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Brief information about the module

D Description

The general outline of this module is to provide some theoretical and practical issues related to knowledge
and practical skills security at business trips. You will have the possibility to protect your wireless network
and use protected wireless networks with the idea of VPN. The module will also cover how to send emails
securely using free PGP protocol for encrypted messages which no one can decipher without your
permission.

Content of the Learning Material

1. Introduction to wireless networks. Theoretical basics: principle of operation, encryption
protocols.

Earlier WEP and WPA protocols were used to secure wireless networks, but they were not
resistant to hackers' attacks. The introduction of the WPA2 protocol allowed to ensure a sufficient
level of security, but it does not provide full security anyway. There are many network topologies,
wireless access protocols and network access acquisition techniques available, and both CPU
(Central Processing Unit) and GPU (Graphics Processing Unit) computing architectures are used in
network key acquisition [1,2].

WEP (Wired Equivalent Privacy) is one of the oldest IEEE 802.11 wireless encryption standards.
It provides information protection based on the use of the RC4 algorithm. It has many known
security vulnerabilities and has therefore been cracked multiple times. It is one of the oldest
standards for securing WLAN networks (established in 1997). It does not require high computing
power of the installed devices. It uses two user authentication methods: Open Authentication and
Shared Key Authentication. In addition, it enables user verification based on physical MAC
addresses using the ACL (Access Control List). There is a 64-bit WEP variant (based on a 40-bit key
and 24-bit initialisation vector) and a 128-bit WEP variant (based on a 104-bit key). Some
manufacturers have also introduced a 256-bit WEP standard [1,2].

WPA (Wi-Fi Protected Access) is another standard for encryption of IEEE 802.11 wireless
networks. It was introduced to improve the level of security of WLAN networks, replacing known
vulnerabilities in the WEP standard. It is based on the use of protocols: TKIP (Temporal Key Integrity
Protocol) and EAP (Extensible Authentication Protocol), 802.1x standard and the MIC (Message
Integrity Check) mechanism. The standard is based on the RC4 algorithm. It was implemented as an
interim solution between the WEP standard and the current most secure wireless encryption
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standard 802.11i. It provides work in two modes, which include: Enterprise (using a RADIUS server
that manages the allocation of keys to users) and Personal (using a shared PSK key) [1,2].

WPA2 (Wi-Fi Protected Access 2) is currently the most powerful encryption standard for
wireless networks (also known as 802.11i). It provides information protection based on the use of
the AES (Advanced Encryption Standard). It was introduced to improve the level of security of WLAN
networks, replacing known vulnerabilities in the WEP standard and the interim WPA standard. It
implements the 802.1x protocol improving the control of user access to the network. It provides
work in two modes, which include: Enterprise (using a RADIUS server that manages the allocation
of keys to users) and Personal (using a shared PSK key) - often used in home solutions today [1,2].

The WEP algorithm is the least secure encryption standard for IEEE 802.11 wireless networks.
It has been cracked many times by various methods due to the many currently known vulnerabilities
in the security aspects of the algorithm. The main disadvantages of the standard include[3]:

e Lack of a defined key management system (often one network key is used by all nodes of
a wireless network);

¢ Insufficient bit size of the network key (the first version of the WEP standard introduces
40-bit keys);

¢ [nsufficient bit size of the IV initialization vector (the WEP standard introduces a 24-bit
initialization vector, which turns out to be insufficient and, due to the relatively high
probability of collisions with a small number of received packets, there is a possibility of a
cryptographic attack to obtain the value of the WEP key);

e Weak ICV checksum based on CRC-32 linear function (there is a possibility of unnoticeable
modification of the information sent in the network);

e Weak RC4 information encryption algorithm (there are too many dependencies between
the network key and the result of information encryption);

e |[nsufficient user authentication system (there is a possibility of forging authentication
messages).

e Based on the presented weaknesses of the WEP algorithm, many tools have been created
to conduct attacks that test the security level of WLAN networks. The most popular attacks
against WEP include:

e FMS attack - a statistical attack (developed by Fluhrer, Mantin and Shamir) on the RC4
algorithm used in the WEP encryption standard;

e KoreK attack - a statistical attack (developed by a person nicknamed KoreK) that uses
several more (compared to the FMS attack) dependencies of the RC4 algorithm encryption
process;

e Chopchop attack - an interactive attack, carried out in the direction of gaining access to
the network by gradually decrypting one of the received packets;

e PTW attack - is a statistical attack (developed by Pyshkin, Tews and Weinmann) on the
RC4 algorithm, which, thanks to the successive dependencies of the data encryption
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process, significantly increases the probability of obtaining the key value with a relatively
small number of received packets.

