


FREENAS MINI 
STORAGE APPLIANCE

IT SAVES YOUR LIFE.

How important is your data? 

Years of family photos. Your entire music 
and movie collection. Office documents 
you’ve put hours of work into. Backups for 
every computer you own. We ask again, how 
important is your data?

now imaGinE LosinG it aLL 

Losing one bit - that’s all it takes. One single bit, and 
your file is gone. 

The worst part? You won’t know until you 
absolutely need that file again.

tHE soLution 

The FreeNAS Mini has emerged as the clear choice to 
save your digital life. No other NAS in its class offers 
ECC (error correcting code) memory and ZFS bitrot 
protection to ensure data always reaches disk 
without corruption and never degrades over time. 

No other NAS combines the inherent data integrity
and security of the ZFS filesystem with fast on-disk
encryption. No other NAS provides comparable power                                    
and flexibility. The FreeNAS Mini is, hands-down, the 
best home and small office storage appliance you can 
buy on the market. When it comes to saving your 
important data, there simply is no other solution.

Example of one-bit corruption

the mini boasts these state-of-the-
art features:

•	 8-core	2.4GHz	Intel®	Atom™	processor	
•	 Up	to	16TB	of	storage	capacity
•	 16GB	of	ECC	memory	(with	the	option	to	upgrade	
to	32GB)

•	 2	x	1	Gigabit	network	controllers
•	 Remote	management	port	(IPMI)
•	 Tool-less	design;	hot	swappable	drive	trays
•	 FreeNAS	installed	and	configured

with over six million downloads, 
Freenas is undisputedly the most 
popular storage operating system  
in the world.

Sure, you could build your own FreeNAS system: 
research every hardware option, order all the 
parts, wait for everything to ship and arrive, vent at 
customer service because it hasn’t, and finally build it 
yourself while hoping everything fits - only to install 
the software and discover that the system you spent 
days agonizing over isn’t even compatible. Or...

makE it Easy on yoursELF

As the sponsors and lead developers of the FreeNAS 
project, iXsystems has combined over 20 years of 
hardware experience with our FreeNAS expertise to 
bring you FreeNAS Certified Storage. We make it 
easy to enjoy all the benefits of FreeNAS without 
the headache of building, setting up, configuring, 
and supporting it yourself. As one of the leaders in 
the storage industry, you know that you’re getting the 
best combination of hardware designed for optimal 
performance with FreeNAS.

Every Freenas server we ship is... 

	»Custom	built	and	optimized	for	your	use	case	
	» Installed,	configured,	tested,	and	guaranteed	to	work	out	
of	the	box	
	» Supported	by	the	Silicon	Valley	team	that	designed	and	
built	it	
	»Backed	by	a	3	years	parts	and	labor	limited	warranty

As one of the leaders in the storage industry, you 
know that you’re getting the best combination 
of hardware designed for optimal performance 
with FreeNAS. Contact us today for a FREE Risk 
Elimination Consultation with one of our FreeNAS 
experts. Remember, every purchase directly supports 
the FreeNAS project so we can continue adding 
features and improvements to the software for years 
to come. And really - why would you buy a FreeNAS 
server from anyone else?

 Freenas 1u  
•	 Intel®	Xeon®	Processor	E3-1200v2	Family	
•	 Up	to	16TB	of	storage	capacity
•	 16GB	ECC	memory	(upgradable	to	32GB)
•	 2	x	10/100/1000	Gigabit	Ethernet	controllers
•	 Redundant	power	supply

Freenas 2u  
•	 2x	Intel®	Xeon®	Processors	E5-2600v2	Family	
•	 Up	to	48TB	of	storage	capacity
•	 32GB	ECC	memory	(upgradable	to	128GB)	
•	 4	x	1GbE	Network	interface	(Onboard)	-	
(Upgradable	to	2	x	10	Gigabit	Interface)

•	 Redundant	Power	Supply

Intel, the Intel logo, the Intel Inside logo and Xeon are trademarks of Intel Corporation in the U.S. and/or other countries.Intel, the Intel logo, Intel Atom and Intel Atom Inside are trademarks of Intel Corporation in the U.S. and/or other countries.

FREENAS 
CERTIFIED  
STORAGE 

http://www.iXsystems.com/mini http://www.iXsystems.com/storage/freenas-certified-storage/

http://www.iXsystems.com/mini
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Dear Readers, 

I think that we can say that we are happy to see all the changes 
and improvements in the latest version of FreeBSD. There are 

many new features that were added make our lives even easier 
every day. Let’s see what the current version of FreeBSD and 
related products have to offer.

In this issue, we have gathered articles to give you deeper 
insight into the FreeBSD world. I recommend that you read 
the article written by Kris Moore about the New PC-BSD 10.2. 
Kris presents the newest PC-BSD features and fixes pushed 
into the latest version, 10.2. Some of these changes are large, 
while others occur behind the scenes to improve the PC-BSD 
experience. Among these changes are a brand new updating 
scheme, changes to disk partitioning with support for EFI, 
new privacy & security utilities and a new remote accessible 
AppCafe. So let’s read this article to find out more about the 
new PC-BSD release.

Our regular writer David Carlier presents an article on creating 
a secure webserver on FreeBSD with Hiawatha. Hiawatha is a 
distinctive webserver application renowned for it’s solid security 
and well audited code. Apart from having CGI/FastCGI support, 
SSL, Ipv6, Virtual hosts, it also protects against SQL injection 
and XSS, CSRF natively. David tells you more about it and 
presents how to deal with it in his article.

I would like to mention our article on the Lumina Desktop 
Environment by Ken Moore that is a new, BSD-licensed, 
graphical system environment, which is designed primarily for 
BSD and UNIX-based operating systems. In this article, you 
will learn a bit of the history behind the Lumina desktop, the 
foundations of it’s design philosophy, the internal operating 
system support framework, the current status of the project, and 
the goals/ timeline for the project to achieve an official (non-
beta) release.

Finally, please read the column by Rob Somerville. This time 
Rob shares more about his thoughts on emerging technology 
and his opinion on how it can be a force for both good and evil. 
To see the entire information about the BSD issue, especially 
the Interview with Dru Lavigne and the new article published in 
the Expert says section, I cordially invite you to check the next 
pages and review the Table of Content for this issue.

As always, I want to thank you all for your great work 
and help. 

Enjoy reading!
Ewa & BSD Team
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NEWS
BSD World Monthly News 08
Marta Ziemianowicz
This column presents the latest news coverage of breaking news 
events, product releases and trending topics of the BSD world.

The FreeBSD Corner
A Look at the New PC-BSD 10.2 14
Kris Moore, kris@pcbsd.org
Since PC-BSD 10.1 was released in November 2014, there 
have been many exciting new features and fixes pushed into 
the latest version, 10.2. Some of these changes are large, 
while others occur behind the scenes to improve the PC-BSD 
experience. Among these changes are a brand new updating 
scheme, changes to disk partitioning with support for EFI, new 
privacy & security utilities and a new remote accessible AppCafe. 
In this article, we will take a closer look at two of these, system 
updating and the new privacy / security options in the form of 
PersonaCrypt. 

Basis Of The Lumina Desktop Environment 18
Ken Moore
The Lumina Desktop Environment is a new, BSD-licensed, 
graphical system environment which is designed primarily for 
BSD and UNIX-based operating systems. This focus on BSD 
systems results in a number of distinct differences from the 
current collection of Linux-focused desktop environments, only 
one of which is independent from all the Linux-based system 
management frameworks. Ken, in his article, will explain a bit 
of the history behind the Lumina desktop, the foundations of 
its design philosophy, the internal operating system support 
framework, the current status of the project, and the goals/
timeline for the project to achieve an official (non-beta) release.

Tips&Tricks
A Secure Webserver on FreeBSD  
with Hiawatha 22
David Carlier
In most cases, when it comes to choosing a web server, Nginx 
quickly comes to mind. However, there exists an interesting 
alternative, which embeds some nice features, called Hiawatha. 
Hiawatha is a distinctive webserver application renowned for 
it’s solid security and well audited code.  Apart from having 
CGI/FastCGI support, SSL, Ipv6, Virtual hosts, it also provides 
protection against SQL injection and XSS, CSRF natively. David, 
in his article, tells you more about it and presents how to deal 
with it.

CONTENTS

Expert Says ...
Defeating CryptoLocker Attacks with ZFS 24
Michael Dexter
CryptoLocker attacks are a category of clever yet nefarious 
personal computer malware that infect a PC via a tantalizing 
email message or link and silently encrypts your local disks 
and any network shares you are connected to. When finished 
encrypting, the malware holds your data for ransom, giving you 
on average three days to make a decision between paying the 
ransom or having your data destroyed forever. Organizations of 
all sizes have been hit by these “ransomware” attacks, including 
police departments and hospitals, and an early estimate put 
the damages at $30 million. Michael will tell you more about the 
situations that can be caused by these malware attacks.

Column
Emerging Technology Has Increasingly Been 
a Force for Both Good and Evil 26
Rob Somerville
Since the Second World War, emerging technology has increasingly 
been a force for both good and evil. The race for technological 
advance since then - while creating a level playing field for many 
- has yet to address the more fundamental inequalities and lead 
us into the Utopian dream. With transformational advances now 
being made so frequently, are we about to cross the Rubicon?

Interviews
Interview with Dru Lavigne 28
Luca Ferrari

Interview with Oleksandr Rybalko 32
Luca Ferrari

UNIX
Python Passive Network Mapping. 
PCAP Extractor and OS Fingerprinting. 
Network Mapping. P2NMAP 36
Chet Hosmer 
Chet Hosmer will present the network mapping techniques in 
his ebook. The BSD magazine presents a chapter from his 
book. When performing incident response activities, mapping 
a network or performing penetration testing, you are likely to run 
into situations where packet captures have already occurred. 
This could be in response to an event, or in today’s world, more 
often as a routine practice. Either way, the packet capture (pcap) 
files can provide valuable information that we can examine and 
report on using P2NMAP-Analzer.py.
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ASUSTOR Released the AS1004T

Now on the market, the new 4-Bay NAS case from 
ASUSTOR, the AS1004T. It supports Windows XP, 

Vista, 7, 8, Server 2003, Server 2008, Server 2012, Mac 
OS X 10.6 or later, UNIX, LINUX and BSD operating sys-
tems. It was built with hardware encryption engine (256-
bit AES military grade encryption for each folder), 2x USB 
3.0 ports, 1x Gigabit Ethernet and a 120mm quiet cool-
ing fan. The AS1004T was designed for offices and home 
users. AS10 series devices are equipped with dual-core 
processors, Gigabit Ethernet interfaces, and come with 
ASUSTOR’s dedicated ADM operating system. They 
provide read speeds of over 110 MB/s and write speeds 
of  over 96 MB/s, redefining the price to performance ratio 
of an entry level NAS.

