hive, stored in the NTUSER.DAT file inside his 
profile folder. When launching autoruns on a live system, the tool reads the HCKU hive just for the user 
who has launched the utility and the system administrator must instruct autoruns to inspect each user 
account by selecting the target user under the “User” tab. It is not uncommon that a malware uses some 
user-related parts of the system to gain persistence inside it. There can be various reasons for that but 
definitely one is that writing inside the user-profile requires less privileges. 

Basically, if an OS non-admin user account executes malicious code in some way, the malware needs 
to exploit some vulnerability in order to gain system-wide persistence. Depending on what the malware 
does, it might be not necessary to have administrative right on the infected machine (or at least, not ini-
tially) and so, some autostart traces can remain inside the user profile. Luckily, autoruns can be run in 
offline mode avoiding rootkit problems and can be used with more than one user profile also in this mo-
dality. The drawback is that autoruns needs to access the offline system with read/write privileges. I need 
to preserve a copy of the original image and mount the “lab” copy in read-write mode. To do so I copied 
the “win7.xpaj.infected” to “win7.xpaj.infected.lab” and mounted the new copy in a /tmp/mountpointrw 
directory with the rw (read/write) option instead of ro (read only). I’ve then modified the VMware shared 
folder configuration of the Windows Analysis machine by disabling the “Read Only” option. Inside the 
analysis machine, after having launched autoruns, I have chosen “File” and then “Analyze Offline Sys-
tem” (Figure 13).

http://technet.microsoft.com/en-us/sysinternals/bb897441.aspx)
http://technet.microsoft.com/en-us/sysinternals/bb897441.aspx)
http://technet.microsoft.com/it-it/sysinternals/bb963902.aspx
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Figure 13. Autoruns offline system analysis

I have selected the system root which is 
“Z:\image-fs\WINDOWS” and the user-pro-
file which I want to analyze “Z:\image-fs\
Users\lcantoni”. In order to get a complete 
view of all the executables involved in the 
boot process, I have also modified some op-
tions under “Options”, “Filter Options”. The 
most important one is “Verify Code Signa-
tures” which implements the same features 
of the sigcheck tool. I’ve also chosen to un-
hide Microsoft entries (Figure 14).

Figure 14. Autoruns filter options

After have clicked “Rescan”, each entry 
has the word “Verified” if the executable con-
figured for auto-launch has a verified digital 
certificate (it takes a while). There are many 
third party applications that don’t sign their 
executables with digital certificates, how-
ever, all recent Microsoft applications are 
signed so this option can be used to verify 
quickly the integrity of the OS executables in-
volved in some autostart process.

Figure 15. Autostart executable signature verification

It is not the purpose of the article to show the features of the autoruns program, however I’d like to men-
tion some tabs directly involved in the completion of the boot process:
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• 	 Boot Execute: Do you remember that the boot manager locates and start the Windows Loader?  
This tabs shows the configuration of the executable that the Windows Loaders starts when it has fin-
ished his tasks. The session manager (C:\Windows\system32\smss.exe) usually executes the disk 
check utility (C:\Windows\System32\autochk.exe) which is defined in theHKLM\System\CurrentCon-
trolSet\Control\Session Manager\BootExecute registry key. There are also some interesting registry 
keys in the Session Manager hive which are not shown by autoruns. For instance, HKLM\SYSTEM\
CurrentControlSet\Control\Session Manager\SubSystem\KMod defines the kernel driver which pro-
vides the GUI subsystem (usually C:\Windows\system32\win32k.sys).

• 	 Known DLL: This tabs shows the configuration of the HKLM\System\CurrentControlSet\Control\Ses-
sion Manager\KnownDlls	registry subkeys. All these subkeys define the full path of each DLL which 
implements some user-space functions (the Windows APIs). For instance, the “kernel32” key indi-
cates the full path of the kernel32.dll, usually C:\Windows\system32\kernel32.dll.

• 	 Drivers and services: This tab shows the kernel drivers and the windows services full paths that are 
loaded during the boot. Kernel services and “traditional” services are loaded in two different phases. 
The first, immediately after the kernel, the last in the session 0 of the Session Manager.

In any case, all the tabs that autoruns shows contain executables or DLLs which are loaded during 
the system start (as the one mentioned above) or the user login, when the user do something, such as 
opening Internet Explorer (the Internet Explorer tab shows the Browser Helper Objects configuration), or 
when the system clock reaches a certain time (Scheduled Tasks). Some tabs contain some configura-
tions which are applied to a specific user-profile, such as Logon, Winlogon, Explorer. Their content may 
change if another user profile is analyzed. During my experiment with Xpaj, autoruns was completely 
useless. All the entries are verified and apparently there are no other traces of the malware inside the file 
system. As demonstrated in the bootkit malware analysis (http://labs.bitdefender.com/2012/04/xpaj-the-
bootkit-edition/), there are no other traces than the one shown at the start of this article with the analy-
sis of the MBR. After having been loaded, the bootkit code waits for the kernel to start and then accom-
plishes its task by hooking kernel functions and installing itself directly in the operating system memory.  
This could be detected through a memory forensics that is not in the scope of this article; it has been al-
ready demonstrated how it is possibile to detect the bootkit infection by auditing the MBR. The malware 
analysis report also shows that the bootkit is able to hook NtReadFile() and NtWriteFile() functions in 
order to subvert the results of an access to the disk sectors reserved to the MBR and those where the 
bootkit code relies: obviously this may influence the investigation depending on how the infected disk has 
been acquired (I have done this in offline mode to avoid this kind of problems).

BOOTKIT HOOKS MEMORY ANALYSIS
In order to confirm that the analyzed sample is effectively hooking the NtReadFile() and NtWriteFile() 
there’s the need to explore some kernel address space and objects that can be inspected easily with a 
memory analysis. First, I need to acquire the RAM and I have chosen to do this by pausing the infected 
virtual machine and then taking the .vmem file inside the VM directory, as shown in Figure 16. 

Figure 16. RAM acquisition of the infected virtual machine

There are two main reasons why I have chosen this method. First I’m working in a test environment 
with a virtualization technology and there’s no need to keep the machine online for production reasons. 
Second, as I have a kernel rootkit I can’t say if it is capable to fool my acquisition tool or not. In this case, 
acquiring the memory at the hypervisor level is more reliable even if the rootkit can theoretically escape 
the virtual machine by exploting vulnerabilities in the hypervisor, if they are present (it is however more 
difficult as it requires a second privilege escalation from kernel to hypervisor). 

http://labs.bitdefender.com/2012/04/xpaj-the-bootkit-edition/
http://labs.bitdefender.com/2012/04/xpaj-the-bootkit-edition/
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Before starting the analysis I’ve verified that the .vmem file is correctly parsed by volatility (https://code.
google.com/p/volatility/). As shown in Figure 17, the profile is correctly guessed (I’m using the develop-
ment version of the tool)

Figure 17. RAM acquisition of the infected virtual machine

Before running the “apihooks” plugin which will search for hooks automatically, I have a look ad the 
SSDT (System Service Dispatch Table) which hosts the addresses of the various system calls provided 
by the operating system. I’ll focus on NtWriteFile() and NtReadFile() which should be targeted by the 
malware. As shown in Figure 18, there are apparently nothing suspicious, as the addresses of the func-
tions point in the ntoskrnl.exe address space (which is the main kernel executable).

Figure 18. System Service Dispatch Tables inspection

It is time to invoke the “apihooks” volatility plugin which can search for various types of hooks automati-
cally. In this specific case, I’m looking for modifications in the kernel, so I’ve launched it with the –P which 
excludes the user-address space from the analysis. As shown in Figure 19 the output is more interesting.

https://code.google.com/p/volatility/
https://code.google.com/p/volatility/
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Figure 19. Inspecting System calls hooks with volatility

The output shows that there is a inline hook installed both on NtReadFile() and NtWriteFile() func-
tions. The figure is cut but there were no other functions hooked. The “Disassembly(0):” parts shows the 
code of the first instructions inside each legit function: it can be noted that the first instruction is a CALL 
to an absolute address outside of ntoskrnl.exe address space, for both the hooked functions. This tech-
niques is called “inline hook”, and consist of overwriting the first bytes of a function transferring the con-
trol to the attacker code, instead of modifying the function address inside the Kernel System Call Tables 
(SSDT hook). When the hook code ends its work, it returns to the original function usually through a CALL 
or equivalent instruction inside the virtual address space of the victim function. Volatility is also showing 
that the the “Hooking module” is “unknown”. This mean that the tool has not been able to identify a kernel 
module in the Kernel virtual address space where the hook jumps: a clue that the hook code may have 
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been written as pure shellcode. Our investigation can proceed with a quick inspection of the hook code 
and to do so we can take advantage of the “volshell” plugin. We know that the NtReadFile() hook coode 
start at Virtual Addres 0x849b4158 and the NtWriteFile() hook code start at 0x849b424a. This means that 
the space between the first and the second address, of size 0x849b424a - 0x849b4158 = 0xf2 should 
contain the code of the NtReadFile() hook. I’ll focus the analysis on the NtReadFile() hook, leaving the 
NtWriteFile() hook as an exercise for the reader. 