Another frequently used type of attack is the Dictionary attack. It is one of the brute-force
methods of acquiring e.g. cryptographic key values in wireless computer networks. To obtain
WPA/WPA2 key values, the method is based on one-way encryption and comparing entries in the
dictionary with information in the captured 4-way handshake sequence. Dictionary attacks are
carried out with the intention of reducing the time of obtaining key values compared to the brute-
force method. The process of retrieving the key value continues until a positive result is obtained
(i.e., when the entry in the dictionary turns out to be a valid key value) or until all entries in the
dictionary are compared with the negative result. A negative result may indicate a high level of
complexity of the key value and the need to use the brute-force method|3].

The success of this attack is the selection of an appropriate dictionary. Dictionary is a text file
used in the case of dictionary attacks to obtain, for example, cryptographic key values. It contains
a list of appropriately prepared items that may constitute the key value sought. The use of
dictionaries in the case of force attacks allows to significantly reduce the set of examined values,
which may result in speeding up the process of acquiring the cryptographic key value. The content
of dictionaries is built, for example, on the basis of the presented items[3]:

e a list of words appearing in national and foreign dictionaries;

e combinations of words with uppercase and lowercase letters, words spelled backwards (i.e.

palindromes);

e combinations of dictionary entries with cut out vowels or consonants;

e combinations of multiple repetitions of selected names, surnames, dictionary entries;

e combinations of words with numerical values, special characters, etc.;

e a list of passwords and logins most frequently used by users;

¢ a list of popular companies, organizations, technical terms, proper names, etc.;

e information leaks (i.e. logins, nicknames, passwords) from various internet portals;

e combinations of adjacent keyboard characters for selected patterns (Fig. 1).
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o Mz Jlix Mic v dis fin fim 2 f

Fig. 1. Schema showing examples of network key creation patterns

The network key plays a key role in the study of network resilience. It is a sequence of
characters used by network users in the authentication process. The authentication process is an
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important step in protecting access to shared services and network resources from unauthorized
users. Network keys are often created and managed by network administrators and may constitute
the weakest link in the security of a computer network. Key values that turn out to be relatively
time-consuming or impossible to break using brute-force methods in realistic time should be
generated, for example, based on the rules presented[3]:

e Each wireless network managed by the administrator should be secured using a different

network key;

e Each network user should use an individual network key;

e Network keys should be built on a sufficient number of characters;

e The generation of keys should be based on the maximum available character space;

e Keys should not be generated using corporate and personal information;

e Keys generation should not be based on a list of items in publicly available dictionaries;

e Network keys should be built on the basis of random sequences of characters;

e Network keys should be updated periodically;

e Currently used key values should not be associated with key values that are no longer used.
2. Virtual VPN tunnels. Theoretical basis: types, architecture, principle of operation, encryption
protocols. Installation of the Open VPN programme (configuration, addressing, parameter
selection, key generation).

A Virtual Private Network is a tunnel through which private network traffic flows between the
sender and recipient over a public network. VPN stands for 'Virtual Private Network'. AVPN network
encrypts all activities on the internet, hides the IP address, protecting the identity of the network
user. A VPN connection offers secure access to applications, websites and entertainment platforms
from anywhere in the world. It is possible to optionally compress or encrypt transmitted data to
provide better quality or a higher level of security, thus protecting privacy within the network [4].

A secure tunnel is created by first authenticating the client with the VPN server. The server then
applies an encryption protocol to all data that is sent and received. To ensure the security of each
data packet, the VPN places it in an external packet, which is then encrypted by encapsulation. It
ensures the security of the data during transmission and is a fundamental component of the VPN
tunnel. After the data reaches the server, the external packets are removed in the decryption
process [4].

