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Abstract

Article considered virtualization technologies, their types, advantages and disadvantages.
Attention to specific risks and information security threats in case of virtualization platforms is
paid. The main risks of virtualization platforms are defined. Potential internal vulnerabilities of
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virtualization platforms can be revealed only by testing for penetration which user-friendly and
available instrument for implementation is specialized by Kali Linux OS. The attacks to the virtual
machines with use of the Kali Linux tools were organized. As a result of experiments is Kali Linux
allows revealing and analyzing vulnerabilities at the channel, network and transport levels. For
detection of problems at the level of applications that is urgent for virtualization of platforms, it is

necessary to use commercial products of ethic hacking in addition.

1 Introduction

Virtualization technologies, along with cloud computing, take
key positions among the advanced and perspective trends in
IT area since 2009 (according to the analytical company
Gartner). Taking into account that virtualization technologies
are the fundament of cloud computing, it is possible to give
with confidence a prize-winning place of virtualization
without which cloud computing are unrealizable. Much of
advantages and disadvantages of virtualization technologies
automatically reflected in cloud computing.

Virtualization technologies passed the already
considerable way of the development from purely scientific
interest and decisions for insulation of computing
environments of different tasks within one mainframe
before creation of the virtual area networks and program
containers encapsulating a complete set of the virtual
hardware resources [1].

In a general view there is the type of virtualization:
virtualization of resources. Virtualization technologies
resources historically gained earlier development and
recognition- the multiprocessor systems, clustering of
computers, grid computing, the virtual area networks, etc.
Virtualization technologies platforms began to develop later.
Now actively develop and progress, have a set of different
types of implementation are cornerstones of cloud computing.

Deployment on one physical server of a set of the virtual
servers which ensure functioning of any operating system
gives big advantages and absolutely new opportunities [2].
Prospects of technology of virtualization of platforms are also
defined by it. But wide recognition and application restrains
existence enough serious shortcomings of this technology [3].

Experience shows that many projects on virtualization
were comprehended by failure. Nearly a half of the
companies (44%) which made virtualization attempts can't
claim about their successful completion. This is due to the
difficulty of assessment of resetting of investments, and to
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complexity and high cost of deployment and support of
corporate virtual infrastructure.

2 Virtualization disadvantages

Appearance of new poorly studied and low-probed risks and
security risks of information when using virtualization
including in cloud computing also belongs to shortcomings of
technology. This weakness is compounded by the fact that
different types of virtualization of platforms bear specific
risks and threats due to specifics of the implementation.

Physical, logical and program structures are a defining
factor for appearance of risks and threats of information. In
architecture of the computing systems used in the virtual
decisions nothing changed. Therefore the basic
conventional principles of support of information security
shall be observed also in such systems. Virtualization not to
a lesser extent needs protection and a judgment on its bigger
safety thanks to the most structure doesn't respond the
reality. On the contrary, specific risks and security risks of
information in case of virtualization of platforms in addition
take place, as well as in case of any new technology. The
main  problem  constraining  development  and
implementation of virtualization of platforms is the problem
of protection of such systems. Use of standard checked
methods and security features in case of virtualization
platforms, in that look in what they exist now isn't enough.
In case of virtualization of platforms of property of a
physical medium exist in the form of program settings. And
it is simpler to change program settings illegally.

For example, the standard security reference monitor (a
resident component of safety) controlling loading processes
can't perform the functions when loading the virtual machines.
At the same time the resident component of safety shall be
present and have access to the controlled environment. For
the virtual environment there shall be specific mechanisms of
monitoring. By operation in the virtual environments of
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virtualization platforms the situation changes very quickly.
New components are quickly created and together with them
also new potential threats are created. At the time of creation
of the virtual machine it isn't protected in any way. Constant
control of a situation is necessary.

The solution is complicated by the fact that architecture
of systems of virtualization different for different types of
virtualization platforms. For example, depending on a type
of virtualization platforms, the hypervisor, being the
manager (monitor) of the virtual machines (compact highly
specialized OS), is set or on "bare iron", or/and on OS. There
are also such types of virtualization (virtualization at the
level of an operating system) when the hypervisor isn't used.

The expression that virtualization ensures the best
information security, is based only that on the virtual
machines it is simpler to set rules of a network access. The
statement, that vulnerability of a hypervisor and probability
of the attack to it very low, is based that there is no
information on the attacks to hypervisors. It isn't confirmation
of either absence of the attacks, or high safety of hypervisors.