About ASUSTOR. Founded in 2011, ASUSTOR Inc., 
a subsidiary of ASUSTeK Computer Inc., is a leading in-
novator and provider of private cloud storage (network at-
tached storage) and video surveillance (network video re-
corder) solutions. ASUSTOR is devoted to providing the 
world with unparalleled user experiences and the most 
complete set of network storage solutions possible.

http://www.asustor.com/

iXsystems Announces Availability 
of FreeNAS 9.3 for General Consumption

iXsystems announced the general availability of FreeNAS 
version 9.3. Highlights of the release include a simplified 

and revamped Web UI, automated updates, a new set-up 
wizard, and ZFS boot environments. FreeNAS 9.3 under-
went extensive testing by thousands of BETA testers from 
the FreeNAS Community.

A change in the iSCSI target from userland to kernel 
space unlocked several of the newest block storage fea-
tures and yielded far better performance than the previous 
user-mode iSCSI target. FreeNAS 9.3 also now supports 
coherent VMware snapshots, so ZFS snapshots and VM-
ware snapshots are properly coordinated. Customers 
moving VMs will not have to move the snapshots as they 
are kept with the VM image on the FreeNAS server.

iXsystems worked with FreeBSD developers to add ad-
ditional VMware VAAI primitives to FreeBSD in order to 

improve VMware support in FreeNAS. The VAAI block 
primitives, as well as the thin provisioning primitives, are 
now fully supported. This and other changes in FreeNAS 
9.3 mean FreeNAS is significantly more viable as backing 
storage for VMware deployments.

Additionally, FreeNAS 9.3 adds support for Cluster 
Shared Volumes (CSV), Windows 2008 and 2012 R2 
clustering, and Microsoft ODX Acceleration. FreeNAS us-
ers around the world have been using the in-kernel iSCSI 
(formerly a default option) as the block target in produc-
tion for several months. Both external and internal testing 
show excellent stability as well as general performance 
improvements.

The FreeNAS boot device now uses ZFS, and boots 
with GRUB to allow administrators to boot from a clone of 
a previous boot environment and roll-back any undesired 

http://www.asustor.com/
http://www.freenas.org/
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changes. These technology improve-
ments open up several new administra-
tive options, such as maintaining copies 
of boot environments with previous firm-
ware revisions and maintaining separate 
environments on a single appliance.

https://www.ixsystems.com/whats-new/
ixsystems-announces-availability-of-
freenas-9-3-for-general-consumption/

Mellanox OFED for FreeBSD

Clusters using commodity servers and storage sys-
tems are seeing widespread deployments in large 

and growing markets such as high performance comput-
ing, data warehousing, online transaction processing, fi-
nancial services and large scale web 2.0 deployments. 
To enable distributed computing transparently with maxi-
mum efficiency, applications in these markets require the 
highest I/O bandwidth and lowest possible latency. These 
requirements are compounded with the need to support 
a large interoperable ecosystem of networking, storage, 
and other applications and interfaces. Mellanox offers 
a robust and full set of protocol software and driver for 
FreeBSD with the ConnectX®-3 / ConnectX®-3 Pro Host 
Adapters with Ethernet, InfiniBand and RoCE. 

Main Features

• High performance single/Dual port support with full 
line rate, full duplex FDR InfiniBand and up to 40GbE

• RDMA and RoCE (RDMA Over Converged Ethernet) 
Transport offload with zero copy for low CPU utiliza-
tion

• TCP/IP stateless offload, and Hardware Checksum 
Offload for Tx and Rx packets

• Net device statistics per port with both ports in active mode
• Extensive VLAN support with VLAN Tx/Rx accelera-

tion (Hardware VLAN stripping/insertion), Hardware 
VLAN filtering and Hardware multicast filtering

• Adaptive Interrupt moderation on the receive path 
patterned according to either latency-bound traffic or 
bandwidth bound traffic

• Use fewer high-performance systems in a rack based 
system, reducing cabling, low power consumption

• Supports FreeBSD 10.0 and above

http://www.mellanox.com/page/products_dyn?product_
family=193&

https://www.ixsystems.com/whats-new/ixsystems-announces-availability-of-freenas-9-3-for-general-consumption/
https://www.ixsystems.com/whats-new/ixsystems-announces-availability-of-freenas-9-3-for-general-consumption/
https://www.ixsystems.com/whats-new/ixsystems-announces-availability-of-freenas-9-3-for-general-consumption/
http://www.mellanox.com/page/products_dyn?product_family=193&
http://www.mellanox.com/page/products_dyn?product_family=193&
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The Design and Implementation of the 
FreeBSD Operating System 2nd Edition

This book is the technical guide to the FreeBSD ker-
nel’s internal structure which has now been exten-

sively updated to cover all major improvements between 
Versions 5 and 11. Approximately one-third of this edi-
tion’s content is completely new, and another one-third 
has been extensively rewritten.

This Second Edition of the book:

• Explains highly scalable and lightweight virtualization 
using FreeBSD jails, and virtual-machine accelera-
tion with Xen and Virtio device paravirtualization

• Describes new security features such as Capsicum 
sandboxing and GELI cryptographic disk protection

• Fully covers NFSv4 and Open Solaris ZFS support
• Introduces FreeBSD’s enhanced volume manage-

ment and new journaled soft updates
• Explains DTrace’s fine-grained process debugging/

profiling
• Reflects major improvements to networking, wireless, 

and USB support

This book can be used as both a working reference and 
an in-depth study of a leading contemporary, portable, 
open source operating system. Professionals will discov-
er both FreeBSD’s capabilities and its limitations. You 
will learn how to effectively and efficiently interface with 
it; how to maintain, tune, and configure it; and systems 
programmers will learn how to extend, enhance, and in-
terface with it.

http://www.informit.com/store/design-and-implementa-
tion-of-the-freebsd-operating-9780321968975

by Marshall Kirk McKusick

http://www.informit.com/store/design-and-implementation-of-the-freebsd-operating-9780321968975
http://www.informit.com/store/design-and-implementation-of-the-freebsd-operating-9780321968975
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 « Setup Our Second Vulnerable Machine Bee-box 

(BWAMP)

Exercises

 « Overview of Virtual Machine Settings
 « Run the Basic Linux commands
 « Upgrade Kali Linux Distribution

Module 2 Port Scanning

 « Nmap and Zenmap Installation
 « Nmap Basic Scanning
 « ZenMap Basic Scanning
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 « Netsparker Advanced Scans
 « Nmap Advanced Scans
 « Metasploit Reporting
 « Review Other Resources Available to You…
 « Where Do I Get Virtual Machines

Exercises

 « Create a Metasploit Report Combining Nessus 
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Metasploitable 2

 « Run an Advanced Netsparker Scan Against 
Bee-Box (BWAMP)

If you have any questions or just want to get to know us better feel free to contact 

me at joanna.k@eforensicsmag.com or just answer this email

Get 10% discount on our magazines and online courses. Insert the code and use it at check-out

10eForSe07
Code is valid till the end of July



UNIX

09/201514

THE FREEBSD CORNER

A Look at the 
New PC-BSD 10.2

The first of the new features was a large update to 
the entire system updating process used by PC-
BSD. Historically, PC-BSD has used the standard 

updating mechanisms in FreeBSD, such as ‚freebsd-up-
date’ and ‚pkg upgrade’ in an automated fashion. One of 
the biggest pain-points, however, was the sheer complex-
ity in dealing with packages and their related dependen-
cies. While the recent updates to PKGNG have helped 
with the complexity, there were still too many failed up-

grades for comfort, often preventing the PC-BSD tools 
from running in an automated fashion. To assist with this 
problem, PC-BSD had Boot-Environments functionality 
that allowed rolling back if something went wrong, but we 
still wanted to fix the underlying problems. To do so, we 
came up with a new mechanism for doing system updates 
that relies upon the power of ZFS/Boot-Environments and 
the existing FreeBSD tools.

BY KRIS MOORE

Since PC-BSD 10.1 was released in November 2014, there 
have been many exciting new features and fixes pushed into 
the latest version, 10.2. Some of these changes are large, 
while others occur behind the scenes to improve the PC-BSD 
experience. Among these changes are a brand new updating 
scheme, changes to disk partitioning with support for EFI, 
new privacy & security utilities and a new remote accessible 
AppCafe. In this article, we will take a closer look at two 
of these, system updating and the new privacy / security 
options in the form of PersonaCrypt. 

What you will learn… What you should know…

•	 The features of the new FreeBSD 10.2 release.
•	 How the system update and the new privacy / security 

options in the form of PersonaCrypt work.

•	 The previous releases of the FreeBSD OS.
•	 Some familiarity with various FreeBSD topics.
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Figure 1. System state before upgrade

The new “update” process on PC-BSD works in the 
following manner. When performing an update of any 
packages, it first queries the local package database 
to determine the “top-level” packages, those installed 
by the user which nothing directly depends on. This list 
is saved as the master package list of the system and 
used immediately to begin the process of download-
ing the latest versions from the mirrors. These files are 
stored in a local cache on disk, which is cleaned of ob-
solete packages before any upgrade. Once the top-lev-
el packages and the related dependencies are down-
loaded, the update moves into its next phase. A new 
ZFS Boot-Environment is created and then prepared, 
first by cleaning out the old packages and then re-in-
stalling the top-level packages only. This helps bypass 
the issues which occur while trying to solve the con-
flicts between old and new dependencies of the top-
level packages. Once the update is finished, the new 
BE is marked as “active” and the user is notified that 
they can reboot when they are ready to load into the 
updated system.

