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Introduction

The following pages represent my submission to GIAC for consideration
as the practical certification requirements for the GIAC Certified Forensic Analyst
certification.

Part 1 of the paper is an in-depth study of the tool “Restorer 2000 Pro”
from Bitmart.Net Part 2 of the paper is a binary analysis of a file downloaded
from the practical assignment. Part 3 is a paper on “The Wiretap Statute.”

As an administrative note, due to the large number of computer screen
shots that | have included in this paper, | segregated them into appendices
instead of imbedding them within the paper. This has an effect of shortening the
overall length of the paper and providing for a better paper format.
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Part 1
“Restorer 2000 Pro as a Forensic Tool”

Introduction

Microsoft Windows 2000 is quickly becoming the standard operating
system in the business world. Based upon the structure of Microsoft’s earlier
version, Windows NT, Windows 2000 uses as its primary file system NTFS,
which has several key security features. Like Windows NT, Windows 2000 does
not have an integrated method of restoring files that have been accidentally or
purposefully deleted. Likewise, it has no inherent method of recovering NTFS
partitions that have been formatted, deleted, or repartitioned. The ability to
recover files and deleted partitions is important to the administrators of Windows
systems, but it is absolutely critical to the Forensic Investigator in investigating
systems that have been compromised as the intruder may have and probably did
delete files in an attempt to hide his/her tracks.”

As the Manager of Data Security Architecture for a large financial
institution, | was recently confronted with a problem concerning deleted files on
an NTFS partition. In this particular incident, the system in question had not
been compromised, but numerous employees had purposefully deleted
information from the network servers in order to cover up behavior that was
detrimental to the company. The server was confiscated and the hard drives
from the system were transported to Data Security for analysis, archiving, and
evidence gathering. The resulting information was to be used in a civil court
case against several of the (now) ex-employees. The dilemma that | faced, was
how to successfully recover the deleted files and make that evidence available to
the court in a manner that was reliable, reproducible, and beyond reproach.
Research into the problem resulted in several products that had the potential to
accomplish the job, but Restorer 2000 Pro was the product that stood out as the
most likely to efficiently meet the required objectives.

This report will investigate and validate the use of Restorer 2000 Pro as a
forensic tool suitable for gathering, preserving, and presenting evidence in a
court of law.

Scope

Restorer 2000 Pro has several key features that may prove useful to a
Forensic Investigator, including undelete capability, data recovery on damaged
partitions and formatted NTFS drives, recover compressed files on NTFS
partitions, restoring files and directories which names contain national language
characters, NTFS file recovery with alternative data streams, creation and use of
drive images, and copying of system locked files such as registry hives®. This

! John B, maruti sunil, “how to hack a web site?”

URL: http://www.fagts.com/knowledge base/view.phtml/aid/11815/fid/118, (20 August 2002)
 “NTFS Data Recovery & Undelete Software for Windows 2000. NT. XP. Unformat Utility. “ 8 Mar
2002” URL: http://www.bitmart.net/r2k.htm (20 August 2002)
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paper will investigate each of these key features and relate the feature as to its
usefulness in a forensics investigation. Testing will be conducted on a hard drive
removed from a system and simulated to have challenges that are likely to be
encountered in a forensic investigation. The testing will be conducted in a
manner as to simulate a forensic investigation to ensure the validity of the
product as a forensic tool.

Tool Description

Restorer 2000 Pro Version 1.1 (Build 110621) is primarily a data recovery
tool designed to recover data that has been deleted or lost due to drive
formatting, partitioning, or damage. It has additional functionality in that it can
produce drive images that can be stored and reopened at a later time and it can
recover files with alternative data streams.

The software is developed and distributed by Bitmart.Net, located in
Richmond Hill, Ontario Canada. At the time of this writing, the Professional
version of the software cost $49.99 U.S. A Standard version is also available at
a cost of $29.99, but lacks the ability to recover from damaged or erased
partitions. They also have a free demo version of the software that is so limited
in its functionality as to have no practical purpose other than to demonstrate the
GUI user interface.® All versions of the software may be downloaded from the
Bitmart.Net site at http://www.bitmart.net/r2kfull.htm.

The Forensic Investigator will find this tool very useful in the collection of
evidence from a machine that has been compromised and files deleted, hard
drives erased, partitions erased, or hard drives damaged as it will give him/her
the ability to recover those files that may provide clues as to the identity of the
intruder. This is a likely scenario as files used to install malware* are routinely
deleted either by the intruder or by an automated process designed to cover the
tracks of the intruder. In addition, other capabilities of the software, such as the
ability to create and read images of drive systems may be very useful in the
investigation. A tool that has the capability to restore and recover files from
Windows NT/2000 systems is an absolute requirement of any forensic toolkit
where NTFS is used. One weakness of the program is its inability to work with
any file system other than NTFS. The basic FAT and FAT32 partitions cannot be
recovered using this system, meaning that the forensic investigator will be
required to carry another tool in his toolkit to address files on those files systems.

According to Christopher Spera, Restorer 2000 Pro has “what the doctor
ordered”.’ In his article, he gives the software rave reviews, although he shows
no research or testing to support his conclusions.

? “NTFS Data Recovery & Undelete Software for Windows 2000. NT. XP. Unformat Utility.
URL: http://www.bitmart.net/r2kfull.htm (8 Aug 2002)

* “Webopedia. The #1 Online Encyclopedia Dedicated to Computer Technology”

URL: http://www.webopedia.com/TERM/M/malware.html (9 Aug 2002)

5 Spera, Christopher, “Restorer 2000 Pro”, User to User Reviews

URL: http://www.wugnet.com/csreviews/software/Restorer2000Pro/ (15 Aug 2002)

7
© SANS Institute 2000 - 2002 As part of GIAC practical repository. Author retains full rights.



Installation of the software is very straightforward. Once the software is
purchased, you will receive an email from Bitmart.Net that contains a zipped
copy of the software as shown in Figure A-1. The file is an executable
installation file that can be run from inside the zip file. Once executed, you can
accept the default installation path or designate a path of your choosing. The
copying of files and final installation take only a few seconds. Once finished, you
can start the software immediately as no reboot is required. The first time the
program is started, you have to register the software using the information
contained in a separate email from Bitmart.Net. The registration screen is shown
in Figure A-2. Once the registration information is successfully entered, the
program starts normally with the main screen as shown in Figure A-3.

As you can see from Figure A-3, Restorer 2000 Pro is able to see those
drives that are local to the machine on which it is installed. It is not network
aware, meaning that network connections will have no affect on the operation of
the software. While there is no threat of interference or inaccurate results due to
a network connection, the inability of the program to work across a network limits
its functionality. During an investigation the drives must be removed from the
victim machine and placed on a different computer or the Restorer 2000 Pro
program will have to be installed on the victim machine. The fact that installing
software on a victim machine is likely to cause problems in the investigation,
perhaps even permanently overwriting the data that is being sought, means that
the only real option is to remove the drives. This could entail considerable
downtime on the victim machine.

Restorer 2000 Pro installs into its own directory and takes few files to be
operational as shown by the file listing in Figure A-4. The file “Restorer2000.exe”
is the main file for the program, while “Restorer2000.cnt”, “FAQ.htm, and
“‘Restorer2000.hlp” are the help files for the program. Included in the installation
is an uninstall program to remove the files installed during a normal installation.
Restorer 2000 Pro’s executable file is 844kb in size and will fit on a floppy drive.
It can be run without installation from a floppy or CD, but the registration screen
(Figure A-2) will pop up and the User Name, Company, and Serial Number must
be provided to continue. The serial number is of significant length as to make
the typing of it a slow process. In addition, there is a registry entry that will be
added to the machine even though the program is being run from removable
media. This, in effect, makes the program unusable from removable media.

Using the “Depends” program from the Microsoft NT Resource kit, we are
able to see that Restorer 2000 Pro uses a plethora of .dll files from the Windows
operating system as shown in Figure A-5. In addition, the installation adds a
registry entry containing the registered name, company, and serial number as
shown in Figure A-6. This registry key is added during the installation program,
but will also be added if you run the program directly from a CD or floppy drive as
described in the previous paragraph.

System dll files and the Restorer2000 executable file are the only files that
are used by the program. It is a commonly known fact that dll files are not written
to or changed during the course of their use. According to Webopedia.com dll
files are either statically or dynamically linked. Static files remain the same during

R
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program execution while dynamic dll links are created by the program execution.®
In either case, the dll files themselves do not change. The only other file that
could change during execution would be the Restorer2000.exe file itself. In order
to check this, an MD5 hash value was taken of the file prior to execution and then
again while the program was running. As you can see from the before and
during execution MD5 hash values in Figure A-7, the file does not change during
execution. This shows, without doubt, the program is static and evidentiary
sound.

Test Apparatus

The computer used for testing Restorer 2000 Pro was a Forensic Air-Lite
lIl from Forensic-Computers.com. This particular model sports a Pentium 11l 1.2
Ghz processor, 512MB of RAM, and a built in 37.2Gb IDE hard drive. This
system is designed for forensic investigations and includes cabling and power to
attach external IDE and SCSI drives. It also has an IEEE 1394 (Firewire) bus
with Forensic-Computers.com Firewire to IDE Write-Protection boxes allowing
connection to IDE drives through Firewire without the worry of accidentally writing
files to a drive under investigation. The bios on the system is Phoenix —
AwardBIOS v6.00PG.

The operating system used for this test is Microsoft Windows 2000
Professional Version 5.0.2195 with Service Pack 3 build 2195. Microsoft Internet
Explorer version 6.0.2600.0000 with 128-bit Cipher was also installed. Security
Patches MS02-009 concerning XML, MS02-009 concerning VBScript, and MS02-
023 concerning Internet Explorer are all installed as well. The patch for
outstanding Security Bulletin MS02-027 was not available for Internet Explorer as
of this writing. Otherwise, all outstanding service packs and security patches
recommended by Microsoft have been installed.” System time is set to Central
Daylight Time (GMT - 6:00).

In addition to Restorer 2000 Pro being tested, several other forensic tools
were used to validate the testing. These include MD5Sum® to obtain hash values
used to verify and compare before and after images of files, KillDisk® used to
clean the test drive before testing, and DD'® used to image the entire hard drive
for verification no changes occurred.

Environmental Conditions

*DLL,

URL: http://www.webopedia.com/TERM/D/DLL.html, (20 August 2002)

7 Microsoft Corporation, “Hotfix & Security Bulletin Service”

URL: http://www.microsoft.com/technet/treeview/default.asp?url=/technet/security/current.asp (20 August
2002)

* MD5Sum

URL: http://www.etree.org/md5Scom.html, (20 August 2002)

? KillDisk, Lsoft Technologies, Version 1.1

URL: http://www.lsoft.net, (20 August 2002)

0 pp,

URL: http://www.redhat.com/swr/i386/fileutils-4.1-10.i386.html, (20 August 2002)
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As Restorer 2000 Pro is not network aware and does not have the
capability to see network drives anyway, all testing will be done on the stand-
alone machine without network connectivity. All drives were cleared using
KillDisk and setting all bits on the drive to zero. This effectively eliminates all
outside forces that could affect the results of the tests.

As verification of the evidentiary quality of the program, a DD image was
taken of the test drive after the test files were placed and deleted and an MD5
hash value of the image was taken. After the testing was completed, the process
was repeated to determine the testing process had not changed the “victim”
drive.

Description of the Procedures

There were four hard drives used for this test. The first drive was an IDE
Western Digital Caviar 11000 with 2046 cylinders, 16 heads, 63 sectors, and
1055.9 MB of storage. The second drive was a SCSI| Seagate Barracuda model
ST15150N. The third drive was an IDE IBM Travelstar 18GB drive from a Dell
Notebook computer. The fourth drive was an IDE Seagate Model ST34313A
with 8944 cylinders, 15 Heads, 63 Sectors, and 4.3 GB of storage.

TEST PLAN

The original plan for this test was to perform a series of seven tests to
verify the functionality of Restorer 2000 Pro. These test will accomplish a simple
file recovery after deletion from an IDE drive, a file recovery after deletion and the
deletion of the partition from an IDE drive, a file recovery after deletion of the file
from a SCSI drive, a file recovery after the deletion of the file and partition and a
repartition and reformat with FAT32 on a SCSI drive, reading a non-NTFS
partition, create and read images, and read DD images.

Flexibility has been built into this test plan. If additional information and
testing is needed, additional tests will be added at the end to find the best
answers possible.

After all testing is completed; they will all be repeated two additional times
(including tests that have been added on) to confirm the tests are repeatable and
reproducible.

As stated earlier a DD image and MD5 hash value of that image was
taken on the victim drives at the beginning and ending of testing on that drive to
confirm the drive was not changed by the testing operations.

PRE-TEST, Program Operations
In this section, | will cover all of the operating procedures, parameters, and

options of using the program. These procedures will be repeated numerous
times through the remainder of the test project and do not need to be written in
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this report each time. Refer back to this section for information pertaining to any
general aspect of the program mentioned during the testing phase.

Starting the program is accomplished by pressing the START button,
choosing Programs, Restorer 2000 Pro, and Restorer 2000 Pro as depicted in
Figure B-1. Once started, the main screen appears as depicted in Figure B-2.
The screen can be divided into four sections for purposes of discussion. The first
section is the Menu Section. As you can see from Figure B-3, the menu is
comprised of four line items: Drive, Tools, View, and Help. The second section,
depicted in figure B-4, is the Device/Disk section where you can see the drives
the program can access. The third section, depicted by Figure B-5 is the files
section. The fourth section, depicted by Figure B-6, is the status section.

The menus available are the Drive, Tools, View, and Help menus. The Drive
menu has several menu functions depending on what is selected on the
Device/Disk section. In Figure B-7, the menu is open while a physical drive is
selected. You can see that you can create or open an image file, you can scan
the physical drive or an area of the physical drive you designate, you can create
a region, or you can set read attempts. According to the help file for the program
a “Drive region is a custom defined area on the drive. It can be used for scanning
as well as storage of regular drives.”"’

In Figure B-8, the Drive Menu is shown while a Logical Drive is selected. In
addition to the options you had with a physical drive, you can also open and
recover files from the logical partition.

If you open the Drive Menu while the Image Folder is highlighted, your only
option is to open the image file as shown in Figure B-9.

The Tools Menu, shown in Figure B-10, has two entries to control the log file.
The first, “Log Filter” allows you to set what you want to be logged. The second,
“Clear Log” clears the log file so you can start fresh. The other items that are
grayed out in the figure are “Stop”, which is used to stop an action in progress,
“‘Delete”, which is used to delete image files, and “Edit”, which is used to edit the
image files.

The View Menu allows you to select the configuration of what you see on the
main menu, the view, as shown in Figure B-11. The other option (Info...) is to
see the Information about a logical or physical drive as shown in Figure B-12.

The Help Menu, Figure B-13, allows you to open help, which has limited
information about how to use the program. You can also get information about
the program by selecting “About Restorer2000” as shown in Figure B-14.

There is also a set of icons that perform some of the functions available in the
menus. These are shown in Figure B-15.

Once a scan of a physical drive, logical drive, partition, or part thereof is
started, the program reads each bit of the drive to find the data. It does not
manipulate the data (evidence) in any way while being run. This is verified by the
fact that it runs fine with the “Read-Only” adapter attached to the workstation. It
would be safe to run without the “Read-Only” adapter if it were not an available
option. The location to which restored files are written is users selectable.

! Restorer 2000 Pro Help File, “Using Regions”
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Therefore, caution should be used when performing tests without the “Read-
Only” device as the program could write recover files to the original drive if not
configured properly.