There is no accuracy of an exception of risks and threats
of virtualization of platforms exist. Besides, now
virtualization technologies begin to be applied to violation
of confidentiality, integrity and accessibility of information
more and more actively. The research Blue Pill project
which visually showed how technologies of the hardware
virtualization can be applied in the espionage purposes (the
Blue Pill program including a hypervisor) is known. Now
Blue Pill is a code class name of root kits (the programs
hiding presence at system of malicious software) based on
use of the hardware virtualization.

3 Risks and threats of virtualization

The research of risks and information security threats when
using virtualization is an urgent problem, both in respect of
safety of the virtual infrastructures, and in the theoretical and
practical development plan and advances of technologies of
virtualization.

It is necessary to define the main risks of virtualization

platforms:

1. auniform point of a failure in a failure mode of the
physical server;

2. a uniform point of a failure in a hypervisor failure
mode (in case of its existence) and/or hosts OS (in
case of its existence);

3. risk of a compromise of a hypervisor of the virtual
machines (in case of its existence) and/or hosts OS
(in case of its existence);

4. implementation of a hypervisor in the form of
software module is more vulnerable to the attacks,
than hardware or software implementation;

5. risk of a compromise of data by memory
transmission (local storage) from one Vvirtual
machine to another;

6. violation of insulation of processes (virtual
machines), basic principle of virtualization;

7. risk of a nonadjustable data migration of limited
access;

8. a possibility of network attacks between the virtual
machines (virtual servers) located on one physical
server;
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9. the known decisions on program virtualization aren't
provided with protection at the hardware level on
TPM technology (the specification describing the
trustable module which makes available to an
operating system guaranteed safe services). Even in
new technologies of the hardware virtualization a
part of the mechanism of virtualization is
implemented by the software of a hypervisor.

There is a nonzero probability of existence of the hidden
or functional vulnerabilities of a hypervisor and possibility
of carrying out the attack against it:

1. the risks connected to increase in mobility and use of

the virtual machines in architecture of cloud computing;

2. the unrolled virtual systems often don't conform to

requirements of a corporate policy of information
security.

Operations in the field of minimization of new risks and
threats of virtualization technologies of platforms are carried
in different directions. Some of them are provided below.

Good hypervisors contain the virtual switchboards and
firewalls which settle down between physical interfaces of
the server and the virtual interfaces of the virtual machines.
Protection against network attacks between the virtual
machines (virtual servers) located on one physical server is
provided (in the absence of a compromise of a hypervisor of
the virtual machines).

For the hypervisors Microsoft, IBM, Citrix and VMware
companies gives a guarantee of insulation of processes and
data of the virtual machines from each other. It is considered
that it provides a possibility of safe information processing
of different level of privacy on single physical device.

The Symantec Company offers the Symantec
NetBackup™ platform with V-Ray technology which on
the basis of patent decisions provides evident representation
of the virtual machines and applications on physical and
virtual servers. The technology of backup and restoration for
the environments VMware and Microsoft Hyper-V, quickly
selective recovery of data from the applications working
under control of hypervisors of VMware and Hyper-V is
implemented.

The AMD company developed AMD-V technology in
which a special protect mode of start of the monitor
(hypervisor) of the virtual machines is realized. The Intel
Company used the previous TPM 1.2 specification (the last
TPM 2.0 specification) for increase in security in one of the
chipsets (technology of safety LaGrande/TXT).

Even this short list of operations shows, risks of
virtualization of platforms are how various. At the enterprise
using technologies of virtualization it is necessary to clarify
- what risks threaten business processes at present and to
estimate these risks [4]. In case of estimation of risks
assessment of probabilities of events as the risk is a
combination of probability of an event and its consequences
are executed.

R=S*E, 1)

where R is the risk, S is the extent of damage, E means
probability of an event.

For detection of potential internal vulnerabilities and
assessment of probability of an unauthorized event,
including in case of virtualization platforms, it is possible to
use penetration tests. During testing the tester (auditor)
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models actions of the malefactor, trying to break
information security of a subject to protection. Search of
vulnerabilities of system of protection and their subsequent
use is executed. Now testing for penetration is one of the
information security systems recognized around the world
as method in case of the active audit. There is a standard on
conducting testing for penetration [5]. There are different
programs for conduct testing for penetration (ethic hacking),
including specialized Kali Linux OS [6]. The Kali Linux
tools allow executing search of operation of vulnerabilities
in Web servers, wireless protocols, communication links,
mobile devices, applications. Having set Kali Linux on
single virtual machine, it is possible to attack other virtual
machines, as for the purpose of testing for penetration, and
unauthorized obtaining information.