Using this method has proved advantageous in a num-
ber of ways. First, the currently running boot-environ-
ment is never touched. This means you can keep work-
ing and using a system without interruption and reboot 
only at your convenience, such as at the end of the day. 
Secondly, while failures are much less likely, they are 

also no longer going to interrupt the system. Updates 
can be re-run as many times as desired, with the new 
BE created and flagged as active at the finish. Lastly, 
package updates become much more reliable, since we 
are duplicating the process of installing packages fresh, 
where there are no packages on the box to cause con-
flicts in the first place. This has already proven to be 
a  much more reliable upgrade process, even allowing 
us to do daily or weekly updates with ease.

Figure 2. Current BE is cloned and new packages installed

In addition to the new updating methods offered in PC-
BSD 10.2, there have also been major changes to improve 
both security and privacy. For the past several months, the 
entire package repository for PC-BSD has been switched 
to build against LibreSSL, instead of the default OpenSSL 
used by FreeBSD upstream. This change is almost en-
tirely transparent to end-users, but offers a much smaller 
vulnerability target and often less critical security updates 
being dropped on us from upstream. 10.2 also brings with 
it the new utility “PersonaCrypt” and graphical options for 
system-level Tor proxy.

PersonaCrypt provides some unique methods to im-
prove user privacy. It is integrated with the PC-BSD graph-
ical login manager (PCDM) to do the following:

• Allow the users $HOME directory to be stored on an 
encrypted external media using GELI/ZFS

• Perform “Stealth” mode logins, where the $HOME di-
rectory is created on a GELI-backed one-time encrypt-
ed image with no personal information contained within

The first of these options can be used in a couple of inter-
esting ways. It can be used either with a secondary inter-
nal disk to provide a separate encrypted $HOME directory 
for a single system, or it can be used with external media 
(such as a USB stick) to provide a portable $HOME direc-
tory. The key is automatically split into two parts, so that 
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the first resides on the local system, while the second part 
is provided as a password at the login screen. PersonaC-
rypt allows the system key file to be exported from the ini-
tial system, and imported or “paired” with another system, 
such as in the case of a desktop and laptop. This means, 
should the external media be lost or stolen, it cannot be 
accessed without both the system it is paired to, and the 
user-password. It also can be used as a convenience op-
tion, where moving your entire $HOME directory between 
two desktops (such as home and office) can now be done 
in an offline and secure manner. With media using ZFS, it 
also means that snapshots and replication options can be 
used for backups either manually, or via PC-BSD’s Life-
Preserver utility.

Figure 3. Package updates being downloaded to local cache

The “Stealth” mode option also uses GELI in a unique 
way to provide an “anonymous” desktop session. At 
the graphical login manager, the user can simply check 
the “Stealth” mode option, which takes the following 
steps:Creates a temporary ZFS ZVOL

1. Sets up a one-time GELI key on the ZVOL
2. Formats the GELI/ZVOL with UFS
3. Mounts the device on top of the user’s $HOME directory
4. Copies the /usr/share/skel data to the new $HOME
5. Performs the usual login

This method ensures that no identifying data on the user 
is available on $HOME and as such provides a “blank-

slate” for any apps which are run. When the user ses-
sion is finished, the new ZVOL is destroyed and the old 
$HOME directory is visible again. Because we are us-
ing a GELI one-time key, if the system is rebooted or 
crashes without doing the cleanup, the contents on disk 
are still rendered useless. This mode can be particularly 
useful when run in conjunction with Tor mode on the sys-
tem. By enabling Tor via the System Tray GUI, the sys-
tem’s firewall will be reset, and all DNS/TCP traffic is au-
tomatically re-directed through a Tor transparent proxy, 
even if the local applications do not directly support Tor / 
socks proxy mode.

Figure 4. New BE is marked as default / active at next reboot

These are two components of PC-BSD that have 
changed greatly from version 10.1 to 10.2, and provide 
fairly unique functionality to end-users. There are also 
a slew of other features and fixes which have gone into 
10.2, easily making it the best PC-BSD release yet. Us-
ers are more than welcome to join the conversation on 
the official PC-BSD forums, mailing lists, and IRC channel 
(#pcbsd on FreeNode).

ABOUT THE AUTHOR

Kris Moore is the founder and lead developer of PC-BSD. He lives 
with his wife and four children in East Tennessee (USA), and enjoys 
building custom PCs and gaming in his (limited) spare time. 
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This article will explain a bit of the history behind 
the Lumina desktop, the foundations of its design 
philosophy, the internal operating system sup-

port framework, the current status of the project, and the 
goals/timeline for the project to achieve an official (non-
beta) release.

Introduction/History
The Lumina Desktop Environment (“Lumina” for short), 
was initially started in late 2012 as a small hobby project 
to just add some functionality/utilities to the Fluxbox win-
dow manager. I had grown a bit tired of all the constant 
issues with running other desktop environments on Free-
BSD. I was using Fluxbox quite a bit at that time because I 
liked the responsiveness of the interface – although I really 
missed things like automatically generated application lists/
launchers and the ability to have the system remember/
detect which application to use to open a file. After a lit-
tle over a year of intermittent work on nights/weekends, 
I had gradually turned Lumina into a very basic Qt4-based 
graphical overlay for Fluxbox, with a small background util-
ity for launching applications and opening files. Around this 
time (end of 2013, beginning of 2014) it was still consid-
ered barely functional (pre-0.1), but Kris Moore of the PC-
BSD project offered to host it on the PC-BSD source re-
pository, tying it into the automated build and distribution 

systems for users of the PC-BSD operating system to play 
with. Since we were in the middle of phasing out some old 
technologies that I maintained as part of my PC-BSD de-
velopment job, I took him up on the offer and we moved the 
source tree for Lumina over to the PC-BSD SVN repository 
so I could work on it a bit more regularly as time availed it-
self. Over the next couple months, I was able to continue to 
clean things up and get it to a more usable state (although 
still very primitive), all while still maintaining a fairly tight 
level of secrecy on the project (as secret as an open source 
project on a public source repository can be, at least). 

In April of 2014 that all changed: a status update about 
Lumina was accidentally featured in one of the PC-BSD 
weekly blog updates after we finally got a port and pre-built 
packages for it quietly added to the FreeBSD ports tree. 
This caused PC-BSD users to get all excited, some news 
sites and slashdot picked up on the story, and then the 
secret was officially out – the BSD’s were getting their own 
desktop environment. Since then, a lot has changed in the 
project: the sources were moved from SVN to the new PC-
BSD repository on GitHub in April 2014, then in September 
2014, it was moved again to its own sub-repository on 
GitHub (under the PC-BSD umbrella) and also obtained an 
independent release engineering schedule. In December 
of 2014, the entire project was converted to Qt5 and parts 
of it also started getting converted from the Xlib to XCB 

Basis Of The Lumina 
Desktop Environment
KEN MOORE

The Lumina Desktop Environment is a new, BSD-licensed, 
graphical system environment which is designed primarily 
for BSD and UNIX-based operating systems. This focus on BSD 
systems results in a number of distinct differences in from the 
current collection of Linux-focused desktop environments, 
only one of which is  independence from all the Linux-based 
system management frameworks. 
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libraries (since Qt5 used XCB, whereas Qt4 used Xlib). All 
the while, more and more of Fluxbox was getting disabled/
replaced/bypassed all the time, so that in May of 2015, we 
announced that we were starting work on a new Qt-based 
window manager specifically to integrate with the Lumina 
desktop on a tighter level and replace Fluxbox. This leads 
us up to the present time: Lumina is still technically a beta 
release (since the new window manager has not been 
finished/implemented yet), is available on many operating 
systems (BSD and Linux-based), and is continuing to 
become more popular with every new point release. Why 
is this so? Perhaps it has to do with the philosophy behind 
how the desktop is designed and implemented...

Design Philosophy
The Lumina desktop is designed around three primary 
goals: minimal system overhead, a modular interface, and 
a complementary relationship with the underlying operat-
ing system. Minimal system overhead is an obvious goal – 
people use computers to run apps to get things done, not 
look at a pretty interface. Any system which uses most of 
its processing power and/or memory just to run the inter-
face is a system which  has stopped being a tool and just 
become another burden. In my experience, the main cul-
prits for this type of system drain are automatically started 
background daemons that are either rarely accessed or are 
used to hide the actual impact/requirements of some client 
application. Lumina takes a very clear-cut approach with 
regard to system overhead: keep it simple. The entire Lu-
mina desktop can be boiled down to a single library, one bi-
nary for the entire desktop session, and one utility for open-
ing files and/or launching applications. The other various 
applications which Lumina provides (such as the file man-
ager) are simply treated as optional convenience utilities to 
be used/ignored/removed as desired.  Because of this sim-
plicity, there is no need for any communications daemons 
(such as DBus) or other desktop-monitoring daemons just 
to keep the desktop working in a semi-unified fashion, al-
lowing Lumina to run incredibly fast and with a tiny amount 
of system overhead (typically less than 150MB of memory).

The principle of a modular application is something that 
has been around for quite a while with varying degrees 
of success. The main way that this has been performed 
is through detection/use of optional “plugin” libraries (or 
other similar systems), and while this works well in theory, 
it also has the effect of also making your application highly 
sensitive to “bad” plugins (whether malicious or just in-
compatible). Since the system interface is one thing which 
should be rock solid and reliable, Lumina is designed 
around a system of built-in plugins – functionality that is 
always in sync with the current version of the desktop be-

cause it is compiled and included within the desktop bi-
nary itself (preventing both version mismatch issues and 
externally-loadable 3rd-party malware). 

Now how does a desktop environment have anything 
but a complementary relationship with the underlying OS? 
Very simple. If you look at the Linux development space, 
you can easily see that there is no such thing as a “Linux” 
operating system. Instead, what you have is a Linux ker-
nel combined with some userland to create a “distribution” 
of Linux, such as a GNU/Linux distribution. The Linux-
based desktops which are developed in this ecosystem 
have gradually evolved into providing much of that user-
land “glue” to assemble all these various operating sys-
tems – effectively becoming an embedded part of the 
OS and providing many of the basic OS-level standards 
for application compatibility between different Linux dis-
tributions. While this seems to work fine in Linux-space 
(most of the time), it causes all sorts of issues when you 
try to run that desktop on a non-Linux system because 
the BSDs already have a completely functional operating 
system independent of any desktop environment and its 
underlying frameworks. 