Listing 1. Disassembling the NtReadFile() hook code inside the RAM dump

lollo@tank:~/Documents/workdir/volatility-read-only$ python vol.py -f ../Windows_7_test-a3d899e7.vmem 
--profile=Win7SP1x86 volshell
Volatility Foundation Volatility Framework 2.3.1
*** Failed to import volatility.plugins.addrspaces.legacyintel (AttributeError: ‘module’ object has no 
attribute ‘AbstractWritablePagedMemory’)
Current context: process System, pid=4, ppid=0 DTB=0x185000
Welcome to volshell! Current memory image is:
file:///home/lollo/Documents/workdir/Windows_7_test-a3d899e7.vmem
To get help, type ‘hh()’
>>> dis(0x849b4158, length=0xf2)
0x849b4158 58                               POP EAX
0x849b4159 e900000000                       JMP 0x849b415e
0x849b415e 55                               PUSH EBP
0x849b415f 89e5                             MOV EBP, ESP
0x849b4161 83ec10                           SUB ESP, 0x10
0x849b4164 53                               PUSH EBX
0x849b4165 56                               PUSH ESI
0x849b4166 57                               PUSH EDI
0x849b4167 833da4519b8400                   CMP DWORD [0x849b51a4], 0x0
0x849b416e 0f841b000000                     JZ 0x849b418f
0x849b4174 8b451c                           MOV EAX, [EBP+0x1c]
0x849b4177 3b0508529b84                     CMP EAX, [0x849b5208]
0x849b417d 0f820c000000                     JB 0x849b418f
0x849b4183 3b050c529b84                     CMP EAX, [0x849b520c]
0x849b4189 0f8271000000                     JB 0x849b4200
0x849b418f 8b4524                           MOV EAX, [EBP+0x24]
0x849b4192 83f800                           CMP EAX, 0x0
0x849b4195 0f848d000000                     JZ 0x849b4228
0x849b419b 837804ff                         CMP DWORD [EAX+0x4], -0x1
0x849b419f 0f8509000000                     JNZ 0x849b41ae
0x849b41a5 8338fe                           CMP DWORD [EAX], -0x2
0x849b41a8 0f847a000000                     JZ 0x849b4228
0x849b41ae ff30                             PUSH DWORD [EAX]
0x849b41b0 8f45f0                           POP DWORD [EBP-0x10]
0x849b41b3 ff7004                           PUSH DWORD [EAX+0x4]
0x849b41b6 8f45f4                           POP DWORD [EBP-0xc]
0x849b41b9 ff7528                           PUSH DWORD [EBP+0x28]
0x849b41bc ff7524                           PUSH DWORD [EBP+0x24]
0x849b41bf ff7520                           PUSH DWORD [EBP+0x20]
0x849b41c2 ff751c                           PUSH DWORD [EBP+0x1c]
0x849b41c5 ff7518                           PUSH DWORD [EBP+0x18]
0x849b41c8 ff7514                           PUSH DWORD [EBP+0x14]
0x849b41cb ff7510                           PUSH DWORD [EBP+0x10]
0x849b41ce ff750c                           PUSH DWORD [EBP+0xc]
0x849b41d1 ff7508                           PUSH DWORD [EBP+0x8]
0x849b41d4 e8b7120000                       CALL 0x849b5490
0x849b41d9 50                               PUSH EAX
0x849b41da 51                               PUSH ECX
0x849b41db 52                               PUSH EDX
0x849b41dc 8d4df0                           LEA ECX, [EBP-0x10]
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0x849b41df 50                               PUSH EAX
0x849b41e0 6a01                             PUSH 0x1
0x849b41e2 6a00                             PUSH 0x0
0x849b41e4 51                               PUSH ECX
0x849b41e5 ff7520                           PUSH DWORD [EBP+0x20]
0x849b41e8 ff751c                           PUSH DWORD [EBP+0x1c]
0x849b41eb ff7518                           PUSH DWORD [EBP+0x18]
0x849b41ee ff7508                           PUSH DWORD [EBP+0x8]
0x849b41f1 e846010000                       CALL 0x849b433c
0x849b41f6 5a                               POP EDX
0x849b41f7 59                               POP ECX
0x849b41f8 58                               POP EAX
0x849b41f9 5f                               POP EDI
0x849b41fa 5e                               POP ESI
0x849b41fb 5b                               POP EBX
0x849b41fc c9                               LEAVE
0x849b41fd c22400                           RET 0x24
0x849b4200 ff7528                           PUSH DWORD [EBP+0x28]
0x849b4203 ff7524                           PUSH DWORD [EBP+0x24]
0x849b4206 ff7520                           PUSH DWORD [EBP+0x20]
0x849b4209 ff751c                           PUSH DWORD [EBP+0x1c]
0x849b420c ff7518                           PUSH DWORD [EBP+0x18]
0x849b420f ff7514                           PUSH DWORD [EBP+0x14]
0x849b4212 ff7510                           PUSH DWORD [EBP+0x10]
0x849b4215 ff750c                           PUSH DWORD [EBP+0xc]
0x849b4218 ff7508                           PUSH DWORD [EBP+0x8]
0x849b421b e870120000                       CALL 0x849b5490
0x849b4220 50                               PUSH EAX
0x849b4221 51                               PUSH ECX
0x849b4222 52                               PUSH EDX
0x849b4223 e9ceffffff                       JMP 0x849b41f6
0x849b4228 8d45f8                           LEA EAX, [EBP-0x8]
0x849b422b 8d55f0                           LEA EDX, [EBP-0x10]
0x849b422e 6a0e                             PUSH 0xe
0x849b4230 6a08                             PUSH 0x8
0x849b4232 52                               PUSH EDX
0x849b4233 50                               PUSH EAX
0x849b4234 ff7508                           PUSH DWORD [EBP+0x8]
0x849b4237 e80febffff                       CALL 0x849b2d4b
0x849b423c 83f800                           CMP EAX, 0x0
0x849b423f 0f85bbffffff                     JNZ 0x849b4200
0x849b4245 e96fffffff                       JMP 0x849b41b9

As the reader can see, the code references other addresses which are outside the supposed address 
space of the hook code (between 0x849b4158 and 0x849b424a). For the moment we’ll focus on the last in-
struction before the hook code of the NtWriteFile() which is an inconditional jump to the 0x849b41b9 ad-
dress. At that address, the hook code saves 9 parameters on the stack, which is exactly the same num-
ber of parameters accepted by the function NtReadFile(), as documented at http://msdn.microsoft.com/
en-us/library/windows/hardware/ff567072%28v=vs.85%29.aspx (the reference is to the ZwReadFile() 
which is the kernel function corresponding to NtReadFile()) The code then jumps to a relatively far loca-
tion at address 0x849b5490. The disassembly is shown in Figure 20.

Figure 20. The hook code which jumps back to the NtReadFile() function

http://msdn.microsoft.com/en-us/library/windows/hardware/ff567072%28v=vs.85%29.aspx
http://msdn.microsoft.com/en-us/library/windows/hardware/ff567072%28v=vs.85%29.aspx
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The hook code ends by saving the original function context (0x8289cdd8 is an address inside ntoskrnl.
exe) and returning in the NtReadFile() function, at address 0x82aaac93. This is where “trampoline” 
(the code that transfer the control to the hook code) ends and the legit code of the function starts. 
Note also that the modification of the first bytes of the NtReadFile() has confused the disassembly 
made by volatility in Figure 19. The disassembly has produced some meaningless instructions, such as 
 MOV [EDX-0x1e40ef18], EAX. The Figure 21 shows how the function looks by starting the disassembly 
at the jump back address. 

Figure 21. Effects of the trampoline installation on the NtReadFile() function

If an analyst want to analyze deeper the hook code, it is also possible to extract the memory pages 
which contains that code and try do to some analysis with IDA Pro (https://www.hex-rays.com/products/
ida/). As shown in Listing 1, we have some references to memory locations far from each other, for in-
stance CALL 0x849b5490, CALL 0x849b2d4b. We can identify memory pages that contains the hook code 
with the “memmap” plugin, as shown in Figure 22 (the --pid 4 is the process ID of the System process 
which represents the kernel).