4 Detection of vulnerabilities by means of testing
In an experiment the virtual machines created in VMware

Workstation were used. Having set Kali Linux on one
virtual machine, the attacks to other virtual machines for the

Aytkhozhaeva Zh E, Ziro A A, Zhaibergenova A Zh

purpose of testing for penetration and unauthorized
obtaining information were organized. Results of some of
them are given below.

One of the methods of detection of vulnerabilities is port
scanning of the virtual machines by means of the network
Wireshark analyzer. Wireshark analyzer is the application of
the Kali Linux. Wireshark analyzes the traffic passing
through the network interface of the computer that allows
viewing completely contents of the transferred packets at all
levels. Wireshark listens to all network traffic and captures it.

In a Figure 1 the results received by Wireshark by the
analysis of the traffic passing on wires through ports of one
of the virtual machines are provided. In a Figure 1 the flow
of network packets which can be analyzed is visible. It is
visible that the system of virtualization VMware is used.
Contents of the packet both sent, and received can be opened,
having executed click on it. We obtain information on port
and the IP address of the sender, port and the IP address of
assignment, the transfer protocol, lifetime of a packet, etc.

FIGURE 1 An example of the scanned traffic

*athD
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
Am @ BfRE Q Ol= =B e 0.
- | Expression.. +
MNo Time ¥ Source Destination Protocol Length Infoy —
10, 0080808 Vmware ci:BB:88 Broadcast ARP 60 Who has 192.168.289.2. I
2 0.2317458.. 88.212.201.199 192.168.209.134 TLSV1 91 Encrypted Alert 1
3 9.2318835. 23.43.139.27 192.168. 260134 TCP 6@ 88-1233 [FIN, PSH, AC.—
4 8.2318960. 102 168.200.134 88.212.261.199 TCP 60 1218 443 [ACK] Seg=1 .. =———
5 8.2322852.. 192.168.2089.134 23.43.139.27 TCP 68 123388 [ACK] Seg=1 A.
6 8.2323926.. 192.168.209.134 23.43.139.27 TCP 60 123380 [FIN, ACK] Se.—
T 0.2325782.. 23.43.139.27 192.168.2689.134 TCP 60 8081233 [ACK] Seq=2 A. |
8 0,2727117.. fe80::al1l12:7cP0:806:c447 FB2::1:2 DHCPwG 153 Solicit XID: @xSdasss.
9 0,9961042.. Vmware_c@:pe:e8 Broadcast ARP 60 Who has 192.168.209.2.
18 1.3419889.. 23.223.28.67 192 .168.289.134 TLSv1 91 Encrypted Alert
11 1.3462302.. 23.223.28.67 192.168.209.134 TcP €0 4431220 [FIN, PSH, A.
12 1.3464921.. 192 .168.209.134 23.223.28.67 TCP 68 1220443 [ACK] Seq=1 ..[—
16 34 C [TEF
15 5.3211721.. Vmware_c©:08:08 Broadcast

Packets can be filtered in a set of parameters. It is
possible to set the filter for receiving the traffic meeting
certain requirements. By means of the "http.request.method
== "POST"" filter it is possible to intercept login and the
password, to obtain information on a frame, the version the
protocol Internet, the data transfer protocol, the hypertext
transfer protocol. In a Figure 2 in the upper part the selected

packet from the intercepted flow of packets which contents
reveal below is shown. It is visible that the packet of HTTP
is encapsulated in a packet of TCP (transport layer), the
packet of TCP is encapsulated in IP (network layer), and IP
is in turn encapsulated in Ethernet. In the lower part of a
Figure 2 the HEX code is shown.

*eth e eI
Fiie Edt View Go Caplure Analyze Statistics Telephony Wireless Tools Help
dm @ B X & q B[R = (£
hitp.reguestmethod == "POST [x] * Expression...

