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Mili citatelia,

s radostou Vam predstavujem prvé cislo perio-
dika SCIENCE & MILITARY. I napriek tomu, Ze je
to novy casopis, nevznika na "zelenej like". Nadvd-
zuje na 30 rocnu historiu zbornikov, ktoré pravi-
delne vychadzali na péde nasej skoly od roku 1976.
Pévodny Zbornik Vysokej vojenskej technickej skoly
vznikol z potreby existencie casopisu, ktory by bol
platformou na prezentdaciu vedeckych a odbornych
¢lankov ucitelov, vedeckych pracovnikov a dokto-
randov predovsetkym Vysokej vojenskej technickej
Skoly.

Zmena prostredia, ale i zmeny, ktorymi presla
skola v poslednych rokoch prirodzene vyvolali
poziadavku inovacie tohto casopisu. Novy ndzov
a forma vsak nie je jedinou inovdaciou. Nasim zame-
rom je vydavanie atraktivneho, kvalitného vedec-
kého casopisu  z oblasti vojenstva, ktory bude
pristupny Sirokej odbornej verejnosti doma i v za-
hranici. Cesta k jeho realizdcii je uverejiiovanie
kvalitnych ~ vedeckych a  odbornych  clankov
predovsetkym v anglickom jazyku. SCIENCE &
MILITARY chce vytvorit priestor na publikovanie
prispevkov slovenskych a zahrani¢nych autorov,
ktori sa zaoberaju zakladnym a aplikovanym vysku-
mom v oblasti vyzbroje a techniky ozbrojenych sil,
komunikacnych a informacnych systémov, vojenskej
logistiky, ekonomiky a manazmentu obrannych
zdrojov, manazmentu ludskych zdrojov, ndrodnej
a medzindarodnej bezpecnosti, ale i dalsich oblasti,
ktoré priamo alebo nepriamo suvisia s vojenstvom.
Zamernd tematickda roznorodost’ prvého Cisla je
dokazom toho, Ze tdto sféra je naozaj rozsiahla.
V' casopise chceme tiez uverejiiovat ozndmenia
o vyznamnych konferenciaich a semindroch
z oblasti, ktoré suvisia so zameranim tohto
periodika. Pla-nujeme vydavanie i monotematickych
Cisel, v ktorych budu prezentované vedecké vystupy
z takychto podujati.

V tomto uvodnom cisle sme vytvorili Specialny
priestor pre dve osobnosti v oblasti vedy. Jednou
z nich je dlhorocny clen doterajsej redakcnej rady
a byvaly rektor Vysokej vojenskej technickej skoly
Dr. h. c. prof. Ing. Viadimir Janecek, DrSc. Druhou
je prof- RNDr. Anatolij Dvurecenskij, DrSc., clen
novovzniknutej redakcnej rady tohto casopisu
a riaditel’ Matematického ustavu SAV, ktory v tomto
roku dostal ocenenie ,, Vedec roka Slovenskej re-
publiky 2005 “.

V mene redakcnej rady chcem zazelat' casopisu
SCIENCE & MILITARY kvalitné prispevky, Ccita-
telsky zaujem a pozitivny ohlas u odbornej
verejnosti.

Dear readers,

it is a pleasure for me to introduce the first issue
of our periodical SCIENCE & MILITARY to you.
Although it is a new journal, it was not ,,built on
a green meadow . It follows up more than 30 years
of history of proceedings that have been regularly
published on our academic field since 1976. The
original Anthology of Military Technical University
in Liptovsky Mikulas originated from the necessity to
create the journal that would be the platform for
presentation science and specialized articles of
teachers, science workers and postgraduates above
all from Military Technical University.

The changes of the social and political environ-
ment and also the transition that our school went
through in past years rose the request for the
modification of this periodical. However, the brand
new name and form is not the only important
innovation. Our aim is to publish attractive and
high-class science articles dealing with military
topics that would be available for broad
professional public here and also abroad. The way
of realization of this aim goes through publication of
high-quality articles in English. SCIENCE &
MILITARY wants to create the space for Slovak and
foreign authors dealing with basic and applied
research in the armament and equipment of the
armed forces, communications and information
systems, military logistics, economy and manage-
ment of defense sources and management of human
sources, national and international security, but also
in others areas, that directly or off line cohere with
the warfare. Intentional thematic heterogeneity of
the first issue proves that this area is really
widespread. Our journal will also publish
announcements of major conferences and seminars
from areas, that cohere with geared hereof periodic.
We intend to publish also monothematic issues, that
will present scientific outcomes from these events.

In this introductory issue we granted special
space for two personalities of science. One of them
is long-time member of previous editorial board and
former rector of Military Technical University
Dr.h.c. prof. Ing. Viadimir Janecek, DrSc. Another
one is prof. RNDr. Anatolij Dvurecenskij, DrSc.,
member of the new editorial board, head of the
Mathematical Institute of the Slovak Academy of
Sciences who was awarded the prestigious prize
“The Scientist of the Year 2005" in the Slovak
Republic.

In the name of editorial board I would like to
wish SCIENCE & MILITARY great contributions,
readers' interest and favourable response.

assoc. prof. RNDr. Maria Jureckova, Ph.D.
Chairman of the Editorial Board
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VOJENSKE VZDELAVANIE A VEDA

MILITARY EDUCATION AND SCIENCE

Vladimir JANECEK

Abstract: Military education and science. Global problems in the changing world require a revaluation of the content of
education and also the scientific research in the military field. University gradueates must be prepared both for the practice at
their posts and for their influence on the development in new technologies, and development of natural sciences and
humanities. Such a readiness demands not only a good quality educational activity of pedagogues but also their activities in
military research, science and works published in this sphere. Therefore it is the right decision to change the title and the
content of the new science journal ,,Science & Military* published by the Academy of the Armed Forces of General M. R.

Stefanik in Liptovsky Mikulas.

Keywords: quality of education, military science.

Uroven vzdelanosti v modernej spoloénosti nie je
problémom novym. Funkcii vzdelavania sa vo svete
aj u nas venoval rad disciplin — od filozofie vzdela-
vania, cez prizmu ekonomiky, sociologie, peda-
gogiky, psychologie az po kvalitu a efektivnost
vzdelavania odborného. Nové globalne problémy
v transformujtcich sa spolo¢nostiach prindSaju do
oblasti vzdelavania d’alSie nové ulohy. Nejde pri tom
len o zvladnutie nebyvalého rozvoja novych techno-
logii ale do popredia sa dostava najmé problematika
zvladnutia exponencidlne narastajuceho mnozstva
informacii, ktoré su sprievodnym javom napre-
dujiceho rozvoja kazdej modernej spolocnosti.
Tento rozvoj nie je v sGcasnosti myslitelny bez
rozvoja vedy, ako Specifickej domény [l'udskej
¢innosti, ktord bola eSte vneddvnej dobe Ccasto
vycletiovand z ramca beznych pracovnych ¢innosti.
V sucasnosti je uzndvany nielen jej bezprostredny
podiel na technickom rozvoji, ale tiez jej vplyv na
efektivnost’ T'udskych ¢innosti, bez ktorych ziaden
pokrok nie je myslitel'ny.

Nie je tomu inak ani v oblasti vojenstva. Mozno
prave tieto tUvahy si aj sprievodnym javom
v transformujucom sa systéme vojenského skolstva
pri priprave vysokoskolsky vzdelavanych dostoj-
nikov Ozbrojenych sil Slovenskej republiky (OS
SR), ktord sa v podstatnej miere realizuje v Akadé-
mii ozbrojenych sil generdla Milana Rastislava
Stefanika v Liptovskom Mikulasi (d’alej len AOS).
Okrem tradi¢ného vzdelavania v novo koncipo-
vanych odboroch elektronické systémy, dopravné
stroje a zariadenia, sa vzdeldvanie orientuje aj na
manazérsku profesiu vojenského profesionala, ktory
bude v horizonte najblizsej budiicnosti ovplyviiovat’
aj vojensko-politicky vyvoj nasej republiky, ako
Clenského $tatu demokratickej aliancie vyspelych
krajin. Bude totiz riesit’ okrem beznych uloh vycviku
a ,,novodobého trainingu* prislusnikov plne profe-
sionalnych OS SR aj ulohy, spité s bezpecnostnou
a obrannou stratégiou SR, opera¢ného umenia,
taktiky, moznosti vytvarania prostriedkov obrany

a ich efektivneho vyuzivania. To vSetko s oblasti
a rozhodujuce ulohy d’alsej vystavby OS SR, ale aj
problémy vojenskej vedy, pred ktorou stoja tiez
vecné otazky, akou je sucinnost’ jednotlivych zloziek
OS SR a zvladnutie obsluhy novych zbranovych
systémov, ak nechceme vidiet’ ich perspektivu len
z pohl'adu ,,policajnych a dohliadacich misii‘.

Je pochopitel'né, ze vacSie armady ako su OS SR
sa orientuyji na SirSie vyuzivanie vysledkov
vedeckého vyskumu renomovanych vyskumnych
pracovisk, vtom aj univerzit, vojenskych vzdela-
vacich a vyskumnych centier i civilnych priemysel-
nych podnikov. Aky prinos méze vlozit AOS do
rieSenia uloh, ktoré su stanovené v cielovych
modeloch vystavby a rozvoja OS SR ? Ak uvazime
moznosti vedecko-pedagogického potencidlu, ktory
za vzdelavanie ddstojnickeho zboru OS SR zodpo-
vedd, musime ho spajat so zasadou, ze kvalita
vysokoskolského vzdelavania (a to aj na jeho prvom
bakalarskom stupni) je neodmyslitelna od vedeckej
erudicie pedagdga. Je preto potrebné vidiet
a posudzovat’ ulohy kazdej vzdelavacej institacie tak
z hladiska kvality eduka¢ného procesu, ako aj
vysledkov, ktoré sa dosahuju na pedagogickych
pracoviskach pri rieSeni aktualnych a pre potreby
OS SR potrebnych vedeckych uloh. Len takato
dvojjedind cinnost’ je zarukou ziaducej kvality
vzdelavania a napliiovania principu vedeckosti
vzdelavacieho procesu, ktory je pre edukacnu
¢innost’ prioritny. Diskusia o predmete, obsahu
a Strukture samotnej vojenskej vedy nebola v do-
terajSom transformanom procese uzavretd. V su-
casnych podmienkach existencie SR vystapil cely
rad novych cielov a poziadaviek tak na organizac¢n
Strukturu OS SR, ako aj na ulohy, ktoré si vyzaduju
prehodnotenie a prisposobenie vojenského vyskumu
a vedy novym trendom a potrebam ,,globalizujucej*
sa celosvetovej spolo¢nosti. Za stcasnych podmie-
nok hrozby a nebezpecenstva zo strany medzindrod-
ného terorizmu je potrebné predmet vojenskej vedy
ponimat’ ako systém interdisciplinarnych poznatkov
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zo spolocenskych, prirodnych a technickych vied,
orientovanych na oblast fenoménov vojenstva
a obrannej politiky Statu, vratanie poznatkov
o objektivne verifikovatelnych stvislostiach medzi
nimi a politickymi, ekonomickymi i socidlnymi
faktormi. Na podklade zakladnych koncepcnych
dokumentov je potrebné vypracovat dlhodobé plany
a jednotlivé programy rozvoja vedy a techniky
a vsulade so zasadami obranného planovania
navrhnit a postupne riesit’ na jednotlivych katedrach
konkrétne vyskumné a vyvojové projekty. Pri tom je
na jednej strane nutné zohladnovat moznosti ich
I'udského potencidlu, jeho odbornost, materialne,
finanéné a technické podmienky a na strane druhej
je ziaduce oc€akavat vhodni a moznu publicitu
dosahovanych vysledkov, ¢o je v oblasti vedy bezné
a povazuje sa za rovnocenné s vlastnymi vy-
skumnymi aktivitami.