VPNs can be divided into two main categories [5]:
* A remote access VPN that allows users to connect to a remote network, usually through
special software.
* Site-to-site VPNs used by companies, especially large corporations. They allow users in
selected locations to securely access other users' networks.
An example of a dedicated VPN development software is RadminVPN. In most cases it is not

necessary to have a static IP address in your local network to set up a VPN tunnel. After downloading
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the appropriate software, it will create an appropriate network with a static address of your
computer [6].

Radmin VPN allows you to connect to two computers on two different networks. A
configuration example is shown below. For easier understanding of the operation of the VPN

channel, Fig. 2 and 3 shows the initial configuration of computers between which a secure channel
is to be created.

Command Prompt

udent>ipconfig /a

IP Configuration

Komputer

: Famatech Radmin VPN Ethernet Adapter
1 B2-58- 3 E-BE4

H:H:Bans
: Enabled

NetBIOS over Tcpip

Ethernet adapter Ethernet:

Fig. 2. Initial configuration of computers
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Fig. 3. Initial configuration of computers

As you can see, the gateway addresses are completely different, so computers do not have a
physical or logical connection to each other. To create a channel, install RadminVPN on both
computers. On one of them you need to start by creating your own network.

7 VPN - X

System Network Help
Systern Metwork Help

26.132.77.208
26.126.115.122

Create Network

Join Network

Create Network

Join Network
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Fig. 4. View of application main screen (left image - configuration of computer 1, right image -
computer 2).

To create a network, select Create network in the application window, provide a name and
password for the network and confirm with the Create button. On the second computer, the
network created in this way should be added by clicking the Join the network button, entering the
name and password of the network just created.

Systern Network Help

bard-Komputer

26.126.115.122

 Siec Niepozorna

11| DESKTOP-2MCSBBE 26.132.77.208

Join Network

Private Network Gaming Network

Metwork name: | Siec Miepozorna

Password: sesssnnees

Fig. 5. a) View of the network connection window; b) connection status.

After successfully joining the network, both computers should be in a network connection view (as
shown in Figure 5b). In this case, you can see the name and address of the computer on the other
side of the tunnel. It will be the same on the second computer. The connection attempt at this stage
will fail as Radmin Server is required for system operation. Information about the installation will
appear in the application and it must be done on both computers and restarted. After completing
the entire installation process, computers will be able to communicate, but it will not be possible
for one to take control over the other. In order to be able to control each other you have to
configure the system remote desktop in Windows (Control Panel->System and on the right side
choose Advanced System Settings).
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Systermn Properties >

Computer Name  Hardware Advanced Remote
Remate Assistance

Allow Remote Assistance connections to this computer

Femote Desktop
Choose an option, and then specify who can connect.
i) Don't allow remote connections to this computer

{®) Allow remate connections to this computer

[ ] Allow connections only from computers unning Remote
Desktop with Metwork Level Authentication (recommended)

Help me choose Select Users. .

Corcat | [ ool

Fig. 6. Settings of Remote Desktop section

The System Properties window appears. Next select the Remote tab and the Remote Desktop
section by selecting Allow remote connections to this computer (Fig. 6). After approving the
changes on both computers, create a user with given access rights. To do this, run RadminServer
and from the fields on the right choose Permissions and then the Permissions option. In the
permissions window, check Full access and create a user (you need to give him/her a name and a
password). This completes the VPN channel configuration process. The created tunnel is bi-
directional and can be easily used to control computers from both sides.

3. Email encryption. Theoretical basis: types of encryption (symmetric and asymmetric),
security, protocols, keys. Installation and configuration of OpenPGP. Installation and
configuration of an email client.