For a quick example, the background system frame-
works which the linux-based desktops use many times 
will not run (or will not run well) on BSD-based systems 
because they are either trying to duplicate functionality 
which is already implemented in a different way on a BSD 
operating system (such as the hald vs devd issues) or 
they rely on functionality which is not available on a BSD 
system (at least not in the same way). By writing a desk-
top to rely on these frameworks then is to effectively limit 
the portability/functionality of the desktop across various 
OSs (and don’t forget the extra overhead required for all 
the intermediate interface layers). 

Operating System Integration
The Lumina desktop handles OS-integration in a very ef-
ficient, but compartmentalized manner. First, Lumina re-
stricts itself to being a system interface only and does not 
try to provide utilities for configuring every aspect of the 
system. The reason for this is quite simple – not all sys-
tems are used in the same situations or for the same pur-
pose. For example: a stand-alone service kiosk does not 
need to have access to all the same configuration utili-
ties that a system developer might need on his worksta-
tion. Similarly, an embedded system with a tiny screen 
(such as a cell phone), will need utilities tailored for touch-
screen use while a console television system will needs 
apps tailored to function with a simple controller. By keep-
ing Lumina as a customizable interface only, it allows the 
distributor of the system to decide what types of apps 
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need to be installed based on their target audience and 
system specifications. For an example of how this works, 
look at the relationship between Lumina and the PC-BSD 
project. PC-BSD provides a FreeBSD operating system 
tailored for desktop/laptop users and also provides all the 
tools and utilities necessary for configuring that system. 
Lumina just provides an OS-agnostic system interface 
with the ability to embed support for all those various OS 
utilities (control panel, package manager, etc.) into the in-
terface so that they are readily accessible by the user. 

Second, for controls which an interface needs to have 
access to but the OS manages, Lumina has a single Lumi-
naOS class contained in its library where all those interac-
tions may be set to directly interact with the native system/
libraries. A couple good examples of this would be control-
ling screen brightness or audio volume. The OS and/or dis-
tributor has usually already decided which audio subsys-
tem will be used (ALSA, OSS, PulseAudio, etc) – Lumina 
just needs to know how to have basic interactions with it. 
By the same token, though, all those OS-interactions are 
also completely optional. In the class, it is very simple to 
specify when something is not available for an OS, and in 
that case the interface responds by hiding all references to 
that functionality – preventing the user from having access 
to some of the niceties that Lumina provides, but still allow-
ing the user to have a fully-functional interface.

Distribution Framework
Since Lumina is designed around a distribution framework 
which utilizes a distributor before it reaches the consumer, 
this opens up all sorts of configuration/implementation pos-
sibilities that Lumina is only just starting to expose. First, 
this opens the door for Lumina to be used on almost any 
type of device: such as a smartphone, tablet, or console 
tv system, in additional to the traditional “desktop” market. 
This is due in part to the compartmentalization of all the in-
terface elements into distinct “plugins” – since this allows 
the distributor to pre-configure the desktop with an inter-
face suited for their target device (just as PC-BSD is do-
ing for desktop systems right now). Second, this allows the 
user the ability to suit their workflow and maximize produc-
tivity (such as having the distributor set a default interface 
that caters to the target user). Third, this allows the desk-
top to be as heavy/light on resources as desired (either for 
system performance or user preference), depending on the 
choice of interface elements and desktop functionality. 

Customization options like this always come with a price: 
complexity and/or confusion. Lumina attempts to alleviate this 
in a couple different ways. By providing a single settings file 
on the system which arranges the default user interface and 
other user-experience options, Lumina makes it extremely 

simple for distributors and system administrators to custom-
ize the out-of-box experience, as well as by providing a con-
venience utility called lumina-config which gives the end-user 
an easy way to configure every aspect of the interface as de-
sired (all without touching a terminal or text editor).

Future Goals
Right now, the primary development focus for Lumina is 
to achieve a comparable level of functionality with other 
common desktop environments (particularly with regards to 
traditional desktop systems – mobile/console systems are 
not a huge focus right now), and finally reach the goal of the 
first non-development release (1.0). The means that the new 
Qt-based window manager needs to get finished up (with 
a current target of December 2015) as well as the continued 
addition of new interface plugins and features. This new 
window manager is actually three-fold, it will not only replace 
Fluxbox for managing windows while the session is active, 
but it will also provide a replacement for xscreensaver while 
the session is inactive and also incorporate the session 
locking/suspend functionality for when the user needs to 
step away from the system. This utility, when combined with 
the current desktop interface, will effectively make Lumina 
a stand-alone system interface with an incredibly small list of 
system dependencies – opening up all sorts of possibilities for 
system types and without limiting the user by requiring long 
lists of package/library dependencies which may conflict with 
what the user actually needs the system to do. The current 
goal for reaching version 1.0 of the Lumina desktop is July 
of 2016 (prior to FreeBSD 11.0-Release), and so far we seem 
to be on track to meet this goal. In the meantime, the Lumina 
desktop is a highly fast/stable alternative to other common 
desktop environments, particularly for BSD-based systems. 
The only time we expect that a user’s current settings may 
get changed on an upgrade in the near future is when the 
new window manager gets activated by default (simply 
due to the number of configurations/files that this change 
touches). We are already working on ways to minimize the 
effect of these changes as much as possible,however, so 
that Lumina may continue to provide a stable, consistent 
user experience even across major updates.
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What makes Hiawatha special? First, its code 
is well audited and famous for its solidness in 
terms of security. Apart from having CGI/Fast-

CGI support (hence possibly making dynamic websites 
with PHP-fpm), SSL, Ipv6, virtual hosts. It also provides 
protection against SQL injection and XSS, CSRF natively. 
It might lack support of third party modules, as the archi-
tecture does not allow it, but Hiawatha has reverse proxy 
support!

Luckily, FreeBSD already has a package/port, so once 
installed...

Configuration
Let’s configure it. Here is a sample configuration, 
a FastCGI one. You can see that it appears very 
readable:
ErrorHandler = 404:/404.html

Binding {

        Port = 80

        Interface = ::1

        MaxKeepAlive = 30

    # Two first secure measures, limiting the client 

request size and the max time for

    # a client’s connection to be kept open        MaxRe-

questSize = 512

        TimeForRequest = 3,20

}

...

Binding {

        Port = 443

        Interface = ::1

        ...

        SSLcertfile = hiawata.pem

        RequireTLS = yes

        # Add X-Random header with a length of 256 

        RandomHeader = 256

}

...

# A feature to make decisions based on url regexes

UrlToolkit {

        ToolkitID = phprewrite

         Method GET

         Match /private DenyAccess

         Match ^/page/(.*) Rewrite /index.php?page=$1

}

A Secure Webserver on 
FreeBSD with Hiawatha
DAVID CARLIER

In most cases, when it comes to choosing a web server, 
Nginx quickly comes to mind (I personally appreciate this 
one a lot, no doubt about this). However, there exists an 
interesting alternative, which embeds some nice features, 
called Hiawatha.

What you will learn… What you should know…

•	 The features of Hiawatha.
•	 How to configure the secure webserver.

•	 The basics of FreeBSD OS.
•	 Some familiarity with various security topics.
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FastCGIServer {

        FastCGIid = PHP5

        UseToolkit = phprewrite

        # Can be the path to the unix socket too

        ConnectTo = 127.0.0.1:2005

        Extension = php

}

VirtualHost {

 Hostname = www.example.com

            WebsiteRoot = /usr/local/www/hiawatha

            AccessLogfile = /var/log/hiowatha/example-

access.log

            ErrorLogfile = /var/log/hiowatha/example-error.

log

            # Althought those directives can provide pro-

tection, they are of course

     # not 100% reliable

            PreventCSRF = yes

            PreventSQLI = yes

            PreventXSS = yes

            # A body which matches this regex is forbidden

            DenyBody = ^.*%3Cscript.*%3C%2Fscript%3E.*$

            UseFastCGI = PHP5

            TimeForCGI = 5

            # By default it is index.html

            StartFile = index.php

}

So, for the moment, nothing special that hasn’t been 
seen before.  Let’s dig in deeper. With Hiawatha we can 

set some banning policies like below:

# If in our VirtualHost above a user had 

bad body content

BanOnDeniedBody = 300

# If too many malformed HTTP requests 

are made by a client, it’s banned for 

1 minute

BanOnGarbage = 60

# Banned if the request size 

exceeds this size

BanOnMaxReqSize = 512

# Anti flood measure; here, if 

the client does more than 20 

requests per second, it’s 

# banned for 1 minute

BadOnFlooding = 20/1:60

BanOnSQLI = 60

KickonBan = yes

# Reset the ban times if the 

client attempts to connect when it is already banned

RebanDuringBan = yes

GarbageLogFile = /var/log/hiawatha/garbage.log

Also, Hiawatha provides a separate feature called Mon-
itor; a feature a bit “a la” Munin but well adapted to this 
server.

# This IP address will be allowed to download the event 

log files for its analytics

MonitorServer = 192.168.1.2

As mentioned before, Hiawatha does not support third 
party modules, so if you wish for your service making 
decision to be based on country per IP with GeoIP for 
example, you can use Hiawatha as a Reverse Proxy in 
front of Nginx. Simply enter as shown below inside your 
VirtualHost setting:

VirtualHost {

      Hostname = www.myreverseproxy.com

      PreventCSRF = yes

      PreventSQLI = yes

      PreventXSS = yes

      ReverseProxy .* http://192.168.1.2:8111/geoip

}

# Cache internally those contents from reverse proxy 

requests per extension

CacheRProxyExtensions = gif,png,jpeg,css

CacheSize = 256

...

Conclusion
Hopefully, this article will give you the curiosity to consider 
this approach. For what it provides it is impressive, con-
sidering the fact that it is a one project maintained since 
2002. (by Hugo Leisink)
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EXPERT SAYS ...

Michael: Todd, what are CryptoLocker attacks?