Figure 22. Memory pages connected to the hook code

In the NtReadFile() hook code we have three pages involved, and corresponds to the virtual address-
es 0x849b2000, 0x849b4000, 0x849b5000, each of size 0x1000 (third column). We can use the physical ad-
dress (the second column) as “dd” option. I’ll extract the contiguous space between the virtual address 
0x849b2000 and 0x849b5000 + 0x1000, which has a size of 0x4000 that translate to 16384 decimal. I’ll use 
0x3f7b2000 as base address which translate to 1065033728 decimal (Figure 22).

https://www.hex-rays.com/products/ida/
https://www.hex-rays.com/products/ida/
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Figure 22. Memory pages connected to the hook code

Now I have installed a copy of IDA Free and moved the file “memory_pages.bin” inside the Windows 
Analysis Machine. While opening the file with IDA, I have to specify the processor (which in my case is 
part of the 80686 family), as shown in Figure 23.

Figure 23. Memory page dump opening with IDA

The disassembler will ask if I want to 
disassemble the file in 16-bit or 32-bit 
mode. Obviously I will choose 32 bit. 
Then the dissassembler will tell that it is 
not able to identify an entry point and that 
we have to mark as code the sections 
that we believe are code (Figure 24)

Figure 24. The disassembler asking to identify manually code
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Now, if I want that IDA recognize as code at the entry point of the NtReadFile() hook for instance, 
I have to calculate the offset inside the dump and then press “C” on the first byte to mark it as 
code. I’ve started the dump at 0x849b2000, but the address of interest is at 0x849b4158. 0x849b4158  
- 0x849b2000 = 0x2158. This value will be the same also if I perform the subtraction with physical ad-
dresses. So, I click the “Jump” menu, then choose “Jump to address”, write 0x2158 and click ok. Then 
I’ll click on the byte at that address and then press “C”. The result is shown in Figure 25, obviously 
the disassmbler may need to be instructed to interpret bytes as code also in other parts of the dump.

Figure 25. The entry point of the NtReadFile() hook coode inside IDA Pro

IDENTIFY DLL SEARCH ORDER EXPLOITS
Without performing low level stunts, another possible technique for covertly launch a malware is through 
the DLL search order attacks. Consider an application written in C that contains the following line of code:

LoadLibrary(“rpcss.dll”);

The LoadLibrary() parameter is the name of the module which the application wants to load. Accord-
ing to Microsoft documentation about the function invocation (http://msdn.microsoft.com/en-us/library/
windows/desktop/ms684175%28v=vs.85%29.aspx), if the parameter is a full path, the operating system 
only searches for that path. If the parameter is a relative path or a module name, the operating system 
uses a standard search strategy to find the given module. This strategy is well documented by Microsoft 
(http://msdn.microsoft.com/en-us/library/windows/desktop/ms682586%28v=vs.85%29.aspx). The de-
fault behavior (which can be modified from Windows XP SP1 and later trough the registry key HKEY_LO-
CAL_MACHINE\System\CurrentControlSet\Control\Session Manager\SafeDllSearchMode) can be summarized 
as follows:

• 	 The system first inspects the current loaded modules of the calling application and check if an exist-
ing module with the same name is already loaded.

• 	 The system then checks the “Known DLLs” registry subkeys (HKLM\System\CurrentControlSet\
Control\Session Manager\KnownDlls), and sees if there is a path corresponding to the module 
name passed to the LoadLibrary() function. If so, it uses the path defined by the relevant subkey 
(KnownDlls\DllDirectory defines the path for the other KnownDlls subkeys).

• 	 At this point, if the above conditions are not satisfied, the system starts to search the DLL. The first 
places where the system looks for are the path where the calling application has been loaded and 
the current directory. The system32 directory and the other system related directories are searched 
after th ones.

In my testing environment I have a total of 28 KnownDlls subkeys, excluding DllDirectory which define 
the path for the other subkeys (Figure 26).

http://msdn.microsoft.com/en-us/library/windows/desktop/ms684175%28v=vs.85%29.aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/ms684175%28v=vs.85%29.aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/ms682586%28v=vs.85%29.aspx
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Figure 26. Operatying systems’ Known DLLs. In the system root path, excluding subfolders I have 1669 dlls

Figure 27. Total number of dlls present in C:\Windows\system32

This means that I have at least 1669 – 28 DLLs which names can be used for DLL search order hijack-
ing attacks, supposing to have a legit application that uses vulnerable call invocations to LoadLibrary(). 
For instance, “graphedt.exe” is a small executable provided by Microsoft within the Windows SDK tools. 
It can be used for debugging and testing purposes while developing applications using DirectShows 
APIs. Without inspecting its code through a disassembler, is it possible to identify multiple chances to ex-
ploit a DLL search order vulnerability just by launching the application and observing its behavior through 
Process Monitor (http://technet.microsoft.com/en-us/sysinternals/bb896645.aspx).

http://technet.microsoft.com/en-us/sysinternals/bb896645.aspx
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Figure 28. DLL search order vulnerability identification with Process Monitor

Figure 28 shows that the “mfc42.dll”, “odbc32.dll” and “version.dll” are first searched in the directory 
where the application has been launched; once they aren’t found they are searched and loaded from 
the system32 directory. The operating system didn’t find these libraries in the current directory and then 
started to search for them in the standard order. It is possible for an attacker to place this executable in 
some autotart location of the system, and place a malicious DLL named as one of the three mentioned 
within the same directory. Once the legit executable reaches the LoadLibrary() function, the malicious 
DLL can be executed and, if the DLL creates a new process or inject its code in some other process, 
the legit application can also be terminated. Nothing will appear on the user’s screen. From the attack-
er perspective this is a more stealthy approach because he/she can place a non-malicious executable 
in one of the autostart locations that will not raise a warning after a first investigation and can remain 
drowned in the number of the legit autostart components. From a forensic perspective, the presence of 
a DLL search order exploit implies that two DLLs with the same name exist in two different paths of the 
file system. By reading carefully the Microsoft documentation about the DLL search order, we can say 
that in our testing environment (which has a standard configuration) the DLLs are searched as follows:

• 	 Directory where application is loaded from
• 	 Current directory
• 	 System directory (C:\Windows\system32)
• 	 16-bit system directory (C:\Windows\system)
• 	 The Windows directory (C:\Windows)
• 	 The directories defined in the PATH environment variable (can be accessed offline by inspecting the 

HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Control\Session Manager\Environment\Path)

So, to be more precise, in presence of a DLL search order exploit, a DLL must be present in the directo-
ries of point 1 or 2 that may be user-controlled, AND in one of the other system directories (points 3-6). 
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It may also be possible for instance that an executable installed in C:\Windows loads a library from C:\
Windows\system32 trough a vulnerable call to LoadLibrary() and then the C:\Windows path is searched 
before. However, writing in the C:\Windows directory requires the same privileges as writing to C:\Win-
dows\system32 so the legit DLL can also be replaced (in this case the attacker would need to bypass 
some protection mechanism, such as the Windows Resource Protection – http://msdn.microsoft.com/en-
us/library/windows/desktop/aa382503%28v=vs.85%29.aspx). In our situation, we are able to identify the 
DLL search order exploit through a Linux command line. I’ve placed the “graphedt.exe” in a directory of 
the testing VM, and then I’ve re-imaged it. Inside the graphedt.exe directory I have placed additional fake 
DLLs named “mfc42.dll”, “odbc32.dll” and “version.dll”. I have been able to identify the DLL search order 
exploit with the command line shown in Figure 29: it searches all the DLLs outside C:\Windows and, for 
each DLL it checks if a copy with the same name exist in one of the default search path. The first find 
command, searches for all files with extension “.dll” (case insentivie) inside all the file system, except for 
C:\Windows. Note that -maxdepth 100 indicates that the maximum number of subdirectories inspected 
will be 100 (it has been chosen arbitrary as NTFS doesn’t have a real limit of subdirectories). For each 
DLL path found, it greps just the DLL file name (the egrep command with -o switch). The sed command 
removes the first forward slash character. The last while loop searches for DLL file name inside C:\Win-
dows\system32\. The command can be repeated for the other default library search paths.

Figure 29. DLL search order exploit identification (1)

At this point I know that there are DLLs with the same name in the C:\Windows\system32\ directory 
and elsewhere on the file system. I need another command in order to identify their path and inspect the 
folder content (Figure 30).

Figure 30. DLL search order exploit identification (2)

I’ve printed the DLL names on the stdout, isolated their name and searched their location on the file 
system, outside of the C:\Windows directory. Now I can proceed with more analysis, for instance I can 
check the digital certificate of the DLLs or see if an executable inside the path of that suspicious DLLs 
have been placed in some autostart location, with the aim to launch them. As the reader can see, there 
might be some false positives too (sqmapi.dll).