Diestination
B2.268.134 163

Time Source

L
| 656 10110365708 192 . 168.289.134

» Frame 5%6: 724 bytes on wire (5792 bits),

Protecol  Length Info
T24 POST /Pg=rufuser MTTP/1.1  [application/x-www-form-urlenc

724 bytes captured (5792 bits) on interface @

* Ethernet II, Src: vmware_31:64:1e (@9:09c:20:31:64:1e), Dst: Vwware_ed:ac:52 (PB:58:56 ed:ac:52)
= Internet Protocol Version 4, Src: 102.168.209.134, Dst: 82.200,134.163
» Transmission Control Protocol, Sre Port: 1745, Dst Port: 88, Seq: 1. Ack: 1, Len: 678

» Hypertext Transfer Protocol
* HTML Form URL Encoded: applicationsx-wew-form-urlencoded
"name aidaga"

“pass" 223909"

“farm_id" = “"wser_legin®

= Form item: “op" = "Bxog B cecTewmy"

B BD 5@ 96 &0 ac 52 8@ 8c 20 J1 64 1e BE B@ 45 88 PV..R Jid. . E.
B2 c6 1e 66 40 09 88 86 Ge 8f c@ aB d1 B6 52 cB o
BE a3 &6 d1 BB 58 7h ab 77 46 &8 81 39 Ob 58 18
fa f@ 3f o4 80 00 58 47 53 54 20 2f 3f 71 3d 72
7E 2f 78 TE G5 T2 20 4B 54 54 53 2f 31 Ze 31 &d  uw/user H TTR/1.1
Ba 41 63 63 65 7@ 74 3a 20 74 65 7B 74 27 68 T4 JAccept:  Cext/ht
6d 6c 2c 20 61 7@ 7@ 6c 6P 63 61 74 &0 6f Ge 2f ml. appl ication/
TH 68 T4 B4 6c 2b 78 8d Bc 2c 28 2a 27 2a 8d 8a  whimléxm 1, S
52 65 66 65 72 65 72 3a 20 68 74 74 7O 3a 2f 2f Referer: htoo://

FIGURE 2 An example. Interception of data
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Disclosing the level of each protocol, we obtain the
detailed information from each level. In a Figure 2
information of a packet 56 of HTML forms is shown. The
login and the password entered by the user are defined. If to
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information about a frame.

Information on a packet of 2572 from the Ethernet level
is shown in a Figure 3. Information about destination, source
address and type of IP (IPV4) is presented.

open the most top line, it is possible to obtain general

Wireshark - Packet 2572 - wireshark._ath0. 20170219132616._ JtgmVr e o O

» Frame 2572: 724 bytes on wire (5792 bits), 724 bytes captured (5792 bits) on interface @
v Ethernet II, Src: Vmware 31:64:1e (88:8C.20:31:64:1e), Dst: Vmware ed:ac:52 (80:50.56:ed:ac:52)
» Destination: Vmware_ed:ac:52 (98:58:56:ed:ac:52)
Address: Wiware ed:ac:52 (BB 5656 ed: ac:52)
e @ ciis weee e e = LG bit; Globally unigue address (factory default)
....... @ .... .... oo. w... = DG bit: Individual address (unicast)
» Source: Vmware 31:64;1e (88:6c;20:31:64:1e)
Address: Wmware_31:64:1e (08:8Cc:20:31:64:1e)
veer B ... ... ... .... = LG bir: Glebally unigue address (fTactory defaulr)
....... B .ove vive wees v = I6 bit; Individual address (unicast)
Type: IPvd [BxOBO8)
» Internet Protocol Version 4, Src: 102.168,200.134, Dst: 82.200.134 163
» Transmission Control Protocol. Src Port: 1197, Dst Port: 88, Seq: 1, Ack: 1. Len: 678

HTML Form URL E ; applicatio orm-urlencoded

FIGURE 3 An example of the intercepted data (from the Ethernet level)

In a Figure 4 is shown information on a packet 2572
from the IP (IPV4) level. The figure includes information

about differentiated services, flags, destination GeolP.