Todd: CryptoLocker attacks are a category of clev-
er yet nefarious personal computer malware that infects 
a PC via a tantalizing email message or link and silent-
ly encrypts your local disks and any network shares you 
are connected to. When finished encrypting, the mal-
ware holds your data for ransom, giving you on average 
three days to make a decision between paying the ran-
som or having your data destroyed forever. Organiza-
tions of all sizes have been hit by these “ransomware” 
attacks including police departments and hospitals and 
an early estimate put the damages at $30 million. The 
worst situation we have seen was when a user got in-
fected on a Friday afternoon while catching up on email 
and dreaming about the weekend. The CryptoLocker 
malware took hold and had all weekend to encrypt every 
network share their system was connected to plus their 
local drive, wreaking havoc across the organization.

Defeating 
CryptoLocker Attacks 
with ZFS
MICHAEL DEXTER

Plextec is a Canadian managed services provider that uses 
FreeNAS exclusively to provide Windows and GNU/Linux 
virtual servers to over 200 companies using XenServer. 
I spoke with Plextec CTO Todd Ladouceur about how 
Plextec routinely defeats CryptoLocker ransomware 
attacks with ZFS and FreeNAS.
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EXPERT SAYS ...

Michael: Can you stop CryptoLocker attacks with antivi-
rus software?

Just about every antivirus vendor has a fix for the vari-
ous CryptoLocker attacks but they simply can’t keep up 
with how quickly CryptoLocker attacks evolve. The or-
ganizations behind them are obviously well-funded and 
because the malware uses encryption, removing it does 
nothing to restore your data. In fact, to remove the mal-
ware could result in the instant loss of all your data be-
cause it is the one known tool that can decrypt it. Unfor-
tunately, many CryptoLocker attacks attempt to destroy 
your backups on services like DropBox or in Windows 
Shadow Copies.

Michael: What role does ZFS play in combating Cryp-
toLocker attacks?

Todd: We share FreeNAS-backed virtual machine im-
ages to our XenServer hosts over NFS and snapshot 
each VM’s dataset on a 30 minute and hourly basis with 
a retention of one week for the 30 minute ones and one 
month for the hourly ones. We then replicate these snap-
shots to one or two additional FreeNAS servers. When 
a virtual machine is hit with CryptoLocker, we step 
through the snapshots on one of the replica systems un-
til we find a point in time just before the attack. We clone 
the known-good snapshot and share it back to Xen-
Server. We make sure the VM passes all of our quality 
checks and performs as expected, and then copy it back 
to the primary server through the XenCenter. We could 
just roll back the primary system but this strategy allows 
us to preserve the compromised VM for a few days for 
forensic purposes.

Michael: How long does the restoration process take?

Todd: On average we can get a Windows server back 
in production with full validation in under two hours. In  a 
pinch we could simply roll back the primary server but 
we prefer maintain that extra layer of accountability. With 
ZFS we know our replicas are bit-for-bit identical to the 

originals so we do not hesitate in relying on them. A re-
covery from tape or an online provider would cost a for-
tune in time, money or both, and would not provide the 
assurances that ZFS gives us.

Michael: Are CryptoLocker attacks common?

Todd: They are way too common. We have had over 
ten clients hit with CryptoLocker malware and some of 
them multiple times. Some would easily be out of busi-
ness because of it and I hate to think what would hap-
pen to us as their IT provider. The threat is real and ever 
evolving. We constantly revise how we can recover from 
CryptoLocker attacks more quickly and also educate our 
clients about how to protect themselves from these and 
other attacks. We have read about blocking CryptoLock-
er attacks with group policies and administrative controls 
but there is no way these steps can keep up with the ev-
er-evolving threat.

Michael: Do you think FreeNAS and TrueNAS are safe 
from CryptoLocker attacks?

Todd: Absolutely. CryptoLocker attacks work on the 
file level rather than the block level, keeping our virtu-
al machine images immune as long as you snapshot 
them regularly and retain enough snapshots to return to 
a point in time before the attack. To be vulnerable you 
would have to share your whole VM store over NFS to 
a compromised Windows client but even then the snap-
shots would still bring you back to safety because they 
are at the block level.

Basically, CryptoLocker is a joke with ZFS.

Todd Ladouceur
CTO, Plextec

For more information on FreeNAS Certified and True-
NAS storage systems, visit www.ixsystems.com or call 
1-855-GREP-4-IX.

https://www.ixsystems.com/truenas
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Emerging Technology Has Increasingly Been 
a Force for Both Good and Evil

I am not long back from my annual vacation, and one of 
my everlasting memories of this year’s break will be the 
encounter I had with a large black inanimate object. In 

hindsight, it would probably be more accurate to describe 
my encounter as being with a very zoetic object. The tech-
nology in question? The stunning and revolutionary Tesla 
Model S electric car. And I use the term “car” very loosely 
indeed. Most cars are utilitarian, but the Tesla is like a Bre-
itling watch, or a Waterford crystal vase. Quality, beauty, 
functionality, impeccable design, and manners, all rolled 
into one package. What makes the Tesla unique though 
is not just the advanced technology that is the underpin-
nings of the the vehicle, but the synergy between vision 
and ethics. While there are arguments about the rare met-
als used in a lot of technology and the depletion of the 
Earth’s resources, it would be harsh to condemn the de-
signers for at least taking a step in the right direction: away 
from the internal combustion engine. Rome was not built 
in a day, and based on the innovation and ingenuity Tesla 
have shown so far, I can see no reason why they would 
not aggressively adopt different energy models and when 
they become feasible and available. But this is a distrac-
tion from the main event, the Model S, while occupying 
the moral high ground, is enormous fun. With a zero-to-
sixty mph acceleration of under three seconds, any jour-
ney is concluded with the driver and passengers climbing 
out of the luxurious interior with a grin stretching from ear 

to ear. Some would class the Tesla as a rich man’s play-
thing, but with the widespread adoption of hybrid solutions 
the direction of the automotive industry is clear.

I have been thinking about this encounter a lot. I’ll be 
the first to admit, I am somewhat smitten, but my love for 
quality engineering has been renewed once again. While 
I have a few pipe dreams as to what I would do should 
I win the lottery, very few of these involved purchasing 
a luxury car. The Tesla has changed all that. Like a cute 
kitten or adorable puppy it has wormed its way into my 
heart in a way few other cars have – and that includes 
a smattering of Lamborghinis, Jaguars, Porches, TVR’s 
and BMW’s I have encountered – apart from my loyal me-
tallic grey Saab 900 that I had to let go many years ago 
due to old age and overwork. A good friend, come rain 
shine or London traffic, Saab served me faithfully through 
the years. As the old adage goes, they don’t make‚ them 
like they used to, although I have high hopes that Tesla 
will occupy the space vacated by the innovative Swedish 
manufacturer when they ceased trading a few years ago. 

So from a purely personal standpoint, the only real mor-
al danger I can see from the Tesla is a large number of 
flattened pedestrians as the car is totally silent. This is 
hardly even any tyre noise on the road when accelerat-
ing, a remarkable feat. The only reason that Tesla has not 
adopted some sort of external engine noise is that there 
is no official standard yet in Europe, but no doubt some 

ROB SOMERVILLE

Since the Second World War, emerging technology 
has increasingly been a force for both good and evil. 
The race for technological advance since then – while 
creating a level playing field for many – has still to 
address more fundamental inequalities and lead 
us into the Utopian dream. With transformational 
advances now being made so frequently, are we about 
to cross the Rubicon? 
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committee somewhere will come up with some noisy dis-
cordant compromise that will detract from the overall feel.

On the other hand, there is considerable moral danger 
in other technology spheres. The ethics of self piloting 
cars aside, the futurists Vernor Vinge, Ray Kurzweil 
and others have warned for many years, that we are 
approaching a singularity where technology will surpass 
human capabilities. The irony here is that exponential 
increase in capacity does not rest at the hardware layer as 
encompassed by the well known Moore’s law, but rather 
in the efficiency of the algorithms used. Professor Martin 
Grötschel estimates that this increase in efficiency is forty-
three times that of the hardware, according to Kurtzell. 
That in itself should not be of particular concern, other 
than we need to keep a watchful eye and remember that 
technology is our slave and not our master. I firmly believe 
that while there is a natural firewall between mankind and 
technology, whether that be via the “Off switch” or indeed 
just simple choice, we are relatively safe. The danger 
becomes critical where systemically man cannot 
detach himself from the machine. From 
a cognitive perspective, 

the heady mix of the Internet, World Wide Web and 
smartphones is already blurring the boundaries. As an 
adult, I can look at this rationally and detach myself without 
too much pain from my Android device. For the younger 
(and some of the older) generation, this is a major problem. 
So personally I would be very wary indeed of where we 
are going in the area of transhumanism, especially when 
some of the potential visions for the future include nano-
robots are crawling around inside our brains. To quote 
Francis Fukuyama, the greatest threat to humanity are 
those whose vision is to “liberate the human race from its 
biological constraints”.

A colleague of mine jokingly commented how I always 
manage to slip politics into my writing, and the edition of 
this column is no exception. In 2016, Zoltan Istvan, of the 
Transhumanism party, will be running for US president. 
While he openly admits, there is very little chance of win-
ning the popular consensus, the transhumanists hope to 
become more prominent over the next election cycles. 
With extensive media coverage, we are already heading 
towards a clash of cultures where the result of ethical and 
moral argument will be critical. Herbert Hoover in 1928 of-
fered Americans a “Chicken in every pot”. In 2016, Zoltan 
Istvan will offer not just chickens, but human immortal-
ity. Indeed, many scientists suggest this could be accom-
plished in the next 20-30 years, possibly sooner if there is 
enough political and financial will.