CONCLUSION
In this article we have analyzed the components involved in the boot process of a modern Windows 
operating system. Probably, there exists many other way to launch an executable covertly than the 
one shown in this article, however this article illustrates some techniques that requires short time 
to be applied, making them a good point to start. In addition, many considerations can’t be applied  

http://msdn.microsoft.com/en-us/library/windows/desktop/aa382503%28v=vs.85%29.aspx
http://msdn.microsoft.com/en-us/library/windows/desktop/aa382503%28v=vs.85%29.aspx
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to older version of Windows. For instance, 32 bit Windows XP doesn’t digitally sign system executa-
bles so, it is harder for a forensic analyst to trust them. Hashing and hashes reputation have not been 
covered extensively, because they are not directly involved in the process of searching evidence of 
persistence, but they are definitely a fundamental piece of a forensic investigation. We have analyzed 
a BIOS based system as they are still the most popular, but in the case we were facing a UEFI (Unified 
Extensible Firmware Interface) based computer our analysis needs to be different, as there are differ-
ent mechanism for the first phases of the boot and different executables involved in it (the Xpaj bootkit 
sample d5c12fcfeebbe63f74026601cd7f39b2 will not work on such devices).
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ANALYSIS OF A POTENTIAL 
MALICIOUS PDF DOCUMENT
The tools and brief understanding of the 

mechanics of a PDF document

by Stephen Roy Coston Jr., MSDF | CFCE | CCE | EnCE | Security+

Cyber criminals are using special crafted PDF documents to 
bypass governments and private sector intrusion detection 
systems (IDS) and antivirus software. These PDF’s can be used in 
phishing attacks and combined with social engineering to gain 
a foot hold into your secure network. These attacks have been 
on the rise as of late, and a malware analyst should beware 
of this attack vector and the tools to analyze the potential 
malicious document. 

W ith the advances in technology, the attack vector for compromising a 
system is growing. This article will focus on malicious Portable Doc-
ument Format (PDF) documents and how to create and analyze the 

malicious PDF document. A PDF is an electronic image of a printed document 
which can include graphics and embedded Shockwave Flash (SWF). SWF is 
a proprietary vector graphics created by Adobe Flash. I am including how to 
create the malicious PDF document so the reader can practice analyzing the 
malicious document. 

PDFs are used in both corporations and governments. According to McAfee 
Threats Report First Quarter 2013 the United States of America hosted 35% 
of PDF exploits and China hosted 11% of the PDF exploits. Additionally, ac-
cording to Symantec, in 2011, PDF attack vectors increased from 48.95% 
to 61.20%. These malicious PDFs can be configured to download malicious 
codes from the internet and still display the original documents. The attacker 
can deploy the malicious document in several ways. These methods include 
socially engineered emails with PDF attachments, or links to PDF files on 
websites, or drive-by exploitation via adding malicious PDFs to websites vis-
ited by potential victims. 

CREATION OF A MALICIOUS PDFS
Malicious PDFs can be created through the use of Armitage and Metasploit. 
I recommend using Kali Linux on a VMware workstation. With Kali installed, 

What you will learn:
• 	 The different parts of a PDF file.
• 	 The key words to look for when 

analyzing a PDF document
• 	 How to make a malicious PDF for 

practice analysis
• 	 The tools used to analyze a mali-

cious PDF document

What you should know:
• 	 The analysis of a malicious PDF 

should be conducted in an isolat-
ed environment.

• 	 A basic understanding of the com-
mand line interface.

• 	 Some knowledge of JavaScript 
and shell code. 
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open up a terminal and type the following command service postgresql start and press enter. The next 
command is service metasploit start. Figure one shows the results of the two commands. 

Figure 1. Results of the commands to start Metasploit

Once metasploit is started you can then start Armitage. The command Armitage needs entered into 
the terminal and enter is pressed. As a result, you should be presented with the following dialog box.  
Figure 2 shows the box.

Figure 2. Connection to the Metasploit frame work

In the box, click the connect button. The next box that should appear is shown in Figure 3.

Figure 3. Connect to the Metasploit RPC Server

You should click yes; this will start the server. You will then see another dialog box stating connection re-
fused. This could take a few minutes depending on your VM configurations. Figure 4 shows the dialog box.

Figure 4. Waiting on the connection to RPC server
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Once the connection is completed you should see something similar to Figure 5. Note your GUI will be 
different base on how many other systems are connected.

Figure 5. Example of the Armitage GUI

At this time, in the search bar type “adobe em” you should see a list under the fileformat. We will use 
adobe_pdf_embedded_exe. Figure 6 shows the search area and the list of files the one we will use is 
circled in red.

Figure 6. Search area and list of files in Armitage

With adobe_pdf_embedded.exe selected, another dialog box will appear. In this box, select the file 
name and PDF file you wish to embed. The “Evil.PDF” will be located at the /root/.msf4/local/ file 
name.pdf. The payload we selected was the windows/meterpreter/reverse_tcp. When this PDF is open, 
a revers tcp connection is made. The victim will see the pdf and it will look normal. The question now is 
how does this work? We will now look at ways to reverse engineer the document to see exactly what is 
going on inside the PDF. 

STRUCTURE OF A PDF
The collections of different elements make the file structure and contents. The elements also provide 
rendering and possible execution instructions. The physical layout of PDF starts like most files with a 
header. The header for a PDF in hex is \x25 \x50 \x44 \x46” or ASCII “% PDF-1.6”. The header can be re-
view by a HEX editor or you can use the xxd command. The syntax for this command is xxd name of PDF  
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file | head –n 1. The next part of the physical layout is the objects. Objects are stored using a reserve 
word, which consists as a 7-bit ASCII string. These objects can be in several different types. These types 
include Boolean, numbers, strings, dictionaries, and streams. Streams are used to store large amounts 
of data. The file ends with a cross reference (xref) table and a trailer. Table 1 shows the possibilities of 
different trailers a PDF might have.

Table 1. Different trailers of a PDF file

HEX ASCII
\x0A \x25 \x25 \x45 \x4F \x46 (.%%EOF)

\x0A \x25 \x25 \x45 \x4F \x46 \x0A (. %% EOF.)

\x0D \x0A \x25 \x25 \x45 \x4F \x46 \x0D \x0A (..%%EOF..)

\x0D \x25 \x25 \x45 \x4F \x46 \x0D (.%%EOF.)

The trailer is very import and contains the offset to the location of the xref table, number of objects,  
the root object, and other metadata such as author and creation date. Figure 7 shows an example of the 
trailer from the PDF we created with Armitage.

Figure 7. Trailer of the evil. PDF created with Armitage

The “/Size” indicates how many objectives are in this PDF. There are a total of 476 objectives in this 
PDF. The “/Prev” indicates the offset from the beginning of the file to the previous cross reference sec-
tions. The “/Root” or the dictionary specifies the reference object for the document catalog object. In this 
example, the root element points to object 10. The “/info” indicates the reference object for the document 
information dictionary. In this example, the info element points to the 770 object. The “/ID” specifies a two 
byte unencrypted array string that form a file identifier. 

In PDF files there are two types of objects. The first object is an indirect object. An indirect object is a 
full object, which can be referenced. Figure 8 shows an example of an object.

Figure 8. Example of an object

In this example, we can see the object number is 469 and the version number is 0. The keyword for this 
object is obj. The “R” stands for references point. In this case 1 is the object and 0 is the version number 
and 77 is the object and 0 is the version. Additionally, PDF use compressed streams. These streams are 
used to store large amounts of data. Large data could include text, pictures, movies, and one of the most 
important in malware PFDs JavaScripts. Streams are very important in malware analysis because they 
are often used to store JavaScript exploits. 
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The streams are often compressed to save space within the PDF. The keyword to look for is “/Filter”.  
Filter indicates the compression algorithm used in the compression. The types of compression used are 
ascii hex decode, ascii85decode, LZWdecode, flatdecode, runlengthdecode, ccittfaxdecode, and dctde-
code. The most frequently used compression is flatedecode, which use an algorithm very similar to Unzip. 
The flatedecode is also used to encode JavaScript in PDF documents. The flatedecode uses the Zlib’s 
public-domain decompression algorithm. Table 2 shows a list of the most commonly used compression.

Table 2. List of most common compression abbreviations

Name Abbreviation
ASCHHexDecode Ahx

LZWDecode LZW

CCITTFaxDecode CCF

FlateDecode Fl

ASCII85Decode A85

RunLengthDecode RL

DCTDecode DCT

There are some keywords that a malware examiner should look for while viewing a possible malicious 
PDF document. The /AA and /OpenAction keywords are very important. These keywords indicate an 
automatic action. Additionally, the keywords of /Names, /AcroForm, /Action, and /Launch can be used 
to launch scripts. These automatic actions run when the pdf document is open. Next, the keyword of  
/JS and /JavaScript indicates a JavaScript code; furthermore, the keyword of /RichMedia indicates the 
embedding of a flash program in the PDF. The keyword /ObjStm are sometime used to define an object 
stream that is hidden within another. Lastly, the PDF file can use the keywords of /URI, /SubmitForm, and 
/GoToR can be used to access a resources and send data via a URL.

