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IT SYSTEMS VIRTUALISATION  
AND THE EXAMPLE OF ITS ACADEMIC USE 
 
Introduction 
 

The development of information systems, and in particular their hardware 
layer, causes that the owned by company technical resources often surpass the 
requirements imposed by the software vendors. In the case of applying IT solu-
tions unused computing power of servers can be optimized by the use of appro-
priate software to install multiple operating systems on one machine and share 
its resources across multiple software solutions. This reduces costs of mainte-
nance, equipment, electricity, and facilitates the management processes through-
out the environment. Importantly, this approach can be used not only for produc-
tion environments, but also to test, when the software is part of the training 
environment and is used in the teaching process. Especially in the case of higher 
education, when systems used in teaching don’t need to be used all the time but 
only at certain time intervals. 

The purpose of this study is to present the concept of virtualization, its de-
velopment, and to present a typology of several years of experience on the use of 
virtualization software solutions for teaching purposes, used at the Department 
of Computer Science, University of Economics in Katowice. The last chapter of 
this work shows an example of management software infrastructure developed 
for the purpose of supporting dynamic allocation of server resources. 
 

1. Introduction to the theory of resource virtualization 
 

The development of the concept of virtualization reaches the 50’s of the last 
century and the first storage virtualization plans affected computers [www1] and 
related research in the field of IBM cloning of operating systems [www2]. In 
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terms of the currently used software solutions mentioned here should be Micro-
soft Virtual PC, which was a precursor in the Connectix Corp., VMware created 
at the University of Stanford in California and VirtualBox now available in the 
Oracle offer. From the point of view of the virtualization solutions the develop-
ment of technologies is associated with the appearance on the market of CPU 
brand Intel (year 2005) and AMD (year 2006) to support hardware virtualization. 
It can be indicated that virtualization is seen as [RuDi07] solution for the separa-
tion of software from hardware layer in Figure 1. 
 
 
 
 
 
 
Fig. 1. Hardware virtualization 
 

The result is the ability to share the same hardware between different pro-
grams, through the virtualization software on a server or workstation. Virtualization 
results in greater reliability of the entire solution by providing the ability to config-
ure multiple dedicated servers, instead of a single server installation with a wide 
functionality. As a result it reduces or even eliminates the resources redundancy and 
improves the use of IT infrastructure. From the point of view taken in the develop-
ment of the use of this kind of technology to assist in the education process, in addi-
tion to reductions in the cost of hardware, we can distinguish here: 
• The ability to install and configure multiple dedicated servers, utilizing the 

resources according to a specific schedule of working time, may be used dur-
ing the different classes and at optimum efficiency. 

• Providing a testing environment in the form of cloned virtual machines, 
where exercises within the predefined scenarios can be conducted. 

• Providing students with preconfigured software packages that can be run in 
any hardware environment. 

• Easy to perform backup and restore specific versions of the software in the 
event of problems with its functioning. 

To obtain such a broad range of possible virtualization applications we can 
point out its various types, which will be discussed in the next section.  
 
 
 

Software 
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2. Types of resource virtualization 
 

As already mentioned in the previous section, virtualization allows you to 
manage various system resources and allows the processes and computer sys-
tems to share them. Virtualization simulates the physical objects using any of the 
four methods [Mari13]: 
• Division − multiplexing − creating multiple virtual objects with a single in-

stance of a physical object, e.g.:  
− processor (memory, network card) is multiplexed between a number of 

processed threads. 
• Aggregation − the creation of one virtual object of many physical objects, e.g.: 

− RAID disk array is aggregated from a number of independent physical 
hard disk drives. 

• Emulation − constructing a virtual object from another type of the physical 
object, e.g.:  
− Physical Disk emulates RAM,  
− Emulating Windows OS on an Apple computer. 

• Multiplexing and emulation, e.g.:  
− virtual memory with paging multiplexes real memory and disk, and the 

virtual address emulates the actual address,  
− TCP protocol emulates a reliable stream of bits and multiplexes a physical 

communication channel and a processor. 
Taking into account the possibilities of modern computer hardware, there 

are many different techniques of virtualization. In the simplest terms, we can as-
sume that in the process of virtualization two kinds of systems are involved: 
• The host is the computer or device that is “always powered on” and where we 

install the other services, for example if we have a computer with Windows 7 
or Windows 8, and we want to try Linux or Android applications on it.  

• The guest is the other software or “hardware” that we want to try without the 
need to install it on a hard drive deleting our windows, or if we do not want 
to change our computer as we have it, or if it can’t be installed because the 
systems require different hardware. 

The use of various techniques, however, is dependent on the hardware tech-
nology used and system software capabilities [Sing07]. Based on the techniques 
used types of virtualization are defined. In practice we distinguish four basic 
types of virtualization: 
• Emulation (hardware emulation/software virtualization), involves providing 

the functionality of target processor completely in software (Figure 2). The 
main advantage of emulation is that we can emulate almost any processor on 



 

2

 

 

F
 
S
 
•

296 

a
a
w
T
q
n
o
−
−
−
−
−

Fig. 

