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Abstract: This paper is centered on analyzing selected segnie
of database technology on the basis of practical selution for the
Oracle database system. The subject of investigatiois the
architecture of a database system. This solution @mpared with
the analysis of architecture adopted from the UNIXoperating
system. The links of two products are not random. Oumodern
information world requires competitive and fast acess to
information. This information is often managed with database
systems in a hosting operating system environmentBoth
products must reflect the need of its users. One dhe many
preferences is an easy start and stop of the appditon. The given
architecture influences available solutions. The argsis of the
adopted architecture is realized by Petri Nets. Theeason for
selecting this method is monitoring similarities inboth products
with the possibility of a classic analysis.
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[. Introduction

Information needs are growing with links to navigatin
the increasingly complex and coherent world. Irgéérand
network applications bring new challenges,
expectations, and changes. These realities affdkt
organizations, firms, and societies. Within thimtext we
must also think about very small companies, miciited
firms, and of course, individuals and their fanglie

Information has a very important influence in alpacts of
everyday life. Information is indispensable for @ativities,
decision-making, and provides an optimal combimatid
steps for adopting a resolution. Information isc@ds and it
offers the benefit of competitive advantage. Coiitipet

chances,

starting point is to use a known method for thelysmim based
on the object and multidimensional approach.

II. Wide Range of Data and Information

Whether this way will in any manner be linked tegiration
with the intent to seek information, a positiveluehce on the
diversity of approach will exist in all societiéghis influence
uses growing information needs for navigating iis tlorld,
and the meaningful use of information. [3] A grelaal of
information is monitored for future expectationghwiespect
to defined objectives and responsibilities. Peapperception
of information depends on quality, visual and giamffects,
ways of presentation, and timeliness.

Besides the availability of data on this topic,istalso
important to consider the amount of informationtthiata
brings. The amount of information, “I(a),” of thévgn data
“a” is based on the likelihood of occurrence fotadg(a)”. If
the data appears only sometimes, then it is mopeiitant to
its occurrence:

p(@)>p(b) = (@) <I(b) [13] (1)

a

The benefit of information is not only regarded foture
decision supporting. [18] Information and data bansent to
further recipients for analysis, confrontation, andment of
surprise. These activities are realized by avadldabbls and
kits with computer support. Both data and informatare
types of knowledge or mediums used to attain kndgéde [4]
Users can work with much information, but the anooh
processed data is not a measure of quality anessicBspects

advantage is a reality that differentiates firmsdangg g ajity are important for data. For exampleg“trolume of
organizations, regardless of size. Competitive athge is digital data has increased over the previous yga62% to

based on uniqueness, idea, innovation, communitai an  gng pillion gigabytes”, but only 25% of stored infuation is
element of surprise. unique. [16]

Thg ques-tlon is “where should yve;ource unique,, NeW gimply, we must work with relevant information. Beant
meaningful ideas as well as surprise?” One of ABOMS  itormation can be obtained from an optimal apyiazafrom

solutions is inspiration by a given process or ascdhe ;5 yatabase system area. The optimal implementaifon
advantage is the ability to share interest aboets® topics  yatapase technology uses knowledge and skills.

with anyone located anywhere via the Internet in
a multicultural environment. Another way of inspioa is i
intentionally seeking information for future proseg, '
acquiring new knowledge and skills for innovative Large amounts of information must be processedtiynal
implementation of all information technologies. Aoogl hardware and software. It is estimated that in 2l0dommon

Maximum Possibilities and Knowledge
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computers in the world managed to process 6.4 x810]\V. Database Technology Analysis

instructions per second. [7] In accordance withs¢heeeds,
there is an increasing number of installed servansl
applications such as database systems. For exa@Gptale
controls more than 2% of the world’s servers, ahdsi
estimated that they now own more than one millemers. [7]

The knowledge spectrum for useful implementationide.
Every user has experience with storage, processidgther
data and information distribution. Knowledge andlslare
needed for various areas of business activitids tivé support
of information technology. The Oracle databaseesysiffers
a wide range of menus and submenus like links topeges or
classic SQL commands. [17] The key to understandimdy
orientation is dividing interests into specializatkas. This
access is not unique. The same method is usedbimiation
technology products such as operating systemslayérs.