Je preto spravne, ze doslo k prehodnoteniu aj
stavajuceho systému publikovania v doteraz edito-
vanom Zborniku vedeckych prac, ktory mal dlha
tradiciu a zameranie odvodzované od Strukturali-
zacie nasej vysokoskolskej vzdelavacej institucie, no
na nové trendy v oblasti vojenského vyskumu a vedy
uz celkom nevyhovoval. Na podnet nového vedenia
vedeckého tuseku AOS a redakénej rady bola
vypracovand  zakladnd orienticia a  zéasady
publikovania v novom vedeckom Casopise ,,Science
& Military”, ktoré¢ho redakcia je v stcasnosti
predkladana akademickej komunite. Nejde zd’aleka
len o novy nazov vedeckého Casopisu. Je potrebné si
uvedomit, ze snaha o spristupnenie moZnosti
pedagogického zboru, najmi v stavislosti s do-
ktorandskym S$tadiom, mala za nasledok aj svoju
negativhu stranku vtom zmysle, Zze vedecko-
odborna kvalita prispevkov bola niekedy poplatna
len potrebe dosiahnutia potrebnej  kvantity
publikacii. Tento trend bol v rozpore s pozadovanou
klasifikaciou znalosti a znalostnej stratégie. Tie sa
v suCasnosti stavaju prioritnymi nielen v oblasti
technickych a prirodnych vied, ale tiez v oblasti
socialnej, l'udského faktoru a interdisciplinarneho
prepojenia spolocenskych a prirodnych vied. Ide o
pristupy vzmysle fraktalovych organiza¢nych
principov pri fungovani rozhodovacich procesov
vrozliénych oblastiach riadenia, vtom najmi aj
v oblasti vojenstva.

Ako dlhoro¢ny c¢len doterajSej redakénej rady
okruhu prispievatelov uznanie v c¢o najSirSom
okruhu vedeckej komunity nielen u nas, ale aj
v zahrani¢i a tym aj predpoklad jeho moznej
currentovej“ evidencie.

Dr. h. c. prof. Ing. Vladimir JANECEK, DrSc.
Katedra humanitnych a socialnych vied

Akadémia ozbrojenych sil generéla M. R. Stefanika
Deménova 393

03101 Liptovsky Mikulas

Slovenska republika

E-mail: janecek@aoslm.sk

Dr. h. c. prof. Ing. Vladimir JANECEK, DrSc. po-
sobi vo vojenskom Skolstve od roku 1952. Zacinal ako
uditel' predmetu radiolokacna technika, neskor sa vy-
pracoval na popredného odbornika v oblasti pedagogiky
a didaktiky.

V rokoch 1987 — 1990 bol rektorom Vysokej vo-
jenskej technickej Skoly. S jeho menom je spojené obdo-
bie vystavby uzavretych televiznych okruhov aich vy-
uzivania v procese vyucby vo vtedajSej Vysokej vojenske;j
technickej Skole.

Je autorom alebo spoluautorom 7 vysokoskolskych
uéebnic, 46 monografii pdvodnych vedeckych a odbor-
nych publikacii amnozstva vedeckych a odbornych
¢lankov. V oblasti pedagogiky a didaktiky ma realizo-
vanych 9 projektov a zlepSovacich navrhov a je riesitel'om
4 vedeckych tuloh.

P6sobi alebo pdsobil vo vedeckych radach Styroch
vysokych §kol a univerzit, je ¢lenom viacerych domacich
a medzinarodnych vedeckych komisii, odborovych alebo
spolo¢nych odborovych komisii.

V oblasti pedagogiky a andragogiky je vo vedeckej
komunite uznavanou osobnost’ou.
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Quantum Structures, Hilbert Problems, and
Military Academy in Liptovsky Mikulas

Anatolij DVURECENSKIJ

1. Hilbert Problems and a New Chal-
lenge for the 21st Century

Recently we have commemorated 100 years since
the Second International Mathematical Congress
in Paris, where on Aug, 8, 1900, D. Hilbert!
presented his famous program for mathematics
of the 20th century, and where he formulated 23
open mathematical problems, The list contained
problems that Hilbert found as important ques-
tions that at Eve of the twentieth century were
open.  These “Hilbert problems" as they were
called, profoundly influenced the development in
wathematics,  Some of the problems were eas-
ier than Hilbert supposed, and they were solved
very quickly. Some of them were formulated un-
ambiguously so the answer had more possible so-
lutions, but the most of the problems were very
hard.  Each mathematician who solved one of
these genuine Hilbert problems became an imme-
diately world-known expert whose glory was com-
parable with the glory of Nobel Prize carriers. We
recall that theve is no Nobel Prize for mathemat-
ics. Only if it as applied to Nobel Prize branches.
For example, John Nash, known from the movie
Beautiful Mind, was awarded by Nobel Prize for
his mathematical discovery of equilibrium in econ-
omy. The Hilbert's program was extremely impor-
tant for mathematics and it was a fruit ful sOlrce
of very deep and fundamental ideas. During the
whole 20th century, mathematicians and special-
ists in other flelds have been solving problems
which can be traced back to Hilbert's program,
and today there are many basic results stimulated
by this program.

The Year 2000 was acclaimed by UNESCO as
the World Year of Mathematics. In that time
practically all Hilbert's problems were solved up
to Problem 16. Riemann Hvpothesis. Therefore,
the Clay Institute of Mathematies? Cambridge,

"Davied Hillsers, born 1362, Kanigsherg, radav Kalin-
ingrned, ussion Federation. passed away on 1943, Gisttin-
e Siwee 18U5 was a professor of wathematios at Uni-
versiby of Goetingen, He deeply infoenced many hranches
of mathematics, oue of the ararest nthematician of the
S0 centary.

“Alr Londay Clav. stwelicel Englisk at Harvard, nad
i5 uo st benatician, har e is o very ricl Awierican gen-
tletman, an owniet of mvesting fumds. and a4 sreat adipirer

Massachusetts, USA, was looking for new seven
greatest open problems in mathematics. These
seven hardest problems were chosen b a special
committee of internationally recognized mathe-
maticians over several months. A member of this
commission was for example Sir Andrew Wiles
who couple years ago solved the famous Great
Theorem of Fermat saying that the generalized
theorem of Pythagoras c® = " 44" has NONZErn
integer solutions a, b, ¢ > 0 only if n = 2 {classieal
Pythagoras theorem) or n = 1.

On May 24, 2000, Prof. M. Ativah and Prof.
J. Tate again in Paris presented a new challenge
for the 21st century: 7 greatest open problems in
mathematics. The solution of each of the prob-
lems is awarded by 1 000 000 USD.

These problems are called now the hardest
problems of the millennium [Dev|, There are probs.
lers of number theory, for example the Riemann
Hypothesis on prime numbers distribution in the
complex plane which is a unigue puzzle that re-
mained open from the original Hilbert problems.
Then there are problems inspired from guantun
mechamces, Yang-Mills theory and hypothesis of
mass differences, solution to Navier-Stokes equa-
tions describing the gas and liquid Aow, Poincare's
hypothesis on smoothness, problem P versus NP
from information theory, the Birch-Swinnerton
Deyr hypothesis how to recognize that an equa-
tion has no solution, and the Hodge conjecture on
geometry and algebraic varieties,

of mathematios. Therefore, Lo s supporting at Lis Ao

Mater the pusition professor of matliewntios, sl sranted
the Clay lustituee of Mathematies (the brdget of the [psti-
fule by nowacdays abont 00 000 000 TS0, The s why
b 16 sipporting maths is the fact tha sl dnport i
Lraneh of sciences, as matbonatics is, is finnneially sup-
ported by the state snd by communite very poorly. He
haws fonnd in 1999 1o Cliy Lustiture of Mathematios, a
non=profit organigation focused for imstitationnl wlvertis-
g aned s pporting mathematics,

It is worth vecalling, in Febraey 20, the A ngeriean
proesiclent Mre, G, Bush decided o pive 20 willingds US10
frenn thes resonrees sssigned primnary for cxperinental Liol-
opy o developiment of neathematies awnvl plivsics. This wn
expectoed decision indicates that American el b s
dnrd physicists assured Mr, G, Bosl flist witliet serons
developient of both theso branches it is st powssihili to
CXPect serious results wpd diveloptoent in other seionifie
bramches. This convinees that miathoanatival sl phivaical
eclncation is nseful for Ay country. not only o USA



Science & Military 1/2006

As we see also in the new list there are prob-
lems connected with quantum mechanics, Yang-
Mills theory and bypothesis on wass diferences,
50 again we have a deep physical motivation for
maths going back to guantim mechanics, as 1t
was with the Sixth Hilbert's problem that will he
mentioned in the next Section.

Thus if a reader is assuming that he could be a
millionaire, he has a nice opportunity to try solve
one of the problems. It is supposed the problem P
vs NP could be solved as the first one, and prob-
ably a trickv ideas is enough to solve it. T am re-
calling that at the end of the eighties, a young
student from the Comenius University, R. Szelepe-
sényi, Bratislava. today our colleague from the In-
stitute of Mathematics, solved one of open prob-
lems of theoretical informatics thanks to a tricky
idea and he became a world recognized expert.