Overall, the program is very user friendly and intuitive to operate. It only
takes a few minutes for the user to get comfortable with the program and the
locations of its tools and features. While the Help files for the program are
somewhat lacking in detail and clarity, the layout of the program and its tools
make the program easy to use and negate the weak Help system.

TESTING

The following section provides detail about the individual tests that were
conducted. A total of nine tests were conducted, seven from the original plan
and two additional that were added to clarify the results of other testing. These
tests were designed to demonstrate the capabilities of the program with its use
as a forensic tool in mind. As mentioned earlier in this report, each series of test
was conducted a total of three times to confirm and verify that the results are
repeatable and reproducible.

TEST 1 - IDE Drive, Standard File Deletion

Purpose - The purpose of this test was to check the basic functionality of the
program by creating and deleting files on an NTFS partition to see that they could
be restored using Restorer 2000 Pro. This particular test was on an IDE drive.
Later test will compare the functionality on IDE drives against the functionality on
SCSI drives.

Expected Results - The deleted files should be fully restored to a new location.
MD5 hash values should verify the restored files are exactly the same as the
original. In addition, the drive from which the files were restored should not be
changed at all by the testing process.

Test Procedures

1. KillDisk was used to sanitize the IDE hard drive with parameters specifying
that all sectors be overwritten with zeros.

2. The drive was installed on the test computer. At this point, the drive has not
been added to the Windows 2000 structure, has not been partitioned or
formatted with NTFS.

3. Restorer 2000 Pro was then used to verify that no files could be seen on the
drive by the program. Figure C-1 shows there were no files on the drive.

4. Five test files were developed and placed in five separate directories on the
drive as shown in Figure C-2.

5. An MDS5 hash value was obtained on each of the files with the results shown
in Figure C-3. (Figure C-3 also shows the MD5 hash value of the files that
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were restored for comparison. Notice they match showing perfect recovery of
the files.)

6. The directories and files were then all deleted. It was confirmed that neither
the files nor directories could be accessed using Windows 2000. In addition,
the Recycle Bin was emptied. Screens are shown in Figure C-4 and C-5.

7. A DD image was taken of the IDE hard drive and an MDS hash value was
taken of the image as shown in Figure C-6. (Figure C-6 also shows the MD5
hash value of an image taken after this test was completed. Notice they
match showing that the drive was not affected by the operation of Restorer
2000 Pro.)

8. Restorer 2000 Pro was then used to scan the drive to see if the files could be
found, recognized, and recovered. Figure C-7 shows the files were found and
recognized on the drive, deleted from the Recycle Bin. This is because the
files were first deleted normally, which moves them to the Recycle Bin, and
then deleted from the Recycle Bin.

9. A directory was created on the Forensic Workstation to receive the recovered
files. The files were then restored to that directory using Restorer Pro 2000.
See Figure C-8 for the restore dialog box.

10.MD5 hash values were obtained for all five files for comparison against the
MD5 hash values recorded earlier. The comparisons shows the files were
successfully restored and are absolutely identical in content. See Figure C-3.

11.DD was used to make an image of the drive after the tests. MDSsum was
used to retrieve a hash value of the image and was compared to the pretest
image as shown in Figure C-6.

Results — In test 1, the program worked flawlessly. The files were created on an
NTFS partition and then an MD5 hash value was obtained for verification. The
files were deleted using Windows and then restored using Restorer 2000 pro.
After recovery, an MD5 hash value was again obtained and the results were
compared to the MD5 hash value of the original file. They were identical, proving
the restored files are the originals with no changes or other undesirable affects to
the data. In addition images of the hard drive taken before and after the testing
confirmed that Restorer 2000 Pro did not affect the original drive in any way.

TEST 2 - IDE Drive, Deleted Partition

Purpose — This test will determine the program’s ability to recover data even
after the logical partition that held the data has been deleted. This particular test
was accomplished using the same drive and test files created and deleted in Test
1. Remember that Restorer 2000 pro does not affect the drive during restore
(unless you restore to that drive) so the files should be in their condition prior to
the start of Test 1.
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Expected Results — In this test, Restorer 2000 Pro should be able to recover the
test files with no problems. MDS$ hash values should verify the original files and
the recovered files are absolutely identical.

Test Procedures

1. The drive used in the previous test was reused for this test. The test computer
was booted to DOS from a floppy drive. FDISK was then used to simply
delete the Non-DOS partition.

2. Restorer 2000 Pro was used to scan the disk. The files were still available to
be seen on the drive as shown in Figure D-1

3. The files were restored to the test directory.

4. MD5 hash values were obtained for all five files for comparison against the
MD5 hash values obtained earlier (Figure C-3 Top). The comparisons show
the files were successfully restored and are absolutely identical in content.
See Figure D-2.

Results — Once again, the program worked flawlessly. It did not matter that the
partition was no longer available, Restorer 2000 Pro scanned the physical drive
and was able to find and recover the test files. The MD5 hash value again
proved the validity of the restore.

TEST 3 — SCSI Drive, Standard File Deletion

Purpose - The purpose of this test was to check the basic functionality of the
program by creating and deleting files on an NTFS partition to see that they could
be restored using Restorer 2000 Pro. In this case, the functionality of the
program on SCSI drives was the focus.

Expected Results - The deleted files should be fully restored to a new location.
MD5 hash values should verify the restored files are exactly the same as the
original. The testing process should not change the SCSI drive. This test is
identical to Test 1, except it is performed on a SCSI drive instead of an IDE drive.
The results of the testing should be the same.

Test Procedures

1. KillDisk was used to sanitize the SCSI hard drive with parameters specifying
that all sectors be overwritten with zeros.

2. The drive was installed on the test computer. At this point, the drive has not
been added to the Windows 2000 structure, partitioned, or formatted with
NTFS.

3. Restorer 2000 Pro was then used to verify that no files could be seen on the
drive by the program as illustrated by Figure E-1.

4. Five test files were developed and placed in five separate directories on the
drive as shown in Figure E-2.

14
© SANS Institute 2000 - 2002 As part of GIAC practical repository. Author retains full rights.



5. MDS hash values were obtained for each of the files with the results shown in
Figure E-3. (Figure E-3 also shows the results of the MD5 hash values on
the recovered files. Notice they are identical proving the ability of the
program to restore files to their original condition.)

6. The directories and files were then all deleted. It was confirmed that neither
the files nor directories could be accessed using Windows 2000. In addition,
the Recycle Bin was emptied. Screens are shown in Figure E-4 and E-5.

7. A DD image was taken of the drive prior to the testing. An MD5 hash value
of the image file was taken as shown in Figure E-6. (Figure E-6 also shows
the MD5 hash value of the drive taken after all testing was completed. Notice
that they are the same proving that the program does not change the victim
drive.)

8. Restorer 2000 Pro was then used to scan the drive to see if the files could be
found, recognized, and recovered. Figure E-7 shows the files were found and
recognized on the drive, deleted from the Recycle Bin. This is because the
files were first deleted normally, which moves them to the Recycle Bin, and
then deleted from the Recycle Bin.

9. A directory was created on the Forensic Workstation to receive the recovered
files. The files were then restored to that directory using Restorer Pro 2000.
See Figure E-8 for the restore dialog box.

10.MD5 hash values were obtained for all five files for comparison against the
MD5 hash values recorded earlier. The comparisons shows the files were
successfully restored and are absolutely identical in content. See Figure E-3.

11.DD was again used to make an image of the drive followed by the recording
of an MD5 hash value of the image as shown in Figure E-6.

Results — In this test, the program again worked flawlessly. The files were
created on an NTFS partition and then an MD5 hash value was obtained for
verification. The files were deleted using Windows and then restored using
Restorer 2000 pro. After recovery, an MD5S hash value was calculated and the
results were compared to the MDS5 hash value of the original file. They were
identical, proving the restored files are the originals with no changes or other
undesirable affects to the data. Images taken of the test drive before and after
test prove, via the MD5 hash values, that the program did not change the
contents of the test drive.

TEST 4 — SCSI Drive, Deleted Partition, Created Partition, and Format

Purpose — This test was designed to see what would happen if the drive in
question were subjected to deletion of the partition as was done in Test 2, and
the creation of a new partition, and the formatting of the drive with FAT32, which
Restorer 2000 Pro cannot read.

Expected Results — The files should be fully recovered by Restorer 2000 Pro as
the data on the drive is not actually destroyed by the format or partition actions.
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MD5 hash values should verify the original files and the recovered files are
absolutely identical.

Test Procedures

1. Working from the drive and files used in Test 3, Figure F-1 shows the starting
disk configuration according to Windows 2000.

2. The partitions on the drive were then removed, a new partition was installed
in its place, and the partition was formatted using FAT32.

3. The system was booted into MS-Dos with a boot desk and the partition was
removed using fdisk.

4. Restorer 2000 Pro was then run in an attempt to recover the original files from
the NTFS partition. Figure F-2 shows the results of this test.

Results — In this particular case, it is apparent that Restorer 2000 Pro could not
recover the original files. This bears further investigation as the process of
creating a partition and formatting the drive should not affect any of the actual
data. As a result of this testing, additional tests were added to the suite of tests
in order to determine the limits of Restorer 2000 Pro capability.

TEST 5 — Read Non-NTFS Partitions

Purpose — The purpose of this test was twofold, first, to determine if Restorer
2000 Pro would have any problems reading a drive from a Notebook computer
and second, to determine how Restorer 2000 pro would respond to a non-NTFS
partition.

Expected Results — Restorer 2000 Pro should be able to accurately read the
notebook hard drive. While the program can read the drive and make an image
of the drive, it will not likely be able to read the actual files on either the drive or
the image since it is a tool for NTFS only.

Test Procedures

1. The notebook hard drive was connected to the test computer and started up.
This particular hard drive contains a partition that has Windows 2000
installed, but the partition was formatted with FAT32 and not NTFS.

2. A DD image was made of the drive with MD5 hash values made of the image
as shown in Figure G-1. (Also shown in Figure G-1 are the MD5 hash values
results from an image taken after the test was completed. The results match
showing no change in the drive as a result of the test.)

3. Restorer 2000 Pro was ran against the hard drive with the results shown in
Figure G-2. Files from the non-NTFS partition did now show up.

4. The drive was again imaged with DD and an MD5 hash value taken as shown
in Figure G-1.
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Results — Restorer 2000 Pro was able to recognize and scan the drive with no
problems. As expected, it was unable to read the data on the FAT32 partition or
to even recognize the FAT32 partition was present.

TEST 6 — Create and Read Images

Purpose — The purpose of this test is to determine whether Restorer Pro 2000
can produce a forensic quality image of a hard drive. If the program can produce
the image, this test will determine if it can then use the image to restore as
though it were a real hard drive. Lastly, the test will determine if the images
produced by the program can be used as forensic evidence.

Expected Results — Restorer 2000 Pro should be able to create an image of the
drive and then read the image of the drive. We will be able to determine if the
image and the original drive are identical to meet the requirements of using the
image as forensic evidence. MD5 hash values of the drive itself and of the image
or images taken will verify the results.

Test Procedures

1. The fourth test drive was setup as a Windows 2000 Professional installation
with NTFS. It was connected to the test workstation.

2. An MDS5 hash value of the physical drive was captured to set the baseline for
the system. The results are found in Figure H-1.

3. Since Restorer 2000 Pro can capture images of the Physical Drive or of a
partition, two images, one of each, were built. An MD5 hash value of both
images was obtained with the results shown in Figures H-2 and H-3.

4. Since none of the MD5 hash values were the same, it would be hard to prove
that the images were identical to the drive. Further testing is called for and
has been added to the testing plan.

5. The images were opened using Restorer 2000 Pro. All of the files on the
NTFS partition were accessible on the file that was imaged from the partition,
and could easily be recovered using the recover option. See Figure H-4.
However, the image file that was built from the physical drive could not be
accessed. The error message “Can not find NTFS on ...” was displayed.

Results — In this test, we were able to show that Restorer 2000 Pro could create
and read image files and recover files from within the images. It was noted that
the images taken directly from the Physical Drive were not usable by Restorer
2000 Pro while the images taken from the volume was usable. We were not able
to prove that the image files are sufficient to be considered adequate as forensic
evidence. As the result of this test, another test has been added to further
investigate the use of the images in a forensic investigation for presentation in a
court of law.

TEST 7 — Read DD Images
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Purpose — This test was conducted to determine if Restorer 2000 Pro could read
and extract files from images produced with DD.

Expected Results — Restorer 2000 Pro should be able to read files from DD and
allow access to them in much the same way as mounting the files in the Unix
environment does.

Test Procedures

1. The same hard drive used in Test 6 was used for this test.

2. DD was used to create an image of the physical drive as shown in Figure I-1.

3. Restorer 2000 Pro was then used to open the image file. An error was given
that said, ““Can not find NTFS on ...".

4. DD was used to create an image of the D: volume of the drive using the
syntax as shown in Figure 1-2.%

5. Restorer 2000 Pro was used to read the image created by DD.

Results — Restorer 2000 Pro can read image files built by DD on the volume of
the hard drive, but cannot read images that are built from the physical drive. This
is consistent with earlier test from images created by Restorer 2000 Pro.

TEST 8 — Retrieve Files From a Drive That Has Been Re- Formatted FAT

Purpose — Due to the fact Restorer 2000 Pro could not retrieve files from a drive
that was NTFS formatted, but had been repartitioned and formatted with FAT32,
this test was added on after the initial testing plan was set. This will either
validate the earlier testing (Test 4) or will show capability to recover files in this
situation. The earlier failure in Test 4 may have been because of the small
number of files that were used for the testing. If these files were overwritten by
partition and volume information, they would not be retrievable by any program.
If there are files that can be retrieved on this drive during this testing, it shows the
capability of seeing through the FAT32 partitioning.

Expected Results — Restorer 2000 Pro should be able to recover at least some
of the files from the old NTFS permission, if not the entire directory structure. We
know from earlier testing that some files will probably be missing, but the bulk of
the files should be available.

Test Procedures
1. The drive used in Test 6, which had a full NTFS partition and information on

it, was prepared by using fdisk to delete the partition and create a new
partition. Format was then used to format the new partition in FAT32.

2 SANS Institute, Track 8 — System Forensics, Investigation, and Response, 8.1 Investigative Incident
Response and Basic Forensic Windows Principles — Hands On, Sans Institute, 2002, 134-138
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2. The drive was then placed on the test workstation and Restorer Pro 2000 was
used in an attempt to recover files. Results are shown in Figure J-1.

Results — The results for this test were somewhat mixed. While Restorer 2000
Pro was able to restore some of the files from the NTFS partition, it was only able
to recover a small number of them. Certainly, its use would be minimal in a
situation like this, but it could recover the file the investigator needs to prove a
case.

TEST 9 Recovering a Drive with a Restorer 2000 Pro Image

Purpose — This test was added on to see if a hard drive could be restored by
copying the image back to the drive using Restorer 2000 Pro. If this is
successful, the next step will be to do an MD5 hash value of the drive to see if
that sum matches the sum of the original drive. If they match, this would prove
the image capability could be used as forensic evidence.

Expected Results — If the image is to be considered valid for evidentiary
purposes, proof of the ability to restore a drive to its absolute original condition,
verified by the MD5 hash value, must be demonstrated. This test will either
verify that ability or show that ability is not present.

Test Procedures

1. The hard drive and imaged in Test 6 was cleaned using KillDisk to overwrite
every bit on the device.

2. Restorer 2000 Pro does not have a “Restore” feature for its imaging, so an
attempt was made to copy the image onto the raw drive in hopes it would set
the partition as it went. It was found that the image could not be restored
until the drive was made a part of the operating system by partitioning and
formatting as NTFS. It is highly unlikely we will be able to prove the image is
viable as evidence at this point.