Sour

• F
a
h
A
m
T
t
c
a
r
g

any
a ha
war
The
quir
nee
on p
− V
− 
− r
− u
− 

t

2. E

ce: [

Ful
atin
hard
All 
man
The
tion
cac
at n
rity
gue

y ot
ardw
re a
e m
re a
d ad
pub
VM
allo
run
unm
e.g
tem

Emu

[www

l/na
ng s
dwa
of 

ny i
e gu
n. T
hes

nativ
y for
est O

ther
war
and 

main 
a m
dm

blic 
M em
ows
nnin
mod
. a m

m en

ulate

w3]. 

ativ
syst
are 

f the
inst
uest

The 
s the
ve 
r vi
OS 

M

r ty
re a
req
dis

more
inis
com
mul
s fo
ng m
difi
mob
nvir

d-vi

ve v
tem

arc
e gu
truc
t O
hyp
e re
spe
irtu
ins

ariu

ype
arch
quir
sadv
e po
strat
mpu
late
r ot

mul
ed g
bile
ronm

irtua

virtu
m, w

chit
ues
ctio

OS i
perv
esul
eed 
al m

stan

usz 

e of
hitec
res a
van
owe
tion
uter
es/si
ther
tipl
gue
e de
men

aliza

uali
whic

tect
ts s

ons d
is n
viso
lts f
[ww

mac
nce 

Żyt

f pr
ctur
an u

ntag
erfu
n pr
rs [w
imu
r pr
le sy
est o
evic
nts 

ation

izat
ch is
ture
supp
dire

not 
or t
for 
ww
chin
can

tniew

roc
re w
unm

ge o
l ha

rivil
www
ulat
roce
yste
ope
ce s
as: 

n env

ion
s ru
e ca
por
ectl
awa

tran
fut

w3]. 
nes,
n ru

wsk

ess
whic
mod
of em
ardw
lege
w3]
tes c
esso
ems

erati
such

Bo

viron

n us
un o
an b
rt th
ly o
are 

nslat
ture

Fu
, an

un v

ki, A

or. 
ch i
difie
mul
war
es o
]. In
com
ors 
s w
ing 
h as
ochs

nme

es a
on a
be u
he s
on th

it 
tes 

e us
ull v
nd s
virtu

And

Th
s co
ed g
latio
re to
on th
n thi
mpl
em

withi
sys

s a s
s, V

ent 

an i
a vi
use
sam
he h
is b
all 
e, w

virtu
simp
uali

rzej

he v
omp
gue
on i
o b
he h
is k
ete 

mula
in o
stem
sma

Virtu

ima
irtu
ed t
me h
hard
bein
ope

whi
uali
plif
zed

j So

virt
plet

est o
is th
e ru
host
kind

har
ation
one,
m fo
art p
ualP

age 
aliz
to r
hard
dwa
ng v
erat
ile u
izat
fies 
d or

ołtys

tual
tely
oper
hat 
un t
t co

d of 
rdw
n, 
, 

for a
pho
PC 

of 
zed 
run 
dwa
are,
virt
ting
user
tion
mi

r on

sik, 

l en
y dif
ratin
usu

the 
omp
f virt
ware

a di
one 
for

a co
env
mo

are,
, ac
tual
g sy
r le

n of
igra
n na

Jar

nvir
ffer
ng 
uall
sam

pute
tual
e, 

iffer
em

r M

omp
viro
ore 
, wh
chie
lize
yste
evel
ffers
ation
ative

rosła

ronm
ent 
sys

ly th
me.
er, s
liza

rent
mula

ac, 

plet
onm
tha
hich

evin
ed a
em i
l ins
s th
n an
e ha

aw 

men
fro

stem
he g
 Em

so w
ation

t PC
ated
QE

te u
men
an o
h a

ng im
and 
inst
stru

he b
nd p
ardw

Kur

nt 
om t
m (e
gue
mul
we c
n [B

C ca
d on
EMU

unm
nt (F
one

allow
mp
req

truc
ucti
best
por
war

rpan

is 
the 
e.g. 
est i
lator
can 
Bagu

an b
n a d
U.

mod
Figu
e vi
ws 
rov
quir
ction
ons
t iso
rtab
re [w

nik

abl
und
mo

is sl
rs u
run
u12

be r
des

difie
ure 
rtua
the

ved 
res 
ns o
s ru
olat
bility
ww

e t
derl
obil
low
usua
n it 
2]:  

run
skto

ed g
3).

aliz
em 
per
no 

on t
un u
tion
y a

ww5

to e
lyin
le d

wer, 
ally
as p

n, 
op P

gues
 Th

zed 
to e
rfor
mo

the 
unm
n an
s th

5]. 

emu
ng h
devi

and
y do
port

PC, 

st o
he s

gu
exe
rma
odif
fly

modi
nd s
he s

ulat
hard
ces
d re
o no
tabl

sys

 

oper
sam
ests

ecut
ance
fica

y an
ifie
ecu

sam

te  
d-
). 
e-
ot 
le 

s-

r-
me 

s. 
te 
e. 
a-
nd 
ed 
u-

me 



 

 

F
 
S

 

•

Fig. 