ANALSIS TOOL USED FOR MALICIOUS PDF
Now with a basic understanding of how to create a malicious PDF and basic understanding of the layout 
we are now ready to look at the tools used for analysis of malicious PDF documents. The first tool we are 
going to look at scans a potentially malicious PDF for keywords. The following Flow Chart illustrates the 
process for analyzing a malicious PDF. 

Figure 9. Process of analyzing a malicious PDF with Shell Code
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The tool is called pdfid which was written by Di-
dier Stevens (Stevens, 2009). This tool is a com-
mand line tool written in the python script. The syn-
tax to use this tool is as follows pdfid.py name.pdf. 
An example of the output can be seen in Figure 10:

Figure 10. The output results from the pdfid.py tool

This tool can also be used to extract the metadata 
out of the trailer of the PDF file. The syntax for this 
command is pdfid.py –extra file.pdf. This will extract 
the MAC times and the author of the PDF. The next 
tool that is used to analysis a potential malicious 
PDF is pdf-parser.py. This tool will parse the ele-
ments and structure. Additionally, this tool display 
object contents and pass these object through a fil-
ters for decompression. Lastly, the tool can search 
strings within objects. The syntax to use this tool is 
pdf-parser.py file.pdf. This will simply parse the ele-
ments. Figure 11 shows an example of the output. 
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Figure 11. Output results from the pdf-parser.py tool

This tool can also be used to search for PDF keywords. The command syntax for this would be pdf-
parser.py – search keyword name of the file.pdf. This tool can also be used to decompress the contents 
of a data stream. The command syntax is to apply the –filter parameter to pdf-parser. When using this 
parameter it is helpful to use the –raw parameter. This parameter will insure the output will not be escap-
ing its special characters. Lastly, if the object is being filtered is suspected of having JavaScript redirect 
the output to JavaScript.js file. 

This tool can also be used to decompress strings with in an object. The command to complete this 
would be pdf-parser.py –object 473 –filter name of.pdf. This script was run on the pdf that was created in 
the beginning. The results can be seen in Figure 12.

Figure 12. The decompress string of object 473

The results show an output of a bunch of HEX. Additionally, the MZ \x90 \x00 \x03 or reviewed in a 
hex editor \x4D \x5A \x90 \x00 \x03. This is the file signature for a Win32 binary executable. This stream 
output can be redirected to save in a text file. With the text file, the python script shellcode2exe.py –s 
nameof the text file. The results of this script will produce a .exe file. The exe file can then be loaded in 
to a debugger or disassembler.

The results from this tool could potentially produce JavaScript that was compressed in the string. 
The JavaScript could be obfuscated. The tools recommend to de-obfuscate the JavaScript is the de-
buggers of firebug or Rhino. You could also use stand along tools such as SpiderMonkey or Revelo to 
deobfuscate the JavaScript.

Malicious JavaScripts use several different types of deobfuscating subroutines. This deobuscating is 
usually complted by invoking the eval() or the document.write(). The Firebug plugin for FireFox can be 
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used. The JavaScript needs to be saved as an html file. In the file, after the <script> tag you will need 
to place the word debugger; on a new line. Figure 13 illustrates the completion of adding the debugger; 

Figure 13. Placing the debugger; into the script

Once the code has loaded into firefox scroll through the code and find the first eval or document. 
write() and set a break point by right-clicking on whichever word has been located. This process might 
need to be completed a few times for all deobuscating to be complete. To review the information from 
firebug, in the console tab type console.log(txt).

The Origami Frame work is another tool used to analyze malicious PDF. The tool is written in Ruby and 
allows for the examination and extraction of objects in a PDF. Additionally, the program allows for a PDF 
to be created from scratch. The Frame work includes several other tools such as pdfwalker, pdfextract, 
pdfsh, pdfdecrypt, and others. 

One tool within the frame work that is very fast at extracting various contents within a PDF file is pdfex-
tract. The syntax used is pdfextract name of the file.pdf. This will extract any content including images 
from a pdf. The use of the –j in the pdfextract is of great use in malware analysis of pdf. This will extract 
all of the JavaScript from the pdf and save the file as a dump file. Another tool that can be used to ex-
tract JavaScript is Jsunpackn’s pdf.py. This tool creates a .out file for the extracted JavaScript. The file 
contains the PDF header lines. These header lines will need to be removed to analyze the JavaScript.

There are additional tools for analysis of a PDF. One tool is PDF Stream Dumper. This tool is a Win-
dows program, with a GUI, that allows an examiner to explore a PDF and deobfuscate JavaScript. A simi-
lar tool is Peeddf which is command line and it also analyses the contents of the PDF. Lastly, swf_mastah 
tool is used to extract SWF files that are embedded within a PDF.

PROTECTION
These types of attacks cannot be completely prevented because we are dealing with human nature. 
With human nature you will always have that one individual that will open the PDF because that indi-
vidual was curious about what was inside the PDF. Luckily, there are ways to mitigate the damages if 
the PDF is open. Below is a list of recommend actions to prevent the damages.

List of recommend actions to prevent damages

• 	 Education of employees on social engineering, malicious PDF, and smart computing
• 	 Allow automatic updates for Adobe and stay up to date on patch management for Adobe product
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• 	 Do not allow PDF browser integration
• 	 Disable the use of JavaScript within Adobe Reader and limit the usage within the internet browser
• 	 Do not allow non-PDF attachments to launch with external applications
• 	 Use an alternative PDF viewer

The education of employees on social engineering, malicious PDF, and smart computing can be coun-
tered with proper training and procedures. These two prevented measures can reduce the risk of acci-
dental data loss. The automatic updates for Adobe are important for security and the prevention of pos-
sible malicious attacks. The updates are released on a quarterly basis. Lastly, there are alternative PDF 
viewers. A few of the alternative PDF viewers are Sumatra, Foxit, and PDF-XChange.

The individual that receives a suspicious PDF document should not open the PDF. The individual 
should notify the network administrator to take the proper steps to analyze the PDF in a secure environ-
ment. In the event the individual did open the PDF and was infected a full forensics analysis of the ma-
chine and network must be conducted to see what information might have been compromised. Lastly, 
the individual user should not conduct this examination or remove any cables from the machine without 
being told by one of the security team members.

Conclusion
The uses of PDF documents are not going away anytime soon; therefore, neither will the attacks.  
We must educate our employees on the dangers associated with opening up PDF attachments from un-
known senders. As malware examiners, we need to know the keywords to look for and once found how 
to analyze with the proper tools in our toolkit. Lastly, as examiners we need to stay adhered to the cur-
rent threats and patches.
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FINDING ADVANCED 
MALWARE USING 
VOLATILITY 
by Monnappa Ka

When an organization is a victim of advanced malware infection, 
a quick response action is required to identify the indicators 
associated with that malware to remediate and establish better 
security controls and to prevent the future ones from occurring. 
In this article you will learn how to detect advanced malware 
infection in memory using a technique called “Memory Forensics” 
and you will also learn how to use Memory Forensic Toolkits such 
as Volatility to detect advanced malware in a real case scenario.

Memory Forensics is the analysis of the memory image taken from the 
running computer. Memory forensics plays an important role in inves-
tigations and incident response. It can help in extracting forensics ar-

tifacts from a computer’s memory like running process, network connections, 
loaded modules etc. It can also help in unpacking, Rootkit detection and re-
verse engineering.

STEPS IN MEMORY FORENSICS 
Below are the list of steps involved in memory forensics

• 	 Memory Acquisition – This step involves dumping the memory of the tar-
get machine. On the physical machine you can use tools like Win32dd/
Win64dd, Memoryze, DumpIt, FastDump. Whereas on the virtual ma-
chine, acquiring the memory image is easy, you can do it by suspending 
the VM and grabbing the “.vmem” file.

• 	 Memory Analysis – once a memory image is acquired, the next step is to 
analyze the grabbed memory dump for forensic artifacts, tools like Volatil-
ity and others like Memoryze can be used to analyze the memory.

VOLATILITY QUICK OVERVIEW
Volatility is an advanced memory forensic framework written in python.  
Once the memory image has been acquired, Volatility framework can be used 
to perform memory forensics on the acquired memory image. Volatility can be 

What you will learn:
• 	 Performing memory forensics
• 	 Tools and techniques to detect ad-

vanced malware using Memory fo-
rensics

• 	 Volatility usage

What you should know:
• 	 Basic understanding of malware
• 	 Knowledge of operating system 

processes
• 	 Understanding of Windows Inter-

nals
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installed on multiple operating systems (Windows, Linux, Mac OS X). Installation details of volatility can 
be found at http://code.google.com/p/volatility/wiki/FullInstallation.