3. The drive was made part of the OS by partitioning and formatting as NTFS.

4. The image was recovered to the new drive using the recover option of
Restorer 2000 Pro as shown in Figure K-1.

5. During the recover, a message box appeared that identified an existing file.
This was because a file of the same name had been deleted on the original
drive and the program was attempting to restore both of them. As shown in
Figure K-2, the only options were to overwrite or rename. Either one will
prevent the drive from being identical.

6. An MDS5 hash value of the physical drive (Figure K-3) was obtained and
compared to the MD5 hash value accomplished earlier and shown in Figure
H-1. As expected, they do not match.

19
© SANS Institute 2000 - 2002 As part of GIAC practical repository. Author retains full rights.



Results — Restorer 2000 Pro does not have the capability to create images
suitable as evidence in a court of law. Images can be produced and files from
within the images could probably used in some circumstances.

Analysis

After spending several weeks testing Restorer 2000 Pro, | can say without
hesitation that this is a good product that will have many uses for a Forensic
Investigator with requirements to analyze Windows NTFS partitions.

During the course of the extensive testing conducted, we verified that the
program quickly and easily recovered files that had been deleted and files from
drives where the partition had been deleted. The program could not read files
from non-NTFS partitions, which is a significant limitation, but NTFS partitions
that have been overwritten by FAT32 may be read to some degree. Our testing
showed the capability existed, but is very limited in its reliability.

It was also determined that the program could read images created by
DD. This is one of the most significant findings of the testing as it establishes a
capability of taking a forensic quality image from DD and loading into the
program for the capability of reviewing the contained files and restoring them as
necessary. This gives Windows investigators a tool that can be used to research
and manipulate files is much the same way as can be done in the Linux world by
mounting a DD image. Unfortunately, the investigator will still have to restore the
file before it can be used in this manner.

The ability to create images in the program has little significant appeal, as
there is no way to confirm the validity of the image. While images can be made,
they can’t be used to fully restore a drive. This is due to the fact the program
deals only with the contained files and not with the actual partition information. In
contrast, programs like DD and Norton Ghost will copy the partition information
and can restore that information on the fly, making the image an identical copy of
the original.

Regardless of the additional functionality and the usefulness the Forensic
Investigator will find, the basic purpose and strength of this program is in its
ability to restore files from NTFS partitions that have been deleted. This is crucial
to the ability of the investigator to determine the details of the intrusion and to
track down the perpetrator.

The following is a listing of the findings of this analysis in a bullet format:

1. Deleted files are easily and accurately restored from NTFS
partitions without affecting the status of the original drive.

2. Files are also easily and accurately restored from drives where
the NTFS partition has been deleted.

3. Restoration of files from an NTFS partition that has been
repartitioned with FAT32 is questionable. Some files can be
restored, but many cannot.

4. Restorer 2000 Pro works equally well on IDE or SCSI drives
and has no problems recognizing IDE drives from notebook
computers.
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5. Restorer 2000 Pro cannot read or recover files from Non-NTFS
partitions. This is a big weakness in the program, but is
overcome by the use of other programs designed to recover
files from those partition types.

6. Restorer 2000 Pro can create and read images, but the quality
of the images cannot be verified from an evidentiary standpoint.
These images should not be used if the information gathered
may be used in a court of law.

7. Restorer 2000 Pro can read DD images.

8. The program is user friendly and easy to use.

Presentation

Data obtained by using Restorer 2000 Pro is easily presented to a court
and a jury. This tool simply makes the file available for use again, despite the
fact it was deleted. Testing has confirmed that the files recovered are absolutely
identical as verified by the MDS5 hash values. “Calculating the MD5 hash value
for the original and the copy is one way of showing that the copying did not alter
the data” according to Yoshinori H. T. Himel."

This fact would need to be presented in court as proof of the validity of the
file and then the contents of the file would provide a great source of information
in court. There are presentation aids available that can help a witness explain
the value of the hash. One of these is by NTl and shows exactly how the has is
obtained.™

Conclusion

The tests performed during the analysis of Restorer 2000 Pro were
comprehensive and detailed, designed to prove that the information obtained by
using the program is reliable, forensically sound, and suitable for presentation in
a court of law. The program performed very well and indeed was proven to meet
all of these requirements. This tool is very suitable to a forensic investigation role
and should be included in every toolkit of investigators that may be called upon to
complete a forensic investigation on a Windows NTFS based system.

Due to the nature of the program and the fact it is not network aware, the
only reliable means of using the program is to remove the drive from the victim
machine and attach it to a workstation for analysis. This workstation should have
the program installed on the system hard drive. Under no circumstances should
the program be run on the victim machine as, at a minimum, it would alter the
registry of the victim machine thereby polluting the evidence. This is true even if
the program is run from a floppy drive or a CD-Rom, either of which would
require the registration key anyway.

" Yoshinori H. T. Himel, “Getting Digital Data Into Evidence”, January 2002
URL: http://www.sacbar.org/archives/slugdecO1.html

" NTI, “Trial [llustration Posters”

URL: http://www.forensics-intl.com/trialill.html, (28 August 2002)
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This program could be improved as a forensic tool by adding the ability to
read other file systems besides NTFS. While the chances of needing forensic
quality evidence off of a NTFS drive that had been repartitioned with FAT32 are
low, it is always a possibility and one of the primary limitations of Restorer 2000
Pro. In addition, the program would be improved greatly by the ability to create
forensic quality images.
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Part 2
Binary Analysis

Investigative Results — Report

The following section presents a synopsis of the information gathered through
the investigative process. For detailed information on how the information was
obtained and how the conclusions were reached, refer to the “Investigative
Process” section below.

Binary Details

* Name of the program/file found on the system. The program found is
ADMSniff version Priv 1.0. It had been renamed to “sn.dat”.

* File/MACTime Information (last modified, last access, and last changed
time). Last modified and accessed time were both identified as April 11,
2002 at 09:29:58. The Created time was unavailable due to the method
the file was obtained. The time shown by the debugfs process was the
time the file was downloaded to the local hard drive.

* File owner(s) —(user and/or group) Both the owner and group were
identified as “root”.

* File size (in bytes). The File size was 399124 bytes.

* MDS5 hash of the file. The MD5 hash value was calculated as
0e954f43fd73f56e812a7285f32e41d3 as shown in Figure L-2. This
matched the MD5 hash value in the file sn.md5 exactly.

* Key words found that are associated with the program/file. Using the
“strings” command the following words were found that led to many of the
conclusions. “ADMsniff”, “priv 1.0”, “ADM”, “Libpcap”, plus the name of
the program author.

Program Description

The program found on the system was named “sn.dat”. The dat extension
is a generic extension and does not indicate what the program may actually be.
Analysis confirmed the program was ADMSniff, a “Sniffer” program that uses
Libpcap to place the Ethernet network interface card into promiscuous mode so
that all traffic on the collision domain can then be captured for analysis. Systems
administrators routinely use this type of program for network troubleshooting and
monitoring for malicious traffic. Hackers will use Sniffer programs on
compromised systems in order to “harvest” usernames and passwords that are
traversing the network in the clear.

According to the MAC time information retrieved, the program was last
accessed and modified on April 11, 2002 at 9:29:58. It is not possible to
definitively conclude whether or not the program has ever been executed without
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further investigation beyond the binary file received for this assignment. It is very
possible that this date and time indicate the last use of the program.

Since the program is statically linked, the Libpcap libraries and pcap
libraries needed for program implementation are included in the compilation.
The file had version .4 of Libpcap compiled statically within it.

Please refer to the “Investigative Process” section of this report for
detailed information on how these conclusions were reached.

According to testing and research accomplished for this assignment, the
program is very self contained and efficient. It appears to accomplish the
following actions when executed:

1. The program executes Libpcap and places the Ethernet adapter in
promiscuous mode, allowing it to “see” all of the traffic traversing that
network segment.

2. It creates afile in the same directory the binary is stored called
“The_l0gz” that appears to be the log file.

Other details about the file that are significant are what it does not do.
First, it was noted that the program does not automatically determine the
Ethernet network adapter card (NIC) in the system. This means that a parameter
must be passed to the program on execution or it will fail. An example of the
appropriate startup command would be “./sn.dat eth0” with “eth0” being the
parameter. Second, the program has no methodology of passing the information
it obtains outside of the compromised system. This means the attacker must
return to the scene of the crime to retrieve the spoils of his act.

Forensic Details

In this case, the program is a Sniffer that uses Libpcap to set the Ethernet
network adapter card into promiscuous mode. Therefore one of the footprints
that can indicate the program is operating on a system is to detect the NIC card
in this mode. According to the Phrack Magazine article Interface Promiscuity
Obscurity article’ a promiscuous mode interface is recognizable by a flag in the
device interface structure that shows the interface status as promiscuous. The
article further gives the code necessary to change this flag and hide the fact a
card is in promiscuous mode. This code was thoroughly searched for indications
that this code was present. It was not, meaning we should be able to see the
card in promiscuous mode when this program is running or has been run. The
program leaves the card in promiscuous mode after termination.

Another big footprint that is left is the log file that is created by the
program. Located within the same directory as the binary file, “The_10gz” is
created to store the captured data. Depending upon the traffic volume of the
network that is connected to the computer, this log file may grow to a huge size

' Phrack Magazine, “Interface Promiscuity Obscurity”, 8 July 98
URL: http://www.phreak.org/archives/exploits/unix/network-sniffers/interface-promiscuity-obscurity.txt
(20 August 2002)
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in a relatively short period of time. It is feasible that this could cause the hard
drive space to be totally consumed causing a system failure and resulting denial
of service.

The program does not appear to start any additional processed or
manipulate any other system files. Investigation showed a lot of files that had
been modified after the program execution in the “/proc/” directory, but these files
were most likely manipulated by the operating system itself. Certainly the
execution of the program prompted the operating system to access and modify
these files in the normal course of its activity.

The fact that the program has no mechanism to enter the NIC parameters
or transfer the log file from the compromised computer to another location
provides a very significant “lead” that should immediately be followed up. There
are only two ways this program could have been utilized. Either a person who
has authorization to the computer and is using that authorization for access
installed the program or the computer has been totally compromised, meaning
there is other evidence on the computer that may lead to the identification of the
culprit. Regardless of which of these cases are true, this system needs to be
immediately checked and action taken to identify the culprit.

Program Identification

The program was found at the site that was advertised as the ADM Crew
official ftp site, http://adm.freelsd.net/ADM/. This site contained the file that was
downloaded and tested for comparison against the “sn.dat” file.

In order to prove beyond any doubt that the two files are from the same
source, the goal was to match MD5 hash values and show them identical. Due
to the seemingly infinite number of variables that could affect the ability to make
the programs match this closely, a realistic expectation was that the MD5 hash
values would not match, but that other comparisons would prove beyond a
reasonable doubt that the files were from the same source.

The testing yielded strong indications that this file was, in fact, from the
same source as “sn.dat”. This was verified by a search of the strings results of
the binary files. These files, while not identical, were almost identical. It was
determined that the two files had been compiled by different versions of GCC,
which could easily account for the differences found.

Attempts to find the same GCC compiler to recompile the ADMsniff file
were unsuccessful.

Please refer to the “Investigative Process” section of this report for
detailed information on how these conclusions were reached.

Legal Implications

The program that was discovered is a “Sniffer” program that is used to
gather information off of the network. The use of this program by anyone other
than an authorized system administrator for the purpose of maintenance and
operations or service provider protection would be in direct violation of 18 USC
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2701, also referred to as the “Wiretap Statute”.’® This law prohibits the reception
of any communication that is transiting a wire by anyone other than the recipient
that is designated by the sender. There are exemptions to this rule for system
administrators for specific purposes. Unless these exemptions are met, the
person or persons who installed and started this program are in violation of the
law, regardless of how the program was installed on the machine.

The second legal implication is that of unauthorized access into the
machine. The law that applies here is 18 USC 1030, the Computer Fraud and
Abuse Act."” Is specifically says: “(a) Whoever - (1) having knowingly accessed
a computer without authorization or exceeding authorized access, and by means
of such conduct having obtained information that has been determined by the
United States Government pursuant to an Executive order or statute to require
protection against unauthorized disclosure for reasons of national defense or
foreign relations, or any restricted data, as defined in paragraph y. of section 11
of the Atomic Energy Act of 1954, with reason to believe that such information so
obtained could be used to the injury of the United States, or to the advantage of
any foreign nation willfully communicates, delivers, transmits, or causes to be
communicated, delivered, or transmitted, or attempts to communicate, deliver,
transmit or cause to be communicated, delivered, or transmitted the same to any
person not entitled to receive it, or willfully retains the same and fails to deliver it
to the officer or employee of the United States entitled to receive it;”'® The law
goes on to specify which computers are those that “require protection”. The
section of the law that most often applies is “(C) information from any protected
computer if the conduct involved an interstate or foreign communication”.’® This
stipulation makes practically every computer that is attached to the Internet a
protected computer.

The third law that may be involved in this situation is the “Pen Register
Statute” that requires court orders be obtained before any interception of traffic
on electronic media. It is similar in scope and function to the other wiretap laws.

Whoever installed this Sniffer program on the victim computer is certainly
in violation of the wiretap laws if the program was ever executed. As described
earlier, it is impossible to determine without an inspection of the host that
contained the file. If the file were executed on the host, that host would have the
footprints left by the program, namely the log file would be present and the NIC
card would be in promiscuous mode unless the program had terminated and the
host had been restarted.

If the program has been started the perpetrator of this crime could expect
a fine and/or imprisonment, depending upon the motive behind his/her act. If the

' “Laws: Cases and Codes: U.S. Code: Title 18: Section 2701 (a)”, 23 Jan 2000

URL.: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section 2701.html ,
(22 August 2002)

7 «“Laws: Cases and Codes: U.S. Code: Title 18: Section 10307, 23 Jan 2000
URLAhttp://caselaw.lp.findlaw.com/scripts/ts_search.pl?title=18&sec=1030, (22 August 2002)

18 “Laws: Cases and Codes: U.S. Code: Title 18: Section 10307, 23 Jan 2000
URLAhttp://caselaw.lp.findlaw.com/scripts/ts_search.pl?title=18&sec=1030, (22 August 2002)

1 <L aws: Cases and Codes: U.S. Code: Title 18: Section 1030 (2)(2)(c)”, 23 Jan 2000
URLAhttp://caselaw.lp.findlaw.com/scripts/ts_search.pl?title=18&sec=1030, (22 August 2002)
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purpose was commercial advantage, malicious destruction, or private
commercial gain, the maximum imprisonment is not more than one year for the
first offense and not more than 2 years for subsequent offenses. Otherwise, the
maximum prison sentence is 6 months.

The perpetrator is likely in violation of the Computer Fraud and Abuse act,
regardless of whether or not the program was executed. Even if he/she were
authorized to access the computer, it could be argued that he/she exceeded
authorization by installing the unauthorized program for illegal purposes.
Conviction of this act could lead to a fine and imprisonment of not more than 10
years.

Interview Questions

The following questions are generic and were derived from my
experiences in the law enforcement field as well as information obtained from the
textbook from Track 8 of the Sans Course.?

Question 1: You seem to have some highly developed computer skills - |
am very impressed. Where did you learn about Linux and how to program
init?

Explanation: On the first question, | am trying to get my foot in the door.

| am complimenting the subject and showing him some respect while
attempting to validate his skills.

Question 2: | was most impressed with a file | found on one of our
computers. It was a commonly found program, but had been altered. It
appears that the library files it needed had been added to the main
program. | have never seen anything like that before, have you?

Explanation: Here | am continuing to complement his skills with a
computer, the weakness of every computer savvy person | have met. |
am feigning ignorance on an issue where he has knowledge. | expect he
will tell me what it takes to build the file that was found on the system.