Sour

c
a
v
d
a
i
s
k
−
−
−

• P
(
c
u
b
t
t
m
p

3. F

ce: [

can
aliz
vers
dow
aliz
inst
suc
kind
− 
− d
− 
Par
(hy
chin
ure 
but 
to a
tion
mod
por

Full-

[www

T
n be
zatio
sion

ws S
zatio
talla
h a
d o
eve
diff
e.g

ra-v
yper
nes
4).
we

ach
ns o
difi

rt be

-virtu

w3]. 

he 
e in
on 
ns f
Serv
on 
atio

as pr
f vi

ery 
fere
. IB

virtu
rvis
. A 
. Th
e ca

hiev
of th
ied 
eing

uali

ma
stal
giv
from
ver
is t

ons.
roc
irtu
gue

ent 
BM 
uali
or −

A hy
he e
an d

ve h
he g
tas

g pa

IT 

zatio

ain a
lled

ves 
m m
r 20
that
. Ve
ess

ualiz
est o
ope
VM
zati
− V

yper
expo
do 
high
gue
sks 
arav

T SYS

on e

adv
d wi
us 

mul
008,
t vi
ery 
or, 
zati
ope
erat
M fa
ion

VMM
rvis
orte
spe

h ne
est o
[ww
virt

YSTE

envir

vant
itho
the
ltipl
, Li
irtua
ofte
inp
on 

erati
ting
ami

n us
M −
sor 
ed s
ecifi
ear-
oper
ww
tual

EMS

ronm

tage
out 
 ab
le v
inux
aliz
en i

put/
[Ba
ing

g sy
ily, 
es a
− vi
exp
syst
fic m
-nat
rati

w3]. 
lize

S VIR

ment

e of
req

bility
ven
x, U
zed 
ima
out
agu

g sys
stem
VM
a p
irtu

port
tem
mod
tive
ing 
No

d a

RTU

t 

f fu
quir
y to
dor
UNI

im
ages
tput
u12]
stem
ms 

MW
iece

ual m
ts a

m ha
difi
e pe
sys

ot e
nd 

UALI

ull-v
ring
o ru
rs (e
IX,

mage
s ar
t, ne
]:  
m ru
ma

Ware
e o
mac

a mo
as th
cati
erfo
stem
ever
not

ISAT

virtu
g m
un m
e.g.
 Ne
es c
re e
etw

uns
ages
e W
f co
chin
odif
he s
ion
orm
ms a
ry o
t ev

TION

uali
odi
mu
. M
etw
con
extre
work

s in 
s us

Work
omp
ne m
fied
sam
s th

manc
allo
ope
very

N AN

izat
ifica
ltip

Micr
ware

tain
eme
k, o

iso
ses t
ksta
put
mon
d co

me a
hat 
ce. 
owin
erati
y se

ND T

tion
atio

ple d
oso

e). T
ns f
ely 
the

olati
the 

ation
er s
nito
opy
arch
allo
Als
ng 
ing 

erve

THE

n is 
ons 
diff

oft W
The
full
lar
r en

ion
sam

n. 
soft
or) 
y of
hite
ow 
so 
the
sys

er v

E EX

tha
[ww

fere
Win

e ma
, co

rge 
nvir

, 
me 

twa
to c

f the
ctu
the
we 
m t
stem
irtu

XAM

at m
ww

ent 
ndo
ain 
omp
and
ron

har

are, 
crea
e ph
re a
e gu

ne
to ta
m o
ualiz

MPLE

mos
w7].

ope
ows 

dis
plet
d ne
nme

rdw

firm
ate 
hys
as th
uest
eed 
ake
or a
zati

E…

st op
 Th
erat

Se
sadv
te o
eeds
nts 

ware

mw
and

sica
he 
t op
to 

e ad
appl
ion 

pera
his k
ting
erve
van
oper
s m
[w

e CP

ware
d ru
al ha
serv
pera
ma

dvan
lica
ven

atin
kin

g sy
er 2
ntag
rati

more
www

PU,

e or
un v
ardw
ver 
atin
ake 
ntag
ation
ndo

ng s
nd o
yste
2003
ge o
ing 
e re
w3].

, 

r ha
virtu
war
har

ng s
mo

ge o
n c
or su

syst
of v
ems 
3, W

of v
sys
sou
. In

ardw
ual 
re (
rdw
syst
odif
of th
an 
upp

29

 

tem
virtu

an
Win
virtu
stem
urce
n thi

war
ma

(Fig
ware
tem
fica
hes
sup

port

97

ms 
u-
nd 
n-
u-
m 
es 
is 

re 
a-
g-
e, 

ms 
a-
se 
p-
ts 



 

2

 

 

F
 
S

 

•

298 

r
w
i
[
k
k
i

Fig. 