VOLATILITY SYNTAX

• 	 Using -h or --help option will display help options and list of a available plugins
 	 Example: python vol.py -h
• 	 Use -f <filename> and --profile to indicate the memory dump you are analyzing
	 Example: python vol.py -f mem.dmp --profile=WinXPSP3x86
• 	 To know the --profile info use below command:
	 Example: python vol.py -f mem.dmp imageinfo 

DEMO
In order to understand memory forensics and the steps involved, Let’s look at a case scenario, our analy-
sis and flow will be based on the below case scenario.

CASE SCENARIO
Your security device alerts on malicious http connection to the domain “web3inst.com” which resolves to 
192.168.1.2, communication is detected from a source ip 192.168.1.100 (as shown in the below screen-
shot).you are asked to investigate and perform memory forensics on the machine 192.168.1.100

Figure 1. Alert on a malicious http connection to the domain “web3inst.com”

MEMORY ACQUISITON 
To start with, acquire the memory image from 192.168.1.100, using memory acquisition tools. For the 
sake of demo, the memory dump file is named as “infected.vmem”. 

ANALYSIS
Now that we have acquired “infected.vmem”, let’s start our analysis using Volatility advanced memory 
analysis framework. 

STEP 1: START WITH WHAT YOU KNOW
We know from the security device alert that the host was making an http connection to web3inst.com 
(192.168.1.2). So let’s look at the network connections. Volatility’s connscan module, shows connection 
to the malicious ip made by process (with pid 888)

http://code.google.com/p/volatility/wiki/FullInstallation
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STEP 2: INFO ABOUT web3inst.com
Google search shows that this domain (web3inst.com) is known to be associated with malware, probably 
“Rustock or TDSS Rootkit”. This indicates that source ip 192.168.1.100 could be infected by any of these 
malwares, so we need to confirm that with further analysis. 

STEP 3: WHAT IS PID 888?
Since the network connection to the ip 192.168.1.2 was made by pid 888, we need to determine which 
process is associated with pid 888. “psscan” shows pid 888 belongs to svchost.exe.

STEP 4: YARA SCAN 
Running the YARA scan on the memory dump for the string “web3inst” confirms that this domain (we-
b3inst.com) is present in the address space of svchost.exe (pid 888). This confirms that svchost.exe was 
making connections to the malicious domain “web3inst.com”
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STEP 5: SUSPICIOUS MUTEX IN svchost.exe 
Now we know that svchost.exe process (pid 888) was making connections to the domain “web3inst.
com”, lets focus on this process. Checking for the mutex created by svchost.exe shows a suspicious mu-
tex “TdlStartMutex”

STEP 6: INFO ABOUT THE MUTEX
Google search shows that this suspicious mutex is associated with TDSS rootkit. This indicates that the 
mutex “TdlStartMutex” is malicious.

STEP 7: FILE HANDLES OF svchost.exe
Examining file handles in svchost.exe (pid 888) shows that is handles to two suspicious files (DLL and 
driver file). As you can see in the below screenshot both of these files start with “TDSS”
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STEP 8: DETECTNG HIDDEN DLL
Volatility’s dlllist module couldn’t find the DLL starting with “TDSS” whereas ldrmodules plugin was able 
to find it. This confirms that the DLL (TDSSoiqh.dll) was hidden. Malware hides the DLL by unlinking from 
the 3 PEB lists (operating sytem keeps track of the DLL’s in these lists).

STEP 9: DUMPING THE HIDDEN DLL
In the previous step hidden DLL was detected. This hidden DLL can be dumped from the memory to disk 
using Volatility’s dlldump module as shown below:

STEP 10: VIRUSTOTAL SUBMISSION OF DUMPED DLL 
Submitting the dumped dll to VirusTotal confirms that it is malicious.
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STEP 11: LOOKING FOR OTHER MALICIOUS DLL’S
Looking for the modules in all the processes that start with “TDSS” shows that msiexec.exe process (pid 
1236) has reference to a temp file (which is starting with TDSS), which is suspicous.

STEP 12: SUSPICIOUS DLL LOADED BY msiexec
Examining the DLL’s loaded by the process msiexec (pid 1236) using dlllist module, shows a suspicious 
dll (dll.dll) loaded by msiexec process.
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STEP 13: DUMPING DLL AND VT SUBMISSION
Dumping the suspicious DLL (dll.dll) and submitting to VirusTotal confirms that this is associated with 
TDSS (Alueron) rootkit.

STEP 14: HIDDEN KERNEL DRIVER
In step 7 we also saw reference to a driver file (starting with “TDSS”). Searching for the driver file using 
Volatility’s modules, plugin couldn’t find the driver that starts with “TDSS” whereas Volatility’s driverscan 
plugin was able to find it. This confirms that the kernel driver (TDSSserv.sys) was hidden. The below 
screenshot also shows that the base address of the driver is “0xb838b000” and the size is “0x11000”

STEP 15: KERNEL CALLBACKS
Examining the callbacks shows the callback (at address starting with 0xb38) set by an unknown driver.
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STEP 16: EXAMINING THE UNKNOWN KERNEL DRIVER
Below screenshot shows that this unknown driver falls under the address range of TDSSserv.sys.  
This confirms that unknown driver is “TDSSserv.sys”.

STEP 17: KERNEL AND HOOKS
Malware hooks the Kernel API and the hook address falls under the address range of TDSSserv.sys  
(as shown in the below screenshots).
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STEP 18: DUMPING THE KERNEL DRIVER 
Dumping the kernel driver and submitting it to VirusTotal confirms that it is TDSS (Alureon) rootkit.

CONCLUSION
Memory forensics is a powerful investigation technique and with a tool like Volatility it is possible to find 
advanced malware and its forensic artifacts from the memory which helps in incident response, malware 
analysis and reverse engineering. As you saw, starting with little information we were able to detect the 
advanced malware and its components.
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CHALLENGES OF 
MOBILE MALWARE 
FORENSICS EVOLUTION
by David Clarke CITP FBCS C|CISO

Mobile Malware is evolving fast. The development of Mobile 
Malware is growing at an unprecedented rate, so the mitigation 
and counter measures needed to understand the landscape and 
provide the appropriate solutions must develop as rapidly.  
Mobile devices are part of our everyday lives, so much so that they 
have become part of our identity, especially for payments. The 
forensic solutions now need to appreciate psychology, human 
nature and social media as they too become part of the attack 
vectors used. The following is an outline of the challenges we are 
now faced with, and which have emerged in just a few months.

In today’s world, the mobile has become a vital possession. It is not just a 
cell phone; it is so much more. It performs so many functions that we can-
not afford to do without it, and it holds so much of our confidential data 

that we cannot afford to have our data compromised. The mobile hackers of 
the modern world are no longer the lone cybercriminals of legend; they have 
evolved into knowledgeable business professionals, dedicated to seriously 
criminal operations. 

In this White Paper, I am going to discuss the latest types of Malware threats 
that have begun to emerge in the Smartphone industry. 

MOBILE MALWARE
Malware is software which, when employed, adversely affects an electronic 
device. A Mobile Malware is a program code which has been created to dis-
able, remotely control and steal information from mobile devices, such as cell 
phones and wireless devices like PDA (Personal Digital Assistants). At their 
most fundamental, Mobile Malware operates in the same way as PC Malware, 
but target mobile devices rather than static ones, such as desktop computers.

What you will learn:
• 	 Why mobile Malware Forensics is 

evolving fast. 
• 	 What the effect is of rapid growth 

of Mobile Malware on all of us.
• 	 How Mobile Malware forensics 

need to understand the modeling 
human behavior.

What you should know:
• 	 High level understanding of Smart-

phone operating systems. 
• 	 The influence of Social media.
• 	 Malware could be in your pocket.
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Mobile Malware is increasing at an alarmingly rapid 
rate in both their technological and structural aspects. 
During 2013 mobile cyber-attacks far outstripped the 
attacks on static or desktop computers. Smartphones 
and mobile devices are now being used for the same 
purpose as computers, and as such, like computers, 
they are vulnerable to viruses, Trojans and other Mal-
ware threats. As a large percentage of the world’s 
population use Smartphones, hackers now have 
more potential targets than ever, and they are intent 
on compromising our sensitive information. 

POTENTIAL THREATS FROM MOBILE 
MALWARE
The first threat on a mobile device was registered in 
2004. By 2010, the threat factor had increased by 
250%, and the first bank phishing attack was regis-
tered from the official app market. According to re-
searchers, these attacks will only become more so-
phisticated, as 2011 proved with botnets detected in 
mobile phones. The Malware threat to mobile phones 
is the fastest growing trend of the modern age, and 
attacks have roughly doubled in the last year.