Question 3: The only thing about that file is that | don’t know how it got
there and that is presenting me with a big problem. If | can’t figure this out
on my own, I'll have to call in the Police to do an investigation. Do you
think you could help me out here and avoid the outside interference.

Explanation: Now that he thinks | respect his skills and am on his side
and he should be getting comfortable, | am throwing another factor into

2 SANS Institute, Track 8 — System Forensics, Investigation, and Response, 8.4 — Forensic Frameworks

and Best Practices — Managerial and Legal Issues,
Sans Institute, 2002, 2-52 through 2-69
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the mix. | am betting he is going to want to avoid the Police coming into
the scene and will give up some more information on the file.

Question 4: Network sniffers are commonly used for maintenance or
operations reasons so maybe there is a good reason for it to be there. Do
you see any reason to have a Sniffer on this particular computer?

Explanation: At this point, | am trying to give him a lifeline or an excuse
for the existence of the program. This may give him incentive to come
clean about the program. If not, the next question combined with this one
will help push him in that direction.

Question 5: If | can’t find out on my own why this program is here and
what its purpose is, legitimate or not, | will have no choice but to call the
Police in for a criminal investigation. If this happens, the person who put it
there could well end up going to jail and | don’t want that to happen. Why
don’t you help me out here and let’s get this thing closed and move on to
something else.

Explanation: Now | am putting the pressure on. | have given him a
lifeline, an excuse as to why the program could be there, now | am letting
him know that if anyone but me has to figure this out that the
consequences may be harsh and | will have no control of it.

Additional Information

http://www.phreak.org/archives/exploits/unix/network-sniffers/interface-promiscuity-
obscurity.txt

http://www.cet.nau.edu/~mc8/Socket/Tutorials/section].html

http://www.phreak.org/archives/exploits/unix/network-sniffers/The-Sniffer-FAQ.txt

Investigative Process

Preparation and Setup

The computer used for this analysis was a Forensic Air-Lite IIl from
Forensic-Computers.com. This particular model sports a Pentium Ill 1.2 Ghz
processor, 512MB of RAM, and a built in 37.2Gb IDE hard drive. This system is
designed for forensic investigations and includes cabling and power to attach
external IDE and SCSI drives. It also has an IEEE 1394 (Firewire) bus with
Forensic-Computers.com Firewire to IDE Write-Protection boxes allowing
connection to IDE drives through Firewire without the worry of accidentally writing
files to a drive under investigation. The bios on the system is Phoenix —
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AwardBIOS v6.00PG. The operating system used for the analysis was Redhat
Linux version 7.3. In addition VMWare for Linux was installed in order to
simulate a network environment within the test computer. The analysis computer
was connected to a closed network to ensure no damage could be done outside
of the test system.

The binary file will be downloaded to a clean drive to ensure no
contamination from previous files occurs. The drive to be used in this case is a
Seagate Model ST34313A IDE drive. It has 8944 cylinders, 15 heads, and 63
sectors, with a capacity of 4.3 Gbytes. The serial number of the drive is
7DIO7XV3.

Running KillDisk?' on the drive with three passes cleaned the drive to
ensure no contamination was present prior to the download. The file “sn.zip” was
then downloaded from the assignments page directly to the clean drive. The
next challenge was to extract the file from the zip archive while preserving the
original MAC times for the “sn.dat” file. This was accomplished by using the
UNZIP? Utility with the syntax shown in Figure L-1. The goal of this part of the
exercise was to extract the subject file from the archive and back to its original
state. The —X parameter was used to restore the original UID/GID and
timestamp information.

Two files were extracted onto the test drive, “sn.dat” and “sn.md5”. The
"sn.md5” file contained an MD5 hash value®® of
“0e954f43fd73f56e812a7285f32e41d3” for the “sn.dat” file. An MDS$ has value of
the restored file was retrieved as shown in Figure L-2, which matched “sn.md%”
exactly. This serves as proof the extracted file is an exact duplicate of the
original file.

Since an original copy of the file is stored in the zipped file, that file was
archived to another location for safekeeping. If it appears criminal proceedings
may be in order, this file will be downloaded to a mobile media, verified as
original, and then handled as evidence utilizing a “Chain of Custody” document.
In addition, to ensure the working file is not changed causing inaccurate
information to be extracted, CHMOD was used to make the file Read Only as
shown in Figure L-3.

The Investigation

The “Is —i” command followed by the “debugfs —R ‘stat <1655010>’
/dev/hda2 “ was then used to determine the MAC information for the “sn.dat” file
as shown in Figure L-4. The results of these commands show that the file was
last modified and accessed on Thursday April 11, 2002 at 09:29:58. The time

I KillDisk, Lsoft Technologies, Version 1.1

URL: http://www.lsoft.net, (20 August 2002)

%2 Unzip Utility Reference

URL: http://www.info-zip.org/pub/infozip/UnZip.html, (20 August 2002)
* MD5Sum

URL: http://www.etree.org/md5com.html, (20 August 2002)
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shown for the created time is the time that the file was placed on the drive for
analysis.

The next step in the process is to determine the type of file that we are
dealing with. In order to do this, we simply use the FILE command as shown in
figure L-5. The additional information that we have as a result is:

1. Thisis an ELF file. “Elf is a constraint logic programming language

based on the LF Logical Framework”, according to “The EIf Meta-

Language” website®

The file is LSB executable.?

It is designed for the Intel 80386 processor.

It is statically linked, meaning all of the required functions are

included in the binary.?®

5. The file has been stripped, meaning the symbols have been
discarded from the file.?’

hwN

A “strings” command was executed on the file using the syntax “Strings
sn.dat |less” in order to see what clues may lie inside the binary itself. Several
key pieces of evidence were retrieved as shown in Figures L-6 and L-7. The
information contained within the program, available for viewing by strings, was:

1. The program is ADMSniff, version 1.0. It uses pcap and Libpcap to
control the functioning of the Ethernet NIC and to allow the program
to capture (sniff) network traffic.

2. Keld Simonsen, a well-known g)rogrammer that is active in the ISO
standards, wrote the program.?® This does not mean there is
evidence that he installed the program, as ADMSniff is available for
download from hundreds of different locations. This particular
version proved difficult to find, however.

3. The program was compiled on a Red Hat Linux version 7.1. This will
be significant information if the source of the file can be found.
Confirmation of the source will require the code be compiled and
compared on the same operating system.

The next step was to run “gdb” against the program. It did see the
program, helping to prove the theory that the file is an executable program.

* Pfenning, Frank “The EIf Meta-Language”,

URL: http://www-2.cs.cmu.edu/~fp/elf.html, (20 August 2002)

* Pfenning, Frank “The EIf Meta-Language”,

URL: http://www-2.cs.cmu.edu/~fp/elf.html, (20 August 2002)

6 SANS Institute, “Track 8 — System Forensics, Investigation, and Response, Book 8.3”
Pg2-114

*T SANS Institute, “Track 8 — System Forensics, Investigation, and Response, Book 8.3”
Pg2-114

= Simonsen, Keld, “News About Standardization”, 21 Nov 2000

URL: http://www.usenix.org/publications/login/standards/37.simonsen.html, (20 August 2002)
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Running several different gdb tests against the file did not prove useful in finding
out more about the program than was already known.

Then “objdump” was run against the program with results shown in Figure
L-8. The gconv libraries are also used with this program.

Next, since the program is an ELF program, “readelf” was run to get more
details on how the program operates. Results of this are shown in Figures L-9,
L-10, and L-11. The following facts were noted:

1. The entry point of the program was a normal entry point of 0x80480e0,
which is a standard entry point.

2. The Libpcap libraries are indeed compiled inside this binary as the
headers point to them as shown in Figure L-10.

3. The program has 19 headers.

At this point in the analysis, there was not much more that could be done
without more in-depth testing, including the execution of the binary file. Before
that was done, additional groundwork was laid to make sure we retrieved all the
data needed for the analysis. The data needed was to find what was happening
on the Ethernet interface when the program was running, what processes were
spawned, what files were created, and what files were opened. It was
determined that the best way to get this information was to get a before, during,
and after snapshot of the system using “Isof”, “netstat”, “ps”, and “ifconfig”.

In addition, there is the possibility that a Trojan of some type may be
imbedded in the binary file in order to advertise that it was successful in
infiltrating and running on the victim machine. According to Symantec “A trojan
horse (or "trojan") is simply a program that purports to do one thing but does
something else that you do not know about. It has, so to speak, a public agenda
that is harmless, and a private agenda that is not. One particular sub-category of
trojans makes it possible for someone else to access your computer over the
Internet.”” Specifically, the concern here would be that a Trojan like program
was included in the binary to send out a TCP connection to allow someone to get
through a firewall to access the compromised machine. Many firewalls will block
all traffic coming inbound, but will allow inbound connections and their replies to
flow through the firewall. We will look for that by sniffing the network traffic
coming from the victim machine with another computer with a Sniffer installed.

In order to setup the tests, several actions were taken. First, two
VMWare® sessions were installed; one in Linux 7.3 and one in Linux 7.1 to
match the system the file was compiled on. An internal “network” was
established between the VMWare sessions using custom networking. This is
defined by VMWare as “Any type of network connection between virtual machine
and the host that is not bridged or host-only networking. For instance, different

* Symantec Anti-Virus Site, “Explanation of Trojan Horses” 29 Jul 2002
URL:http://service2.symantec.com/SUPPORT/nip.nsf/1b078893dcd782a985256771004dfaa5/4b119f1de20
b66188256862007b3aSe?OpenDocument

3 VMWARE Workstation 3.1, VMWARE, Inc.

URL: http://www.vmware.com/company/ (August 27, 2002)
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virtual machines can be connected to the host by separate networks or
connected to each other and not the host. Any network topology is possible.
In this case, two virtual connections were set up networked together and not to
the host, using a virtual hub. The VM session with Linux 7.3 was setup with
Ethereal in order to monitor traffic from the other session, which had the “sn.dat”
binary executed.

Second, a baseline of the “7.2” system was obtained in order to have an
after the fact comparison between the system prior to execution, during
execution, and post execution. This was accomplished by :

131

1.  “IFCONFIG —a” was run to see if any changes to the Ethernet
interfaces were made by the execution of the program.

2. Netstat was run to see any pre-existing connections to the system.
3. Running “Isof” to get a list of all open files prior to execution. It was
piped to a text file that will later be used with the diff command.

4. Running “ps —a” and piping the results to a text file for later analysis

using the diff command.

Third, a Sniffer program “Ethereal” was installed on the “7.3” virtual
computer in order to monitor traffic from the test virtual computer. This will detect
traffic caused by the ADMSniff program to see if it was modified to send out
notifications that it is active, to make a connection to allow a hacker back through
a firewall, or other anomalous traffic not normally associated with ADMsniff.

First the program was started using the command “strace —f ./sn.dat eth0”,
which started the program using the strace functionality. As shown in Figure L-
12, the strace results show some interesting information. First, the program sets
up the environment; there is nothing substantial or unusual there. Second, the
program then opens up a network socket and identifies an IP subnet. This
subnet was researched and it belongs to IANA (Internet Corporation for Assigned
Names and Number), the company that controls IP addresses, and it appears to
be in a reserved range.* Third, the program runs the “fstat” command. “fstat
obtains information about an Open file known by the file descriptor fildes,
obtained from a successful creat, open, dup, fcntl, pipe, or ioctl system call.
appears to be determining the status of the “sn.dat” program. Fourth, the
program prints to screen a banner showing “ADMsniff priv 1.0” along with other
greeting type information for the user. Lastly, and most importantly, the program
creates or opens a file named “The_|0gz”, probably the log file.

The next step was to fully run the program by using the command “./sn.dat
ethO &”. Once the “sn.dat” program was running, the ethereal program, which
was still running, was checked to see if any traffic was emanating from the test
VMWare system. Figure L-13 shows that no traffic was outbound from that

»33 It

*' VMWARE Help Program

2 ARIN Whois, “Search Results for 104.48.0.0”

URL: http://ws.arin.net/cgi-bin/whois.pl

3 Unix Manpages, “stat(2)”,

URL: http://www.mesr.olemiss.edu/cgi-bin/man-cgi?fstat+2
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‘computer”. There does not appear to be any type of Trojan program that
started transmitting when “sn.dat” was executed. While it is possible that such a
program could be time delayed, there are no indications that this is so.

Next, “Isof”, “ps”, “ifconfig”, and “netstat” were run to see what in the system
had been modified while the “sn.dat” file was executed. According to the before
and during netstat checks, there were no new connections established by the
program. Checking the ps results show that the “sn.dat” process had been
executed, but nothing else new. The ifconfig results show that the Ethernet card
had been placed in promiscuous mode as shown in Figure L-14. It should also
be noted that after “sn.dat” was killed, the card remained in promiscuous mode.
Detection of this mode may indicate that this program has been executed on
other devices. The Isof results show that the “sn.dat” program has opened
several system files as shown in Figure L-15. It should be noted here that Isof
confirms that the “The_10gz” file was created and opened by “sn.dat”.

Next, with “sn.dat” process killed, a search was done on the file system for
all files that had been modified since the “sn.dat” file was copied to its current
location. This was done by using the Find command as follows: “find /* -newer
Igcfa/sn.dat —type f —printf “%T@ %k %h/%f\n” | sort”.

While checking for files on the file system that had been modified since the
“sn.dat” file was transferred, a file called “/proc/kcore” was showing an unusual
owner as shown in Figure L-16. Research revealed this file was an alias for the
physical memory in the computer. According to Unixguide.Net, “/proc/kcore is
like an "alias" for the memory in your computer. Its size is the same as the
amount of RAM you have, and if you read it as a file, the kernel does memory
reads.”* The file “/proc/kcore” was searched using the command “strings
/proc/kcore | grep sn.dat > /gcfa/kcore.txt”. The kcore.txt file had a lot of
references to “sn.dat”, but most were commands that had been used in the
preparation for and testing of the “sn.dat” file. The only useful information
obtained was a lack of information; further confirming that “sn.dat” did not
execute other processes.

The last test that was conducted was to determine if any further information
could be obtained about the running process of “sn.dat” by searching through a
process dump by running a kill -5 command on the “sn.dat” process. The
“sn.dat” file was first executed and then the process of getting the core dump
information was accomplished. The commands for this was “ps —ef | grep sn.dat”
in order to obtain the proper process id, which was 866. The next step was to
issue the kill =5 process as “kill -5 866“, which caused the core dump. The core
dump was then accessed by “strings —a core | less”. Unfortunately, there was no
information in the dump that was not already known.

Finding the File on the Internet

A comprehensive search of the Internet was accomplished using several
search engines with the search string of “ADMsniff Private 1.0”. The only search

¥ UnixGuide.Net, “What is /proc/kcore?”
URL: http://www.unixguide.net/linux/fag/04.16.shtml , (August 27, 2002)
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engine that returned links was Google.*® The only site that advertised the
document was www.unixhqg.org. Attempts at downloading from that site resulted
in a 404 “File could not be found” error. A follow up search for the string
“‘“ADMsniff” was accomplished. There was a plethora of sites that advertised
ADMsniff as a download, however, the majority of them was version .8 and were
obviously not the file that was being sought. The site that was advertised as the
ADM Crew official ftp site, http://adm.freelsd.net/ADM/, contained the ADMsniff
file. It was downloaded and a “strings” was run on the “thesniff.c” file located
within the archive. There were keywords found that indicated the file was the
correct one. Additional searching resulted in also finding the file at another site,
http://packetstormsecurity.nl/groups/ADM/indexsize.shtml. This site advertised an
MD5 hash value of 352e5e3a460ded8917¢27114713dd794 for the file, useful in
ensuring the download was not tampered with.