Wireshark - Packet 2572 - wireshark_eth_20170219132616_JtgmVr - -
» Frame 2572: 724 bytes on wire (5792 bits), 724 bytes captured (5792 bits) on interface @
= Ethernet II, Src: Vmware 31:64:1e (68:8c:29:31:64:1e), Ost: Voware ed:ac:52 (06:58:56:ed:ac:52)
v Internet Protocol Version 4, Src: 192.168.289.134, Dst: 82.284.134.163
B188 .... = Version: 4
... B181 = Header Length: 28 bytes (%)
» Differentiated Services Field: 8x88 (DSCP: C38, ECN: Not-ECT)
888@ @88, . = Differentiated Services Codepoint: Default (8)
------ 88 = Explicit Congestion Motification: Mot ECM-Capable Transport (@)
Total Length: 718
Identification: exBdec (1268)
% Flags: @x82 (Don't Fragment)
(“hoa aoas = Reserved hit: Mot set
.1.. .... = Don't fragment: Set
28, .... = More fragments: Mot set
Fragment offset: @
Time to live: 128
Protocol: TCF (&)
Header checksum: 8x87ab [validation disabled]
[Header checksum status: Unverified]
Sowrce: 192.168.209.134
Destination: B2.200.134.163
[Source GeoIP: Unknown]
» [Destination GeoIP: Kazakhstan, AS9198 KAZTELECOM-AS, 48.889893, 63.000098)]
[Destination GeolIP Country: Kazakhstan]
[Destination GeolIP A5 Number: AS9198 KAZTELECOM-A5)
[Destination GeoIF Latitude: 48.888863]
[Destination GeolP Longitude: 63.900988]
= Transmission Control Protocol, Src Fort: 1197, Dst Port: 88, Seq: 1, Ack: 1, Len: &7@
-
FIGURE 4 An example of the intercepted data (from the IP level)
Information on a packet of 2572 from the TCP level is  port, flags and etc.
shown in a Figure 5. Figure defined source port, destination
Wireshark - Packet 2572 - wireshark_eth0_ 201702151 32616 Jegm\ir [N -

= Frame 2572: 724 bytes on wire (5792 bits), 724 bytes captured (5792 bits) on interface @

= Ethernet II, Src: Vmware_31:64:1e (88:8¢:29:31:64:1e), Dst: Vmware_ed:ac:52 (808:58:56:ed:ac:52)

» Internet Protocol Version 4, Src: 192.168.200.134, Dst: 82.200.134.163

» Transmission Control Protocol, Sre Port: 1197, Dst Port: 8@, Seq: 1, Ack: 1, Len: 678
Source Port: 1197
Destination Port: 88
[Stream index: 185]
[TCF Segment Len: 678]
Sequence number: 1 (relative sequence number)

(relative sequence number}]
{relative ack number)

[Mext seguence number: 671
Acknowledgment number: 1
Header Length: 2@ bytes
» Flags: w818 (PSH, ACK)

epa. .... ...

= Reserved: Mot sot

Honce: Mot set

= Congestion Window Reduced (CWR): Mot set
ECH-Echo: Kot set

Urgent: Mot set

Acknowledgment: Set

Push: Set

Reset: Mot set

Syn: Wot set

Fin: Mot set

[TCP Flags: :+-:::- [TIE ]
Window size value: 64248
[Calculated window size: 64248
[Window size scaling factor: -2 (nd window scaling used)]
Checksum: 8xAShE [unverified])

[Checksum Status: Unwerified]
Urgent pointer: &

v [SEQ/ACK analysis]

[IRTT: ©.020887542 seconds]

[Bytes in Flight: &me]

[Bytes sent since last PSH flag: 67@]

% = - Form-ur

= :
FIGURE 5 An example of the intercepted data (from the TCP level)
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Information on a packet of 2572 from the HTTP level is
shown in a Figure 6. Information about request method, host,
content-length and cookie is presented.

In case of use of cryptography protocols (in this case
TLS), a part of the intercepted information will be ciphered
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and the level of the ciphered sockets will be visible (Figure
7). Figure defined TLSv1, handshake protocol.

In case of interception of the ciphered data they can be
decrypted by using the appropriate settings.