Sour

s
c
t
f
e
o
−
−
−
−

• O
p
i

run
will
it m
[ww
kern
kee
ity t

4. P

ce: [

savi
can
tion
full 
erat
ove
− V
− w
− H
− 
Ope
pro
ing 

nnin
l be
may
ww6
nel 

epin
that

Para-

[www

Th
ings

ntly 
n all

vir
ting
er na
VM
we 
Hyp
e.g
erat
ach
com

ng o
e aw
y n
6]. 
op

ng [
t w

-virt

w3]. 

he 
s, w
sm

low
rtua
g sy
ativ

M do
nee
per
. Xe
ting
h do
mp

M

oper
war
ot 
Th

pera
ww
e w

tuali

mai
with

malle
ws fo
aliza
ystem
ve fu
oes 
ed t
rcall
en, 
g sy
oesn
lete

ariu

ratin
re th
be 

he h
ation
ww5
wou

izati

in a
h un
er,an
or th
atio
ms 
unc
no

to m
ls tr
VM
yste
n’t 
ely 

usz 

ng 
hat 

vis
hype
ns s
5]. P
ld e

ion e

adv
nch
nd 
he v
n. T
req
tion
t si

mod
rapp

MW
em-
pro
wit

Żyt

sys
it o
sibl
ervi
suc
Par
exp

envi

vanta
ang
can
virtu
The
quir
ns. I
mu

dify
ped

Ware
-lev
ovid
thin

tniew

stem
oper
le t
isor
h a
a-v
ect 

ironm

age
ged 
n re
uali

e ma
e m
In p

ulate
y gu
d by
e ES
vel 
de v
n a s

wsk

ms i
rate
to t
r al

as m
virtu

fro

men

e of 
per
ach
izat
ain 

mod
para
e ha
uest
y th
SX 

vir
virt
sing

ki, A

in a
es in
the 
lso 
mem
ualiz
om t

nt 

f pa
rfor

h ne
tion
dis

dific
a-vir
ardw
t op
he H

Ser
rtua
tual
gle 

And

a pa
n a 
us

pro
mory
zed
the 

ara-v
rma
ear-n
n of 
adv

catio
rtua
war

pera
Hyp
rver
aliz
 ma
ope

rzej

arav
sha
er, 

ovid
y m

d en
phy

virtu
ance
nati
arc

vant
ons,
aliza
re,
ating
erv
r. 

zatio
ach
erat

j So

virtu
ared
it 

des 
man
nvir
ysic

uali
e. P
ive 

chite
tage
, wh
atio

g sy
viso

on 
hine
ting

ołtys

uali
d m
wil
hyp

nage
ronm
cal 

izat
Para

per
ectu
e of
hich

on:

yste
r an

(ho
es. F
g sy

sik, 

zed
medi

ll b
per
eme
men
har

tion
a-vir
rfor
ures
f pa
h al

ems
nd s

ost-
Full
yste

Jar

d fo
ium
be t
rcal
ent,
nt p
rdw

n is 
rtua
rma
s tha
ara-v
llow

s wi
serv

-lev
l vi

em. 

rosła

orma
m at 

to t
l in
 int

prov
ware

tha
alize
ance
at w
virt
ws t

ith 
vice

vel 
irtu
A s

aw 

at. T
som

the 
nter
terr
vide
e. 

at w
ed i
es. T
wou
tuali
them

spe
ed,

vir
ualiz
sing

Kur

The
me 

sy
rfac
rupt
es th

we c
ima
Thi

uld n
izat
m to

ecia

rtua
zati
gle 

rpan

e gu
lev

yste
es f
t ha
he s

can 
age 
is k
not 
tion
o su

al A

aliza
on 
ins

nik

uest
vel, 
em 
for 
and
sam

ach
siz

kind 
nor

n is 
upp

PI, 

atio
pro
tan

t O
and
adm
oth

ling
me f

hiev
es a

d of 
rma
tha

port 

 

on). 
oces
ce o

S/p
d al
min
her 
g an
func

ve r
are 

f vir
ally 
at gu

hy

Th
sses
of t

prog
ltho

nistr
cri

nd t
ctio

reso
sig

rtua
sup
uest

yper

his 
s is
the 

gram
oug
rato
itica
tim

onal

 

ourc
gnifi
aliza
ppor
t op
rcall

ap
s do
hos

m 
gh 
or 
al 

me 
l-

ce 
fi-
a-
rt 
p-
ls 

p-
o-
st 



 

 

 

F
 
S
 

•

o
s
t
s
f
o
p

Fig.

Sour

a
a
t
s
−
−
−
−

• Q
s
p
b
s

ope
sam
the 
sha
feel
own
plet

5. O

ce: [

and
at t
to s
sup
− o
− g
− i
− 
Qui
sue
plic
ble 
side

erati
me o

nee
are c
ling
n fi
tely

Ope

[www

M
d ef
the 
spec
ppor
ope
gue
inst
e.g
ite 
s re

catio
on

e [W

ing
ope
ed 
com
g lik
file 
y di

rati

w3]. 