The modified dates of the downloaded archive file would seem to indicate
this particular file was created before the suspect file, “sn.dat” had been run last.
The dates on the download from Packetstormsecurity were identical, making this
the best opportunity to identify the file. The archive contains another archive file
for Libpcap version 0.4. Reviews of the modified dates on the files within that
archive show the latest modified date to be 7/25/1998. Chances are therefore
good that the Libpcap file is the same version as the one that was used in
“sn.dat”.

In order to confirm the file is the same file that was found on the victim
machine, it is absolutely necessary to set up the system as near to the original
configuration as possible. The version of the Kernel of the install machine and
the version of the compiler must all be the same to achieve an absolute match.
Even then, the chances are rather slim that we will achieve an MD5 hash value
match, considering that a single bit that is different will cause different hash
results.

We know two things about the binary that we can start setup correctly
from the beginning. First, the binary is statically linked. This means that in our
attempts to make the downloaded file identical we have to static link it as well.
This was accomplished by editing the “Makefile” by adding the “-static” entry to
the “CFLAGS =" line. Second, the binary is stripped. This is accomplished by
using the command “Strip <binary name>" after the file has been compiled. This
in mind, we setup the downloaded file.

The file was copied to our “/gcfa” directory and was unarchived by using
the tar command as: “tar —zxvf ADMsniff.tar.gz”. This created a new directory
“/gcfa/ADMsniff”. In this directory, the Makefile was edited as described earlier
using the VI editor. The “Make” command was then executed. This created a
binary file called “ADMsniff-1”. The command “strip ADMsniff-1” was executed
to strip the file as described earlier. The new binary file was examined and was
found to be slightly smaller than “sn.dat”. Since that is the case, it would be
pointless to try and compare md5 hash values for the two files. Instead, the

* Google Search Engine
URL: http://www.google.com, (20 August 2002)
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strings command was run against each of the files with the results piped to a text
file. These text files were then compared using the diff utility.

The information gathered from the diff utility alone strongly indicates that
these two programs are from the same source. It was noted that the GCC
compiler for the two binary files was slightly different, which may account for the
differences found in the two programs. Otherwise, the great majority of lines
from the strings command were identical between the two files.

Next, the results of “readelf’, Figure L-17, between the two files were
compared and were found to be almost identical. Even the “Magic” number was
identical, the starting point was identical, as was the headers. This is very
compelling evidence that these two files have the same source, despite the
inability to match MD5 hash values.
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Part 3
“Legal Issues of Incident Handling — The Wiretap Statute”

The Wiretap Statute

The Wiretap Act is derived from “18 USC 25117, which is the identifier for
Title 18 of the United States Code, section 2511. Specifically, Chapter 19 of that
act concerns wiretapping and is officially labeled as “Wire and Electronic
Communications Interception and Interception of Oral Communications”.

Section 2511 (1) specifies the following: “1) Except as otherwise
specifically provided in this chapter any person who -(a) intentionally intercepts,
endeavors to intercept, or procures any other person to intercept or endeavor to
intercept, any wire, oral, or electronic communication; (b) intentionally uses,
endeavors to use, or procures any other person to use or endeavor to use any
electronic, mechanical, or other device to intercept any oral communication when
- (i) such device is affixed to, or otherwise transmits a signal through, a wire,
cable, or other like connection used in wire communication; or (ii) such device
transmits communications by radio, or interferes with the transmission of such
communication; or (iii) such person knows, or has reason to know, that such
device or any component thereof has been sent through the mail or transported
in interstate or foreign commerce; or (iv) such use or endeavor to use (A) takes
place on the premises of any business or other commercial establishment the
operations of which affect interstate or foreign commerce; or (B) obtains or is for
the purpose of obtaining information relating to the operations of any business or
other commercial establishment the operations of which affect interstate or
foreign commerce; or (v) such person acts in the District of Columbia, the
Commonwealth of Puerto Rico, or any territory or possession of the United
States; (c) intentionally discloses, or endeavors to disclose, to any other person
the contents of any wire, oral, or electronic communication, knowing or having
reason to know that the information was obtained through the interception of a
wire, oral, or electronic communication in violation of this subsection; (d)
intentionally uses, or endeavors to use, the contents of any wire, oral, or
electronic communication, knowing or having reason to know that the information
was obtained through the interception of a wire, oral, or electronic communication
in violation of this subsection; or (e)(i) intentionally discloses, or endeavors to
disclose, to any other person the contents of any wire, oral, or electronic
communication, intercepted by means authorized by sections 2511(2)(a)(ii),
2511(2)(b)-(c), 2511(2)(e), 2516, and 2518 of this chapter, (ii) knowing or having
reason to know that the information was obtained through the interception of
such a communication in connection with a criminal investigation, (iii) having
obtained or received the information in connection with a criminal investigation,
and (iv) with intent to improperly obstruct, impede, or interfere with a duly
authorized criminal investigation, shall be punished as provided in subsection (4)
or shall be subject to suit as provided in subsection (5).”*

% «Laws: Cases and Codes : U.S. Code : Title 18 : Section 2511 (1)”, 23 Jan 2000
URL: http://caselaw.Ip.findlaw.com/scripts/ts search.pl?title=18&sec=2511, (22 August 2002)
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This code forms the basis for the wiretapping laws in the United States.
While it applies to any electronic communications, per Section 2511 (1)(b) “any
wire, oral, or electronic communication”, the law was originally used for
wiretapping of telephone devices.

It is clear from this law that it is illegal to intercept communications
over a wire without the senders express authorization. There are exceptions to
this law whereby “It shall not be unlawful under this chapter for an operator of a
switchboard, or an officer, employee, or agent of a provider of wire or electronic
communication service, whose facilities are used in the transmission of a wire or
electronic communication, to intercept, disclose, or use that communication in
the normal course of his employment while engaged in any activity which is a
necessary incident to the rendition of his service or to the protection of the rights
or property of the provider of that service, except that a provider of wire
communication service to the public shall not utilize service observing or random
monitoring except for mechanical or service quality control checks.”®

This section of the law allows service providers to monitor and intercept
traffic for certain purposes.

This law applies to the interception of computer communications and gives
the system administrator certain exemptions to the law. A newer legislation was
passed that was specifically written for computer communications and is easier
to understand in the context of computer communications. The Electronic
Communications Privacy Act that is derived from “18 USC 2701”7, which is the
identifier for Title 18 of the United States Code, section 2701.% This code sets
forth specific prohibitions against the unauthorized interception of
communications, including computer communications, and establishes rules that
must be followed to avoid violation of this code.

Section 2701 (a) of the code specifies what constitutes a violation of this
law. It specifically says “Offense. - Except as provided in subsection (c) of this
section whoever -(1) intentionally accesses without authorization a facility
through which an electronic communication service is provided; or (2)
intentionally exceeds an authorization to access that facility; and thereby obtains,
alters, or prevents authorized access to a wire or electronic communication while
it is in electronic storage in such system shall be punished as provided in
subsection (b) of this section.” Section 2702 of the code further defines the
offense as: “(a) Prohibitions. - Except as provided in subsection (b) - (1) a person
or entity providing an electronic communication service to the public shall not
knowingly divulge to any person or entity the contents of a communication while
in electronic storage by that service; and (2) a person or entity providing remote
computing service to the public shall not knowingly divulge to any person or
entity the contents of any communication which is carried or maintained on that

7 «Laws: Cases and Codes : U.S. Code : Title 18 : Section 2511 (2)(a) (1)”, 23 Jan 2000

URL: http://caselaw.Ip.findlaw.com/scripts/ts_search.pl?title=18&sec=2511 , (22 August 2002)

¥ “Laws: Cases and Codes : U.S. Code : Title 18 : Section 2701 (a)”, 23 Jan 2000

URL.: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section 2701.html ,
(22 August 2002)
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service - (A) on behalf of, and received by means of electronic transmission from
(or created by means of computer processing of communications received by
means of electronic transmission from), a subscriber or customer of such service;
and (B) solely for the purpose of providing storage or computer processing
services to such subscriber or customer, if the provider is not authorized to
access the contents of any such communications for purposes of providing any
services other than storage or computer processing.”®

As you can see Title 18, Sections 2701 and 2702 clearly outline what the
law prohibits. Fortunately, it was recognized by the lawmakers that the
restrictions that would be imposed by the code we have seen so far would
literally cripple the capability of network administrators to operate and maintain
the networks. They inserted specific exclusions to the law that allow persons or
entities that operate these networks to access the data crossing the wires.
Specifically, the exclusion says in Section 2701: “(c) Exceptions. - Subsection (a)
of this section does not apply with respect to conduct authorized - (1) by the
person or entity providing a wire or electronic communications service; (2) by a
user of that service with respect to a communication of or intended for that user;
or (3) in section 2703, 2704 or 2518 of this titte.”*® The exceptions are further
defined in Section 2702 (c) where it says: “(b) Exceptions. - A person or entity
may divulge the contents of a communication - (1) to an addressee or intended
recipient of such communication or an agent of such addressee or intended
recipient; (2) as otherwise authorized in section 2517, 2511(2)(a), or 2703 of this
title; (3) with the lawful consent of the originator or an addressee or intended
recipient of such communication, or the subscriber in the case of remote
computing service; (4) to a person employed or authorized or whose facilities are
used to forward such communication to its destination; (5) as may be necessarily
incident to the rendition of the service or to the protection of the rights or property
of the provider of that service; or (6) to a law enforcement agency - (A) if the
contents - (i) were inadvertently obtained by the service provider; and (ii) appear
to pertain to the commission of a crime; or (B) if required by section 227 of the
Crime Control Act of 1990.”*

The challenge now is to understand exactly what this law means to the
system administrators as they encounter traffic on their networks. It is clear that
the intent of the law is to protect the privacy of the users of the network. Traffic
that traverses the network is intended for a specific recipient or group of
recipients and it is unlawful for other persons or entities to intercept this traffic. In
the case of the system administrator, however, there is an exception “as may be

¥ “Laws: Cases and Codes : U.S. Code : Title 18 : Section 2702 (a)”, 23 Jan 2000

URL.: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section 2702.html ,
(22 August 2002)

0 «“Laws: Cases and Codes : U.S. Code : Title 18 : Section 2701 (c)”, 23 Jan 2000

URL.: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section 2701.html ,
(22 August 2002)

1 «Laws: Cases and Codes : U.S. Code : Title 18 : Section 2702 (c)”, 23 Jan 2000

URL: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section _2702.html ,
(22 August 2002)
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necessarily incident to the rendition of the service or to the protection of the rights
or property of the provider of that service”.*?

The exception clearly gives system administrators the right to monitor
traffic for specific purposes. First, the law gives the system administrator the
right to monitor traffic when it is necessary to keep the system up and operating
and keep the service available. The use of network sniffers, for example, is
authorized for system administrators in the day-to-day maintenance activities of
the network. Second, the law further expands the rights of the system
administrators by allowing them to protect their network from unauthorized
access and/or abuse by the words “protection of the rights or property of the
provider of that service”. This gives the system administrators the right to
monitor traffic for unauthorized, unlawful, and malicious traffic that may be
present. Law therefore authorizes the use of sniffers and Intrusion Detection
Systems (IDS) as long as the reason for such traffic monitoring is to protect the
network.

It should be noted that while the law give system administrators broad
authorization to monitor their networks, it does not give them carte blanche to
monitor and/or access anything and everything on their networks. The law
specifies the purpose of the authorization and any action that takes place outside
of that purpose would not be covered by the exemption to the law. An example
of unauthorized access of data by a system administrator would be an
administrator intercepting the direct emails of a particular customer for the
purpose of determining account numbers, private information, or other
information not directly connected to the providers network. Unless that system
administrator could demonstrate that the reason for this intrusion was
maintenance or protection, he/she would not be exempted from the law. It
should be noted here that obtaining stored emails would probably not be a
violation of the wiretap laws as ruled by a Federal Judge.*® This would indicate
that the law covers traffic traversing a network, but does not apply to data that
has reached storage status on a device on the network.

Another issue raised in this law is the role of law enforcement and the
system administrators pertaining to interception of communications. According to
the law, system administrators may release contents of communications to law
enforcement officials "(A) if the contents - (i) were inadvertently obtained by the
service provider; and (ii) appear to pertain to the commission of a crime; or
(B) if required by section 227 of the Crime Control Act of 1990.”** According to
this section of the law, system administrators can only release information to law
enforcement officials when they inadvertently obtain information. In other words,
law enforcement officials cannot use the exemptions from this law by getting

# «Laws: Cases and Codes : U.S. Code : Title 18 : Section 2702 (b)(5)”, 23 Jan 2000

URL.: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section 2702.html ,
(22 August 2002)

* Mail Utilities, “Digging through Old Emails not Wiretap Violation, Federal Judge Rules”, 29 Mar 2001,
URL: http://www.mailutilities.com/news/archive/43/1102.html

* «Laws: Cases and Codes : U.S. Code : Title 18 : Section 2702 (b)(6)”,23 Jan 2000

URL: http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/i/chapters/121/sections/section _2702.html ,
(22 August 2002)
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system administrators to gather information for them. Another barrier to that
action would be the sure argument that the system administrator was acting as
an agent of law enforcement, an argument he/she would probably win. In
addition, any information gathered must appear to pertain to the commission of a
crime or it cannot be turned over to law enforcement.

In order for law enforcement officials to be able to directly gather
communications for evidence, they must first obtain a court order as outlined in
the Omnibus Crime Control and Safe Streets Act of 1968.*° Nothing in other
laws allows law enforcement, without a court order, to access communications in
violation of the Wiretap Act. System administrators must be certain that all legal
requirements are met before turning over information to law enforcement officials
or they may find themselves liable in a criminal or civil suit.

In a situation where an intrusion of the network is detected, the system
administrator is allowed under the law to investigate the intrusion by intercepting
communications under the auspices of self protection as mentioned earlier.
Another decision that the system administrator must face is the determination of
when to call in law enforcement to the investigation. This decision should be
influenced by the fact that the presence of law enforcement officials may hinder
the ability of the system administrator to continue with his/her investigation as the
system administrator may effectively lose the exclusions to the law. As stated
earlier, law enforcement officials may not use system administrators to bypass
the law. Once they become involved in an investigation, the system
administrators’ rights to monitor remain, but the proceeds of the monitoring may
not be turned over to law enforcement. The reason is that the evidence obtained
must be “inadvertently” obtained. If law enforcement were on the scene asking
for particular types of evidence, the evidence obtained would not be by
inadvertent means. As a result, system administrators should gather adequate
evidence under the pretense of self-protection before law enforcement becomes
involved.

Another law that may come into play is the Pen Register Statute, 18 USC
3121. It states “(a) In General. - Except as provided in this section, no person
may install or use a pen register or a trap and trace device without first obtaining
a court order under section 3123 of this title or under the Foreign Intelligence
Surveillance Act of 1978 (50 U.S.C. 1801 et seq.). (b) Exception. - The
prohibition of subsection (a) does not apply with respect to the use of a pen
register or a trap and trace device by a provider of electronic or wire
communication service - (1) relating to the operation, maintenance, and testing of
a wire or electronic communication service or to the protection of the rights or
property of such provider, or to the protection of users of that service from abuse
of service or unlawful use of service; or (2) to record the fact that a wire or
electronic communication was initiated or completed in order to protect such

s Delaney, Donald P., Denning, Dorothy E., Kaye, John, and McDonald, Alan R. “WIRETAP LAWS
AND PROCEDURES WHAT HAPPENS WHEN THE U.S. GOVERNMENT TAPS A LINE”, 23

September 1993, URL: http://www.cs.georgetown.edu/~denning/wiretap/Wiretap.txt, (22 August 2002)
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provider, another provider furnishing service toward the completion of the
wire communication, or a user of that service, from fraudulent, unlawful or
abusive use of service; or (3) where the consent of the user of that service has
been obtained. (c) Limitation. - A government agency authorized to install and
use a pen register under this chapter or under State law shall use technology
reasonably available to it that restricts the recording or decoding of electronic or
other impulses to the dialing and signaling information utilized in call processing.
(d) Penalty. - Whoever knowingly violates subsection (a) shall be fined under this
title or imprisoned not more than one year, or both.”*®

The Pen and Register Statute is similar in purpose and function to the
other two laws that have been reviewed in this paper. This includes the
exemption for the provider of the service to allow for maintenance activities and
for self-protection.