One of the above mentioned open problems may
be is already solved. In November 2002, a Russian
mathematician V. Perel'man from 5t. Petersburg
presented at his website a preprint of the solution
to the Poincaré hypothesis. Many of mathemati-
clans are tryving now to verify his proof, but not
even over three vears it is not clear whether his
solution is correct. This indicates to enormous ef-
fort with that mathematicians have to meet solv-
ing problems of mathematics,

2.  Hilbert’s Sixth Problem and
Quantum Structures

We are now going back to D. Hilbert. One of
the most interesting problems suggested by D.
Hilbert, Iving between mathematics and physics,
and that is in the center of our consideration, is
his Sixth Problem:

Find a few physical azioms that, similar to the

avioms of gesmetry, can describe a theory for

a class of physical events that ws as large as possi-
ble.

It is sure that the Sixth Problem motivated and
will motivate the research in gquantum structures
also at the beginning of the third millennium.

We try to present some ideas inspired by
Hilbert's Sixth Problem and give some new direc-
tions which are used today In guantum structures.

(3. Boole |Boo| was probably the first who re-
alized that the laws of thought describe the situ-
ation from the classical world using a two-valued
thinking. Therefore, at the end of the ninetieth
century and at the beginning of the twentieth cen-
tury, measurements in classical physics were using
the model of Boolean algebras.

In the Thirties the situation in both physics
and mathematics was very interesting. A.N. Kol-
mogorov published his fundamental work [Kol| in
which he. for the frst time, axiomatized mod-

ern probability theory, and he used Boolean al-
gebras for a model of measurement for example in
physics.

However the Kolmogorov model is very impor-
tant, but it does not describe the situation that
has arisen in those days called new physics and
which we know nowadays as quantum mechan-
ics as it follows from the Heisenberg uncertainty
principle |Hei| which asserts that the position x
and the momentum p of an elementary particle
cannot be measured simultanecusly with arbitrar-
ily prescribed accuracy. If &, p and A, denote
the inaccuracies of the measurement of the mo-
mentumn p and position z in a state e, then

; 1..
(Anp)? - (Apz)? > _—1?1‘! = (1.1}
where k= h/27 and f is Planck’s constant.

A similar relation holds for the energy-life time

(AnE) - (Amt)? > %rﬁ Sl

It is interesting to notify that similar uncertainty
relations is possible to find also in other scien-
tific areas, for example social sciences, psychol
ogy, the activity of the human brain, automata.
In psychology it is known that when we examine
a patient through questions, the patient’s psycho-
logical stress and the accuracy of his answers are
roughly speaking connected via (1.1).

J. von Neumann |vNeu| made the first funda-
mental step towards a rigorous mathematical ap-
paratus, as well as an interpretational logic of the
new mechanics on the basis of a complex separable
Hilbert space.

In 1936, G. Birkhoff and J. von Neumann pub-
lished their paper |BiNe| where they showed that
the set of assertions of quantum mechanics has
a different algebraic property from a Boolean al-
gebra, and they suggested the structure of a pro-
jective geometry,

The physical system is described through a mea-
suring process that is described by a stafe which
is a probability measure (in many case countably
additive) on the physical system.

From this, we have that the system L{H ] of all
closed subspaces of a real, complex, or guaternion
Hilbert space is of particular interest, G. Mackey
|Mack| in his investigation of the mathematical
foundations of quantum mechanics posed the fol-
lowing problem: Describe the set of all states on
the quantun logic L(H) fer a separable real or
compler Hilbert space. A M. Gleason |Gle| pub-
lished the answer to Mackey's problem in 1857
and this result deeply influenced the progress in
the Hilbert space quantum mechanics. In addi-
tion, Gleason's theorem influenced also mathe-
matical research and the theorem was extended



Science & Military 1/2006

to many cases and structures, for an overview on
Gleason’s theorem see [Dvul].

A turbulent development of gquantum theories
started in the Sixties, and there appeared many
important results which were reflected in numer-
ous monographs, eg. |[BeCa, Bir, Dvul, DvPu,
Gud, Kal, Mae, Pir, PtPu, Var|. There appeared
structures like orthomodular posets and orthoal-
gebras.  Today all these structures which were
inspired by attempts of describing mathemati-
cal foundations of gquantum mechanics are called
quantum structures.  In the beginning of the
Nineties the International Quantum Structure As-
sociation was founded that organizes Biennial
Congresses on which mathematicians, physicists,
logicians, experts to quantum information, and
philosophers interesting in quantum structures
can meet.

In the Nineties, Slovak and [talian schools
contributed with an important new notion, D-
posets [difference posets) F. Chovanec and
F. Kopka from Military Academy in Liptovsky
Mikulag, Slovakia, or equivalently, weak orthoal-
gebras — R. Giuntini and H. Greuling. Later the
American school presented effect algebras — D.
Foulis and MK, Bennett. All these equivalent
algebraic partial structures combine algebraic as
well as fuzzy set ideas. It was shown that the
space of effect operators of a Hilbert space and
also very important MV-algebras can be formal-
ized within this frame.

In 1938, C.C. Chang [Chal| presented a new ax-
iomatic structure, MV-algebra, that generalizes
the two-valued reasoning, taking only values 0
and 1, to infinitelv-valued one taking values from
the whole real interval [0,1]. Later in 1986, D.
Mundici [Aun| showed that there is a natural
equivalence among MV-algebras and Abelian uni-
tal lattice-ordered groups with strong unit as the
interval [0, u], where u is a strong unit. Today
MV-algebras present an important substructure
of guantum structures while, for example, a com-
patible part {i.e. “classical one" of lattice-ordered

effect algebras forms an MV-subalgebra. For a
nice survey on MV-algebras see (CDM|.
Recently in 1999, G. Georgescu and A,

lorgulescu |Gelo| introduced pseudo MV-algebras
which are a non-commutative generalization of
MV-algebras (called now alse GMV-algebras)
which are a generalization of a two-valued reason-
ing. A non-commutative generalization of reason-
ing can be found e.g. in psychological processes:
In clinical medicine on behalf of transplantation
of human organs, an experiment was perforimed
in which the same two guestions have been posed
to two groups of interviewed people (1) Do you
agree to dedicate vour organs for medical frans-
plantation after vour death? (2) Do you agree to

aceept organs of a donor in the case of your need?
If the order of questions was changed in the second
group, the number of positive answers to the first
guestion here was higher than in the first group.

Today there exists even a programming lan-
guage |Bau| based on a non-commutative logic.

Clearly also quantum mechanical measurements
are in general non-commutative; the result of some
experiment may depend on the order of the mea-
surements. Consider, for example, a beam of par-
ticles which are prepared in a certain state, and
which are sent through a sequence of three po-
larizing filters Fy, Fo, £y It is well-known that
the order of the filters makes in general a differ-
ence. For example, let the filter he polarizing in
planes perpendicular to the particle beam, such
that F), polarizes vertically, Fy horizontally and
Fy at a 45° angle. If we place the filters in the or
der F), Iy, Iy, then no particles are detected, bat
in the order Fy, Fy, Fs, particles are detected; the
difference is due to quantum interference.

For these pseudo MV-algebras, the author
|Dwud| presented a representation via intervals
[(],u], where w is a strong unit in an £-group
not necessarily Abelian, generalizing the result of
Mundici |Mun| holding for MV-algebras, This was
an unexpected join of new trends in wathematics,
pseudo MV-algebras, with old well-known mathe-
matical notions, unital £-groups.

In 2001, A. Dvuretenskij and T, Vetterlein pre-
sented pseudo effect algebras, and also for them
they showed that an analogue of the interval rep-
resentation holds supposing a special kind of the
Riesz decomposition property. In the present pa-
per we concentrate to present these now noncon-
mutative guantum structures,

From the measure-theoretical point of view all
above quantum structures present also important
algebraic structures where it is possible to built up
measure theory as well as probability theory and
which will be done below. We will see how nice
mathematical constructions it was necessary to
study to present new results which make connec-
tions between different areas of mathematies, like
algebraic structures, lattice ordered and partially
ordered groups, probability theory, many valued
logic, etc. which nowadays can server for guan-
tum mechanies, guantum computation, or not-
Kolmogorovian probability models, in general.

3. Quantum Logics, Orthomodular
Lattices and Orthomodular Posets

After starting the famous paper Birkohoff and von
Neumann |BiNel, there appeared a whole hicrar-
chy of guantum structures. They started with or-
thomedular posets. We recall that an  orthomomd-
ular poset (OMP, for short) is a poset L with two
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elements 0 < 1 and a unary operation ', called an
orthocomplernentation such that, for all a,b & L,
we have

(i} o =

(i)
[11i]
fiv]
(v}

o< o whenever o < I
av o L:
avbc L whenever a < b':

b= avibne') whenever o < b {orthomodular
law .

We write o L bwhenever o < b, and we say that
a and b are orthogonal or mutually exclusive. IF an
OMP is a lattice, we call it an erthomodular lattice
{OML for short); if it 15 a g-complete lattice, we
called it a quantum logic; if \/_, «; exists in L
for any sequence of mutually orthogonal elements
{a,}of L, Lissaid to be an orthe-o-complete logic.
See |BeCa. Bir, Dvul, DvPu, Gud, Kal, Mae, Pir,
PtPu, Var|.

The most nuportant example of quantum logics
is the quantum logic L[ H) of a real, complex or
quaternion Hilbert space H, where L(H) consists
of all closed subspaces A of H, and M denotes
its orthogonal complement; the partial order is the
set-theoretical inclusion. This example is of basic
importance for the so-called Hilbert space quan-
tum mechanics.  An equivalent structure is the
system P(H) of all erthogonal projectors on H.

We say that two elements a and b of an OMP
L are compatible if there exist three mutually or-
thogonal elements ap, by, ¢in L such that a = a;ve
and b = b v . We recall that an OMP L is a
Boolean algebra iff all elements of L are compat-
ible. This property shows that a system of mu-
tually compatible elements generates a Boolean
subalgebra of L. Compatibility is a very impor-
tant property, because the maximal sets of mu-
tually compatible elements, called  blocks, form a
Boolean subalgebras, and every OMP can be cov-
ered by blocks, So blocks entail a locally classical
part of the OMP, where the classical Kolmogorov
theorem holds.

Measurenients are performed via states, ana-
logues of probability measures. We recall that a
state on an OMP L is a mapping m : L — [0,]]
such that m(1) = 1, and m{a v b) = ma) + mib)
whenever a L 00 IF m is e-additive on L, e,
m{\,a;) = 3 mla;) for any sequence of mutu-
ally orthogonal elements {q;} for which Y/ a; is
defined in L, we called it a r-additive state. In a
similar way we define a completely additive state.