Main
ffici
sam
cial
rt th
erat
est o
tanc
. So
a d
equ
on 
e to
WS

 sy
rati
for 

mmo
ke c
sys
ffer

ng s

n ad
ienc
me 
l da
he s
ting
ope
ces 
olar
diffe
ire 
lev

o an
MS

IT 

ystem
ing 
vir

on 
com
stem
rent

syst

dva
cy. 
tim

ata s
sam
g sy
erati

are
ris C
eren
the

vel v
noth
S07

T SYS

m s
sys

rtua
fea

mple
m, 
t ap

tem

anta
Sys

me. A
secu

me o
stem
ing 
e ru
Con
nt a
e us
virt
her 

7]. T

YSTE

supp
stem
al se
ature
etel
IP 

ppli

m-vir

ages
stem
As 
ure 

oper
m a
sys

unni
ntai
appr
se o
tual
an

The

EMS

por
m k
erv
es a
ly s
add
cati

rtua

s of
m is
dis
sho

ratin
allow
stem
ing 
iner
roac

of ap
liza
d g

e vi

S VIR

rts m
kern
ers 
and
sepa
dres
ion

liza

f ho
s ab
adv
ould
ng 
ws 
m is
in i

rs, B
ch i
ppli

ation
give
rtua

RTU

mul
nel, 

on
d dr
arat
ss, 
s [M

ation

ost-
ble 
vant
d fi
sys
mu
s th
isol
BSD
is a
icat
n is

es th
aliz

UALI

ltip
the

n the
rive
te c
and

McA

n en

-lev
to 
tag
irst 
tem

ultip
he sa
late
D Ja
appl
tion
s de
hem
zatio

ISAT

le v
e sa
e pr
rs o

com
d s
Al0

nviro

vel 
sup
es: 
be 

m. In
ple 
ame

ed e
ails
lica
ns ru
esig

m th
on 

TION

virt
ame
roc
of t

mput
erv

07, Y

onm

vir
ppo
iso
not
n ho
sec
e as

envi
s, Li
ation
unn

gned
he o
env

N AN

tual
e inp
ess
the 
ters

ver 
Yan

ment

rtua
rt a

olati
ted.
ost-

cure
s th
iron
inu
n le
ning
d fo
opp
viro

ND T

l ins
put
 lev
und

s. E
con

ng0

t 

aliza
a la
ion 
. Be
-lev
e vir
he h
nme
x V
eve
g in
or a
ortu

onm

THE

stan
t-ou
vel 
derl

Each
nfig
7].

atio
arge

of 
esid
vel v
rtua

host
ents

Vser
l vi

n a v
app
unit

ment

E EX

nce
utpu

[ww
lyin
h gu
gura

on a
e nu
f ins
des,
virt
al s
s, 
s, 
rver
irtu
vari

plica
ty t
t in

XAM

s, b
ut d
ww
ng O
uest
atio

are 
umb
stan
 all
tual
erv

r. 
ualiz
iety
atio
to b
nter

MPLE

but 
devi
w4].
OS,
t in

on, 

hig
ber 
nces
l vir
liza

vers 

zati
y of
ons 
be r
rcep

E…

wit
ices
. Th
, w

nstan
and

gh s
of 
s an
rtua

ation
to 

on.
f en
tha

run 
pts 

th t
s, an
he g
hile
nce
d w

spe
virt
nd u
al in
n: 
be 

 So
nvir
at ar
tog
all 

the 
nd a
gue
e lo
e wi
will 

ed, 
tual
usu
nsta

run

ome
ronm
re i

geth
cal

use
add

est s
ooki
ill h
run

lig
l in

ually
ance

n, 

e of
men
inco
her 
lls t

e of
dres
syst
ing 
hav
n c

ghtn
nstan
y n
es m

f th
nts. 
omp
sid
that

29

f th
ssin
tem
an

ve it
com

 

ness
nce
eed
mus

e is
Ap

pati
de b
t ar

99

he 
ng 
ms 
nd 
ts 

m-

s, 
es 
ds 
st 

s-
p-
i-

by 
re 



 

3

 

 

F
 
S
 

3

 

t
v
E
o
a
a

300 

m
c
p
T
o
e
a
s
t
t
b
−
−

−

−

Fig. 