For its administration, the Oracle database syshem
specialized web pages, offered by the Oracle Enserp
Manager. This environment is divided into a few gmgvith
required information. These pages are Home, Pedoce
Availability, Server, Schema, Data Movement, Sofeyand
Support. Important pages are dedicated to:

» general information like the host CPU, active sm%s|
diagnostic summary,

» setup, manage, and secure backup,

» storage, database configurations, scheduler,
query optimizer,

» database objects, programs,
user-defined types, and

» software configuration, database software patching.

The maximum quality of both knowledge and skillawis
from many realized exercises, experiments, and tipedc
methods. The important aspect is time and interditthe
education process. Great helpers are video reqwdiamd
analyses using the models. This merger brings gyriarthe
form of visual map of existing solutions. These moels are
also useful for further changes within databashrtelogy on
the basis of actual needs. The installed produtts @lo not
respect specific user preferences and need to #gteti or
adjusted, which lies in the ideal combination ofitable
functions, commands, menus, and links. These aptierd to
be addressed in the design of information technyopmgducts.
In this context, user preferences are difficulegtimate: an
“average” user does not exist [14], but regardlesshe
preferences, the product must properly respond/engnputs
to prevent errors and uncontrolled situations.

The changes are necessitated by the developmargeof
preferences, needs, and the existing environmevhiich they
operate. Database systems are no exception andlgweyeed
new challenges, changes, and analysis to be aldéenan
efficient, dynamic, and user-friendly environment.

materialized

Database technology offers many of the proceduréshw
are performed by processes. Every database system h
needed processes and files that must be initiRtextesses of
the database system are divided into user andrgaeesses.
Existing Grid technologies [1], [10] influence Oladatabase
architecture that is created by:

* instance

If a user runs an application, a user process makes
a connection with an instance. An Oracle databgstem
instance is created by the main memory structulecc&GA
(System Global Area), and processes running in the
background. This background is made up of a fewifpe
processes such as System monitor, Process mdbétabase
writer, and Log writer. System monitor carries oeguired
activities for database recovery after crashescda®monitor
is centered on monitoring running processes, amtllaa
support for their activities. Database writer ssodata to disk.
Log writer stores records for rollback transactioimstance
controls work with data and users of the databgstes. The
database must be associated with an instance.

» database files

After starting, Oracle database system reads ahLER¥
initial parametric file with the aim to define valsi of needed
parameters, to allocate the SGA memory, and tot star

Sl;yf"curibackground processes. The instance must seek agd op

database control files. They have information alyequired

VieWSames of databases and redo log files. This proedgiealled

mount database. The database is in the readyestthis point
and it must be opened for the users. In next shepdatabase
opens online data and redo log files. Users cary caut
needed activities like storing, editing, and seimgh
information.

* Oracle Client and Oracle NET

Needed utilities offer a connection to the datapaseblish
network sessions, and transfer data between @rahserver.
The important configuration files are sqglnet.orsnames.ora,
and listener.ora.

Experienced users easily create a script for tot sth
components of the database system from the opgststem.
A model Oracle architecture is shown in Fig. 1.a&malysis is
displayed in Tab. 1 with an incidence matrix andcreable
marking for first four markings.
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Figure 1. A model describing Oracle architecture
Incidence matrix t1-M1| t2-M2 | t35M3 | t4...
t1 |2 [3[[t5] 6] 7] MO M1 M2 M3