Lt is well-known that every Boolean algebra ad-
atliey o Stave, i lace pheuty of staies, fe., ey
dedermime et wad Yo ovder . Wom RN Vs
is= not a case.  We have examples of stateless

OMLs, |Grel]. An important construction adimit-
ting states is due to Greechie |Gre| using a tech-
nigue of pasting blocks. An overview on the latest
development on this topic see |Nav|.

D.I. Foulis and C.H. Randall |FoRa| introduced
orthoalgebras which are more general than OMPs.
We recall that an orthoalgebra is a set L with two
particular elements 0, 1, and with a partial binary
operation +L = L — L such that for all w, b c & L
we have

{OAil) ifa+be L thenb+a £ L oand a+b
{commutativity):

(OAii) fb+ec e Land a4+ (b+c) € L, then
a+be Land (a+b)+ec L, and a+(b+e) =
(o + b) + ¢ {associativity );

{OAiii) for any a € L there is a unique & ¢ L
such that a + b is defined, and a + b = 1
(orthocomplementation );

(OAiv) if o + a is defined, then a =
tency).

h+a

{} {ronsis-

If the assumptions of (OAN) are satishied, we
write a+b4e for the element (a+b) + 0 = w+{b+e)
in L. We introduce a partial order < on L vian < b
iff @ +¢c=>bfor some ¢ € L, and we write o L bifl
a+bexistsin L. A state is a mapping L — [, 1
such that m{1) = 1 and mfa +6) = mla) + m(b}.

For example, if we put a +b = o b whenover
a L &in an OMP, then we see that any OMP is
an orthoalgebra.

4. D-posets and Effect Algebras

In the beginning of the Nineties, two my former
students, F, Kopka and F. Chovanec |KoCh! in-
troduced a new structure, difference poset, -
poset for short.  This structure requires differ-
ence of comparable elements as a primary notion.
A D-poset or a poset with difference is a system
{P; <.2,0,1) consisting of a partially ordered set
PP with a partially defined binary operation < sat-
isfying the following conditions for all a. b, c e P

(D1} b is defined if and only if @ < b

(D) fa<b thenbSao<band b= (boa) =a

D3 Hfae<b<e theneab<eSaand (00 a) o
(ceab)=boa.

If Piz a D-poset, then we can define a partial
operation, +, such that a+b=ciff c 50 = a, and
(P, +.0,1) is an effect algebra.

Effect algebras introduced by D. Foulis and
M.K. Bennett |FoBe| who were inspired by Kopka
and Chovanec, (see also [GiGr| where they are
said to be weak orthoalgebras), with addition as a
PrUIALY 1OV, AT eOpandanedi, SV W ER G
pomis . e e e effect ageirn e w toreeingey
set F with two particular elements 0, 1, and with
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a partial binary operation 4 £ = £ — £ such that,
for all a,b. e & £, we have

(EAi) ifa+d e E thenb4ae € E and a+b = b+a
(commutativity);

(EAii) if b+ e € E and a + (b+¢) € E, then
atbe Eandla+b)+ec € E, and a+{b+c) =
(a2 + b} + ¢ (associativity )

(EAidii) for any @ € F there is a unique b € K
such that @ + b 15 defined, and a 4+ 6 = 1
{orthocomplementation):

(EAiLv) if | + a 15 defined, then a = 0 |zero-one
law],

Let a and b be two elements of an effect algebra
E. We say that (i) a is orthogonal to b and write
i L b iff @+ bis defined in £ (ii] a iz less than
or equal to b and write a < b iff there exists an
element ¢ £ E such that ¢ L eand a4+ ¢ = b (in
this case we also write b = o and ¢ = b & a); (iii)
b is the orthocomplement of a il b is a (unique)
element of £ such that b L a and a+b =1 and it
is written as a'.

[t is clear that if £ is an effect algebra, then
(E,<,5,0,1) is a D-poset, and vice versa, that
is, both these structures are equivalent. We recall
that every orthoalgebra is an effect algebra, and an
eifect algebra is an orthoalgebra iff o | o implies
a =0,

A basic example of D-posets 1s the system £ )
of all Hermitian operators on a Hilbert space
H which are between the zero operator and the
identity with A5 0 = A — Ol (A, ) = (O¢, )
for any vector ¢ € H. E{H) contains as a proper
subset the svstem of all orthogonal projectors, and
E(H) is not a lattice. We recall that £{H) is also
a basic too] for the so-called Hilbert space quan-
twm mechanics.

All above defined algebraic struoctures are nowa-
davs called quantumn structures,

Another prototypical example of D-posets is as
follows. Let (7. 1) be an Abelian unital po-group
with a strong unit w, *, and if

TiGuy:=4ge G:0=g<u}

is endowed with the restriction of the group sub-
traction —, then {T(G, u): <, —, 0, u) is a D-poset.

We say that a D-poset P satisfies (i) the Riesz
interpolation property, (RIP) for short, if, for all
wy, e, ye in Pyoxy <y for all 4§ implies there
exists an element z € P such that x; < z < gy
for all £, §; (ii) the Hiesz decomposition property,
(RDP) for short, if & < gy +y2 (where + is derived
from <3, see above) implies that there exist two

Tan qﬁj..-u: e GF s snid to Twe o stmng wnit for a

poegrong G given an element g € G thenes i an integer
n =1 such that —nu < g < nee

elements xy,xy € P with 2 < 3 and 22 < 0
such that = = &y + 2.

We recall that (1} if P is a lattice, then P has
trivially {RIP}; the converse is not true as we see
below. (2} P has (RDP)iff, x; + 22 =y + 2 im-
plies there exist four elements €11, €12, ¢21, 000 & P
such that @, = e + €12, T2 = 31 + 020, 17 =
e11+eer, and y2 = ey +eze, |[DvPu, Lemma 1.7.5].
(3} (RDP) implies (RIP), but the converse is not
true (e.g. if P = L(H), the system of all closed
subspaces of a Hilbert space H, then P is a com-
plete lattice but without (RDP}). On the other
hand, every finite poset with (RIP) is a lattice.

A partially ordered Abelian group (G +,0) is
said to satisfy the Hiesz decomposition property
provided, given =,y yo in G such that x <y +
2, there exist @, 22 in G such that © = &y + 22
and x; < y; for each j = 1,2, This condition is
equivalent by [Goo, Prop 2.1| with the following
two equivalent conditions:

{a) Given x1, Tz, y1, ¥z in & such that x; <y, for
all i, 7, there exists z in & such that x; < z <
y; for all 4, 7.

{b) Given xy.&9, 100,52 in G such that &) + a4 =
i1 +ya, there exist 2y, 2y2. 22y, 200 in G such
that @; = zjy + 22 for each i and y; = 2+
for each j.

According to |Gool, a group & with the Riess
decomposition property is said to be the snterpo-
lation group.

[t is clear that if ({7, ) 15 a unital interpolation
group, then P = I'{(Z, u} has (RDP).

We recall that by a wnwersal group for a D-
poset P owe mean a pair (&, ) consisting of an
additive Abelian group & and a C-valued measure
v: P — G e, vla+ b) = vy(a) + (b)) whencver
i + b is defined in ) such that the following con-
ditions hold: (i) () generates & (i) If H is an
additive Abelian proup and ¢ : P — H is an H-
valued measure, then there is a group homomor-
phism ¢" : G — H such that ¢ = ¢" 2+, Accord-
ing to |FoBe|, every D-poset possesses a universal
group.

Ravindran |Rav| (|DvPu, Theorem 1.17.17])
proved the following important result.

Theorem 0.1 Let P be a D-poset with the Hies:
decomposition property. Then there emsls o wne
tal interpolation group (G, u) with a strong et o
such that UG ) s tsomorphie unth P, and there
is a (-valuved injective measure < such that (G, =)
is a universal group for P.

It is possible to prove even the categorical equiv-
alence. Let RDP be the category of the D-posets
with the Riesz decomposition property whose oh
jects are D-posets satisfving the Ries: decomposi-
tion property and morphisms are homomorphisms

11
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of D-posets, and let W{LGT be the category of
unital Abelian f~groups with interpolation whose
with morphisins £-homomorphisms preserving dis-
tinguished strong unit. The mapping MW LGT —
RDP defined by (G u) v— T(G, u), and T{h) =
WG, ), is a functor.

Theorem 0.2 (Ravl) The functor T defines
a categorical  equivalence between the category
WLGT  of unital Abelion £-groups with interpola-
tion and the category RDP .

Moreover, if h is a morphism of unital £-groups
with inferpolation, then I is injective of and only
if (k) is injective, and h is surjective if and only
if U'(R) 15 surjective.

As a corollary we have that every D-poset with
(RDP) has at least one state that is a mapping
s — [0, 1] such that (i) s{1) = 1, and {ii) if a+& is
defined in P, then s{a+8) = s(a)+s{b). Moreover,
every state on ({7, u) is a restriction of a unique
state on (Gow). We recall that a state on (G, u)
is anv mapping sG — such that (i) s{g + k) =
slgl+alh), g b € G, {ii) s(g) = 0 whenever g = 0,
and (iii) s{u) = L.

It is important to recall that as it was men-
tioned earlier, among orthomodular lattices or or-
thomodular posets there are examples of stateless
structures, see |Gre, Grel|., On the other hand,
the notion of states introduced for D-posets, or
equivalently for effect algebras, in particular for
the most important example of D-posets, MV-
algebras, was introduced more earlier by Koplka
and Chovanec |KoCh| than did Mundici for MV-
algebras in |Munl|.

We recall that a poset [ P; <) is an anfilatfice if
only comparable elements of P have an infimum
or a supremum. It is clear that any linearly or-
dered poset is an antilattice and every finite D-
poset witl (RIP) is a lattice. The Ravindran re-
sult can be reformulated also in this form:

Theorem 0.3 Every D-posei P unth (RDP)
is a subdirect product of antiloftice D-posets
with (RDP). and all eristing meets and joins in
I are preserved in the subdirect product.

The class of Boolean D-posets is another very
important family of D-posets introduced by F.
Chovanec and Kopka |ChlKo2|. It is a D-poset
P which is simultaneously a lattice and, for all
ab e P {avd)Sb=ad{anrb) It is impor-
tant that to say that such elements are said to
be compatible. We recall that this notion was in-
vented also by MK, Bennett and D, Foulis |BeFo|
under the name Phi symmetric effect algebras. It
is interesting to sav that Boolean D-posets are al-
gebraically equivalent to MV-algebras, introduced
by Chang |Chal:

Theorem 0.4 Lef (7, u) be o wnital £-group with
strong unit and let us sefl T{G u) = {ge & 01 <
g=u}l. Then (IVG, u), <,—, 0, u) is a Boolean [-
poset, where — is o group subiraction ofeomparable
elements. Conversely, of P 15 a Boolean D-poset,
there is a unique [fup fo isomorphism) unital (-

group (G, u) such that P = (G w).