Sour

3. E
i

the 
velo
Esp
of C
all s
aliza

mad
call
phy
The
of a
eve
app
sup
tion
tion
be v
− 
− 

− 
v

− 

6. A

ce: [

Exa
in s

Fo
pos

op a
pecia
Com
syst
atio

de b
ls to
ysic
e m
app
n n

plica
por

ns, i
n lev
virtu
allo
allo
stre
app
viro
e.g

Appl

[www

am
sup

or th
sses
a sof
ally

mpu
tems
on so

by t
o a 

cal 
main
plica
not d
ation
rting
in b
vel 
uali
ows
ows
eam
plic
onm
. JV

licat

w3]. 

mple
ppo

he p
ssion
ftw

y be
uter 
s us
oftw

M

the 
vir

pla
n ad
atio
desi
ns t
g vi

both
app
ized
s ap
s ac

ming
atio

men
VM

tion-

 

e a
ort

purp
n o

ware,
cau
Sci

sed 
ware

ariu

vir
rtua

atfor
dvan
ons 
igne
to r
irtu

h run
plic
d [V
pplic
ccel
g, 
ons 
nt, in
, ow

-virt

app
t of

pose
of th
, wh

use o
ienc
in t
e fo

usz 

rtua
al lo
rms
ntag
by 

ed f
run 

ual m
n-tim
atio

Varh
cati
era

can
nste
wn 

tuali

plic
f te

e of
he D
hich
of th
ce m
the 
or IT

Żyt

alize
oca
s an
ge o
all

for 
sid

mac
me 
on i
h08]
ions

ated

n be
ead
reg

izati

cati
eac

f as
Dep
h tas
he f

may
clas
T sy

tniew

ed a
ation
nd 
of th
low
them

de b
chin
and
s no
]. A
s to

d app

e in
d of 
gistr

ion e

on
chin

sist
partm
sk w
fact

y no
ssro
ystem

wsk

app
n. A
int
his 

wing
m. A

by s
nes 
d na
ot a

Appl
o ru
plic

nsta
f for
ry f

envi

ns f
ng 

ting 
men
wou
t tha
ot be
oom
ms 

ki, A

plica
App
era
kin

g th
App
side
can

ativ
a co
licat
n in
cati

alled
r ea
files

ironm

for 
an

the
nt o
uld b
at th
e su

m tea
and

And

atio
plic
cts 
nd o
hem
plic

e. A
n dr

ve en
omp
tion
n no
ion 

d, p
ach 
s, gl

men

se
nd l

e pro
of C
be t
he h
uffic
achi
d the

rzej

on to
atio
on

of v
m to 
catio

Amo
ram
nvir

plete
n lev
ot n
dep

patc
ind
lob

nt 

erve
lea

oce
Com
to su
hard
cien
ing 
eir c

j So

o th
ons 
nly 
virtu

run
on l
ong 
matic
ron
e so
vel 

nativ
ploy

ched
divid
al o

er v
arni

ess o
mput
upp
dwa
nt fo
at f
con

ołtys

he u
are
wit
uali
n in
leve
dis

call
nmen
oluti
virt
ve e
yme

d, a
dua
obje

vir
ing

of m
uter 
port 
are r
or s
full 

ntrol

sik, 

und
e co
th t
izat
n di
el v
sadv
ly s
nts.
ion,
tual
env
ent 

and 
al co
ects

rtua
g p

man
Sci
the

reso
simu
loa

l cam

Jar

derly
omp
the 
tion
iffe

virtu
van
slow
. An
, be
liza

viro
thr

upg
omp
s. 

aliz
roc

nagin
ienc
e ma
ourc
ultan
ad, t
me 

rosła

ying
plet
vir

n is 
eren
ualiz
ntage
w do
noth
ecau
ation
nm

roug

grad
put

zat
ces

ng t
ce, i
anag
ces a
neo
the i
to o

aw 

g fi
tely
rtua
im

nt o
zati
es w
own
her p
use 
n: 

ment
gh o

ded
ter,

ion
sse

the 
it b
gem
avai
ous 
idea
our 

Kur

ile s
y ab
aliz

mpro
per
ion 
we 
n ex
pro
som

ts, 
on-

d on

n 
es 

serv
beca
ment
ilab
laun
a of
atte

rpan

syst
bstr
zatio
ovin
ratin
allo
mu
xec

oble
me a

dem

nce 

ver 
ame
t of 

ble t
nch
f im
entio

nik

tem
ract
on 
ng t
ng 
ows
ust r
cutio
m i
app

man

for

lay
e ne
f vir
to th
h an
mple

on.

ms, r
ted 
env

the 
env
s inc
reco
on o
is th
plica

nd a

r an

yer, 
eces
rtual
he D

nd o
emen

redi
fro
viro
por

viro
com
ogn
of a

hat a
ation

app

n en

wh
sary
l ma
Dep
oper
ntin

irec
m t

onm
rtab
onm
mpa
nize 
app
app
ns c

lica

ntire

 

hich 
y to
ach

partm
ratio
ng v

ctin
thei

men
bilit

ment
atibl

tha
plica
plica
can

atio

e en

is i
o de
hines
men
on o
virtu

ng 
ir 
t. 

ty 
ts 
le 
at 
a-
a-
’t 

n 

n-

in 
e-
s. 
nt 
of 
u-



 

u
p
d
w
h
d
i

w
a
t
w
c
d
s
l
f
o

o
t
p
a
a
 

 