Mobile phones have become our indispensable companions. If a mobile device is compromised, then 
one or more of the following can happen:

• 	 Banking credentials stolen.
• 	 Phone data deleted by remote operation.
• 	 Text messages or calls sent to premium numbers.
• 	 Phone ‘bricked’ so that it no longer works, and therefore needs replacing.
• 	 Botnet owners turn a phone into one of their bots and then use it for launching remote digital at-

tacks, such as Denial of Service and others.
• 	 Private information compromised. Attacker can intercept messages and ‘sniff’ on phone calls. 

STATISTICS REGARDING MOBILE MALWARE
According to security magazines, the Mobile Malware threat families have shown an increase of 26% in 
the third quarter of 2013, with to date, more than 300 families of mobile threats discovered. As of Janu-
ary 2014, a total of 143,211 instances of modified malicious programs have been detected which are tar-
geting and actively affecting mobile devices. The threat of phishing for bank credentials through mobile 
devices was raised by a factor of 19.7% last year. Cybercriminals use installation packages to distribute 
Malware and last year, almost 4,000,000 installation packages of this kind were used by attackers. About 
10,000,000 unique, infected installation packages were detected in the year 2012-2013 alone. The in-
stallation packages differ only in terms of their application, interface etc. which is malicious, but still in-
stalls the same kind of programs but with mildly differing functionalities. 

Out of all the currently available operating systems, Android rules supreme, and has therefore become 
a prime target, with 98% of cyber-attacks launched in 2013 affecting Android devices. Most Mobile Mal-
ware has been designed to rob users of their money, such as those that contain SMS-Trojans, which 
spread through simple text messaging and are capable of stealing confidential user data. Along with Tro-
jans, there are a plethora of other attack methods, with backdoors, worms and rootkits also being found 
on mobile devices. Fortunately, anti-virus software caught many such infections and prevented thou-
sands of banking Trojans from stealing customer data. 

THE TYPES OF MALWARE THREATS TO MOBILE DEVICES 
PHISHING
Phishing is the creating of fraudulent copies of true and legitimate websites in order to lure a user into 
entering personal information into web forms. This information is then intercepted by malicious attackers 
to steal money from the user.
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SPYWARE
This kind of Malware runs silently in the background, and by various means, such as the interception of 
text messages, collects user data and sends it on to third parties.

Figure 1. Overview of Mobile exploits by platform 2000-2013. Source: F-Secure Report http://thenextweb.com/
google/2014/03/04/f-secure-android-accounted-97-mobile-malware-2013-0-1-google-play/#!zpY1k

APP STORE THREATS
Fake copies of legitimate applications are created by hackers, who infect the app with a Malware code, 
distributing it to users mostly via third party app stores.

ACQUIRING ACCESS
Some Malware will exploit architectural vulnerabilities in a mobile device to gain complete control over it.

WORM
A worm is a program code designed to replicate itself in such a way that it exhausts a device’s memory.

TROJAN HORSES
These are software which seem to be legitimate, but compromise the integrity of a device. 

MITM
This threat mostly works in unsecured wireless channels which are monitored by hackers to obtain any 
information that is transmitted through that channel. Accessing public Wi-Fi in any hotspot can make a 
mobile device vulnerable to Wi-Fi snooping attacks.
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DIRECT ATTACKS
Most Malware can enter directly into a device through files and downloads. SMS can contain Trojans 
which act as agents of theft, while Bluetooth can damage the integrity of a device and spread Malware. 

MALVERTISING

Figure 2. How Malvertising works

Created by combining two words, “Malware” and “Advertising”, Malvertising is a modern technique of 
Malware distribution, which is used by hackers to spread their viruses. In essence, Malvertising exploits 
legitimate online advertising. With this illegitimate virus, codes etc. are obfuscated with valid and genu-
ine advertisements displayed on webpages. Online advertisements serve as excellent candidates for 
spreading Malware, as a great deal of effort has been put into making them as attractive as possible to 
encourage a user to click on them.

All kinds of websites, especially celebrated and reputable sites, make extensive use of advertis-
ing content in order to make money online. Therefore, Malvertising provides malicious attackers with 
excellent opportunities for injecting their Malware into advertisements, and thereby push their attack 
onto web users. 

Although the implementation of advance Firewalls and shield controls can block some of these mali-
cious adverts, the Malware danger still persists. 
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Mobile Malvertising is a new attack method which does not even need to compromise an entire web-
site. It is much harder to combat because it can work inside a system unnoticed and navigate its way 
around a webpage. Infections spread via Malvertising move silently through webpages to a user’s sys-
tem. The most worrying aspect of this type of infection is that it does not need to exploit any vulnerability 
in a website, obviating the need to compromise the server on which a website is hosted, nor does it need 
to perform any kind of attack. It is capable of exposing millions of web users to Malware, regardless of 
how many precautions they take or how cautious they are. 

These attacks have a wide reach and are affecting billions of users through advertisement network 
channels. It is estimated that more than 10 billion advertisement impressions were infected by Malware 
in the last year. With such a high level of infections, Malvertising is an attack vector which does not seem 
likely to disappear any time soon.

MALVERTISING IN MOBILE DEVICES 
Malvertising is playing a significant role in allowing hackers to compromise the data in mobile devices. 
Malvertising on Smartphones has become the largest hacking threat, replacing its closest rival, por-
nography. According to a report on mobile security published by Blue Coat Security Labs, Malvertising 
threats increased threefold in 2013, and this trend is continuing in 2014. On average, Malvertising directs 
users to Mobile Malware through a web advertisement once in every five times it is clicked. Last year, 
pornography was held as the leading threat vector amongst all possible threat possibilities, but this has 
been downgraded to the third most threatening. 

Without proper installation and configuration of security mechanisms, users are far more vulnerable to 
Malvertising infection. Of all the requested content, 12% of web adverts carry as much as 20% infected 
file content. The rapid increase in traffic and content on mobile devices is matched only by the infections 
they can carry. Ad servers have a network of mostly unregulated systems which can be easily manipu-
lated to distribute Malware to the masses. 

THE THREATS FROM WEB APPS 
In security reports Malvertising tops the list, but other threats, like web applications, cannot yet be dis-
missed. Pornography is still the most dangerous content category for mobile users. Although pornog-
raphy only ranks at 1% of all requested content, it still accounts for more than 16% of all cyber-attacks. 
The breach in web applications also poses a potential threat for mobile users. Humans are the weak-
est link, and one which causes the most security breaches, performed through social engineering. 

This tricks mobile users into unwittingly entering their confidential data into fake web pages. Most of 
the backdoors, Trojans etc. are installed in user’s systems because they are unaware of the content 
they are browsing or clicking. They are easily lured by elaborate advertisements or attractive graphics. 
There are many webpages and advertisements claiming free benefits to users, and clicking on these 
pages allows a user to be hacked.

THREAT FROM MOBILE GAMES
Many security reports claim that the huge success of mobile games makes them a prime target for the 
distribution of Malware. Most mobile consumers are blissfully unaware of exactly what they are allow-
ing into their devices when they click on the name of a game. Mobile entertainment packages such as 
games, recreational categories etc. account for around 12% of all the requested content. 

BANKING TROJAN THREAT
According to the latest mobile threat landscape report by Kaspersky Lab, the number of attempts to steal 
mobile users banking data through phishing, Trojan and similar methods has increased by a factor of 20 
last year. In 2013, the number of malicious programs designed for targeting Smartphones and tablets 
doubled to nearly one tenth of a million. More than 25% of infections were blocked by security software 
in the last year alone. This wide variety of Mobile Malware modifications targets the carding information 
of user. Amongst the countries in which these attacks were performed, Russia tops the list followed by In-
dia, Vietnam, Ukraine and the United Kingdom. Svpeng, Perkele and Wroba are some notable examples 
of banking Trojans which have significantly affected mobile banking. We should not underestimate the 
capability of hackers, because it is just a matter of time until they discover other, more powerful attack 
vectors, providing more lucrative methods for compromising mobile information and security. 
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MOBILE PLATFROM VULNERABILITIES 
Android, as the most popular platform for mobile devices, has undoubtedly suffered the most from Mal-
ware, whilst Blackberry is mostly vulnerable to spyware applications. Windows and Symbian are the 
oldest operating systems for mobile phones and have been widely researched. Using loose password 
schemes has been the chief culprit in compromising data on iPhones. Jail-breaking iPhones or iPads 
leaves the device with a standard root password which can allow attackers easy admin access, making 
them susceptible to other Malware attacks. Vulnerabilities in Android warrants a separate section. 

VULNERABILITIES IN ANDROID 
Android is the most used operating system in Smartphones and tablets, claiming a lion’s share of the 
Smart device industry. Due to its popularity and the flaws in its architecture, it has been the target of 98% 
of all the cyber-attacks in the last year. An interesting fact to note is that out of all those infections, only 
0.1% can be found on Google Play applications, which proves that installing applications from unknown 
sources does indeed leverage a system against the surge of attacks. This implies that third party stores 
are loaded with Malware-ridden content which could seriously compromise mobile devices.