Recently Z. Rietanova |Rie| proved that cvery
lattice D-poset can be covered by blocks, which
are maximal subsets of mutually compatible el-
ements. In addition, these blocks are always
Boolean D-posets.

New trends coming from the Military School
in Liptovsky Mikulds are connected with a gen-
eralization of pasting methods of Greechie for D-
posets, see eg. [Chlull.

5. Conclusion

The Slovak school on quantum structures belongs
to a leading group of this theory in the world, Tt
started in late Sixties, and its origin in Slovakia
is connected with the names like late Prof T.
Neubrunn, and Prof. B. Rietan. Then this the-
ory was built up at the Institute of Measurement
of the Slovak Academy of Sciences around Profs
I. Staricek, A. Pdzman, 5. Pulmannova and A,
Dvuretenskij in Bratislava, and the last twenty
yvears the main Slovak center of quantum struc-
tures is at the Institute of Mathematics of the
Slovak Academy of Sciences where S. Pulmannovi
and A, Dvurecenski) moved. There was founded a
seminar on quantum siructures to which joined
in the Eighties Prof. Z. Riefanova, V. Palko, V
Janiz, and G. Jenta, etc,

In the middle of the Eighties, Prof. B. Rietan
moved at the Military Academy in Liptovsky
Mikulds, where he initiated a sroup of voung
mathematicians that was concentrated to quan-
tum structures; F., Chovanec, F. Kopka, 3. Ju-
reckovd, E. Rybdrikovia-Drobnd, J. Rybdrik.

We are very glad that the most important con-
tribution of the School of quantum structures at
the Military Academy, D-posets, inspired many
experts in quantum structures, and thev belongs
to the most important contributions to this the-
ory in the Nineties. This theory join fuzzy ideas
together with algebraic methods and it deeply in-
fluenced theory of quantum structures. D-posets
were extended to noncommutative pseuds -
posets and pseudo effect algebras by the aunthor
and Vetterlein [DvVe, DvVel|, as well for psendo
MV-algebras by Georgescu and lorgulescu |Gelo|,
and Rachunek [Rac|.

It is worth recalling that in 1982, Kopka aned
Chovanee together with Giunting were awarded
by a prestige prize of the International Quan-
tum Structures Association at the Fourth Bien-
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uial IQSA Meeting which took part in Liptovsky
Jan.! This was a world wide estimation of the Slo-
vak school of quantum structures, in particular, of
the School of quantum structures at the Military
Academy.
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PROGNOSTICKA HODNOTA PRIJIMACICH SKUSOK
PRE USPESNOST STUDIA NA AOS

PROGNOSTIC VALUE OF ENTRANCE EXAMINATION
FOR SUCCESSFUL STUDY AT THE ACADEMY OF ARMED FORCES

Eva DROBNA, Ferdinand CHOVANEC, Iveta MOLNAROVA, Emil ONDIS

Abstract: Considering the task of forecasting educational achievement and state of preparation for professional military
career authors give the partial analysis of entrance examination, level and abilities of applicants and admitted students, and
the mastering of the studies in their first term. This beginning of longitudinal research has an ambition to give a rise to the
creating of new study standards and start points for the branch human resources department in projecting staffing.

Keywords: entrance examination, admittance prerequisites, student achievement index, prediction validity.

1. UVOD

Nepomer medzi ponukou volnych miest na vy-
sokych s$koldch arasticim poctom zaujemcov
o Stadium spdsobuje zvySeni pozornost’ verejnosti
na proces prijimacieho konania na vysoké Skoly
(VS). Podla [1], ako hlavné rizikd prijimacieho
konania na VS, st verejnostou najéastejsie vnimané
moznosti korupéného spravania, kvalita prijimacich
skusok, transparentnost’ a rovnost’ Sanci.

Hlavnym cielom prijimacich skiisok na VS je
vybrat’ spomedzi uchadzacov tych, ktori maji naj-
vacésie predpoklady na Gspesné §tidium zvoleného
odboru. Co najobjektivnejsie by sa mali posudzovat
predovsetkym tieto tri zlozky osobnosti uchadzaca
(v poradi podl’a priority):

1. intelektudlne predpoklady na vysokoskolské
Studium a to jednak vSeobecné predpoklady (na
§tadium na akejkolvek VS) a jednak $pecifické
(na zvoleny studijny odbor);

2. motivacia na §tadium zvoleného odboru;

3. aktudlna vedomostnd vybava potrebna na
uspesné zvladnutie Stadia.

Vedomostné testy v prijimacom konani na Aka-
démiu ozbrojenych sil (AOS) st zamerané len do
oblasti tretej zlozky. Predpokladd sa, ze 1. a?2.
zlozka by mali byt obsiahnut¢ v psycho-
diagnostickom vysetreni.

V tomto ¢lanku chceme priblizit’ tvorbu testov
z matematiky, urobit’ spatné vyhodnotenie ich kva-
lity, poskytnut’ Statisticki analyzu prijimacich tes-
tov z matematiky a z cudzieho jazyka a zhodnotit
prognosticki  hodnotu  vedomostnej prijimacej
skusky po ukonéeni prvého semestra.

2. ANALYZA PRIJIMACICH TESTOV
Z MATEMATIKY

Na zaklade dlhoro¢ného pedagogického vy-
skumu v ramci rieSenia vnutornej vedeckej tlohy

16

,,Optimalizacia modelu prijimacej skusky z ma-
tematiky na Vojenskej akadémii v Liptovskom
Mikulasi® [2] ukonéenej v roku 2002 bol vypraco-
vany model prijimacej skusky z matematiky
pouzity na prijimacich skuskach vrokoch 2004
a 2005. Podl'a tohto modelu bolo odporacané vy-
pracovat testy obsahujuce 12 prikladov z 12 tema-
tickych oblasti stredoskolskej matematiky s dobou
rieSenia 60 minut. Navrhovana forma testov bola
v podobe polytomickych uloh s piatimi moznymi
odpoved’ami, zktorych je len jedind spravna
a k spravnej odpovedi je mozné dopracovat’ sa Ca-
sovo primeranymi vypoctovymi technikami. Tato
forma testu eliminuje subjektivne faktory pri hod-
noteni uloh apri vyhodnocovani testu umoziuje
pouzit’ vypoctovu techniku. Priklady z jednotlivych
tematickych celkov boli rozdelené do troch bodo-
vych hladin — 7, 8 a9 bodovych. Testy boli zosta-
vené tak, aby v teste bolo mozné ziskat’ maximalne
100 bodov. Z organiza¢nych dévodov bolo pripra-
venych 5 réznych variantov (na kazdy den jeden,
pricom kazdy variant pozostaval zdvoch pod-
variantov liiacich sa len poradim prikladov).
Z prikladov vybranych do testov boli zostavené dva
varianty pilotnych (t. j. overovacich) testov, ktoré
boli otestované na 204 Studentoch z gymnazii
v Liptovskom Mikulasi, v Liptovskom Hradku
a v Ruzomberku, ZSSE v Liptovskom Hradku
a SPS v Ruzomberku. Celkova tispesnost’ pilotnych
testov bola 43,62 %. Oproti predchadzajicemu roku
sa pilotnych testov zacastnili Ziaci celych tried, bez
ohl'adu na to, ¢i planuju ist’ na vysoku skolu alebo
nie, pripadne aj ziaci, ktori sa hlasili na vysoké
Skoly bez prijimacej skusky z matematiky. Na za-
klade pilotnych testov boli vykonané niektoré ko-
rekcie vo vybere prikladov, respektive ich presku-
penie v bodovych hladinach.

Pri zistovani kvality testov po ukonceni priji-
macich skuSok sme rieSili dve ulohy. V prvej sme
sa zaujimali o to, Ci jednotlivé varianty testov boli
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porovnateIné svojou naroCnostou, a teda vy-
sledky dosiahnuté v jednotlivych variantoch moze-
me povazovat za porovnatelné a v druhej sme
zistovali stupeil obtaznosti jednotlivych testov.

Na zistenie porovnatelnosti variantov sme
pouzili Statisticki metédu testovania hypotéz.
Stanovili sme nasledujuce hypotézy:

Ho: Vysledky testov vo vsetkych variantoch
pochadzaju z toho istého rozdelenia.

Hi: Vysledky testov vo vsetkych variantoch
nepochadzaju z toho istého rozdelenia.

Na overenie platnosti nulovej hypotézy sme
pouzili Kruskalov — Wallisov neparametricky test,
ktory testuje zhodu rozdeleni pre viac suborov.
Pouzili sme testovaciu Statistiku

P R2
K=—12 D -3+,

- n(n+1) <= n,

kde p je pocet vyberovych suborov, R;je sucet
poradi pre kazdy vyberovy subor rozsahu n; a
n=n;+n,+..+n,. Hypotézu Hy zamietame, ak

pre hodnotu testovacej Statistiky &, ktora je vypoci-
tand z vyberovych stuborov, plati: £ > ;(lz_a; 1> kde

;(12,&; -1 je kvantil x> — rozdelenia.

Na hladine vyznamnosti « = 0,05sme ziskali
tieto vysledné hodnoty:

12
= ——(50338792)-3.(586) = 4,1
585.(586)( )-3{586)=4,

Xoosa =9,4877

KedZze vypocitand hodnota testovacej Statistiky
je mensia ako prislusny kvantil, nie je ddévod
zamietnut nulovi hypotézu ana hladine vy-
znamnosti « = 0,05 mézeme tvrdit, ze vysledky vo
vsetkych piatich testoch pochadzaji zrovnakého
rozdelenia. Vysledky testov v jednotlivych va-
riantoch boli porovnatelné, t.j. stredné hodnoty
ziskanych bodov i Standardné odchylky v jedno-
tlivych variantoch boli rovnaké.

Jednym z parametrov hodnotenia obtaznosti
testovacich poloziek, v naSom pripade prikladov, je
uspesnost’ testovacej polozky vyjadrena indexom
narocnosti polozky (INP).