Logon Banners

Logon Banners refer to a text message displayed onscreen whenever
someone logs onto a computer device, whether network based or independent.
These banners can notify the user logging in of many things, but one of the most
important is the authorized use of the system,

How important are logon banners? In recent years, they have received
some attention as legal necessities. According to CERT, “Failure to include a
logon banner regarding acceptable use of a computer system can make it difficult
to prosecute violations when they occur. Indeed, legal cases exist in which
defendants have been acquitted of charges for tampering with computer systems
because no explicit notice was given prohibiting unauthorized use of the
computer systems involved.”*’

“The system administrator is responsible for enabling the Logon Warning
Banner for a system. The purpose of the banner is to ensure that all persons
attempting to gain access to the system know that the system and its information
are for official use only and that attempts to illegally logon to the system could
lead to criminal penalties.“*® This is a clear statement of why logon banners are
necessary. It also brings out the core of what the logon banner should say in
order to be effective in a legal situation. Examples of legal banners may be
found at http://www.itsc.state.md.us/info/InternetSecurity/BestPractices/WarnBanner.htm.

A system without a banner could be considered to be an open system for
anyone to use. That is what the defense attorney will almost certainly argue, and
according to earlier references stands a good chance of success. It is therefore
incumbent upon the system administrator to identify his/her systems for
authorized use only by logon banners. The banner should identify that the

4 <L aws: Cases and Codes : U.S. Code : Title 18 : Section 31217, 23 Jan 2000
http://caselaw.Ip.findlaw.com/casecode/uscodes/18/parts/ii/chapters/206/sections/section%5F3121.html (22
August 2002)

7 Carnegie Mellon University, “Setting up a logon banner on Windows NT 4.0”, 17 Mar 1999,

URL: http://www.cert.org/security-improvement/implementations/i034.01.html (22 Aug 2002)

*®ITSC, “Logon Warning Banners”,

URL: http://www.itsc.state.md.us/info/InternetSecurity/BestPractices/WarnBanner.htm (22 August 2002)
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system is private and the information it contains is private. It should also note
that any unauthorized access of the computer or data could lead to criminal
sanctions. In this way, the argument of public versus private computer,
legitimate or not, is nullified.

Another aspect (unfortunate) of the logon banner requirements is that
many systems have default logon banners that welcome users onto the system.
According to a document published by the DDN Security Coordination Center, a
case was thrown out of court because the system in question had a logon banner
that started with “Welcome to...”**

The absolute need for logon banners may have been reduced with recent
legislation put in place as a result of the events of September 11, 2001. This,
however, has not been tested in a court of law. Therefore, every system
administrator should ensure that appropriate logon banners are in place on all of
their network systems.

One limitation of banners is that they are normally only displayed at known
entry points into the system. Therefore, if a hacker were to bypass the normal
logon process, the logon banners may not be seen. It remains to be seen in
court how this will be treated.

Conclusion

There are three laws, 18 USC 2511, 18 USC 2701, and 18 USC 3121 that
apply to electronic communications that are in transit across system wires. The
laws specifically prohibit the reception of these signals by anyone other than the
recipient as designated by the sender of the information. The law has specific
exemptions in place that allow system administrators to intercept signals for
specific purposes. The two purposes that system administrators can intercept
data is for network maintenance and operations and to protect the provider of the
service from unauthorized activity. These exemptions are very broad making
virtually everything open for the system administrator. However, it should be
noted that a system administrator that is intercepting communications for
purposes other than that proscribed by law is in violation of the law.

Logon banners are a vital necessity in the overall security planning and
program for a network. Logon banners notify users, both authorized and
unauthorized, that the system they are connected to is a private system to be
used by authorized personnel only. The banner should even warn them that
unauthorized access to the computer might result in the filing of criminal charges.

It is not reasonable to think that logon banners will actually prevent a
would-be intruder from breaking into a computer. It does, however, give the
system administrators and owners more options in prosecution of the offender
than they may have without the logon banners.

“ DDN Security Coordination Center, “Computer System Welcome Banners”, 2 Mar 1990,
URL: http://csrc.ncsl.nist.gov/secalert/ddn/1990/sec-9004.txt (22 August 2002)
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Appendix A
Install Figures

ﬁ PowerArchiver 2001 - rZk_en_pro.zip =1a]x]|
Fil= Edit Wiew Actions Tools Options Help
Mew Open Favarites Add E =tract Delete Wiew CheckOut
Mame | Hodified | Size | Ratio | Packed [ Path |
2k _en_proexe  2/3/2002 357 PM E79.5952 X E7E.122
| + - | Mo Files Selected | Total 1 fil=, EE4 kB [EED KE] ~ .||

FIGURE A-1 (Contents of the downloaded installation zip file.)

Please register Restorer2 ll

Mame I

Company I

Serial

Ok | Cancel |

FIGURE A-2 (Registration Dialog Box.)

i'f Drive ¥Wiew - Restorer2000 Pro = II:IliI
Drive Tools  Wiew Help
FEIEEIREEE]
s Murnber I CFigin I Start | EstSize I MaxSize | Cluster | MFET
P El=]
Logical MTFS/HPFS 31.5 kB 15.6 GB
Logical Unknowsn
Logical Unknowsn
Logical Unknown
| I .
* Tupe | Temt |
Ready Filz Group: L

FIGURE A-3 (Main Console of Restorer 2000 Pro.)
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EW C:"Program Files' Restorer2000 Pro

Edit

J File Wig Faworites Tools Help

J = Back ~ = - | 0k S=arch ||:|23F0Iders £ Histary ||E LE ¢ | IFEEE R

a Restorerz000 Pro
] SIFXIMST

—|_7 Snapshot Viewer
-] Sophos SWEEP For MT
-~ SwstemTools

—_J UltraEdit

—{_1 Uninstall InFormation
-] Wisio

] wwindows Media Player
F-_ windows WT

1 windowsUpdake

1] wWinZip
TN Puakbae

ol

JAddress ID Restorerz000 Pra LI ﬁGD
Folders = @eula.txt
#-_] directx ;l Fag.htrm
#-{_1 InstallShield Installation Information restarerZ000. cnt
H-_] Internet Explorer ‘E'," Festorerz000. exe
F=-_1 InterVideo RESTORERZOOO.HLP
F-_] MCS OnePaint uninstall. exe
#-_] microsoft frontpage uninstall.ini
#-_ Microsoft Office
#-1_] Microsoft Yisual Studio
{:I MetMeeking
—-{_] ©Outlook Express
EEI--{:I Poveerarchiver

=
| >
|7 obieck(s) (Disk free space: 12,3 GE) [1.19 mME

|@. My Compuker

FIGURE A-4 (Contents of Restorer 2000 Pro Installation Directory.)

= _l = u:murm Fhwﬂuumﬂmnﬁrmm EXE
| eijwinmt rystem A KERNEL 32 . DLL
| edjwinnt i gysbam3IZ USERIZ, DLL
| etwinntlsystemIziGOIIZ, DLL

| ciwinrtisystamIZ COMOLGIZ, DLL
# [T c:iwinnt|systam3z\WINSPOOL, DRY
# T c:iwinrt|system3Z|ADVAPLIZ . DILL
# ] ciwinrtisyshem3?| SHELL 32 DL

3 ] oriwinrklsystem32|COMCTLIZ. DL
# ] oriwinntsystem I OLEDLG, DLL

# ] criwinntlsystem I OLEIZ DLL

] cwinntisystem I OLEPROS2 DLL
1 ciweinrg sy stem32 OLEALT A2 DLL

+

+

+

FIGURE A-5 (Restorer 2000 Pro File Dependencies.)

FIGURE A-6 (Registry Entry for Restorer 2000 Pro.)
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-1 SOFTWARE &/ | Name | Type | Data
D 3Com I{Default]l REG_SZ (value not sek)
Cl Adaptec u:u:umpan';.-' REG_SZ Guaranky Bank
=] Adobe name REG_SZ Denis Brooker
I_?' {1 BitMartine (ab] serial REG_SZ RAAADY4 LkPAZ-+H
=t ﬁ Restorer2000
----- “-|_7] oooooooz |

Author retains full rights.



G md5sum c:sprogram filessrestorerZ2BBB prosrestorerZBBd.exe
nasfb62e5hedb?fAc626aa4d74h7?38FfBbE ¢ ixprogram filesssrestorerZ2BPfd pro-restorer
20008 .exe

C:somdSsum Yo ssprogram filessprestorerZBB@@ prosrestorer2BBfd._exe™
~aSf62e5heBb ?FAc626aa4d74h7?3BFBLE ¢ ixprogram filesssrestorerZ2BPd prosrestorer
2000 . exe

RN

FIGURE A-7 (MD5 Hash Values of Restorer2000.exe before and after
execution.)
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Appendix B
Operations Figures

il || e ]
FIGURE B-1 (Starting the Program)

BT W v

TR
Drive Tools Wiew Help
I RS @sl
Device/Disk. Murmber | rigin | Stark | EstSize | MaxSize | Clusker | MFT
LUgical FATIZ{L... 31.5kB 37.3 GB
Physical 4.0 GE
Logical Unknown
Logical Unlnowwn
<] | |
> Twpe | Text |
Ready File Group: o
FIGURE B-2 (The Main Screen)
d!' Drive Yiew - Restorer2000 Pro = |EI|£|

Crive Tools View Help

EEEE -

FIGURE B-3 (The Menu Section)
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Device /Disk

£ i =H Logical FaT3z2 (L... 31.5 kB 37.3 GB

— SEAGATE ST15150M Phyws=ical 4.0 GB
3 a: Logical Unknown

= d: Logical Unknown

1 Images

FIGURE B-4 (Device/Disk Section)

Mumber | Qrigin | Skark | EstSize | MaxSize | Clusker MET

FIGURE B-5 (Files Section)

= Type |_Text

Ready File Group:

FIGURE B-6 (Status Section.)
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dft Drive ¥iew - RestorerZ2000 Pro
Drive Tools ‘Wiew Help

Dpen Drive Files ==

Create Image File. ..
open Image File, .. ngical FATS:
hrysical

Scan Ckrl+5 Hagical Unkne
Scan Area ngical  Unkne
Reselb Partitions List
add|Hews Parkition, ..

Creakte Region. .. Ckrl+-R

Set Read Attempts. ..

Exik

FIGURE B-7 (Drive Menu from a Physical Drive — The ‘Recover All Files’ is
grayed out.)

:'.i‘ Drive Yiew - RestorerZ000 Pro

Drive Tools ‘Wiew Help

Open Drive Files F5
Recawver all Files. ..

Type I FS | Start I Size
Creake Image File. .. hywsical 37.3GE
Cpen Image File. . ogical — FA i 37,3
heesical 4.0 GE
Scan Chris hoical  Unknown
Scan Area ogical  Unknown

Resel Parkikions List
add ew Partition. ..

Creake Reqion. .. Crrl+R

Set Read Attempts. ..

Exik

FIGURE B-8 (Drive Menu from a Logical Drive)
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dfl' Drive Yiew - RestorerZ2000 Pro

Drive Tools ‘iew Help

Open Drive Files =]

Recowver &l Files. .. e~ e

Create Image File... hrysical

Open Image File. .. bgical  FAT32 (L.
heesical

S ChrlE boical  Unknown

SEafArEs boical  Unknown

Resek Parkitions List M

Hdd Mew Pattition, ..

Creabe Reagian. .. ZhrH-R

Seb Read Attempts. ..

Exit

FIGURE B-9 (Drive Menu from the Image Folder)

4'1' Drive ¥iew - RestorerZ000 Pro
Drive | Tools Wiew Help

=101

J& Stop Esc @ |

| Estsize

| MaxSize | Clusker | MFT

Devic  Log Filker ... £ | Type | FS | Start | Size | Mumber | Originl Skart
=  Clear Log Phyysical 18.6 B
R Logical  MTFS/HPFS 31.5kE 186«
@ Delete Logical  Unknown
-@ Edit. . m Logical — Unknown
@ a Logical  Unknown
D Images

FIGURE B-10 (Tools Menu)
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df-i' Drive ¥iew - Restorer2000 Pro

Crive Tools | Wiew  Help

) a | g v Toalbar @

D

FIGURE B-11 (View Menu)

x|
Logical Disk c: |
Start: 315 kB (63 Sec)
=iEe; 18.6 GE (32053952 Sec)
F= Type: HWTFZHPE=
Part Fumber: 1
Faranf
Physical drive 0:
=iEe; 18.6 GE (32070080 Sec)
Sector Sizer A12B |
Farent
SCS| device IC25N0Z20ATCS04-0 ~
OF. | Cancel |

Device/Dizk, : EE:::L?:E | Type | FS | Start | Size I Mumber
(== TCE5MI Pheysical 15.6 GE

L e@co | Info.. Logical ~ MTFS{HPFS 31.5kB 18.6GB

@ W Logical  Unknown

@ d: Logical  Unknown

é a Logical  Unknown

FIGURE B-12 (Information about a Logical or Physical Drive)
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dfi' Drive ¥iew - RestorerZ2000 Pro

Drive Tools Miew | Help
Oy a | & E | Help Tapics
. - About Reskorerz000, ., -
Device/Dizk —— - | Start | Size Murnber | Origin | Skark | Est!
Eg IZ25M020ATCS04-0 Pheysical 13.6GB
=] Logical MTFSIHPFS 31.5kE 186 GE
@ W Logical  Unknown
@ d: Logical  Unknown
é a Logical  Unknown
L Images

FIGURE B-13 (Help Topics)

About RestorerZ000

— Thiz product iz licensed to:

Deniz Brooker, Guaranty Bank
deniz. brookeri@guarantygroup. com

| =i

— Profezzsional Version 1.7 [Build 110621]

Copyright [C] 2000 - 2002 BitMart Inc. - zoftware
development and consulting company

Product Site:

Tech. Support:
Sales Department;

hittp: A v restorer2000. com

support.rek Ehitmart. net
office. sales@hitmart. et

oK |

FIGURE B-14 (About Restorer 2000 — Image has serial number removed.)

Qo BHB8le XD
FIGURE B-15 (lcons)
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Appendix c
Test 1 Figures

& Drive Yiew - Rest =10l x|
Driwve Toaols View Help
EE TSR
DevicesDisk i | Type | FS | Start | Size | Mumber | Originl Skart | EstSize | MaxSize | Cluster | MFT
El g ICZ2EM040ATCS04-0 Phrysical 37.3GE
Q c: Loglcal FAT3Z({L... 31.5kB 37.3GEBE
1007.0...
= é a: Luglcal Unknown
Lo Images
4| | |
* Tyvpe I Text I
@ Scan started For 1:
@ Scan finished For 1@
Ready File Groups:0 -

FIGURE C-1
(Shows there are no files on the drive. Note the IDE drive is selected and the
scan shows started and completed in the bottom window. If files were found,

they would appear in the right window.)