The real world consequences of transhumanism are 
probably greater than the discoveries surrounding the 
splitting of the atom, quantum physics, penicillin, birth 
control, the printing press and the Internet combined. 
Zoltan Istvan is to be applauded for having the courage of 
his convictions bringing debate about this imminent quan-
tum leap to the fore and into the broader sphere of na-
tional consciousness. He makes a lot of very valid points. 
This, however, leaves us technologists with a big problem. 
We can no longer hide behind our monitors or compilers. 
We are now part of a much larger landscape, the politi-
cal, moral, ethical and spiritual agenda. Questions will be 
asked of us, and we will need to search our hearts very 
deeply indeed if we are to give an honest answer.
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Luca Ferrari: Dear Dru, first of all, it is a pleasure 
to have you on this magazine. You are a well 
know BSD-Guru, but could you please 
introduce yourself to our readers?
Dru Lavigne: I’m a Canadian citizen currently living in 
the Midwest of the US. I’ve been using, documenting and 
teaching BSD operating systems since 1996. For my day 
job, I manage the end-user documentation for the PC-
BSD, FreeNAS, and TrueNAS operating systems and the 
Lumina desktop. I’m also a volunteer Director at the Free-
BSD Foundation, and Founder and Chair of the BSD Cer-
tification Group, and as I find time, I’m a doc committer for 
the FreeBSD Project. When I’m not on a computer, you’ll 
find me trialing new vegetable varieties in my backyard 
garden.

Luca Ferrari: How did you get interested in the 
FreeBSD world. Why did you choose to stay 
with BSD instead of other Unix-like operating 
systems?
Dru Lavigne: In the mid 90s, I went back to school to 
learn network and system administration. As gradua-
tion grew near and I startedlooking for a work, I noticed 
that all the interesting jobs wanted Unix skills. Want-
ing to increase my skills, and not having any money, 
I did an Internet search for “Free Unix”. The first hit was 
freebsd.org. I went to the website and started reading 
the Handbook and thought “I can do this”. Since I only 
had access to one computer and wanted to ramp up 
my skills quickly, I printed out the installation and net-
working chapters of the Handbook. I replaced the cur-
rent operating system with FreeBSD and forced my-
self to learn how to do everything I needed to do on 
that computer in FreeBSD. It was a painful (and scary) 
few weeks as I figured out how to transition the fam-
ily’s workflow to FreeBSD, but it was also exhilarating 
to learn that “yes, I can do this!”.

Interview with 
Dru Lavigne 
LUCA FERRARI

Since then, I’ve had the opportunity to try out or admin-
ister the other BSDs, several Linux distros, SCO, and So-
laris. I found that the layout, logic, and release engineer-
ing process of the BSDs makes the most sense to me and 
I’m happiest when on a BSD system.

Luca Ferrari: You seem to be deeply involved 
with FreeBSD, do you also use other BSD 
systems? If yes, can you please enumerate and 
briefly describe your experience with them?
Dru Lavigne: I tend to use PC-BSD for desktops, Free-
BSD for servers, and OpenBSD for firewalls. As part of the 
ongoing maintenance of the BSD certification program, 
I keep up with the release notes for each of the BSDs and 
perform test installs of each new release as preparation 
for the semi-annual update to the BSDA Study Guide.

Luca Ferrari: What do you suggest to a BSD user 
to keep up-to-date with the whole community? 
Do you recommend attending conferences, 
reading papers, books, manuals, or something 
different?
Dru Lavigne: There are quite a few resources for keep-
ing up with the BSD community. BSDNow.tv has a weekly 
podcast where they discuss  BSD topics. Every episode 
has been archived and the website also has tutorials. 
BSD Talk (http://bsdtalk.blogspot.com/) has an archive of 
interviews of people who working and using BSD. Both al-
low you to get caught up on with what’s going on and who 
is doing what, if you have time to watch or listen.

If you are lucky enough to have a BSD conference come 
to a location near you, I highly recommend that you attend 
it. It is amazing to meet the people behind the IRC handles 
and email addresses that you run across in the BSD com-
munity in person. While as a first-time attendee you may ini-
tially feel that you’re “just a user” or that the content will be 
over your head. I have yet to meet an attendee that didn’t 

http://freebsd.org
http://bsdtalk.blogspot.com/
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feel welcome in BSD community. 
I  was glad that they attended, and 
was already making plans to attend 
another conference. If you can’t 
make it to a BSD conference, you 
can still access the technical con-
tent, as presentations are archived 
at Youtube (search for the name of 
the conference).

Luca Ferrari: How many 
BSD-related conferences do 
you attend in a year?
Dru Lavigne: I attend a dozen or 
so open source and BSD confer-
ences each year, where I help to 
staff the FreeBSD Foundation and 
PC-BSD or FreeNAS booth. I often 
present as well, on subjects such 
as ZFS and documentation. This 
year I attended the following con-
ferences: FAST, SCALE, AsiaBS-
DCon, BSDCan, Essen DevSum-
mit, vBSDCon, womENcourage, 
EuroBSDCon, LISA, and Fosset-
con. I missed SELF, TLF, OLF, and 
the OpenZFS DevSummit this year 
due to scheduling conflicts.

Luca Ferrari: As an 
instructor, what is the most 
common difficulty people 
have in learning the Unix 
culture and, particularly, 
the BSD culture?
Dru Lavigne: Students who 
haven’t been exposed to open 
source before are used to think-
ing of technology in terms of a 
purchasable brand consisting of 
“black boxes” that are supposed 
to “just work”, without having to 
think about how they work. You 
can (and should) slow down and 
learn how things work. It can be a 
mind shift to learn that the freedom 
to use and change how something 
works does exist, and isn’t con-
sidered stealing. And that learning 
how something works, while hard, 
can be fun.
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BSD culture, in particular, is well suited for those who 
have the time and temperament to dive into how things 
work. With over 40 years of freely available source and 
commit messages, you can dive as deep as you want into 
learning how things came to be, how they evolved over 
the years, how they work now, and how they can be im-
proved. There is a diverse range of stuff to choose from: 
from user tools to networking to memory management 
to hardware drivers to security mechanisms and so on. 
There is also a culture of sharing and learning and en-
couragement for users who demonstrate that they have 
done their homework and have their own ideas to con-
tribute.

Luca Ferrari: Many universities, high schools, 
and middle schools are embracing Unix-like 
operating systems. This sounds good because 
students get in touch with the Unix culture and 
the Open Source world. What are your thoughts 
on this?
Dru Lavigne: I’m all for any program that encourages 
people to think, try things, figure things out, share ideas, 
and contribute their results. I’m also a big believer that 
people (of any age) should be introduced to a wide variety 
of technology, so that they can learn which technologies 
best meet their needs. This is especially important for stu-
dents, so that they are aware that technology is more than 
just what happens to be in their classroom or what they 
see in advertisements.

Many schools also have programs or can partner with 
volunteer organizations that allow parents, older students, 
and technology professionals to assist in events, labs, 
and courses for introducing students to new technologies. 
I encourage readers to see what is available in their geo-
graphic area and to sign up for a volunteer event.

Luca Ferrari: What is the role of the FreeBSD 
Foundation and how can users contribute to 
the growth of the FreeBSD operating system 
through the Foundation?
Dru Lavigne: The FreeBSD Foundation is a US-based 
501(c)3 non-profit organization, which supports and builds 
the FreeBSD Project and community worldwide. The Foun-
dation receives donations from companies and individu-
als. Those donations are used to help provide hardware 
and infrastructure support for the FreeBSD Project, travel 
grants for FreeBSD contributors to attend conferences and 
DevSummits, project management and developer fund-
ing for specific development projects, and legal support 
for the Project and its logo, trademarks, and copyrights. 
As an individual, there are several ways you can help the 

Foundation support the FreeBSD Project. You can make 
a personal donation through the Foundation website, see 
if your employer has a donation matching program, or 
ask your employer if it is interested in making a corpo-
rate donation. If your business or employer uses FreeBSD 
in their product or infrastructure, contact the Foundation 
for assistance in writing a testimonial or case study on 
why you use FreeBSD. Let the Foundation know if you 
are doing interesting things with FreeBSD and would like 
to write an article for the FreeBSD Journal—they can as-
sist you through the editorial process. If you are speaking 
about FreeBSD or staffing a FreeBSD booth at a local 
event or teaching a FreeBSD class, let the Foundation 
know so that they can help you spread the word. More 
information about the Foundation’s activities, how to do-
nate, and how to contact the Foundation can be found at 
freebsdfoundation.org.

Luca Ferrari: The BSD Certification Group aims 
at providing two levels of BSD certification, 
affordable to anyone. Could you please 
provide our readers some information about 
these certifications, and why it is important 
to become certified?
Dru Lavigne: The BSDA is an entry-level certification 
for BSD system administrators. It is available in English 
and Japanese as a multiple-choice exam which can be 
taken either at an exam event, such as a BSD confer-
ence, or at a testing center. The BSDP is an advanced 
certification for more experienced BSD system adminis-
trators. It is still under development and will be a 2-part 
exam with a lab component as well as a multiple-choice 
exam. More information about each exam is available 
at http://www.bsdcertification.org/certification/.

Both exams undergo a rigorous, psychometric assess-
ment in order to provide value to both certificants and the 
employers who hire them. The exams are based on tasks 
that were deemed important by employers and the Certifi-
cation Requirements document for each exam details the 
tasks covered by that exam. Achieving a certification as-
sists system administrators in achieving a common base 
of knowledge. It can be used to fill skill gaps and to gauge 
which activities are important to employers. It also helps to 
grow the BSD community and demonstrates Certification 
that BSD is a viable enterprise solution and that skilled ad-
ministrators are available for administering BSD systems.

Luca Ferrari: PC-BSD is a young project that is 
gaining more attention. What is your role in 
this project and why would you suggest to new 
users to try this operating system?

http://freebsdfoundation.org
http://www.bsdcertification.org/certification/
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Dru Lavigne: I’m the editor and lead writer of the PC-
BSD User Guide, which is published with each version 
of PC-BSD. I also assist in testing new features and beta 
versions, reporting bugs as I find them. Recently, I started 
the Lumina Handbook for the Lumina desktop which was 
created as part of the PC-BSD Project.