pl -1 0 0 0 0 0 1 1 0 0 0
p2 1 1 0 0 0O 0 O 0 1 0 0
p2-1 0O 1 -1 0 0 0 O 0 0 1 0
p2-1/1 0 0 1 0 0 -1 0o 0 0 0 1
p2-1/2 0 0 1 0 0 -1 0o 0 0 0 1
p2-2 0O 1. 0 -1 0 0 O 0 0 1 0
p2-2/1 0 O 0 1 0 -1 O 0 0 0 0
p2-22 0 0 0 1 0 -1 0o 0 0 0 0
p2-23 0 0 0 1 0 -1 O 0 0 0 0
p2-24 0 0 0 1 0 -1 O 0 0 0 0
p2-25 0 0 0 1 0 -1 O 0 0 0 0
p2-26 0 O 0 1 0 -1 O 0 0 0 0
p3 1 0 0 0 -1 0 O 0 1 0 0
p3-1 0O 0 0 0 1 -1 0 0 0 0 0
p3-2 0O 0 0 0 1 -1 0 0 0 0 0
p3-3 0O 0 0 0 1 -1 0 0 0 0 0
p3-4 0O 0 0 0 1 -1 0 0 0 0 0
p3-5 0O 0 0 0 1 -1 0 0 0 0 0
p3-6 0O 0 0 0 1 -1 0 0 0 0 0
p4 1 0 0 0O O -1 0O 0 1 0 0
p5 1 0 0 0 0O -1 0 0 1 0 0
p6 0O 0 0 0 O 1 -1 0 0 0 0

Table 1. Analysis for a database system modelamwitimcidence matrix and reachable marking
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The above-shown model build follows the definedcpa  status. The “init” process is the ancestor of eyogess in the

. P1_OracleLogin — place for standard login into eyst OP€rating system. The process is located in theatipg
with all components; this place is the startingpoi system entity, created by calling the kernel fd&4. Every

. P2 _Oraclelnstance — place displays the Oracleriostipr  Process has assigned attributes such as UID, FHID),FC,
correct work with database. TIME, TTY, TIME, and CMD. The UNIX operating system

- P2-1_Memory, P2-2_Processes — places that have e&Sfitecture is based upon:

instance (memory allocation and background prosgsse * Needed processes _

e P3 _OracleDatabase - places for storing neededWhen the operating sygtem (kernel) is startedimopgr
information into database files; Oracle has a fibesffor Proc€ss (sched, PID=0) is there for support. Thoxess is
various uses. a special process that is created automaticallynvhe boot

. P3-1_- P3-6_- items to specify database files. begins. Its purpose is to improve t_he malntenafﬁqaemnory

« P4 (gracleCIignts — accesses information for us management. Afteryvard, the child of .the init” pess
pro_cesses. ?IBIDzl) is created via the call fork. The *“init"quess allows

apy user to access the system, creating a prdeasseicures

* P5_OracleNet — accesses information to Oracle Ng standard input and output terminal. This prodessalled
Server-Side and Client-Side. P P i P

. P6_ViewModifyA.ttr?butes — place for accessing azfzhlb |§§ (t:tg/e (? ?Srg\?;lr:; ?ﬁmgg;{;;pﬁ g()a.stabhshed filgtems), or
Ei;i:g?::éshzgs;g’;rng components, for exampl®vale Important configuration files, scripts, and diregto
Required transitions 6f the defined model are: The key file /etc/inittab and the rc* scripts (ubya /shin,

' /etc) are located in the booting process. Init pssc

« T1_NeededComponents — Oracle database start defingftcessively reads each record of the /etc/infilatand runs
database items. These items must be running t@aorrthe command lines that correspond to the mode nuoftibe
database activities. operating system on which the operating system esass

¢ T2_ComponentsOl — database uses SPFILE or initiahother init process runs the commands containebenc*.
parametric file to define values of needed pararagte Names and locations of these scripts vary accortbnthe
allocate the SGA memory, and to start backgrounghplementation of the operating system. Other irtguurfiles

processes. are rc.config, vfstab, or passwd, group from degctetc.
» T3_ComponentsM — database allocates memory stasctur These files contain information about computerisgst
like PGA and SGA. mount file systems, users of accounts and grougstd kasily
*+ T4_ComponentsP — databases create backgrounh or stop an operating system from the consadestart an
processes for the Oracle database. operating system, commands such as boot, init, areBised.