F

unit
proc
dard
whi
had
der 
it, a

was
as i
tors
was
chin
dev
sign
loca
func
ope

own
the 
pop
a VM
a lib

Fig. 7

R
t of
cess
d an
ich 

d inf
the

and 
To

s cr
it re
s we
s us
nes

velo
ned 
ated
ctio

erati
To

n so
alre

pula
Mw
brar

7. Th

eso
f IB
sor 
nd 
wa

flue
e op
allo
o m
eate
equi
ere 
sed,
. As

op a
to 

d at
onal
ion 
o co
oftw
ead

ar pr
ware
ry v

he de

ourc
BM

X5
har

as de
ence
pen 
ows

man
ed b
ired
ava

, in
s a 
a so
virt

t a g
lity
and

ope
ware
dy in
rogr
e se

vijav

evelo

ces 
M M

535
rd d
ecid
e on
sou

s the
nage
by t
d ea
aila

n or
res

olut
tual
give
y of
d pr
e w
e for
nsta
ram

erve
va. F

opme

IT 

ava
Mode

5 2
driv
ded
n th
urce
e in
e th
the 
ach
able
rder
sult 
tion
l m
en t
f the
rofi
ith 
r dy
alled

mmi
er it 
Fig

ent o

T SYS

ailab
el: 
2.66
ve o
d to 
he ch
e lic
nsta
he V

pro
of 

e du
r to 
of 

n, su
mach

time
e so
ilin
this

ynam
d V
ng 
has
ure

of a V

YSTE

ble 
IBM

6GH
of 1

im
hoi
cen

allat
VM
odu
f the
urin

pro
the
upp
hine
e ac
oftw
g o
s pr
mic

VMw
lan
s be
 7 s

Virtu

EMS

to 
M 
Hz c
1TB

mple
ce o

nse, 
tion

Mwa
ucer
e tu
ng t
ope

e ex
port
es, s
ccor
war
f in
rob

c res
war
gua
een 
show

ual M

S VIR

the
eSe
cloc

B ca
men
of s
or 

n of 
are p
r. H
utor
he 

erly
xper
ting
so t
rdin

re is
ndiv
blem
sou
re E
ages
dec

ws t

Mach

RTU

e D
erve
ck 
apac
nt i
such
at l

f mo
pla

How
rs to
cla

y ma
rien
g dy
that
ng t
s th
vidu
m se
urce 
ESX
s us
cide
the 

hine m

UALI

Depa
er x
freq
city
is V
h a 
leas
ost c
tfor

weve
o be
sse
ana

nce 
ynam
t the
to th

he p
ual 
erve
ma

XiA
sed 
ed t
elem

man

ISAT

artm
x35
que
y. S
VMw

solu
st a 
com
rm 
er, t
e al
s, w

age 
gai
mic
e re
heir

poss
virt
er a
anag

After
for 

to ch
men

agem

TION

men
00 

ency
oftw
war
utio
ma

mme
use

the 
lso 
whe
the

ined
c al
esou
r m
sibi
tual
adm
gem
r an
r ma
hoo
nts 

ment

N AN

nt o
equ

y, 9
war
re E
on. 
ajor 
erci
ed a
sof
a s

en t
e se
d it 
lloc
urce

mom
ility
l m

mini
ment
naly
akin
ose t
of t

t soft

ND T

of C
uipp
GB
re s
ESX
Fir
par

ially
a sp
ftwa
serv
the 
erve

wa
catio
es f

ment
y to
ach
stra
t, w

yzin
ng c
the 
the 

tware

THE

Com
ped

B RA
supp
Xi v
st, V
rt o
y av
pec
are 

ver 
sof

er lo
as d
on/r
for i
tary

o ob
hine
ator
whic
ng th
call
Jav
dev

e 

E EX

mpu
d w
AM
port
vers
VM

of th
vail
cial 
tur
adm

ftwa
oad

deci
real
ind
y ne
btai
es.
s d
ch w
he a
s an
va p
velo

XAM

uter 
with 
M m
ting
sion

Mwa
he f
labl
VM

rned
min
are 
d by
ided
lloc
ivid
eeds
n a

decid
wou
ava
nd c
prog
oped

MPLE

Sc
eig

mem
g vi
n 5.
are E
func
le op
Mw
d ou
nistr

ins
y sp
d th
cati
dua
s. T

alert

ded
uld w
ailab
carr
gram
d so

E…

cien
ght-

mory
irtu
1. T
ESX
ctio
per

ware
ut to
rato
stall
peci
hat i
on 

al m
The 
ts r

d to 
wor
bilit
ry o
mm
olut

nce 
-cor
y in
aliz

Two
Xi i

onal
ratin
e vS
o be

or, o
led 
ifie
it is
of 

mach
sec

rega

im
rk a
ty o
out 

ming
tion

is t
re I
n D
zatio
o m
is ru
lity 
ng s
Sph
e in
or a
on 

ed v
s ne
res

hine
con
ardi

mple
as a 
of li
com

g lan
. 