One of the most widely used communication channels is electronic mail (email), which is
increasingly becoming a target for hacking attacks. Protecting this element is an important part of
a cyber security solution package. Protecting email and encrypting attachments are two very
important online security issues. Email encryption not only minimizes the risk of confidential data
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leaking, but prevents unauthorized interception. Email and its attachments are not secured by
default with SSL and TLS protocols, and all messages are sent as plain text [8].
Encryption algorithms, like cryptography, fall into two categories:

- symmetric encryption algorithms;
- asymmetric encryption algorithms;

The main difference between the two encryption methods is the number of keys used.
Symmetric encryption uses a single key, while asymmetric encryption uses two different but related
keys. One of the keys is the private key and the other is the public key. Symmetric encryption
algorithms use the same key to perform both encryption and decryption functions. The asymmetric
encryption algorithm uses one key to encrypt data and another key to decrypt it. This means that if
we want to send an encrypted message to someone, we encrypt it with the recipient's public key,
and the recipient uses his/her private key to decrypt it.

Another criterion for dividing encryption is that of key length. The length of the key is directly
related to the level of security provided by each of the cryptographic algorithms. The longer the
key, the safer the data. In symmetric algorithms, the keys are randomly selected and their length is
typically 128 or 256 bits, depending on the level of security required. In the case of asymmetric
encryption, in order for encryption and decryption to take place, there must be a mathematical
relationship between the public and private keys (in the form of some unique mathematical
formula).

Due to its greater speed, symmetric encryption is widely used to protect information in many
modern computer systems, such as the Advanced Encryption Standard (AES) used by the US
government to encrypt confidential and secret information. AES has replaced the earlier data
encryption standard (DES).

Asymmetric encryption is used in systems where multiple users may require access to both
encrypt and decrypt a message or data set. An example would be email encryption where the public
key can be used to encrypt the message and the private key can be used to decrypt it.

One solution is the OpenPGP standard. Defines cryptographic email extensions - encryption
and digital signatures. The standard was based on the existing PGP programme. Currently, there
are many different implementations. The standard is defined in RFC 4880. Often, users use the
Thunderbird email client in the process of sending emails. This client allows you to send and receive
encrypted and digitally signed emails using the OpenPGP standard. This feature is commonly known
as end-to-end (e2ee) encryption and makes communication more secure and less likely to be spied
on by third parties. Thunderbird 78 has built-in support for two encryption standards, OpenPGP and
S/MIME.

Previous versions of Thunderbird (v68 and earlier) had built-in S/MIME support, and you could
add OpenPGP support using the Enigmail add-on and GnuPG software. The Enigmail add-on is no
longer available for Thunderbird 78, except to help its former users migrate to OpenPGP in
Thunderbird 78 or to get guidance on how to restore their 'Junior Mode' rules from Enigmail. You
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can upgrade your Thunderbird settings from an older version (e.g. 68.x) to version 78.x. Before using
Thunderbird 78 for the first time, however, it is recommended that you back up your Thunderbird
profile, as after the upgrade, the profile can no longer be used with Thunderbird 68.

Enigmail used GnuPG to store and manage all keys and trusted settings. You can migrate and
Enigmail will read the old keys from GnuPG and import them. Thunderbird 78 uses different settings
than Enigmail. With Enigmail, it was possible to enable OpenPGP for an email account, but let it
automatically choose which key to use. Thunderbird 78 combines these settings. To enable
OpenPGP for an email account, you must explicitly specify which key to use.

GPG4win software will be used for encryption. It is a set of advanced data encryption tools. It
enables protection against unauthorised access not only of email, but also of files and folders.
Working with Gpgdwin is based on asymmetric encryption, i.e. on the basis of two keys - private
and public. The first one is used to encrypt data, the second one should reach the recipients of the
message who can access it. Keep the private key in a safe place.

The package includes such elements as the GnuPG encryption tool, Kleopatra certificate
manager (Fig. 7), alternative GPA certificate manager, Claws Mail email client, as well as two plugins
that allow integration with Microsoft Outlook (in versions 2003, 2007, 2010 and 2013) and Windows
Explorer.

™ Kleopatra =)

File View Certificates Tools Settings Window Help

4}‘ Import Certificates [ 4 Export Certificates eRed\splay () Stop Operation | @ Lookup Certificates on Server

Find: [ My Certificates
_®| mycertifiates | Trusted Certificates | Other Certificates |
Name E-Mail Valid From Valid Until Details Key-ID

L

Fig. 7. Certificate manager - Kleopatra.