e T5 ComponentOD - database opens control, data, ahde operating system ensures the start-up of addesh
redo log files. Other files are archived log filesssword processes for a given mode. The operating system is

and parameter files. introduced into various modes of operation, i.egk user,
» T6_ViewModifyMenu - accesses information aboutmultiuser mode, halt, console, or user-defined raodée
Oracle database. most useful is the multiuser mode for standardvaiets of all
« T7_Return_OracleLogin — returns to start point P1. users with the help of hosted applications likeatate

The validity of the defined model is verified byaging the systems. The benefit is running all needed prosegiseone
given simulation. A route cycle is built from plagl via command.
specified transitions and places. Places P2 —@&iestandard A model of UNIX architecture is viewed in Fig. 2.chassic
components of the Oracle database system. Placks-PP2-2 analysis is displayed in Tab. 2 with an incidencarirn and
create items Oracle instance, places P3-1 — P3-e maeachable marking.
standard structure database files. The next rcetigns to
place P1.
The available solution of the Oracle database syseery
sophisticated and consistent. Users rely on stabdnd
security of the database system. The architecttirevery
database system is one of the basic componeriis atability
and security. The question is “Is this unique sofupresented
without any room for improvement?” For the sake of
comparison, an architectural analysis will be cateld of the
UNIX operating system as openSolaris.

V. Operating System Analysis

The users of the UNIX operating system are worlimtpe
multiuser mode. Each mode is represented by a fet o
processes which the “init” process creates andseesr their
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Figure 2. A model describing UNIX architecture

| Incidence matrix t1-M1] t2-M2 | t3-M3 | t4-M4 | t5,M5 | t6 MO

[t1 |2 [t3]ta]t5]t6] MO M1 M2 | M3 M4 M5
pl -1 0 0O 0 0 1 1 0 0 0 0 0
p2 1 -1 0 0 0 O 0 1 0 0 0 0
p3 0 1 -1 0 0 O 0 0 1 0 0 0
p3-1 0 0 1 0 -1 0 0 0 0 1 0 0
p3-2 0 0 1 0 -1 0 0 0 0 1 0 0
p3-3 0 1 1 0 -1 0 0 0 0 1 0 0
p3-4 0 0 1 0 -1 0 0 0 0 1 0 0
p3-5 0 0 1 0 -1 0 0 0 0 1 0 0
p3-6 0 0 1 0 -1 0 0 0 0 1 0 0
p4 1 0 0O -1 0 O 0 1 0 0 0 0
p4-1 0 0 O 1 -1 0 0 0 0 0 1 0
p4-2 0 0 O 1 -1 0 0 0 0 0 1 0
p4-3 0 0 O 1 -1 0 0 0 0 0 1 0
p4-4 O 0 O 1 -1 0 0 0 0 0 1 0
p4-5 0 0 O 1 -1 0 0 0 0 0 1 0
p4-6 0 0 O 1 -1 0 0 0 0 0 1 0
pa-7 0 0 O 1 -1 0 0 0 0 0 1 0
p5 0 0 O 0 1 -1 0O 0 0 0 0 1

Table 2. Analysis for an operating system modédi aiit incidence matrix and reachable marking
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The above-shown model build follows the defineccpta  distributed database to describe state changesystem with

« P1_UNIX_Login — place for standard login to a sgste transitions. [15] The created model specifies intguar
with all components; this place is the startingnpoi features of a given reality and they enable toelpddhow the

+ P2_Swapper (Sched) PID=0 — place displays the mgnnistudied system. This analysis is centered on tierition of
swapper process for booting the system. This peocegarallelisms for adopted architecture of given juaid with

creates the next “init” process. possibilities of classic analysis. This is the oeafor select
« P3_InitProcess PID=1 — places where the “init” psxis Petri Nets to analyze on base simulation. Simulateguires
created. an executable and hence a formal model of the aodtw
« P3-1 - P3-6 — items specifying needed processéiseof A graphical visualization of the model is equafiyportant to
multiuser mode. enhance the understanding of the software requirsm 2]
« P4_ConfigurationFiles — place contains links to deek The default structure of Petri Nets is definedRsk I, O, H>,
configuration and system files. where
e P4-1 — P47 — accesses information about maf P isfinal setof places,
configuration files and scripts like /etc/inittatz,config, ¢ T is final set of transitions,
vistab, passwd, or group. * lare input functions,