RI=TE
File Edit Wis Fawarites Tool= Help ﬁ
d=Back - = - | S0k Search ||:|3|Folders £ | s O o< e | JEEE R
Address | Test1-1 ~| e

Folders = Buvaeall -3
[ Desktop ﬁ —
EI @ My Documents -

! Testl-1

I @ My Pictures
L__| E, My Computer
- ‘ﬁ 314 Floppy (4:) Select an ikem ko view ks description.
- =0 Local Disk {Z:) See alc: ey
EI (EI Mewve YMolurme (D) My Diocuments %|
H Py Metwork Places Testl-1.kxk

My Compukber

- =4 Control Panel
+2E My Metwork Places
""" GS Recycle Bin

""" Q Inkternet Explarer

|1 objeck(s) (Disk free space: 295 MEB) |46 bytes |@. My Compuker -

FIGURE C-2 (Shows files and have been created.)
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C:“ForenzsicTools>ndSsum d:stestl—-1stestl-1._txt
~855ab84c@6f56h41fa4al4?2d3621558 =l Ntestl—1xNtestl—1.txt

C:~ForensicTools>mdSsum d:-“testl-2xtestl-2.txt
~ladaad?852alchee8355a573a87ac?df =d:isNtestl—-2Mtestl-2_txt

C:wForensicTools > mdSsum d:istestl-3ntestl-3.txt
~acBcB123bb??a?diBafelabf2efdb548 =d:sMtestl—-3sMtestl-3_txt

C:“ForenzsicTools>ndSsum d:stestl—-45testl-4._txt
P 72hBdbE?a25772d3cBA? 7cbdd? e84 wd s Ntestl -4 Ntestl—4.txt

C:~ForensicTools>mdSsum d:-“testl-S>testl-5.txt
~IheaBf1266e5e5@a57eal@bohdeBabeced *d:sMtestl-5xstestl-5H.txt

C:“ForenzicTools>

C:vForensicTools>mdSsum cisrecovertestitestl-1_txt
~E55a584cP6F56h41fada34?2d3621558 *c i\MrecovertestiStestl—1  txt

C:“ForenzsicTools*mdSzum c:“recovertestitestl-2_ txt
~ladaad?852alcbeeB355a573aBPac?df »c:~“recovertest testl-2.txt

C:~ForensicTools >mdSsum c:“recovertestitestl-—3.txt
nacBcBl23bbh?%a?dibafelabf2efdb54B *c isSrecovertestsstestl-3.txt

C:vForensicTools >mdSsum ciwrecoverteststestl—4_txt
NA72hbBdbE?a25 772438097 cbdd 7P 4eBd ¢ i SNprecovertestiStestl—4.txt

C:“ForensicTools mdSsum c:wrecovertestitestl-5_ txt
~IheaBf1266e5e5@a57ealB6hdcBAabecd *cissrecovertestistestl-5.txt

C:~ForensicTools>

FIGURE C-3 (MD5 Hash Values of the Test Files [Top] and the Recovered Files
[Bottom])
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FIGURE C-4 (Files Have Been Deleted)
=N 5-1-5-Z21-T746137067- 764733 703-T25345543-1106 - IDIlI
File Edit Wiew Fawvorites Tools  Help i
G Back - = - | @Search ||:E;Folders @ | He 2 X = | Ed-
Address @ S5-1-5-21-7461 57067 -Fe4735370353-7 2554554 3-1106 LI IPGD
Folders > 1 d  —y Marme ¢ | criginal Location
:ﬁ Desktop L'% I—ﬁ
=14y My Documnents —— o
@ My Pictures 5-1-5-21-
242 My Computer 746137067 -
: é 1% Floppy (60 74733703~
=3 Local Disk (C:) 725345543-1106

=== Mew Yalume (D)
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L m S1-5-21-7461 37067 that wou have deleted From your
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= My Metwork Places
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FIGURE C-5 (Recycle Bin on the IDE Drive has been emptied.)
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C:sforensictools ndSsum cospreteststestl . img
“~2helchfchf2874f59bcd5@427dd42a3a *c i ~Npretesttestl. img

C:sforensictools>mdSsum coposttestatestl.img
~2hedchfchf2874f59bcd5@427dd42a3a *c:issposttestistestl_dimg

FIGURE C-6 (MD5 Hash Values of Drive Images before and after the testing.)

o =]
=Rl Y £
' Mame Size | Created | Modified | File Id | Par
MDdl 0 15/08/2002 11:05:41 15/08/2002 11:07:16 27
H ¥odz 0 15/08/2002 11:06:00  15/08/2002 11:07:58 23
LER. ¥ods 0 15/08/2002 11:06:20  15/08(2002 11:08:07 29
e O SRR | (5ef o 0 15/08/2002 11:06:44  15/03(2002 11:08:15 a0
MDEIS 0 15/08/2002 11:06:54  15/08/2002 11:08:20 31
ﬂdesktop.ini 65 15/08/2002 11:11:57  15/08/2002 11:11:57 39
EINFOZ 4020 15/08/2002 11:11:57  1508/2002 11:12;23 40
| Hio | ©
* Type | Test |
i) Scan started For d:
i) Scan Finished For d:
i) Enumeration of files skarted For d:
i) Enumeration of files finished For d:
Ready Files:41

FIGURE C-7 (Restorer 2000 Pro found the deleted files.)

X

Output folder:  |c:Srecowvertests ﬂ

[ Restare folder structure [ Igrore File Mask

[ Condense successful restoration events

aF. Cancel

FIGURE C-8 (Restorer 2000 Pro Dialog Box)
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Appendix D
Test 2 Figures

o =]
DG MR e =
= Partition 0 on 1: Marne Size | Created | Modified Filg Id | Par
=00 Reet ¥fnd1 0 15/08i2002 11:05:41  15/08/2002 11:07:16 27
S $Extend XIDdz 0 15/08/2002 11:06:00  15/08/2002 11:07:58 z8
=-] RECYCLER [3¢pd3 0 15/08/2002 11:06:20  L5/08/2002 11:08:07 29
=1 31-5-21-748137067-754 | 5ef gy 0 15/08/2002 11:06:44  15/08/2002 11:08:15 30
Djl ¥ods 0 15/08f2002 11:06:54  15/08/2002 11:08:20 a1
gdg 8| deskrop.ini 65  15/082002 11:11:57  15/08/2002 11:11:57 ]
b4 | INFO2 4020 15/08{2002 11:11:57  15/08/2002 11:29:42 40
Dds
I 2| K1 | H
* Type |Text ﬂ
! Disk, Can not find MTFS on Partition 1 on 1:
i) Enumeration of files started For 1:
i) Enumeration of files finished For 1: -
1] »
Ready Files:41

FIGURE D-1 (Files are seen from a drive with partitions removed.)

C:»>cd forensictools

C:“Forensiclools>mdSsum c:-“recovertest-testl-1._txt
~855ab84cBof56h41fa4al4?22d3621558 »*c\recovertestsstestl-1.txt

C:“ForensicTools»>ndS5sum c:isrecovertestatestl-2.txt
~ladaad?8052alcbeeB35hab?3alB%ac?df *civrecovertestsStestl-2 _ txt

C:~ForensicTools>mdSsum c:srecoverteststestl—-3.txt
~acBcAl123hh??a?d3Bafelabf2efdbh548 *c:isrecovertest Mtestl-3 . txt

C:wForensicTools>ndSsum cisrecovertesthtestl—4.txt
ST 72hBdbhE2a25772d3cBA? 7o dd Y V4eBd *c o recovertestistestl—4.txt

C:~ForensicTools>md5Ssum c:srecovertesthtestl-5.txt
~TheaBf1266e5e5BabPealBbbhdcBabeccd *cisMrecovertestiMtestl-5._ txt

C:“Forenziclools>

FIGURE D-2 (MD5 Hash Values from files recovered.)
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Appendix E
Test 3 Figures

=T
Drive Tools  Wiew Help
IR
Device/Disk s | Type | FS | Start | Size | Mumber | Originl Skark | EstSize | MaxSize | Clusker | MFT
[=l=n ICZEM040ATCS04-0 Phrysical 37.3GE
= c: Logical FAT32(L... 31.5kB 37.3GB
== ESEAGATE ST1S5150M
é ai Logical  Unknown
B D Images
< | I
X Type | Text |
(i—,) Sican started For 1:
® Scan finished For 1:
Ready File Groups:0 o

FIGURE E-1

(Shows there are no files on the drive. Note the SCSI drive is selected and the
scan shows started and completed in the bottom window. If files were found,

they would appear in the right window.)

EX Test3-1

Fil=  Edit Miew Fawvorites Tools

Help

=T
[ @ ]

= Back + = - | @Search ||:|3|FOIders @l% L5 3w | Ex-

Address I_D Tesk3-1

LI (.E‘{)GD

Folders

:_:_fj Deskiop

EI@ My Documents
i = My Pictures

bl

Test3-1

L

E@ My Compaker
B2 3% Floppy (A1)

[+-=0 Local Disk {Z:)

Select an item ko wiew its descripkion.

H See also:
[=1==0 Mew Yalume (D:) I Diocuments File3-1.kxk
! a Testa-1 My Metwork Places
{:I Test3-z M Compubor
20 Tests-z
20 Testz-4
- Testa-s
=-{=9] Control Pansl
E:I-- My Metwork Places
""" EQ Recycle Bin
----- A2 Internet Explorer
|1 objectis) (Disk free space: 3.97 GBE) 65 bytes |Q‘ My Computer L
FIGURE E-2 (Test File in Place.)
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C:~ForenzsicTools*mdSsum distest3—1sFfile3—1.txt
~cT7a?72cbh7adc?cbBcl?beh?f fdd54da? sd:“Mtest3-1s~Filed—-1.txt

C:~ForensicTools>mdSsum d:“test3I-2~filed-2.txt
~\D2calbach?4f456231F32396e4724168 =d:sStest3-25~Filed-2_ txt

C:“ForensicTools>mdSsum d:=“test3d—-3xfile3d-3.txt
~4A3c3IhBadB4h?c?661beaZzeh39948eb *d:ivNtestI-INNFiled-3.txt

C:“ForensicTools>mdSsum d:=“test3—4~filed—4_txt
~Ah428752319Ff ?1de55d34de338e38cebh wdivNtestI—4snFiled—4.txt

C:“ForensicTools>mdSsum d:=“test3-5~file3-5_txt
~cB3b408df37F31a37df18383327ch6584 »d:NtestI -5\ filed-5.txt

C:“ForenzicTools>

C:“ForensicTools>md5sum cisrestoretestiFfile3d—1.txt
~c?a?72ch?adcTcbBeB7bch?f fddS4daZ ¢ :““\restoretest sfiled-1.txt

C:~ForensicTools>mdSsum c:sprestoretest filed-2.txt
“GZ2calbachV4f456231F32376e4724168 #c ivMNpestoretestiSFiled-2  txt

C:“ForensicTools>mdSsum c:srestoretest filed—3.txt
~4B3c33b8adB4b?cPeblbeaZzes39948eb ¢ :vNpestoretestisFfiled-—3 . txt

C:“ForensicTools>*mdSzum c: wrestoretestnfile3—4_txt
~Ah428752319f 71de55d34de33Be3Bceh *civwrestoretestysFiled—4. txt

C:“ForensicTools>md5sum cisrestoretest file3d-5.txt
cB3b4B8df 37F31a37Af18383327c56584 ¢ v prestoretestinfiled-5.txt

C:“ForenzicTools>

FIGURE E-3 (MD5 Hash Values on the Test Files [Top] and the recovered files
[Bottom])
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EN Mew Yolume {D:) =10] x|

File  Edit Wiew Favorites Tools  Help ﬁ

= Back ~ = - | @Search fE;Fu:-Iders @ | E q; ) | '
Address == Mew Yolume (D) ﬂ a0
Faolders b4 Marme ¢ | Size | Tvpe | i

:ﬂ Deskkop
EI@ My Diocuments

: {E My Pictures
=143 My Computer
24 3% Floppy (A:)
--Q Local Disk (2
EQ Mews Yolurme (D)
- -] RECYCLER
(=] Control Panel
EEI-- Py Metwork Places
----- FQ Recyrle Bin

----- 42 Inkternet Explorer

1| | i
A

|IZI object(s) (plus 2 hidden) (Disk Free space: 3.97 GE) |IZI bwtes |EL:'_JI My Compuker
FIGURE E-4 (Shows no files accessible by Windows 2000 on the Drive.)

EN RECYCLER -0O] =]
File Edit Miew Faworites Tools  Help ﬁ

S Back + = - | @586[’!:'1 L7 Folders @ | E‘ qg ) | FEEE g
Address |_] RECYCLER ~| @ao

Folders *

m Deskkop
EI@ My Docurnents
@ My Pickures
EI&-D_Jl My Cornputer
24 314 Floppy (A1)
--Q Local Disk {2
EIQ Mew Yolume (D:)
- 3 RECYCLER
=3 Cantral Panel
EEI-- Py Metwork Places
----- FE Recwvcle Bin

----- A2 Internet Explorer

|III object({s) (plus 1 hidden) (Disk free space; 3,97 GE) |III bvtes |@ My Computer 5
FIGURE E-5 (Shows all files deleted and removed from Recycle Bin.)
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Cixnforensictools »mdSsum cospretestwtestd.img
~Id12F2cBAhbbdbecdbh?1b11a251d8cBBAcdd =c sspretestsstestd.img

C:swforensictools>mdSsum c:iwposttestantestd.img
~J3d12f2cBbedbc4bP1b11a251dBcBlcd3 *c :sSposttestsstestd.img

FIGURE E-6 (MD5 Hash Values from pretest and post-test drive images)

o =]
= Oy | == 1
= Partition 0 on d: Mame Size | Created | Modified File: Id | Par
=] Roct pd1 0 15/08/2002 07:06:32  15/08/2002 O7:09:07 z9
2 $Extend Modz 0 15/08/2002 07:06:56  15/08/2002 07:09:44 30
=] RECYCLER 3 pd3 0 15/08/2002 07:07:16  15/08§2002 07:09:55 31
=143 5-1-5-21-746137067-764 | Sef 114 0 15/08/2002 07:07:28  15/08/2002 07:10:18 3z
Djl 3 pds 0 15/08/2002 07:07:37  15/05/2002 07:10:29 33
gdg a8 deskkop.ini 65 15/08/2002 07:17:13  15/08/2002 07:17:13 41
Deit 8| INFOZ 4020 15/08/2002 07:17:13  15/058/2002 O7:17:55 4z
bids
1 Swskem Volume Information
I i | KN ] ©
* Twpe | Text |
i) Scan starked For d:
i) Scan finished For d:
i) Enumeration of files skarted for d:
i) Enumeration of files finished for d:
Ready Files:43

FIGURE E-7 (Shows Directories that have been deleted from the Recycle Bin.)

X

Output falder:

o hrestoretesth

| Restare folder structure

[ Condense successful restoration events

OF.

FIGURE E-8 (Restore Dialog Box)
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Appendix F
Test 4 Figures

=

Action  Wiew L=

Tree |

=101 x|

EJJ Camputar Managemeant {Local)
I i, System Tools
+-§1| Event Vigwer
% Syskem Infarmation
ﬁ Performance Lags and Alerks
i) Shared Folders
L'—J- Device Manager
+-#& 3 Local Users and Groups
-7 Storage
¥ Disk Management
@ Disk Defragmenter
== Logical Drives
+ g Removable Storage
+ ﬁ Services and Applications

¥

+] [+

EX X BE =g
olurme | Layouk | Tvpe File Systam |
== e} Partition Basic FaTa2
—Iew Yolume £, Simple Cwnarmic MTFS

1

<FDisk 0

Basic (C:)

37"-525 GE 37,26 GB FAT32

Online Healthy {Swstem)

< Disk 1 I——
Dwnamic Mew ¥Yolume {D:)

4.|:I!:I GE 4.00 GE MTFS

Cnline Haalthy

Bl Frimary Partition [ Simple Yolume

FIGURE F-1 (Original NTFS Partition.)