I’ve been using PC-BSD as my desktop since Kris Moore 
announced the Project in 2005. At that time, it provided 
a graphical installer and an alternate method for install-
ing FreeBSD applications. Over the years, a Control Pan-
el of graphical utilities was created for performing admin-
istrative tasks on the system—this was needed as most 
open source administrative tools were designed for Linux 
and did not understand FreeBSD device names, user man-
agement, firewall management, and so on. Once the tools 
were caught up, the Project started working on some in-
teresting things, many of which take advantage of the ZFS 
filesystem. For example, with Life Preserver it is trivial to 
schedule automated ZFS snapshots (think backup of your 
files) and to timeslide between previous versions of files 
in order to restore a deleted or modified version of a file. 
These snapshots can also be scheduled to be replicated 
(backed up) to another system. If my main system blows up 
or I want to recreate it, I simply boot a PC-BSD installation 
disk on another computer, connect to the backup system, 
and restore the selected backup. Other cool tools include 
PersonaCrypt for logging into an encrypted USB stick (so 
that I can securely travel with my important files), switching 
to Tor mode for anonymous browsing, and safely updat-
ing the operating system or packages without fear that the 
update will break existing software. Should an upgrade be 
problematic, I simply reboot and select to boot into the ver-
sion of the operating system before the update occurred. 
The backup, restore, and safe updates are features that 
I find necessary for my own desktop and which I miss when 
I’m not on a PC-BSD system. In this day and age, why 
aren’t all filesystems and operating systems doing this?

Luca Ferrari: FreeNAS is another FreeBSD-
based project which shares some PC-BSD 
technology, such as PBIs for example. What 
is your experience with this community and 
how does it compare to other FreeBSD-based 
project communities like, PC-BSD?
Dru Lavigne: This is a very large community and many 
of its users are new-comers to FreeBSD-based technolo-
gies, ZFS, and documentation that is updated and pub-
lished with each release. There tends to be a learning 
curve for users to realize that the benefits of ZFS, particu-
larly for storage, far outweigh the hardware requirements 
and that one should refer to the documentation first, rather 

than scouring the Internet for outdated, and often incor-
rect, howtos. The community seems to be mostly com-
prised of an even mix of Windows users and Linux users.

PC-BSD users traditionally tended to be Windows users 
looking for an alternative that was free, secure, and virus-
free. We are now starting to see a lot of long-time Linux 
users who are looking for an alternative to systemd and 
who are curious about ZFS.

Luca Ferrari: What do you believe the BSD 
is still missing with regard to other operating 
systems?
Dru Lavigne: Visibility. The BSDs have a lot of cool, 
thoughtfully designed and well-implemented features that 
are either missing or poorly done in other operating sys-
tems. Some of today’s buzzwords are based on technolo-
gies that have been available on BSDs for years. The per-
ception is that functionalities are not available in the BSDs 
because they are called and implemented differently.

Luca Ferrari: What other projects are you 
currently involved in?
Dru Lavigne: I currently don’t have the time to contribute 
to other projects, but there are other projects that I use. 
I recently converted the documentation I’m responsible 
for from wikis and OpenOffice to Sphinx (sphinx-doc.
org). We also use other open source components in our 
doc toolchain, such as git for repository control, Jenkins 
(jenkins-ci.org) for continuous build integration, and Poo-
tle (pootle.translatehouse.org) for managing both UI and 
documentation translations.

Luca Ferrari: In the endless battle amongst the 
text editors, what do you choose: Emacs or Vi?
Dru Lavigne: Definitely nvi (not vim).
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Luca Ferrari: Dear Oleksandr, could you please 
introduce yourself to the BSDMag readers?
Oleksandr Rybalko: I’m a DevOps from Ukraine.
A long time ago, somewhere in the year 2000, I began to 
work as a support engineer in a small ISP in Mykolaiv city, 
Ukraine. The admin of that ISP gave us (support engineers) 
a free server to play with FreeBSD. That’s the way I became 
a FreeBSD fan. Some time later, if I remember correctly, it 
was 2009, another good guy asked me to work on a Free-
BSD embedded project. We selected the name ZRouter.org 
for it, because the main target was to run FreeBSD in small 
ARM/MIPS based routers with onboard Z-Wave transceiver. 
After some success of the project and several patches, Adri-
an Chadd asked me if I wished to become FreeBSD commit-
ter. Of course I agreed :)

Luca Ferrari: What is your involvement within 
the FreeBSD project?
Oleksandr Rybalko: I did three projects:

1. MIPS System-on-Chip Ralink RT3052 support;
2. ARM System-on-Chip Freescale i.MX515 basic sup-

port;
3. vt(4) virtual terminal.

So, from time to time I try to find spare minutes to sup-
port that code. And continue to improve the ZRouter.org 
project too.

Luca Ferrari: Are you currently working (or have 
worked) within other BSD projects?
Oleksandr Rybalko: Yes, it is ZRouter.org.

Interview with 
Oleksandr Rybalko 
LUCA FERRARI

The Raspberry PI Platform and The Challenges 
of Developing FreeBSD 

Luca Ferrari: Could you please introduce our 
readers to the Raspberry PI platform and detail 
what are the challenges of developing FreeBSD 
for such an embedded platform? What is the 
current status of the porting effort?
Oleksandr Rybalko: I think, my main help here was 
a USB OTG driver, which I wrote before for another de-
vice (Ralink RT3052), then port it to R-Pi. But it was rewrit-
ten by Hans Peter Selasky. I do not know so much about 
USB as Hans knows.

Another useful part of my help is Xorg support. I did 
a simple Xorg video driver which uses framebuffer export-
ed by virtual terminal subsystem.

That is help to many guys to start use RPi as a simple 
desktop system.

Luca Ferrari: What are advantages of using 
FreeBSD on Raspberry PI with regard to other 
operating systems?
Oleksandr Rybalko: FreeBSD is very powerful as a net-
work server. All modern network features in one box, with 
very fast processing.

Another good side of FreeBSD is modularity. It is not re-
quired to write code to use some driver that was already 
written for another system, you can just define it in con-
figuration files (kernel config, kernel hints, FDT).

So if you want build a nice, R-Pi based, home server – 
use FreeBSD.

If you want to play with devices attached to R-Pi’s 
GPIO – use FreeBSD.
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Luca Ferrari: FreeBSD has a long history about 
embedded device installations, like for instance 
Soekris boards, did the experience and code 
produced along this path help the porting to 
the Raspberry PI?
Oleksandr Rybalko: Yes, for a long time I see “device 
migration” – when one device component is used in sev-
eral different System-on-Chip(SoC)s, sometimes it’s very 
different, sometime it’s even in SoC made by another ven-
dor. Plus, there are so called IP-cores. IP-core is just de-
sign of device which can be translated into device logic. 
So chip manufacturers get licenses to use some of it, and 
combine them into their own SoC design. As a result, we 
can find well known devices in very unexpected places. 
For example one USB On-The-Go controller, with a small 
difference, can be found in:

• Cavium Octeon MIPS64 SoC
• Ralink RT3052F MIPS32 SoC
• Broadcom BCM2835 ARM SoC (Raspberry Pi)

Luca Ferrari: What are the most notable use 
cases of FreeBSD running on Raspberry PI?
Oleksandr Rybalko: I don’t know :)

Some guys use RPi as a development board, because 
there are a lot of available pins to connect external devic-
es. Some guys use it as lite PC.

I heard of one idea to show slides for conferences, but 
I don’t know if it was realized.

Luca Ferrari: What is the ZRouter project and 
what is the aim and challenges it is facing?
Oleksandr Rybalko: ZRouter.org project aims to embed 
FreeBSD into routers with very limited resources, like CPU 
clock speed, RAM size and Flash storage space. But there 
are a lot of systems which do not require full FreeBSD power, 
so ZRouter.org can be used there too.

For example, firewalls usually have a relatively big 
amount of resources, but it’s still an embedded machine, 
so does not require a full set of kernel modules and big 
number of utilities and libraries.

ZRouter.org can help there to build a system image with 
a reduced amount of modules/utils/libraries.

Nobody will write and compile programs at his firewall. :)
The main challenges of the ZRouter.org project were 

the big sizes of most software parts and lack of com-
pressed, Flash oriented R/W filesystem. Those problems 
we worked around using some tricks, like use R/O file-
system compressed with LZMA (geom_uncompressed) + 
changes stored in tar.gz in a special flash partition.

https://register.bsdcertification.org//register/payment
http://www.bsdcertification.org/
https://register.bsdcertification.org//register/get-a-bsdcg-id
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INTERVIEW

Luca Ferrari: What would you suggest to 
a developer that wishes to deploy his own 
application/stack on Raspberry PI using 
FreeBSD?
Oleksandr Rybalko: Read wiki.FreeBSD.org and start 
working :)

There is nothing hard, even for a novice.

I have to have some love to FreeBSD, some love 
to your board, some wish to create new things and 
you will get what you like to see.

Anyway, the big and warm FreeBSD community 
will always help you to resolve your problem, but 
only if you’re doing something. :)

And always remember “If you can get 90 percent 
of the desired effect for 10 percent of the work, use 
the simpler solution”, meaning – always try to find 
the thing you want to implement before you start, 
maybe somebody did it before you. That also brings 
you closer to that thing FreeBSD developers very 
love – “code reuse”

Luca Ferrari: In the endless battle for the 
best editor in the world, could you please 
tell us which one do you use and what 
tools make your favourite toolchain?
Oleksandr Rybalko: Heh, you will not believe :)
I’m use mcedit, sometime vi/vim.

About toolchain
I like clang/llvm, but I hate to wait so long while it 
will be built during buildworld. And hate more to 
wait double build for embedded buildworld :)
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When performing incident response activities, 
mapping a network or performing penetration 
testing, you are likely to run in to situations 

where packet captures have already occurred. This could 
be in response to an event, or in today’s world, more of-
ten as a routine practice. Either way, the packet capture 
(pcap) files can provide valuable information that we can 
examine and report on using P2NMAP-Analzer.py, which 
was developed in Chapter 4.

In order to accomplish this, I needed to develop a script 
that would extract the pertinent data from an existing pcap 
file and create both an .ipDict and .osDict file that can be 
processed. In other words, we need to interpret the pcap 
file to generate the same output files that P2NMAP-Cap-
ture.py does.

A number of years ago, Dug Song produced the Python 
Module dpkt (among many others) that is ideally suited for 
processing existing packet captures such as pcap files. 
I have tested the module extensively, and it is a nice ad-
dition to your core library within Python. One criticism of 
the library is the lack of documentation, however our use 
of the library is pretty straight-forward and my script will 
hopefully clear up the usage for at least our use case.

Installing dpkt as with most 3rd party Python packages 
is quite simple: The following command lines work just 
fine on Windows, Linux and Mac.