« P5_ViewModifyAttributes — place for accessing amble * O are output functions,

parameters for existing components, for example vfa and H are inhibitory functions.

menu, or commands via terminal. Marking the Petri Nets is the multi-set over seplaices:

Required transitions of the defined model are: ] ] ]

« T1_NeededComponents — UNIX operating system start 2prp M(p)'p = M(p1)'p1 + M(p2)"p2 +

defined items. These items must be running for the .+ M@EPYPP/8]  (2)

operating system to function correctly. Classic analysis of Petri Nets for models is realiby
* T2_FormationOfChild — method of creating a init@ees. matrix representation with incidence matrix and sét

 T3_Fork_CallKernel — kernel call “fork” is used ¢ceate  reachable markings. The definition incidence matris:
the next processes.

— AT
* T4_AccesssTolnformation — the operating system C=0-1" [8] (3
accesses needed information for the operating iste  Benefit is easily demonstrated by offered actigitiend
optimal work. their confrontation. Realized own models are cbate

» T5_AccessProcessFiles — operating system uses osimulating program of Petri Nets HPSim. [11] Forreot
processes to carry out defined activities for us€hgs analysis of real situations, object access is usedreated
information is for example PID, PPID, CMD. class of objects is defined by attributes and asibles

e T6_ReturnUNIX_Login — returns to start point P1. methods. Net Objects are defined in the HPSim enuent
The validity of the defined model is verified byking the program (Workspace section). Net Objects are Ttansi

given simulation. A route cycle is built from pla@d via Place, and Arc. The model creator must draw ne@thses

specified transitions and places. Places P2 — Rater for available windows, transitions as ways to cleatigough
standard components of the UNIX operating systeiaceg? the menu, commands, or buttons. Places and tramsithust

P3-1 — P3-6 create items of major processes gémgratbe linked via oriented edges. Places are drawnirales;

a given mode, places P4-1 — P4-7 make importaed find transitions are black rectangles, and edges ase arc

scripts. These files use the operating system t@imb  An analysis of a selected database system usimgNRzs
necessary information. The next route returns aceP1. aims to specify the characteristics of a good pseduct and

The created model of UNIX architecture considers thy detailed look on the existing similarity betweke adopted
multiuser mode. Only this mode is important frone thser  so|utions of other products. General charactesisiica good
view because this mode is dedicated to standarcatpe yser of the product [5] can be divided into thédieing areas:
with computer hardware sources and hosted apgitatiThe efficiency and effectiveness,

tnhe?xt reajon is t?at the aim is '_[gl run t:ﬁ oyieraﬁyngems in easy handling and user-friendliness,
is mode as long as possible, without any outages user resiliency,

downtime. Despite these efforts, a break in theratpey .
, ) ) credibility and support for contextual help,
system’s function occurs because of the necessityptate o .
adaptability to different users, and

system software, install specialized software uadd o . .
y b pots stability of the main features and requirements.

new hardware, corrupt the file system, or hardvearers. The characteristics of a user-friendly product difeerent
for each user and firm. The quality of productifilienced by
orientation activities, company size, and levelg;m@drmation

In the analysis of information technology produdéss technology integration. Important characteristice &me,
a necessary quality model, evaluation and measurtemdéinance, and human resources. The difficultiesaése SMEs.
support tools. [6] Analysis of selected databaskaperating But this situation is not present a reason forgresion from
systems use Petri Nets. Petri Nets were chosemalyze the excellent use of information technology prodwstich as
Oracle database system and UNIX operating systari P the Oracle database system, UNIX operating systam,
Nets are primary used for simulation parallel systeand Business Intelligence products.