4 =l
o Q|5 s e 1
=3 Partition 1 on 1: Marme Size | Created | Modified File Id | Par
54 $$4Folders =8| $LogFile ZIGTEETE  13/08/2002 15:26:45  13/05/2002 15:26:45 2
8] $MFT 44032 13/08/2002 15:28:45  13/08/2002 15:28:45 o
(28] $MFTMirr 4096 13/08/2002 15:28:45  13/08/2002 15:28:45 1
8] $¥olume 0 13082002 15:28:45  13/08/2002 15:28:45 3
4| | o
* Type | Text -
FIGURE F-2 (Files accessed by Restorer 2000 Pro)
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Appendix G
Test 5 Figures

C:xforensictools >mdSsum c:Npreteststesth.img
~7o6e2?6a251fceadhd2hedS581ffocl421 *cisspretestistesth.img

C:~Tfore
~7hhe2?

nzictoolsdmdSsum c:“posttestitesth._ img
ba251fceadhdZhed581ffcl421 *c:issposttestsstesth.oimg

FIGURE G-1 (MD5 Hash Values of Drive Image Pretest and Post-test)

?".

=10l ]
=
=
D erviced Digh, | Type | F5 | Start Size Muriber | Crigin | Skatt EstSize MaxSize | Cluster MFT
=== [C25N040ATCS04-0 Phrysical 373 GE
= Logical FAT3Z(lL... 31.5kB 37.3GB
SELC2oMO=0ATDAD4-0
= d: Logical  FAT16(bi.. S1.5kB 4.0 GE
= e: Logical FAT16(bi... 150GE 3.6GE
2 a: Logical  Unkniown
_‘| Images
« | o
% Type Texk |
i) Scan started For 1
i) Scan firished For 1:
! Disk. Can rot find MTFS on d:
Ready

File: Groups:0

FIGURE G-2 (Non-NTFS Partitions do not show up.)

(29
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Appendix H
Test 6 Figures

Microzoft Windows 2008 [Uersion 5.8AA.21951]
(C> Copyright 1785-2808 Microsoft Corp.

C:womdSsum _SPhysicalDrivel
'md5zum’ iz not recognized as an internal or external command.
operahle program or batch file.

C:“>cd forensictools

C:“ForenziclTools>*mdSzum .“~PhysicalDrivel
~B3537a6835345801f8hd?780f 8cdb421 =_~“\PhysicalDrivel

C:~ForensicTools>

FIGURE H-1 (MD5 Hash Values for the Test Physical Drive)

MINNTYSystem32' cmd.exe

C:vForensicTools mdSsum "“c:sdocuments and settingssdbrookesmy clncuments\ntfs2.ds.

~Fdhd424e?80b468hA3Bb2a368e?67730 ¢ :~Sdocuments and settings>“dbrooke*my docum
ents~~ntfs2.dsk

C:=“ForensicTools>

FIGURE H-2 (MD5 Hash Value for the Test Drive Physical Drive Image)

A3
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Microsoft Windows 2008 [Uersion 5.688.21951]
(C» Copyright 1985-20@ Microsoft Corp.

C:“>cd forensictools

C:~ForenzicToolz*md5zum "c:sdocuments and settingssdbrookemy documentsntfz3.ds
kll

~c?8elcdbodYc431db4b2444592a735c7hd ¢ isSdocuments and settingsssdbhrookessmy docum
entssntfs3.dsk

C:“~ForenzicTools>

FIGURE H-3 (MD5 Hash Value of the Logical D Drive Image of the Test Drive)

4 =0l
=Dy | 5 b A e =]

5 $44Folders0zs =] [ Wame Size | created | Modified File1d | =
$$$Folderss D] apcompat.in_ 70737 O4/0502001 1Z:05:02  04/05/2001 12:05:02 11194
$$$Falders0 Dol basicsv.in_ 19546 04)05/2001 12:05:02  04/05/2001 12:05:02 11195
$$$Falderczz1 Dol basicwk.in_ 18106  04/05/2001 12:05:02  04/05/2001 12:05:02 11196
$$Foldersacd el defltse.in_ 20532 04/05(2001 12:05:02  04/05/2001 12:05:02 11197
$$$F°:jer65 D] diflbkin_ 19038 040502001 12:05:02  04/05/2001 12:05:02 11198
$4F older70 Do drrequinf 20239 04/05/2001 12:05:02  04/05/2001 12:05:02 11217
F44Folder?3 D dosnet.inf 133689 O4/05/2001 12:05:02  04/05/2001 12:05:02 11218

Folder7447 ) o o b
¥ D drvindesc. inf 45051 O4/05/2001 12:05:02 04052001 12:05:02 11219
$44Falder744a
$44FolderEs Dol dsup.in_ 16743 O405(2001 12:05:02  04/05/2001 12:05:02 11159
$44Folderozss Do dhwouipin_ 17299 O4/05(2001 12:05:02  04/05/2001 12:05:02 11200
d4Foldera410 Dol e100bntS.5v_ 42503 O4/05/2001 12:05:02  O405/2001 12:05:02 11227
$4Foldersds Dol Fpt0imsct in_ 3174 O4/05/2001 12:05:02 04052000 12:05:02 11201
$$4Folderasa4 D] hivesft.inf ZHEA6E  O4/05/2001 12:05:08 04052001 12:05:02 11220
$$4Folderaszg Do hivesys.inf ZORE30 O4/05/2001 12:05:08 04052001 12:05:02 11221

+ $44Folderds?s Dol hptants.sy_ 42804 O4/05/2001 12:05:02  04/05/2001 12:05:02 11228
$44Folderds?e T | Bl ibmfents.sy_ 42509 O4/05/2001 12:05:02 04052001 12:05:02 11229
$$$Falderassz Dflis.in_ 46044 040502001 12:05:08  04/05/2001 12:05:02 11202
$$$Faldersss? Dfiisdbg.in_ 1771 O4/05/2001 1Z:05:08  04/05/2001 12:05:02 1eos

% $44Falderoa0l \JT. . S R P S ,,HH,__J__J

%A tddFalderacnd ﬂ 1 | 4

* Type | Text -
7 MFT File [FileId: 11837] Fixup 1 is 0xdZbd, but should be 0x1
7 MFT File [FileId: 11837] Fixup 2 is 0xdZbd, but should be 0x1
i) Enumeration of files finished For 1: -
4| | B
Ready Files;2016

FIGURE H-4 (Shows files can be recovered from an image file.)
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Appendix |
Test 7 Figures

C:~ForensicTools>ddnt if=.~PhysicalDrivel of=c:“ddl.drv
BIBB6ATY+A records in

B38B6HT+H records out

C:~ForensicTools>

FIGURE I-1 (Using DD to get an image of the physical drive.)

C:“ForensicTools>dd if= % _“d:

Copying “Sosd: teo c:sdd2 .dsk. ..

dd:

of =c:%dd2.dsk

c:ndd2.dsk: Mo space left on device
1848576+ records in
1848575+8 records out

C:~ForensicTools>

FIGURE I-2 (Using DD to get an image of the volume.)

i =1ol x|
Se Rl Y ]
= Ciddz.dsk Tame Size | Created | Maodified | File: Id | Par
=21 Root [ Accessories 0 08/03/200102:21:18  16/08/2002 16:36:54 3622
L1 $44Folderzz2 Jadobe 0 09/03/2001 09:40:26  OS/03/2001 09:40:26 6677
(L] $$4Folder4199 1 Camman Files 0 08/03/2001 01:55:59  0Z/01/2002 13:36:56 2913
(L] $$9Folderssss 1 ComPlus Applications 0 08/03(2001 09:05:32  08{03{2001 09:05:32 4053
L3 $Extend Cdirectx 0 OF12)2001 15:19:25  O7{12/2001 15:19:25 1017
: j g;f:fn':nts and Settings Cinternet Explorer 0 08/03/2001 09:05:45  07/12/2001 14:47:39 121
T3 drivers _\Imicrosoft frontpage 0 08/03/2001 09:13:58  16/08/2002 16:39:22 4405
+ = Broorar Fiee dhetMesting 0 08/03/2001 09:05:45  16/08/2002 16:39:13 920
T (25 RECYCLER I 0utlaok Express 0 08/03/2001 09:05:22  16/08/2002 16:41:13 4102
4] sysprep _\IUninstaII Information 0 03/0312001 09:38:57  16/05/2002 16:41:14 6425
1 System Yolume Information || Windows Media Player 0 08/03/2001 09:09:07  16/08/2002 16:39:19 4327
=] temp windows NT 0 08/03/200102:21:17  16/03/2002 16:49:41 3601
7 TEST 1 winZip 0 07/12/200112:23:07  16/08/2002 16:41:10 1649
-2 WINNT | desktop. ini 271 08/03/2001 09:10:28  08/03{2001 09:10:28 4359
| Folder . hte 21952  08/03(2001 09:10:28  0S/03/2001 09:10:28 4353
4| | i
* Type Texk |
i Enumeration of files started for Chddz . dsk
i) Enumeration of files finished for Ciidd2.dsk
Ready Files: 10130

FIGURE I-3 (Restorer 2000 Pro Reads DD Image.)
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Appendix J
Test 8 Figures

4 =0l
=Dy | 5 b A e =]

5 $44Folders0zs =] [ Wame Size | created | Modified File1d | =
$$$Folderss D] apcompat.in_ 70737 O4/0502001 1Z:05:02  04/05/2001 12:05:02 11194
$$$Falders0 Dol basicsv.in_ 19546 04)05/2001 12:05:02  04/05/2001 12:05:02 11195
$$$Falderczz1 Dol basicwk.in_ 18106  04/05/2001 12:05:02  04/05/2001 12:05:02 11196
$$Foldersacd el defltse.in_ 20532 04/05(2001 12:05:02  04/05/2001 12:05:02 11197
$$$F°:jer65 D] diflbkin_ 19038 040502001 12:05:02  04/05/2001 12:05:02 11198
$4F older70 Do drrequinf 20239 04/05/2001 12:05:02  04/05/2001 12:05:02 11217
F44Folder?3 D dosnet.inf 133689 O4/05/2001 12:05:02  04/05/2001 12:05:02 11218

Folder7447 ) o o b
¥ D drvindesc. inf 45051 O4/05/2001 12:05:02 04052001 12:05:02 11219
$44Falder744a
$44FolderEs Dol dsup.in_ 16743 O405(2001 12:05:02  04/05/2001 12:05:02 11159
$44Folderozss Do dhwouipin_ 17299 O4/05(2001 12:05:02  04/05/2001 12:05:02 11200
d4Foldera410 Dol e100bntS.5v_ 42503 O4/05/2001 12:05:02  O405/2001 12:05:02 11227
$4Foldersds Dol Fpt0imsct in_ 3174 O4/05/2001 12:05:02 04052000 12:05:02 11201
$$4Folderasa4 D] hivesft.inf ZHEA6E  O4/05/2001 12:05:08 04052001 12:05:02 11220
$$4Folderaszg Do hivesys.inf ZORE30 O4/05/2001 12:05:08 04052001 12:05:02 11221

+ $44Folderds?s Dol hptants.sy_ 42804 O4/05/2001 12:05:02  04/05/2001 12:05:02 11228
$44Folderds?e T | Bl ibmfents.sy_ 42509 O4/05/2001 12:05:02 04052001 12:05:02 11229
$$$Falderassz Dflis.in_ 46044 040502001 12:05:08  04/05/2001 12:05:02 11202
$$$Faldersss? Dfiisdbg.in_ 1771 O4/05/2001 1Z:05:08  04/05/2001 12:05:02 1eos

% $44Falderoa0l \T . S R P S . f

%A tddFalderacnd ﬂ 1 | 4

* Type | Text -
7 MFT File [FileId: 11837] Fixup 1 is 0xdZbd, but should be 0x1
7 MFT File [FileId: 11837] Fixup 2 is 0xdZbd, but should be 0x1
i) Enumeration of files finished For 1: -
4| | B
Ready Files;2016

FIGURE J-1 (Files shown from NTFS partition through FAT32 partition.)
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Appendix K
Test 9 Figures

X
Output folder: — |D:h j
[v Festore folder structure [ Ignare File Mask
[+ Condense successful restoration events Define File b azk. |

] Cancel

FIGURE K-1 (Recover Files — Note “Restore folder structure”)

File narme; |D:'\WI MM TS epstemz2s L 5A5 R . DLL

Mew name: |D SWINNT epstern W SASAY.DLL 1d_8343

Ovenarite | verrite Al Rename | Fename Al | Skip Skip Al

FIGURE K-2 (Files had to be overwritten.)

Microzoft Windows 2808 [Uersion 5.88.21951
C(G» Copyright 1985-2880 Microsoft Corp.

C:w>cd forenzictools

C:~ForensicTools mdSsum .sphysicaldrivel
~A3532a6835345001 F8hd? 780 Bcdb 421 =_ssphysicaldrivel

C:~ForenzsicTools>

FIGURE K-3 (MD5 Hash Value from restored drive.)

a7
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Appendix L

Part 2 “Binary Analysis” Figures

@A root@tausliiil ~gcta - Konsole - Konsole
File Sedsions fSetings betp | | i -

rtrn'LE'Fwallﬂi':' goFald unzip =¥ =n.zi

Dm_i||fjm|

FIGURE L-1 (UNZIP Syntax)

FIF Saiismns Fﬂmnqs IHHIp i t i 1 E 1 i ;

root@faus Li0l0 gefale ls
Jdat sn.edS
root@f sus ] 1010 gl:'F-:l]i sfSsum &rdat

I54F43FdT I Soel12a7 2854 32ed1dE  sn.dat
rootBfsusli010 gefsle JJ

FIGURE L-2 (MD5 Hash Value of the Extracted File)

6R
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ookZtausliii gota - Konsale - Hnnluh

 Sespiohs Sefings ep | | i i | Q|

rootBFaus 11010 goFald chsod a=w sn,dat
rootBf susli0l0 gefale ls -1
otal 576

=== 1 root root 359124 fpr 11 09:29 sn,.dat
TH-TE-TH- 1 root oot 37 Apr 11 09:29 snoedS
P 1 root oot 175185 I:LI;; 21 06:E2

rootBFaus 11010 gcfale

ookZtausliii gota - Konsale - Hnnluh

p o Seftngs oo | | {{ f 1 {] |

rootBFausli0l0 gofFale s -1 sn.dat
HE5010 &n ,dat

th.E'FmslmiEJ gocFalm debugfs B "stat <16550103" fdev/hdaZ

Growp ! 0 Siza:l 124
Directory ACL: ©
Blockoount = 82
. Humsbearz 0 Siza: O
bime: On3dB3B2VH == Hed Aug 21 OF 07123 2002
atime: Ox3chS9det -- Tha Apr 11 O9:29:50 2002
ime? (wichBScded == Thu Apr 11 09:29:58 2002

(0-113:3228968-3328979, (IND}:3328980, (12-97):3328901-3329066

root#f sus 11010 gefale

Flags: O=x0 Generaticn; 225017

FIGURE L-4 (Determining MAC Information)
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root@lauslililigcta - Konsale- Konsale : T . _ ||3]
Sediohs Sefings Help | | TR R R Y N N T P

rootEFaus1i010 goFall File sn.dat
Jdat: ELF 32-bit LSE sxecutsble, Intel BO3EE. version 1. statically linked. st

ipped
root® eus 11010 gefaln

root@lauslililigcta - Konsale- Konsale : : : . _ ||3]
Sediohs Sefings Help | | TR R R Y N N T P
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