INp= PUR
n
kde PUR je pocet uspesnych rieseni a n je celkovy
pocet rieSitelov daného testu. Odporacana
Standardna tGspesnost (SU) je 20 — 80 % (INP
€<0,2; 0,8>), pricom za optimalnu aspesnost’ (OU)
sa povazuje uspesnost 40 — 60 % (INP e<0,4;
0,6>). Za kritickl sa povazuje Gspesnost’ nad 80%
(prili§ l'ahké polozky, nizka narocnost’ (NN)) a pod
20% (prili§ tazké polozky, vysokda narocnost
(VN)). Prili§ Tlahka alebo prili§ tazka polozka

nepoukazuje na ziadne rozdiely medzi res-
pondentmi.

Mieru schopnosti testovacich poloziek rozlisit’
uspeSnych a menej uspeSnych respondentov vy-
jadruje diskriminacny index (DI). Ak respondenti,
ktori dosiahli vysoké celkové skére, uspesne
zodpovedali na danu polozku a menej Uspe$ni ju
nezodpovedali, vtedy mézeme povedat’, Ze polozka
je dobra, lebo odlisuje ,,dobrych® od ,slabych.
Diskriminac¢ny index je definovany vztahom

DI~ 3(PSOH - PSOD)
n

kde PSOH je pocet spravnych odpovedi hornej
tretiny respondentov a PSOD je pocet spravnych
odpovedi dolnej tretiny respondentov a n je celkovy
pocet rieSitelov daného testu. DI by mal podla [3]
dosiahnut’ hodnotu aspon 0,3.

Dal§im parametrom je index naro&nosti testu
(INT), vyjadreny vztahom

INT= CPUR
n

kde CPUR je celkovy pocet uspesnych rieseni
v tesate a n je celkovy pocet riesitel'ov daného testu

Vtabulke 2.1 je uvedeny pocet prikladov
prislus- nej tspesnosti, pocet prikladov s DI > 0,3
a index narocnosti testu.

Tab. 2.1 Porovnanie testov z hladiska uspesnosti
testovacich poloziek, diskrimina¢ného indexu
a indexu narocnosti testu.

SU(OU) NN |VN |DI>0,3| INT
Test&1| 127 | 0| 0 12 0,431
Testé2| 12 6) | 0 | 0 11 0472
Test&3| 11 8) | 0 | 1 11 0,481
Testé4| 10 5) | 1 | 1 10 0,447
Test&5| 11 (7)) | 0 | 1 11 |0,458

Je nevyhodou, Ze sa pri prijimacich skuskach
musi pouzivat' viacej variantov, lebo dodrzat
rovnorodost’ jednotlivych variantov je obtazné,
iked podla doterajSich vysledkov sa to dari na
dobrej Grovni.

V nasledujicom prijimacom konani odporu-
¢ame pouzit’ rovnaku filozofiu konStrukcie testov
z matematiky. Testy preukazuji  dostatoc¢nu
rozliSovaciu  schopnost. Rovnaky typ testov
umoznuje overovat zvolenu formu testov pocas
viacerych rokov a zistovat prognosticki hodnotu
prijimacej skusky pre dalSie Stadium Studentov
v AOS.
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3. PRIJiMVACIE SKUSKY NA AOS V ROKU
2005 V CISLACH

Na bakalarske §tvorrocné stadium
v akademickom roku 2005/2006 sa na tri
akreditované Studijné odbory dopravné stroje
a zariadenia (DSZ), elektronické systémy (ES)
a manazment (MAN) prihlasilo spolu 1034
uchadzacov, z ktorych sa 585, tj. 56,58%
zuCastnilo na prijimacich skaSkach  (PSK)
(v porovnani s rokom 2004 z prihlasenych 825 to
bolo 413 uchadzacov, teda 50%). PSK pozostavali
v roku 2005 z vedomostnych testov z matematiky
az cudzieho jazyka, dalej z psychodiagnostického
vySetrenia, ktorého zaver mal charakter odpo-
racania. Nakoniec sa Studenti so splnenymi
kritériami na testoch z matematiky az cudzicho
jazyka podrobili lekarskemu vySetreniu, ktoré
definitivne rozhodlo o ich prijati resp. neprijati.
Statisticka analyza pre nastupny rok 2005/2006 je
urobena na subore 585 uchadzacov o Stadium, ktori
sa prezentovali a absolvovali prijimacie testy.
V tabulke 3.1 njdeme triedenie uchadzacov podla
typu absolvovanej strednej $koly (SOS - stredna
odborna Skola, SOU - stredné odborné uéiliste, G -
gymnazium, MI - chybajice udaje) a pohlavia.

Tab. 3.1 Triedenie uchadzacov podrla typu strednej
Skoly so Specifikaciou vzhl'adom na pohlavie

Pohlavie Udaje SOS SOU G MI Celkom
Muzi Pocet uchadzacov 210 58 137 2 407
Percentualne 51,60% | 14,25% | 33,66% | 0,49% | 100,00%
Zeny Pocet uchadzacov 99 11 68 178
Percentualne 55,62% ] 6,18% | 38,20% | 0,00% | 100,00%
Celkom pocet uchadzacov 309 69 205 2 585
Celkom v percentach 52,82% | 11,79% | 35,04% | 0,34% | 100,00%

Z uvedenej kontingen¢nej tabulky vyplyva, ze
priblizne 35% uchadzacov o bakalarske Stadium
bolo z radov gymnazistov, takmer 53% spomedzi
$tudentov strednych odbornych §kol a iba necelych
12% zradov ucnovskej mladeze, co je takmer
rovnaké rozloZenie ako v roku 2004 (33%, 51%
a 16%).

Za Uspesné zvladnutie prijimacicho testu
z matematiky sa povazovalo dosiahnutie aspon 51
bodov zo 100 bodového testu a v cudzom jazyku
zrovnako bodovo dotovaného testu dosiahnut
aspon 60 bodov. Ako splnili uchadzaci tieto kritéria
ukazuje nasledujuca tabul’ka.

Tab. 3.2 Uspesnost’ uchadza¢ov v teste z matema-
tiky a z cudzieho jazyka

Udaje Neuspel | Uspel | Celkom
Priemerny bodovy zisk z matematiky 33,7 70,8 45,8
Priemerny bodovy zisk z cudzieho jazyka 58,2 76,4 64,2
Pocet uchidzacov 394 191 585
Percentualne 67,35%| 32,65%]| 100,00%
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V porovnani s rokom 2004, kedy na PSK uspelo
17,43% wuchédzatov s priemernym bodovym
ziskom z testu z matematiky 73,51 a z cudzieho
jazyka 78,53 bodov, mézeme povazovat 32,65%
uspesnych uchadzacov vroku 2005 za vyrazne
vy$§i podiel Studentov spliajiicich stanovené
kritéria prijatia, ale s mierne niz$im priemernym
bodovym ziskom v oboch testoch. Podrobnejsie
a objektivnejSie je tuspesnost’ uchadzacov, ktori
splnili v testoch z matematiky a cudzieho jazyka
podmienky prijatia, viditeI'na v grafe 3.3. Vidime,
ze tvar Gaussovej krivky normalneho rozdelenia,
ktoré sa pri bodovej Skale hodnotenia vykonov
Studentov ocakéva, je vyrazne naruSeny skupinou
54 uchadzacov, ktori sice podmienky prijatia v teste
z matematiky splnili, no nedosiahli viiom 60%
uspes$nost’, Co je hranica medzi nedostatoénym
a dostato¢nym vykonom na semestralnej sktiske na
AOS. Je pozoruhodné, Ze ide prevazne o Studentov,
ktori na $tudium bud’ neboli vobec prijati (z inych
dovodov  ako nesplnenie  hranice  prijatia
z matematiky a cudzieho jazyka), odisli z AOS este
pocas septembra (spolu ide o 38 Studentov), resp.
Studenti, ktori opakuju predmet Matematika 1, teda
nedosiahli 60% tspeSnost v hodnoteni pocas
semestra ana semestralnej skuske (60 bodov)
z matematiky (4 Studenti). Teda iba 12 uchadzacov,
ktori uspeli na prijimacom teste z matematiky
s hodnotenim FX (uspesnost’ niz§ia ako 60%),
zvladlo v 1. semestri predmet Matematika 1.

Rozdelenie vyhovujicich uchdadzacov podl'a bodového
zisku na teste z matematiky a z cudzieho jazyka

Pocty
uchéddzacov

FX (51-59) E (60-68) D (69-77) C (78-85) B (86-93) A (94-100)
[ @ MATEMATIKA O CUDZIJAZYK |  Bodovs triecy

Graf 3.3 Histogram rozdelenia uspe$nych uchadza-
¢ov podla bodového zisku na teste z matematiky
a z cudzieho jazyka

Ak chceme porovnat, napriek nie celkom
rovnakym podmienkam prijimacicho konania
v rokoch 2004 a2005, do akej miery uchadzaci
zvladli test z matematiky, pozrime sa na graf 3.4.
Bodovt skalu testu sme rozdelili na 6 bodovych
tried avidime, Ze na prijimacich skuskach
z matematiky zvladli uchadzaci testy porovnateIne
avjednotlivych  vykonnostnych triedach st
rozdiely najviac + 4%.
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Prehlad aspesnosti na PSK v rokoch 2004 a 2005
Percento
uchddzacov
29% 02004
8% 26%25y, 2005
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Graf 3.4 Prehl'ad percentudlneho zastipenia ucha-
dzacov v danom roku podl’a bodového zisku v teste
z matematiky

Ak teda vedomostnd Ttrovenn uchadzacov
z matematiky bola vrokoch 2004 a 2005 porov-
natel'nd, zostava zodpovedat’ otazku, preco zo 148
prijatych v roku 2004 do ukoncenia skuSkového
obdobia 1. semestra odislo 34 Studentov (23%),
kym v skolskom roku 2005/2006 to bolo zo 120
prijatych len 13 Studentov (necelych 11%). Zda sa,
Ze sa tu naplno prejavila platnost’ elementarneho
vzorca uspesnosti v Studiu, ktord je vzdy sucinom
schopnosti Studenta a jeho motivacie.

Na dokreslenie nasho tvrdenia, zZe po oba roky
boli uchadzaci o §tadium na AOS porovnatelne
vedomostne vybaveni, ponukame rozbor vysledkov
psychodiagnostického vySetrenia.

Tab. 3.5 Suvislost medzi Gspesnostou uchadzacov
v psychodiagnostickom teste a teste z matematiky

pripadoch bol netspech v teste z matematiky
sprevadzany potvrdenim osobnostnych danosti
vhodnych pre kariéru profesiondla OS SR.