VI. Methodology of Research and Discussion
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These users are work hard and specialize in veiguan sophisticated product like the Oracle databaseesystave
challenges with a need to succeed in a competitigeket two possible ways — starting the database systenthvee

environment. They: processes by hand, or creating a script to ruthallheeded
» are used to getting information quickly, components. This solution is quite impractical im dynamic
» are familiar with multitasking, and global information society.
» prefer graphics over text information,
» work better if they have a network. References
The above-mentioned characteristics are also neldoa )
young people — the network-oriented ("net-cent@red'[l] A. Abraham, F. Xhafa, “Computational models and

heuristic methods for Grid scheduling problems'ture
Generation Computer Systems 26 (2010) pp. 608-621,
Elsevier 2009, [on-line], [cit. January 12, 201&jom:
http://www.softcomputing.net/fgcs2010_f.pdf.

[2] A. Silberschatz, P. B. Galvin, G. Gagne, ,Operating
System Concepts Essentials”, John Wiley & Sons0201

generation, which is defined by M. Prensky [9]. Kifrg the
ideas of good user products and dynamic charaiitsrisf
SMEs, rules can considered for information techgyplo
products. One of these rules is a dedicated nunaber
realization steps to any given activity. In our reige, it is the

starting or stopping of selected products like dase and pp. 99-114, ISBN 978-0-470-88920-6

operating systems. ,Of COurse, itis advantagecuesary user [3] “Attributes area information”, [on-line], [cit. Beuary 8,
to start the application in one step - for examfulEm a menu 2011]. From: http://informatika.topsid.com/indexpgth
or script. All other application dependencies (rsegy files war=informace.

and processes) must ensure their own processes. [4] “Difference Between Data and Information”, [on-jne
On the ba5|s_of the realized analysis, the Oraatalihse [cit. February 10, 2011]. From: http://www.differen
system has a little problem. The database systest be between.net/language/difference-between-data-gnd-in
started via three processes by hand. The usefpt szirun all rmation/.
these components must edited with text editors.réason for 5] “General characteristics of a good user of the peoig
this solution can be complexity and breadth ofvétadis. The Programming Technology, [on-line], [cit. Decembér 1
presented idea is not, however, justified by the IXJN 2010].  From: http://odkazy.internetshopping.cz/
operating system, with regard to experiences. internet/technologie_programovani/otazky.htm.
Operating systems are also complicated. They ensys} “International standard ISO/IEC 25045”", Systems and
effective management of available hardware ressutne software engineering - Systems and software Quality
multitasking. Managing processes and processorgisf the Requirements and Evaluation (SQuaRE) - Evaluation
complicated areas. Multitasking allows you to shiitto module for recoverability, [on-line], [cit. Decemb#0,
another program without interrupting work in progge 2010].  From:  http://webstore.iec.ch/preview/info
Multitasking facilitates the implementation of attiies that, _iso0iec25045%7Bed1.0%7Den.pdf.
for reasons of principle, must be conducted in lfraith  [7] J. Cerny, ,Is world information overload?”, [on-line],
other activities of the computer. Operating systetasnot [cit. February 15, 2011]. From: http://pctuning ¢ydcz/
have a problem with starting in one step with acige index.php?option=com_content&view=article&id=201
command. The specialized processes “swapper” amitf “i 54&catid=1&Itemid=57.
start all the needed processes for all users imthiiuser [8] M. Kochantkova, “Petri Nets”, Palacky University,
mode. The required information is read from defifies and Faculty of Science, Department of Computer Science,
scripts. Olomouc 2008, pp. 15, 35-41, without ISBN.

[9] M. Prensky, “The Reformers Are Leaving Our Schawls
the 20th Century”, [on-line], [cit. January 9, 2011

Conclusion From: http://www.marcprensky.com/blog/.

Modern information technology products must reflfet [10]“Oracle Database Concepts”, [on-line], [cit. May 9,
needs of all users. Regardless of preferencesyitgcti 2010]. From: http://www.oracle.com/technology/
orientation, company size, time, and finance, mulies must documentation.
be defined for information technology products. 3heules [11]“Petri Nets Tools Database Quick Overview”, [orelin
respect the requirements of good user productstengoung [cit. May 9, 2010]. From http://www.informatik.uni-
generation. A natural requirement is a start op sgplication hamburg.de/TGI/PetriNets/tools/quick.html
in one step (transition) by specialized processath w[12]R. Gold, “Petri Nets in Software Engineering”, [tame],
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