the 
Inte

DDR
on 

main
unn
off

syst
here
nsuf
adm

the
virtu
eces
sour
es w
d a
ing 

eme
plu
ibra
mma
ngu

 

cen
el X
R2 s
pro

n fac
ning
fere
tem
e C
ffic

mini
e se
ual 
ssar
rces
wer
ssu
sys

ent 
ug-in
aries
and

uage

30

ntra
Xeo
stan
oces
ctor
g un
d b

ms. 
lien
ien
stra

erve
ma

ry t
s as
re al
ume
stem

thei
n fo
s fo

ds o
e an

01

al 
on 
n-
ss 
rs 
n-
by 

nt 
nt, 
a-
er 
a-
to 
s-
l-

ed 
m 

ir 
or 
or 
on  
nd 



Mariusz Żytniewski, Andrzej Sołtysik, Jarosław Kurpanik 

 

302 

The software is based on historical data, collecting server load logs, which 
recorded the date, time, type of monitored resource and its load. Resources man-
aged by the application are: CPU power, amount of RAM and the amount of 
available space on the HDD of the server. Frequency of entry collecting is de-
pendent on the time of day. Higher falls on the time when classes are held, 
mainly because at this time there are problems with the allocation of resources. 
Standard retention of storing the alerts is half a year, since the load generated on 
the Department’s server is temporary − semi-annual, semester. During the se-
mester, the load increases and decreases in certain hours, depending on the 
schedule of classes. The software is adapted for the manual parameterization of 
the collection of frequencies and retention of logs. 

Basing on the gathered information, the application performs the process of 
requesting and distributes resources according to needs among all the virtual 
machines running within the host. At the same time, helding a process of con-
tinuous monitoring, which involves verification if resources are optimally de-
ployed between the machine, and whether the use of resources allocated in the 
first phase of the request does not exceed the threshold, exceeding which will re-
start the process of balancing resources, which reallocates server resources ac-
cording to the new demand.  

Additional functionality of the application is to inform administrators of the 
server about exceeding threshold values by any of the machines, and the launch 
of the balancing process by submitting information about the percentage use of 
resources by the machine that generated the warning. Notifications of virtual 
machines in addition to the names and numeric values contain a graphical repre-
sentation of data in graphs.  

Below we present an example of the resources balancing implementation 
process. Initially, all virtual machines running on the server were set to the stan-
dard resource values presented in Table 1, assigned by the client program 
VMware vSphere. 
 

Table 1 
 

Table of resources allocated to individual machines 
 

Name of virtual machine RAM Memory [MB] CPU [GHz] HDD [GB] 
CentOS5 2048 1 x 2,66 40 
SAS SRV 2008 2048 1 x 2,66 40 
IFS 12B 2048 1 x 2,66 40 
SAP Business One 2048 1 x 2,66 40 
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Conclusions 
 

The use of solutions to support virtualization processes, as indicated in the 
study, may relate to different aspects of this process and can be associated with 
virtualization hardware and software. The use of dedicated software allows you to 
efficiently use available resources to optimize hardware and its application, while 
minimizing the costs of purchase and operation. In order to make best use of the 
provided configuration of such a system, it is often necessary, however, to use the 
software solutions that go beyond the currently available solutions on the market. 
An example of such software is the prototype of an application developed to assist 
in the process of dynamic allocation of resources, described in this work. 
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WIRTUALIZACJA SYSTEMÓW INFORMATYCZNYCH  
ORAZ JEJ ZASTOSOWANIE NA PRZYKŁADZIE UCZELNI WYŻSZEJ 

 

Streszczenie 
 

Rozwój systemów informatycznych, a w szczególności ich warstwy sprzętowej 
powoduje, iż często posiadane przez firmę zasoby techniczne przerastają wymagania na-
rzucane przez dostawców oprogramowania. W przypadku zastosowania rozwiązań in-
formatycznych niewykorzystane moce obliczeniowe serwerów mogą być optymalizo-
wane przez zastosowanie odpowiedniego oprogramowania pozwalającego na instalację 
wielu systemów operacyjnych na jednej maszynie oraz współdzielenie jej zasobów  
w obrębie wielu rozwiązań programowych. Powoduje to obniżenie kosztów serwisowa-
nia, sprzętu, prądu oraz ułatwia procesy zarządzania całym środowiskiem.  

Celem niniejszego opracowania jest ukazanie koncepcji wirtualizacji, jej rozwoju, 
typologii oraz zaprezentowanie doświadczeń dotyczących kilkuletniego zastosowania 
oprogramowania wspomagającego wirtualizację dla celów dydaktycznych, stosowanego 
Katedrze Informatyki Uniwersytetu Ekonomicznego w Katowicach. Ostatnia część uka-
zuje przykład oprogramowania wspomagającego zarządzanie infrastrukturą informatyczną, 
opracowanego na potrzeby wspomagania dynamicznej alokacji zasobów serwera. 
 