Gpg4dwin supports the OpenPGP and S/MIME (X.509) standards, creating certificates by default
using 2048-bit keys. RSA is the standard encryption and signing algorithm. Additionally, the package
also allows the generation and verification of SHA1, SHA256 and MD5 checksums.

Configuration of the message encryption environment.

After assigning email accounts to the GPG4WIN programme, a pair of keys should be
generated. A pair of keys consists of a private key and a public key. The private key is assigned to a
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specific account. A person who wants to send an encrypted message to this account must have the
recipient's public key.

Scioct your porsongi koy 10 cnable the use 0f OparfGP, of yOur peronal comficata 10 erabia the use of SIMIME. For 3

pervonal key of cerlificale you onn the coresponding secred key. Ve infol mati

OpenPGP
, Truncerdend found 1 personal OpeniGP ity AI00L00 With [ —

¥ Your currem configuration ases key 1D SDTA | carn ore

£ 2030 Kay.

None
00 00t use OpaabGP for s identity.

© Ox9939A0FBS8TCEDIA &
Expires o 13042023

Use the OpenPGP ey Manager 10 view 30 manage Pl keys OF your COMesponcents and Ml other keys not sted
above

CpenPGP Key Manages

Fig. 8. Settings of Remote Desktop section

Once the accounts have been configured in Cleopatra, you can directly use Thunderbird to
send and receive encrypted messages without using an external programme. Remember to send
your public key when sending your first message to a new recipient (Fig. 8). An example of an
encrypted message is shown in Fig. 9.