Android markets, like Android159, are the carrier of the highest percentage of mobile Malware at 33.3%. 
Fake versions of original applications are created by Malware writers and fused with Malware to affect 
mobile devices. Spoofed applications are increasing, carrying botnet-enabled devices which give remote 
access to attackers. Google Play Store has the least number of infected applications because Google 
itself eradicates suspicious and nefarious applications from its database. For this reason, Malware ap-
plications tend to have shorter shelf life at the official Google store and are easily removed.

According to F Secure, roughly 804 new families and modified versions of Android Malware was de-
tected last year. No new Malware dysfunctions or vulnerabilities were found in any other Smartphone 
platform other than Symbian. Most Android attacks originate from India and Saudi Arabia, accounting for 
about 75% of all cyber-attacks, whilst European countries only account for 15%. This could be consid-
ered a security breach on the part of Google, for not paying as much attention towards securing Android 
as it should. To remedy this, Google could, for example, bring their Play Store to more websites, so that 
Malware writers would find it harder to infect mobile devices. 

Having a non-Android device however, does not keep a user safe from Mobile Malware. Non-Android 
devices are still the target of many other security threats. 

PSYCHOLOGICAL MALWARE 
I have been talking about the kind of Malware threats that steal information and compromise devices, 
but now I am going to throw light on another aspect of Mobile Malware. This category has no generic 
classification, but I will refer to it as “psychological Malware”. Talking Angela is a prime candidate for this 
category and a good example to cite. 

TALKING ANGELA 
At first glance, Talking Angela is just like any other virtual chat bot program, this one taking the form of a 
cat, but dig deeper, and you will find an entirely different aspect to this application. 

Talking Angela is an addition to Outfit7’s wildly popular Talking Tom series, which appeals to kids, teen-
agers and adults alike. Since its launch in December 2012 for iPhones and January 2013 for Android, 
and thanks to the popularity of its predecessor, Talking Tom, Talking Angela has been downloaded more 
than 1.5 billion times, with currently more than 230 million people using it or a similar app.

Talking Angela has a child mode which can be turned on or off very easily. The problem with this app 
is that many people claim that it is operated by a paedophile who interacts with children and asks them 
questions; for example, there is a report that a 7 year old boy went missing after installing this app. But 
not one security firm confirms this to be true and no security researcher has yet found anything which 
can be classified as truly malicious. Talking Angela is classified as psychological Malware because, ir-
respective of its being a threat or not, and due to the spreading of hoax messages through social media 
channels, many parents have uninstalled this app. 
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SPREADING OF THE MEME 
The sole reason for the creation of this hoax and the fear it generated was that this application text 
chats on its own, but this can be controlled by keeping the child mode on. Messages posted on so-
cial websites like Facebook caused this hoax to become instantly popular, the idea spreading rapidly 
because people were forwarding the hoax messages without even testing the application. An online 
advertising campaign which goes viral acts in a similar way. As soon as people start receiving news, 
they begin posting the same kind of content to create a chain reaction. It can be said that psychological 
Malware might not truly exist, but the fact is belief made them real. This causes applications to have 
an adverse effect on people which is far from the intentions of the app developers. Therefore, social 
media can provide a suitable platform for people to spread their views about any application without 
proper behavioural analysis of the app. 

These kinds of hoaxes are fabricated or used by cybercriminals to lure their victims to a webpage.  
The messages posted on Facebook seems to indicate that a human took control of the application in the 
absence of children’s parents. There are flaws in the architecture of the application though, which makes 
the turning on and off of child mode easy to achieve, even for the very children it is supposed to protect. 

All these kinds of hoaxes have a negative impact on children. Talking Angela is simply a cartoon bot 
which works in random ways, and claims to delete all the user data it registers. According to the co-
founder of Outfit7, Sambo Login, “it is impossible for a human to take control over the application”. 

PREVENTIVE MEASURES FROM MOBILE MALWARE 
Here are some tips on securing Mobile devices.

AWARENESS AMONG USERS 
Most of the threats can easily recede if a user is properly informed and aware regarding his devices. 
Users must understand that applications, games etc. can contain Malware and they should therefore, 
verify the source before installation, as well as verifying the app permissions and data it is requesting 
to use. If a user finds anything suspicious, the rule of thumb is to not install that particular application 
and search instead for an alternative. 

DON’T USE UNSECURED WI-FI NETWORKS
Generally unprotected over-the-air networks are insecure and highly susceptible to Malware attacks. 
There is a very high probability that such networks are monitored by attackers and are used for Man 
in the Middle (MITM) attacks. Therefore, mobile users should not use a Wi-Fi network without having a 
proper authentication and knowledge of the source.

RESTRICT DEVICE ACCESS AMONG AN ORGANIZATION 
Although using your own device can be an added advantage to both a company and the employee, it can 
add a substantial risk factor to an organization’s integrity. Therefore, an organization should restrict us-
ers from opening certain webpages, user portals etc. on company devices. If this is allowed on employee 
devices, then the employee should be made aware of how they are using it.

USE TRUSTED SOURCE FOR APPS 
As already mentioned in this paper, a trusted source is less likely to send Malware to your mobile device 
than an unverified one. Therefore, always use trusted and verified sources when installing applications 
on mobile phones. Organizations can create a store of their own so that their data is at a lesser risk of 
becoming compromised by third party sources. Users should also be aware of the Malware attacks and 
modifications in applications relating to their interests. 

DON’T ROOT YOUR DEVICE 
Rooting or jail-breaking your device means you are inviting Malware in. It voids security of a device be-
cause it provides access to all kinds of applications, most of which are infected with Malware. 

USE PROPER ANTI-MALWARE 
Using updated anti-virus solutions can prevent your device from falling victim to Malware attacks. 
Therefore, always install an anti-Malware, anti-virus or anti-spyware on your mobile device.
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USING ENCRYPTION 
Using strong passwords and encryption schemes for your device, especially SIM cards, can make break-
ing in and stealing information a very tedious task for hackers. Therefore, ensure you are protected by 
completely encrypting your device. 

AVOID CLOUD SHARING NETWORKS 
Although sharing your data on a cloud makes it accessible to you from any location, if that cloud lacks 
proper security, your data could become compromised. Organizations can provide cloud sharing alterna-
tives to its employees so that sensitive information can be prevented from leaking. 

UPDATE YOUR OPERATING SYSTEM 
Android users are the primary target. Keep mobile devices up-to-date so that new modifications and se-
curity patches are automatically applied to your devices. It is recommended that you keep checking your 
operating system for any new updates in the software. 

CONCLUSION 
The trend of attacking Smartphones is skyrocketing. It has become extremely dangerous to use your 
phone, especially for sensitive data exchange such as banking transactions, without proper precautions. 
Malicious software that is specifically designed to target valuable customer information is growing rapid-
ly. More and more of these techniques have raised their heads in the last couple of years. Malware writ-
ers are heading towards a more sophisticated approach of coding Malware that reduces their chances 
of detection and removal. Numerous categories of Malware have been detected in recent months, most 
prominent of which is the ‘bots’ category. Cybercriminals today spread their Malware to earn profits. 
Therefore, mobile phones are at a greater risk of being subject to Malware attack.

Android, being the most-used mobile platform, is the one to be most often affected by Malware attacks. 
This is primarily due to its architectural flaws, which require modification by Google itself. However, most 
of the threats belong to third party applications, which are unauthorized and whose writers are generally 
unknown. In the coming years, Mobile Malware is expected to take a giant leap and go as far as to root 
phones so that Malware removal and detection becomes much harder. Mobile devices can even be used 
for PCI attacks; the first of this kind was registered in 2013. Therefore, it will not come as a surprise if in 
the near future most Wi-Fi attacks are launched through mobile devices only. Along with this, SMS Tro-
jans remain a threat and pose a real challenge to Mobile Malware forensics which is going to be active 
in new territories if it is not controlled in time. 

It is not just obvious attacks that are marking the emergence of Malware threats, but hidden ones, such 
as psychological Malware, have an equal part to play. A very clear instance of this which we covered was 
the Talking Angela app. There are many such kinds of applications which can be categorized as threats 
and affect human in an adverse manner.

Not just writing, but also the spreading of Malware has taken a great leap. It used to be only pornogra-
phy which was considered a threat and a highly positive Malware carrying content category, but in recent 
times this trend has shifted to Malvertising. Adware is posing as a prominent security challenge to infor-
mation security researchers. This trend is developing rapidly, and many more devices are falling victim 
to infected advertisements.

To conclude, Mobile Malware Forensics will need to meet the challenge of the rapidly changing future 
threat landscape. The test lab is often not a pure technical analysis, it now becomes a human behav-
ioural issue that uses social media as the lab and battle ground. This is a battle ground that most of us 
carry with us in our pockets and we are the lab.
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