RozloZenie uchadzacov podla tispesnosti v teste
z matematiky v kategérii neodporucanych PSD
vySetrenim je 80,80% neuspesnych a 19,20%
uspesnych, kym v skupine odporu¢anych PSD
vySetrenim je 48,20% neuspesnych a 51,80%
uspesnych, ¢o jasne dokazuje, podobne ako to bolo
v roku 2004 (86,09% ku 13,91% a 58,02% ku
41,98%), ze v PSD vySetreni nie st zahrnuté na
relevantnej hladine komponenty testujuce Studijné
predpoklady respondenta, a ze teda hodnoti
v prevaznej miere schopnosti zhostit' sa profe-
sionalnej vojenskej drahy.

4. PRIJIMACIE SKUSKY A STUDIINE
VYSLEDKY PRVEHO SEMESTRA

Po skonceni prvého semestra akademického
roka 2005/06 sa mézeme pozriet na korelaciu
vysledkov prijimacich skiSok a dosiahnutych
Studijnych vysledkov u 107 Studentov, ktori
skoncili 1. semester. VSetci Studenti bakalarskeho
Studia mali spolo¢né dva predmety: matematiku
a angliCtinu. Tabulka 4.1 obsahuje korela¢ni
maticu s korelacnymi koeficientmi medzi pre-
mennymi: prijimacia skiSka z matematiky (PSM),
prijimacia skuska z cudzieho jazyka (PSCJ), body
z matematiky 1 na skuske v riadnom termine
(M1RTB), body z anglic¢tiny na skuske v riadnom
termine (AJRTB).

Tab. 4.1 Korela¢na matica

Percentost[pca 50,99% | 18,70% | 38,29%

Matematika
PSD vysetrenie |Udaje Neuspel | Uspel | Celkom PSM PSCJ MIRTB| AJRTB
Neodportca Pocet uchadzacov 181 43 224

PSM 1

Percento riadku 80,80% | 19,20% | 100,00%

Odporuca Pocet uchadzacov 174 187 361

Percento stlpca 49,01% | 81,30% | 61,71%

Percento riadku 48,20% | 51,80% | 100,00%

PSCJ 0,11 1
M1RTB 0,39 0,23 1
AJRTB 0,22 0,38 0,52 1

Celkom pocet uchadzacov 355 230 585
Celkom percento stlpca 100,00% | 100,00% | 100,00%
Celkom percento riadku 60,68% | 39,32% | 100,00%

Tabul'ka 3.5 vypoveda o uspesnosti uchadzacov
v psychodiagnostickom teste (ktory je zamerany na
hodnotenie osobnostnych vlastnosti a predpokladov
potrebnych pre zvladnutie uloh profesiondlneho
vojaka) a v teste z matematiky (ktorého vypovedna
hodnota je vo vedomostnej sfére, logickom mysleni
a zruénostiach nadobudnutych na strednej skole
a potrebnych pre vysokoskolské stidium). Vidime,
ze v 187 pripadoch je zhoda medzi uspesnost'ou
v oboch zlozkach, kym obe kritéria nespina 181
uchadzacov. Iba 43 respondentov, ktori preukazali
pozadované vedomosti z matematiky, nebolo
odporu¢enych PSD vySetrenim. Naopak, v 174

Z tabulky vidime vel'mi slabu korelaciu medzi
PSM a MIRTB (0,39) medzi PSCJ a AJRTB
(0,38). Studenti 3tudijnych programov DSZ, ES
mali spoloéné eSte dva predmety: zaklady
elektroniky a zaklady strojarstva. Pri hl'adani
korelacii PSM a vysledkami tychto predmetov tiez
existuje len vel'mi mala Statisticka zavislost'. Su to
hodnoty mensie ako 0,16. Studenti 3tudijného
programu MAN mali predmet informatika, ale
korelacia medzi PSM a vysledkami z informatiky je
len 0,15. Z malych hodnét korelaénych koe-
ficientov mozno ocakavat, ze prognosticka validita
prijimacej skusky z roku 2005 bude nizka. To vSak
treba overit sledovanim Studijnych vysledkov
tychto Studentov v dlh§om ¢asovom obdobi.
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5. ZBIERKA PRIKLADOV A USPESNOST
STUDIA V 1. SEMESTRI

V snahe zabezpecit' transparentnost’ prijimacej
skusky z matematiky zverejnila katedra Zbierku
prikladov na prijimacie skasky — MATEMATIKA
[5] s priblizne 500 prikladmi, z ktorych boli
zostavované testy. Na subore 107 Studentov, ktori
robili skasku v prvom semestri sme zistili, Ze
korelacny koeficient medzi PSM a MIRTB u 17
Studentov, ktori nepouzili zbierku v priprave je
0,448. U 35 studentov, ktorym zbierka podla ich
vlastného hodnotenia vel'mi pomohla v priprave je
0,317 a u 55 Studentov, ktorym zbierka pomohla
Ciastotne je tiez len 0,452. Dalsiu informéciu
o ulohe zbierky vidime v tabulke 5.1. Mdzeme
konStatovat, ze prerieSenie prikladov zo zbierky
malo pozitivny vplyv na uspesné zvladnutie PSM,
ale nepredikuje kvalitu Studijnych vysledkov
z matematiky na AOS.

Tab. 5.1 Uloha zbierky v priprave na prijimacie
skusky

zbierka pocet |priemer| priemer

v priprave PSM MIRTB
vyrazne pomohla 35 81,8 60,2
Ciastoéne pomohla 55 72,3 60,0
INepomohla 17 77,2 60,5

V. Bugjan [4] zo spolo¢nosti, ktord na
komerénom zaklade vykondva aj prijimacie skusky
na vysoké Skoly a pripravila externi ¢ast’ novych
maturit, sa stavia proti zverejiiovaniu podobnych
zbierok, lebo sa tym spochybiiuje obsahova validita
testu. Test sa v tomto pripade stdva v podstatnej
miere testom pamiti, teda testujeme nieco iné, nez
chceme, t. j. test nie je validny na dany ucel.

6. ZAVER

Vzhl'adom na poslanie AOS ako vysokoskolskej
vzdelavacej ustanovizne, by mal byt prijimaci
proces orientovany na vyber takych uchadzacov,
ktori st schopni zvladat’ nielen univerzitnu napln
Studia, ale ajodborni vysoko Specializovanu
pripravu dostojnika OS SR. Je to vSak uloha
niekol’korocného skiimania a Casovej analyzy
populacie Studentov v jednotlivych nastupnych
ro¢nikoch bakalarskeho Studia, aby sa objektivne
vytvoril adekvatny model vyberu vhodnych
adeptov na takto Specificky charakterizované
Stadium.

Doterajsie sledovanie prijimacieho konania na
AOS i vysledkov stadia v bakalarskych smeroch po
1. semestri ndm umoznuje urobit’ tieto predbezné
zavery:
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1. Musime zdokonalit’ zber idajov, pretoze do
vyskumu sa nedali zaradit maturitné znamky
z matematiky a cudzieho jazyka, lebo neboli
dostupné v podobe, ktord umoziluje rozsiahle
Statistické  sktimanie. Na vysledn znamku
z anglického jazyka ma iste vplyv aj uroveil —
narocnost’ kurzu, ktory Student absolvoval. Tuto
informaciu sme nemali k dispozicii.

2. Tazisko prijimacej skusky na AOS je vo ve-
domostnych testoch z matematiky a cudzieho
jazyka, ktoré testuju aktualnu vedomostnii uroven
Studentov. Nedavaju vsSak odpoved na otazku
vSeobecnych Studijnych predpokladov pre Stidium
na akejkol'vek vysokej Skole. Testy Studijnych
predpokladov skimajt, aky ma testovany uchadzac
vnutorny potencial rozvinut doterajSie vedomosti
a zruCnosti. Podla literatiry §tudijna uspeSnost’ je
v ovela lepSej korelacii prave k testom Studijnych
predpokladov nez k overovacim testom vyucby,
ktoré sa bezne pouzivaji aj v prijimacom konani.
To by mohla byt jedna z pri¢in nizkych
korelacnych  koeficientov medzi  prijimacimi
skuskami a Studijnymi vysledkami.

3. Prognosticku validitu prijimacej skusky v na-
Sich podmienkach budu znizovat’ aj adaptacné pro-
blémy Studentov po nastipeni na Skolu. Tejto pro-
blematike sa na AOS nevenuje dostatocnd pozor-
nost.

4. Vykon Studenta je urCovany aj jeho moti-
vaciou pre zvolené Stidium a pre vykon zvoleného
povolania. Na pracovnom seminari pedagogov
AOS apracovnikov MO SR po prijimacich
skuskach v septembri 2004 bolo konstatované, Ze
pouzivané psychodiagnostické vySetrenie hodnoti
uchadzaca ako vhodného (nevhodného) pre kariéru
profesiondlneho vojaka, ale nie dostojnika. To dava
priestor pre hlbSiu spolupracu s psychologmi
pracujucimi na psychodiagnostickom hodnoteni
uchadzacov.
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Summary: The paper brings the analysis of entrance
examination tests on mathematics that were used in 2005.
The comparison of difficulty of various assignments was
made by non-parametric technique — Kruskal-Wallis test
for comparing the populations that requires no
assumptions concerning the population probability
distributions. Distinguish measure - discriminatory index
and difficulty index of each test task was counted to
support a reliability of our test database and to optimize
its content. Contingency tables of applicants distribution
according to secondary school types, sex and their
achievement in tests are presented. Comparison of
foreign language test and test on mathematics is made
and distribution of point levels in mathematics tests in
2004 and 2005 as well. Correlation between
psychological-diagnostic tests and tests of knowledge is
discussed. Prediction value of entrance examination for
student score in mathematics and English in the first term
of study is summarized in a correlation table. Some
problems in adaptation process are mentioned.
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UTVARANIE A ZMENY STYLOV UCENIA STUDENTOV AKADEMIE
OZBROJENYCH SiL GENERALA M. R. STEFANIKA V LIPTOVSKOM MIKULASI

FORMING AND CHANGING TEACHING STYLES TO STUDENTS OF THE
ACADEMY OF THE ARMED FORCES OF GENERAL M. R. STEFANIK

IN LIPTOVSKY MIKULAS

Pavol HAMAJ, Miroslav KMOSENA

Abstract: The paper deals with the theoretical analysis and typology of styles of teaching to university students in general
and their application for specific conditions of the educational process at the Academy of the Armed Forces of general M. R.
Stefanik in Liptovsky Mikulas. It points to the importance of diagnostics as a starting point for rational interventions to the
ways of preparation and teaching styles. It also includes partial suggestions and recommendations based on theoretical and
methodological principles and the analysis of empirical data obtained in a survey. The recommendations are oriented to
removal of the information deficiency concerning efficient study by means of propedeutics, works published and upgrading

methodological preparation of teachers.