Windows

pip install dpkt

Linux/Mac

sudo pip install dpkt

Whenever I install a new package/module within Python, 
I run a quick verification that it is working. To do this, 
I can launch a Python shell from either the Windows or 
Linux command prompt. Below I show this from a Win-
dows session. I then use the built-in Python import com-
mand to load the package. Once the package has been 
successfully imported you can then use the built-in Py-
thon dir() function to print the attributes associated with 
the package. For even more information you can also 
use the built-in help() function.

Note, if the import functions fails, it would indicate that 
the dpkt package is not properly installed (Code 1).

Review of P2NMAP-Capture
As you know from the development of the P2NMAP-Cap-
ture.py script for network mapping and OS Fingerprinting, 
we only require a few key pieces of data. We organize that 
data within an efficient data structure that both minimizes the 
size and also allows fast processing of the resulting data.

Python Passive 
Network Mapping
P2NMAP
CHET HOSMER TECHNICAL EDITOR GARY C. KESSLER

“It is by doubting that we come to investigate, 
and by investigating that we recognize the truth.”

Peter Abelard
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The core data we need from the pcap records in order to 
properly generate .ipDict and .osDict files are as follows:

General:

• Packet Timestamp
• .ipdict
• Source IP
• Destination IP
• Source Port
• Destination Port
• Protocol (TCP or UDP)
• .osDict
• Source IP
• Destination IP
• Source Port
• Destination Port
• SYN Flag
• DF Flag
• TTL (Time to live value)

• TOS (Type of service value)
• Window Size

Utilizing the dptk Package
The Code to extract the necessary data from the pcap 
files is isolated here (note: to simplify the code, I left out 
the exception processing, which is in the full version of the 
script). Minus the comment line, less than 20 lines of code 
are required to obtain the fields we require (Code 2).

The rest of the script uses the previously created classes:

class IPObservationDictionary:

class OSObservationDictionary:

.. along with the same packet processing code that 
was developed during the P2NMAP-Capture.py script. 
The full script is included here:

P2NMAP-PCAP-Extractor.py Script
See Code 3.
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Executing P2NMAP-PCAP-Extractor
Executing the PCAP-Extractor is done from the command line (again, Windows command shell along with Linux / Mac 
Shells all operate the same, see Code 4).

Executing the script with the –h option only, provides the argument list. Only 3 arguments are available:

• -v (optional) which will provide a verbose output from the application
• –i which is the input file and specifies the pcap file to extract from
•  –o which specifies the output directory where the resulting .ipDict and. osDict files will be written with the familiar 

timestamp filename
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When the script is executed with the verbose argument the following sample output is also generated on screen. 
(note: this output has been abridged to save space, See Code 5).

Figure 1. Wireshark Samples Captures Web Page

Figure 2. Tcpreplay Sample Captures

Figure 3. NETRESEC Sample Captures
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Now you can utilize the resulting files from this run:

20150303-151016.ipDict

20150303-151016.osDict

Now that we have generated the extracted ipDict and 
osDict files we can utilize P2NMAP-Analyze.py or 
P2NMAP-OS-Fingerprint.py to perform the requisite 
analysis. Note the P2NMAP-OS.Fingerpring.py script will 
be discussed in the next section.

Where do you find .pcap files to experiment with? 
You can obviously perform a Google search and you will 
find quite a few potential sources. However, three sourc-
es that I used heavily during experimentation include:

WireShark Samples Captures: http://wiki.wireshark.org/
SampleCaptures

Tcpreplay: http://tcpreplay.appneta.com/wiki/captures.html 

NETRESEC: http://www.netresec.com/?page=PcapFiles 
Shown in Figure 1, Figure 2 and Figure 3

PASSIVE OS FINGERPRINTING
As many people are painfully aware, performing pas-
sive OS fingerprinting is a significant challenge. However, 
in this section I will provide the building blocks for identify-
ing at least the general OS that is executing on the asso-
ciated server platforms. The actual missing-link is a com-
prehensive dataset of rules that would more accurately 
map OS behaviors. This method is not meant to compete 
with the active methods of fingerprinting generated from 
the NMAP community, SAINT developers, McAfee/Intel 
Foundstone labs and other mainstream vendors. Rather 
the solution is presented to encourage expansion of the 
method, especially the painstaking task of developing sig-
natures that will work during passive based examinations.

OS Fingerprinting Truth Table
During the passive collection of packet data (whether us-
ing P2NMAP-Capture. py or extracting packet data using 
P2NMAP-PCAP-Extractor.py) several key initial param-
eters were collected from observed packets. These IP 
packet values include Type of Service, Time to Live, Don’t 
Fragment (DF) and Window Size. These values were only 
collected when the IP packet contained a TCP segment 
with the SYN flag set. This set of values allows for the 
creation of a Truth Table that would generate possible OS 
Fingerprinting when all four of the table values match the 
observed values.

Truth Tables provide a method of defining all possible 
values that can exist for a certain set of facts, variables 
or functions. These tables contains multiple rows and 
columns, with the top row representing the category 
values along with a final column that contains the con-
clusion based on the values specified in that row.

Table 1. shows a sample table with a few sample entries.
In order to improve on the basic concept, I wanted a bit 

more flexibility in the table. First, the Time to Live observa-
tions are impacted by the number of router hops that the 
packets take between the source and destination. Thus 
even if the packet starts out at 128, the value we observe 
is likely to be less than 128, therefore I will make this 
a range of values instead of a fixed number. Secondly, for 
certain known fingerprint signatures only 2 of the values 
may be required for an accurate identification.

For example, we may have knowledge that a certain 
CISCO network device has a starting TTL value of 255 
and a Window Size of 4128, but the Type of Service and 
DF flags are not relevant, unknown or unreliable. In this 
case I would like to ignore the DF and TOS fields during 
the comparison (by using wild cards). Finally, for ease of 
parsing the table, the TTL and Window Size fields will al-
ways contain a range. The resulting truth table would then 
look like that in Table 2.

Table 1. Basic Truth Table

Time to Live Type of 
Service

DF Flag Window 
Size

OS Identified

128 0 T 5000-9000 Window NT

64 16 N 17520 Open BSD

128 0 T 32000-
32768

Netware

Table 2. Improved Truth Table

Time to Live Type of 
Service

DF Flag Window 
Size

OS Identified

65-128 0 Y 5000-
9000

Window NT

33-64 16 N 17520-
17520

Open BSD

65-128 0 Y 32000-
32768

Netware

129-255 * * 4128-4128 Cisco IOS

A sample flat file truth table file is shown here, with the 
syntax being strict space delimited columns to make 
parsing the file simple. The file can be expanded to con-
tain additional values as more known observations be-
come available or the fingerprint data improves.

http://wiki.wireshark.org/SampleCaptures
http://wiki.wireshark.org/SampleCaptures
http://tcpreplay.appneta.com/wiki/captures.html
http://www.netresec.com/?page=PcapFiles
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Truth Table Python Class
To handle the processing of the truth table, I create a sim-
ple class that will perform three basic functions:

1. Load the truth table and process the range values
2. Accept a known set (TTL, TOS, DF and Window 

Size) as input and return the first matching OS Fin-
gerprint from the loaded truth table.

3. Print the truth table for convenience and verification
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Now that we can load and process the truth table, all that is left to do is build a menu driven script that can:

1. Load a previously generated .osDict file
2. Load and process and user defined truth table
3. Generate the OS fingerprint results

In addition, I have provided similar support functions as with the P2NMAPAnalyze script to allow directing the output 
to a file, along with the ability to print the contents of the .osDict observations and the truth table contents.

P2NMAP-OS-Fingerprint Script
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Executing P2NMAP-OS-Fingerprint
Operating P2NMAP-OS-Fingerprint.py, requires no com-
mand line arguments as the user is prompted for all neces-
sary input.

Before processing and generating the OS Fingerprints 
a valid observation file and a valid truth table must be 
provided: Once this is accomplished successfully, the 
menu will change to allow for the execution of the re-
maining options:

1. Print truth table
2. Print observations
3. Print probable OS fingerprint

Selecting Option 1, produces the following truth table 
output, (Current Loaded Fingerprint Truth Table).
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Selecting Option 2, produces the familiar (abridged) OS 
Observations result

Finally, Selecting Option 3, produces the (abridged) 
Probable OS Fingerprint Result

REVIEW
I tackled extracting key data from pcap files to convert 
them into the .ipDict and .osDict format in Chapter 5. This 
provides a direct way of handling captured network traffic 
from sources other than P2NMAP-Capture.py developed 
in Chapter 3. This was critical since more and more orga-
nizations are routinely collecting, preserving and retaining 
pcap files in their normal course of business. To extract 
the data, we used the 3rd Party Python Library dpkt, and 
were able to accomplish this core extraction process in 
less than 20 lines of code. I then wrapped this process 
into a script to automatically perform the functions.

Next, for the first time we used the contents of the .os-
Dict file to make use of the observed TTL, TOS, DF and 
Window Size to predict the OS Type of the server in 
question. I defined a method using a truth table to per-
form this operation, and provided a baseline for further 
expansion of the truth table to improve the accuracy of 
the fingerprint identification. Next, I created the complete 
script, P2NMAP-OS-Fingerprint.py, to experiment with 
this new method of OS identification.

I also provided sample script execution for both 
P2NMAP-PCAP-Extractor and

P2NMAP-OS-Fingerprint.

SUMMARY QUESTIONS

1. Challenge Problem 1: Develop experiments that gen-
erate observed behavior of a variety of operating sys-
tems under normal operation. Use that data to im-
prove the truth table and ultimately the accuracy of 
Passive OS Fingerprint identification.

2. Challenge Problem 2: Utilize the ipDict result and the 
port values obtained to further improve OS Finger-
print identification by creating a truth table that pro-



 

vides association of known ports with the most oper-
ating system most probably in use.

3. Challenge Problem 3: Modify both P2NMAP-Capture.
py and P2NMAPPCAP-Extractor.py to collecting TTL, 
TOS, DF and Window Size observations for protocols 
other than TCP/UDP.
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Additional Resources

• Song Dug, dptk Python Package, https://pypi.python.
org/pypi/dpkt

• Silverman Jeffery, dptk documentation, http://www.
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