Wireshark - Packet 3572 - wireshark_eth0_20170219132616_Hgm\Vr e e 8
» Internet Protocel version 4, Src: 192.168.288.134, Dst: BZ.200.134.163 =
» Transmission Control Protocol, Src Pert: 1167, Dst Port: 60, Seq: 1, Ack: 1, Len: 678

[ E:pert rn o {Ehnt.’sauuence]:
[PDST
[Sewerity lewel: Chat]
[Group: Seguence]

Request Method: POST

POST f?g=rufuser HTTP/1.1vr\n
fPg=rufuser HTTP/1.15Mrn)

» Request URL: /PQ=rususer
Request URI Path: #
» Reguest URL Query: ge=rufuser
Request URI Query Parameter:
Reguest Version: HTTP/1.1
Accepl: text/himl. applicationsxhiml+taml, */*hrn
Referer: hitp://portal.kazntu.kz/Pg=rususerirn
Accepl-Language: ru-RUWFW
User -Agent :
ConTent-Type: ApplicAtionsx-www-Torm-urlencodedirn
Accepl-Encoding: gzip, deflatehrin
Host: portal. kazntu. kK2Wwwn
Content-Length: 128%Wr\m
[Content lemgth: 128]
Connection: Keep-Alive\wrin
Cache-Control: no-cacheé\rin
» Cookle: _zero_cc=00BBETTevdaTla;
Cookie pair: _zero_cc=0S5BRGTTeTdaTla
Cookie pair: _Zero s3=bBaf4Baaddbos . 14BT74E9195. 14B74E9205.2
Cookie pair:
RTAY]
[Full reguest URI:
[HTTP reguest 1/1]
[Response in rame:
File Data: 128 bytes
« HTML Form URL Encoded: application/s-www-Torm-urlencoded

ge=rufuser

http://portal  kazntu.k2/Pg=ru/user]

2582]

Mozilla/5. @ (compatible; MSIE 0.8 Windows NT 6.1; WOWGH;

zero_ss=SBaf4BasddEos . 14B74E0105. 1467460205

Trident/5.@)%r\n

-2; SES533d7837cTiBdil2enof246dadceBcTa=ao2hTedusslobyg

SESE33ATAITCT1BdI12e00T 240dadc6BcATA=A]02hTedusslobgliT4gea92ld

FIGURE 6 An example of the intercepted data (from the HTTP level)

Capturing from eth
File Edit View Go Capture Analyre Statistics Telephony Wireless Tools Help
fimce MR Qe kad B aoud
A [Pply a display filer . <Ct = -
Mo, Tirme Source Destination Protecol  Length Info
278 133 5?4?99@51 152 ISE 289 134 94.188 1ﬂﬂ 216 TCP 68 2058443 [ACK] Seq=1l Ack=1 Win=G64248 Len=2

152,168, 269,134

281 133, E?d&-‘l 1845 94, ‘.'QG.‘.LE@.Z:I.ﬁ
» Frame 288:@ 288 bytes om wire (1664 bits),
» Ethernet II, Src: Veware 31:64:1e (@8:8c:29:31:64:1e), Dat:
» Internet Protocol Version 4, Src: 192.168.280.134, Dst:
» Transmission Contrel Protecel, Src Port: 2058, Dst Port: 443, Seq: 1, Ack: 1, Len: 154
v Secure Sockets Layer
v TLSv1 Record Layer:

Handshake Protocol: Client Hello
Content Type: Handshake (22)
Version: TLS 1.8 (68x8381)
Length: 149
r Handshake Protocol: Client Hello
Handshake Type: Client Hello (1)

Length: 145
version: TLS 1.8 (8x@391)
» Random

Session ID Length:
Session ID:
Cipher Suites Length: 24

» Cipher Suites (12 suites)
Compression Methods Length: 1

3z

i Client Hello

TCP 608 4432058 [ACK]| Seo=1 Ack=150 Win=64248 Len=8

288 bytes captured (1664 bits) on interface @
Vmware ed:ac:52 (88:58:56:ed:ac:52)
94,188,188, 216

dOTERe4C2A0560aTEC6246dT2TdTE02468510523823T1T6C, .

FIGURE 7 An example. Interception of the ciphered data

5 Conclusions

Virtualization is not only perspective strategic technology
which has specific risks and threats. The vulnerabilities of
platform virtualization need to be identified considered and
minimized, including by means penetration testing. Free
products of penetration testing are easy to use. They allow
identifying vulnerabilities on the channel, network and
transport levels, having built-in expert systems. When
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solving problems at the application level, these products
unusable. In this case necessary to use commercial solutions.
Commercial products of the penetration testing use more
advanced technologies and have extended capabilities
compared to free ones. This provides additional
opportunities in assessing risks and threats. Platform
virtualization works on the application level. Therefore,
penetration testing should be performed on both the channel,
network and transport layers, and at the application level.
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It should be remembered that virtualization platform

technologies can be applied also in illegal purposes to
violation of information security. Virtualization gives new
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