wcDMABrS5uS9RHK /uAQv/ cvKOX1iobGKfmQ25IcGedkxtcXan90DhQOHODeAQy LSfpPFYOitt4LpF
Kc2aae3laygRN+ObhTESVFaxtt(Cw76ES5ws zkMIcK8UdxYzrX9PuaujtzYj8kSx3mOskfXrdglYnM8
11TIYNETSgTnFSZ4jHKQLVIHVWOZMztoo/iblLVIY3TTd7aKn7+cYyepNasrPPzoxcSGjl1pQCkI6t
SGtm8HDBfekKbK6qTKefYdGrCDBS4sAsuszwaX5QtSn50LAE2FkXCiKzTheDkdFxQQ7yk /rUTs93
MkRwRtjteDqO7KC1yNPBim+KVLVG20EibD1FrdFIsbaEaPI13Y@6LhmjBMrUOUaMhPIpYDM1Ki8u
gqGHOQmgISQU1y6/poyGDmOfSPOFchWaTB+9fjzpmEb32mK10D1I0M211utSAtmZHBW11Kpy4dcdC
XygSXMkJ4as+p9/MtICAESYyFkDXamESbtIO4AySXj+YrBnQ+WkB1HOelL fSFg+cj7fwluasRvEIeO
wcDMA3pK1foZRRoWAQV/UVilR5h++k8Tq8uk/IeUchC3Si832Li8Ro++dGxy65Gomjlzg+oxb0oj
PulkZGs5QbCywvS5+v1o07CxpGSeMcBbjlT5iV/cKk1An9bdCjADXFLwASEWCtqQTR470FgArvgi2gm
2i0WaAg6Zcnd21lcfGeSkmeyRKt80mHL6LDaZXSnICIkhNRwr3GKHh8gleTOObNn+72MOTbBKXxLe3T
bnGw2ypPIQl55k2x+ZbgkjDnQQDogsHpBlip7KSyYArf+rI4uPgbYQgSU3NYYAUsmOtI2yesouvV
gFic/OTE9XqRqhciE2bTWPxHS5ikxCMwlLQa33E8+hngsSDfoyoRdolSEwjhI8KHthzddXzPNSkdgn
Q4pdGUljFaDivtLc7cNs3SFKoZBiZcQaHRTABVNDMQgRggoG6FBDitud3vXCh5aR8/zUVS6moGTS8
2sh/VWvryEAHKLSUPZulgwaZlD5hxosUMuwzGiblLzaCApbilNdzm4zaDz2KdGBwmvyGkC70T41v]j
OsMwAbnd2f3Hz+AuXFajZ6uO8m6ibKMtIRM3EXggkNhue@rIU4KLchp9U9jLAtEGMQjPFKmgGQgE]j
U7/QPiVbl18DjbmhYH99IwYH8hICx1rqgdAtX0OxJgz8wlB+MOebmaKxDaDqS9gQj/n9N/Hvj8btZKz
turb54Y8MxZXXXoNxLAVZr1HHcbQoweHIXOEXanoMsxEwT3ugAiQetwBzXnRI9D0OzxTkzeOMK100S
63jnVTQy454ql+w6FfNWAFBbpYY73Lt1INifD7mHoqelG3olhgzj/uUs67TI1DjLfqzhxqw@TnfXyNM
+457FZCj+iYwdV8DhDbadyfYmDJASLLP8Uw7gLtkFxD1ldsalf7/xQ5g98eKhz/4INI®xL+5Znno
x4SnkX++hy4z /nRKBNQcIupW7KuG1SOABT IhQWx3mtxyte®@mxBRxiApfCSHFNzQM+vtmhIK8m1HK
Osc3kVwbkTodafSTi/qlghcOh2R7h8hL7qRc56ig7i4nPYS5bnsPpfyyPYAuUDIQUzS5z4tFrdEX/+
gw/gH308hTS17VSfgyalBUwIvMnlbS1+VZ7zomF485ne8hrFsT53j/dnjP7NgGS3CVMDLYEDtQA7k
VbruBEN4ITsCu3T7rMnRrGtX1kfsTXBLayhcpbaMyHo jMKw6@p4lo2gvTnSfw/+GIHGQAsZ3HI+g
FroEWKLQzQX6PSLsI50exLRkMtHXV4jBoSRy TzFTwprBkNNKZu2aRYal7BBFuVcSRTF8rSVHg7Eqg
rKrXGOP+GgqGGTxoD8zfFtpOYJl+mP28LODtuPNmGI9IzxdbX0/J1G6sT6hzPEAGMI1aW6Y++94]pg2
XEKsGOdWITHx9613FwjPtj6HKC8GtNSs8dgSAm3 twSKUWFchtKIOZYiynxuRnwIMNOUMRG2QFKY r
pU+50ba8rdui9D2YFzEcbw9a3mealWks03Zvd8obQfwGFMX9DwWVSVPECmASHEUMULGBUO3KIUtaxU
Sdg9gmehxPMkkH3bB3x+G79%MmVessBGO9r+uVk /XhzxckqUIBw++q2PmisXAIP2NsyX7W1BHyZ53]@
HhUwU11Gtpl3gv/WwOxTyoEz20eQucKSEqQ91vEwaudCnip7STgK2WpboGvAQS54ZIZRFbm/4s0d /W
4kH6xyeYBTsIf3ft7LyvoB6Xq91A1x0Fe94CcAqty90FynvF26Da7QRsNQalhfhfBlbnaEQIgf+7
J9FpMYQEcCA4tT8RWIVtozQurNpgZnZS9sjWike6/j3XV7paxOW70G8nc+1r@9LQMMtVIvISZd1FV
JyAtrlEsoF /9MzFfofn6eCtU8VVXiS8+cIDjTqrb2EKS68Rpu9Z8LCgz

=MiYk

Fig. 9. An example of an encrypted message.
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Thunderbird automatically decrypts messages and attachments sent with them. Remember
that you need to know the recipients' public keys before sending encrypted correspondence.
Encryption with the GPG add-on protects not only the content, but also the attachments. Without
knowing the recipient's key, we are unable to send an encrypted message. Additionally,
Thunderbird allows you to synchronize several e-mail accounts.

Questions:

Questions Discussion Forum to be answered with a short explanation. Answers will
be discussed with the mentor during the mentoring sessions

1. Whatis a VPN?
2. How you can use VPN solution?
3. Can you send someone your private key for PGP e-mail encryption?

Self-assessment questions. After answering the learner can see the results and
compare them with these saved on the platform

1. Method of secure access to your data from remote access
2. Methods of securing your e-mail conversation

Attachments:

1. Presentation
2. Video movies
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