Keywords: teaching styles, typology, diagnostics of change, propedeutics.

1. UVOD

Studenti Akadémie ozbrojenych sil generala
M. R. Stefanika (d’alej len AOS) st uz druhy rok
denne konfrontovani s poziadavkami, narokmi
a starostami svojej vysokoskolskej pripravy. Jednym
z mnohych determinujtcich faktorov ich skolskej
uspesnosti st aj konkrétne $tyly ucenia. Cielom state
je analyzovat’ niektoré problémy spojené s uplatiio-
vanim $tylov ucenia v podmienkach vojenskej vy-
sokej Skoly aj prostrednictvom ich empirického
skiimania, nacrtnit’ moznosti nielen ich diagnosti-
kovania, ale zarovein aj ovplyviiovania Stylov ucenia
Studentov jednak uz pri vstupe do skoly, ale aj
v priebehu §tudia.

2. TEORETICKE PRISTUPY K STYLOM
UCENIA

Mnohé pramene zoblasti  pedagogickej,
psychologickej a sociologickej literatiry prezentuju
nielen odlisné pristupy, ale uvadzaju aj viacero
definicii a deskripcii Stylov ucenia. J. Mare$ [1]
objastiuje Styly ucenia ako subtilne transsituacné
prejavy individuality Cloveka, predstavujice jeho
metakognitivny potencial'. Su to postupy pri uéeni,
ktoré jednotlivec v danom obdobi preferuje, postupy
jemu vlastné svojou orientdciou, motivaciou,
Struktirou, postupnostou, hibkou, elaboréciou,
flexibilitou. Vyvijaji sa z vrodeného zakladu, ale
pocas zivota jednotlivca sa (zdmerne ale aj mi-
movolne) menia a obohacuji. Clovek ich pouziva

! Predponou ,,meta” byva oznatovany jav vysSieho radu
oproti korefu slova (napriklad metakognitivny znamena
»poznavajuci ako prebicha poznanie®, ,metaucenie®
znamena ,,ucit’ sa, ako sa ucit’™.
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vo vicsine situacii pedagogického typu, relativne
menej zavisle na obsahovej stranke ucenia.
Jednoduchsie povedané — §tyly ucenia s individual-
ne osobitosti ucCenia sa Studentov, charakteristické
tym, Ze:

- vznikaju na vrodenom zéaklade,

- su to postupy vlastné ziakovi - priprava a plan
ucenia sa, prispdsobovanie si uciva,

- uplatiluje sa pri nich metakognitivne ucenie
(,,viem ako sa mam ucit™),

- su uplatiované v urCitom obdobi Skolskej
dochadzky a menia sa,

- su uplatiiované aj v zavislosti na charaktere
uciva (predmetu, odboru) - napr. ucivo kon-
krétne, abstraktné, teoretické, praktické),

- vedu kistému vysledku (zapamitanie, poro-
zumenie, aplikacia),

- rozvijaji sa spolupdésobenim vnitornych a von-
kajsich podmienok (vplyvov), do uréitej miery
ich mozno ovplyviovat’ a menit’.

A. F. Gregorc [2] teoriu $tylov stavia na dimenzii
vnimania a usporiadania. Vnimanim rozumie to, Ze
kazdy clovek maé schopnost’ prijimat’ informacie
konkrétne (zmyslami) a informécie abstraktné
(myslienky); liSia sa vSak urovnou ich spracovania -
jeden lepsie ako iny pochopi a aj spracuje konkrétnu
informaciu a pochopenie sprevadza i odlisny spdsob
usporiadania, utriedenia. Niektori jednotlivci prijaté
informacie usporiadaji sekvenéne, linearne — ,,jedno
za druhym®, ini nadhodne, nelinearne, holisticky —
v logickych skokoch®. Z kombinacie vnimania
a usporiadania potom mozno odvodit’ Styri ucebné
Styly:

1. Konkrétno-sekvencny §tyl — uprednostiuje kon-
krétne informacie spracované sekvencnym spd-
sobom. Student s tymto $tylom sa najradsej uéi,
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ked su informacie sprostredkivané sys-
tematicky a ked’ su dopliané aj praktickou apli-
kaciou a ¢innostou.

2. Abstraktno-sekvenény S$tyl - uprednostiiuje ab-
straktné informdacie a sekvencné usporiadanie.
Student stymto 3tylom je schopny logicky
uvazovat, zaujimat’ stanoviskd, hodnotit’ ucivo
a podobne.

3. Abstraktno-nelinearny (ndhodny $tyl) — preferuje
abstraktné informacie, ale spractva ich para-
lelnym, holistickym spésobom, medzi infor-
mAaciami st rozne ,prepojenia“. Student s tymto
Stylom mé zna¢nu predstavivost’, hyri napadmi,
ale chybaju mu ,,organiza¢né schopnosti* vyuzit
vsetko, ¢o vie.

4. Konkrétno-nelinearny (ndhodny) s$tyl — kon-
krétne informéacie spractiva celostnym spdsobom.
Studenti s tymto §tylom udenia s obl'ubou riesia
problémy, intuitivne dospievaju k rieseniu, ktoré
niekedy ani nevedia vysvetlit' a zdovodnit’.

Pri  podobnej diferenciacii J. Mares [1]
typologizuje Styly ucenia, ktoré ,,vychadzaju zo
ziaka®, teda predovsetkym z jeho motivacie, z jeho
zadmerov ale aj vysledkov ucenia. Ide o:

1. Styl vychadzajici z povrchného pristupu k ude-
niu — mozno ho charakterizovat’ ako ,,uenie pre
udenie”. Student sa uéi len preto, aby splnil
zékladné poziadavky, ktoré su na neho kladené.
Vysledkom st povrchné vedomosti, nepre-
niknutie do podstaty uciva, izolovanost ve-
domosti a podobne.

2. Styl opierajici sa o utilitaristicky (vypogitavy)
pristup k uceniu — mozno ho charakterizovat’ ako
,ucenie pre efekt (pre uginok). Student sa uéi
nie zo zaujmu, ale preto, aby dostal dobré
znamky, aby sa stal stredobodom pozornosti, aby
uputal a podobne. Je to prispdsobivy typ ziaka -
u narocnejSiecho ucitela sa uci podrobnejsie,
preciznejSie, u benevolentného sa uci povrch-
nejsie.

3. Styl zalozeny na ,.hlbokom* pristupe k uéeniu
vychadza zo skuto¢ného zaujmu, ziak sa uci
preto, aby uc¢ivo pochopil, ma on zaujem.
Studenti pri tomto §tyle sa u¢ia tymito postupmi:
operacnym (postupnym) ucenim - je to syste-
matické ucCenie ,krok za krokom®, so snahou
porozumiet’ udivu a podobne. Studenti venuju
pozornost faktom, ale menej pozornosti venuju
vSeobecnym principom, problémom pre nich
mdze byt zovSeobeciiovanie;

globalnym (sthrnnym) ucenim - snaha o pocho-

penie vSeobecnych principov a o integraciu osvo-

jenych poznatkov. Niekedy dochadza k undhle-
nym a nespravnym zovseobecneniam;

- pruznym ucenim - ziak si najskor utvori plan,

akusi ,.kostru®, osnovu a potom sa podobne uéi,
venuje detailom. Toto mozno povazovat za

spravny pristup, pretoze vedie k hlbokému osvo-
jeniu si uciva, ziak chape suvislosti aj vramci
interdisciplinarnych vztahov, vie u¢ivo aplikovat’
v r6znych situdciach a podobne.

G. Pike a D. Selby [3] hovoria o $tyloch podla
toho, ¢o Student pri uceni preferuje vnimanie
zmyslami, alebo rozumovu Gvahu a ¢i dava prednost’
aktivnemu experimentovaniu, alebo reflexnému
pozorovaniu. Na zaklade tohto potom diferencuju
a typologizuju Studentov na nasledujtice typy:

novator — vo vSetkom hl'add zmysel, tvorivo sa

stavia k rieSeniu problémov, ucivo ho zaujima,
vyhovuje konkrétne vnimanie skuto¢nosti;

2. analytik — vo vSetkom hl'ada zmysel a informacie

,vyhodnocuje kritikou (Co je dobré, ¢o je zlé),
v ucive ,hlada“ fakty, vyhovuje mu abstraktné
vnimanie informacii ;

3. praktik — sa zaujima, ako veci funguju, ako

navzajom suvisia, chce vediet, ako sa daju
vyuzit' osvojené poznatky a preto rad experi-
mentuje;

4. Sstudent dynamicky — obl'ubuje zmeny, ma sklony

k improvizovaniu a riskovaniu, je ,,neposedny®,
vynika pruznost'ou rozhodovania a podobne.

Odborné pramene uvadzaju okrem roznych
pristupov ku klasifikacii Stylov ucenia aj otazky
vztahu S§tylov ucenia aontogenézy cloveka, kl'u-
covych zloziek Stylov ucenia, ucebnych stratégii,
schopnosti a dalsich casti Struktary osobnosti
Studenta a jeho Stylu ucenia.

Vplyv na uplatiovanie konkrétneho typu stylu
uéenia maju tiez motivacia aciele udenia,
podmienky ucenia, spdsoby skuSania a hodnotenia,
konkrétne ucebné situdcie a mnohé d’alSie faktory.
Z toho vyplyva, ze $tyl ucenia Studenta sa nemusi
zhodovat’ s nazormi, postojmi, ¢i ocCakavaniami
ucitel’a, z Coho potom pramenia aj ,,nezhody* medzi
uéitel'om a Studentom, kritika Studentov, Zze sa ne-
ucia, ze dostatocne neovladaju ucivo a podobne,
s ¢im sa v praxi stretdvame pomerne casto.

3. EMPIRICKE POZNATKY O STYLOCH
UCENIA STUDENTOV AOS

V systéme rezortného Skolstva sa predmetnej
problematike geneticky aj redlne venovala len mala
pozornost. ISlo spravidla viac o ponuku urcitych
technik samostatného ucenia pre Studentov na
roznych stupiioch vzdelavania zo strany pedagogic-
kého zboru, ako diagnostiku a moznosti
ovplyviiovania  §tylov  ucenia. V podmienkach
AOS je situacia porovnatelna. Proces diagnosti-
kovania stylov ucenia Studentov zaloZzeny na kombi-
nacii roéznych metéd (napriklad pozorovanie,
analyzy produktov, rozhovor, dotazniky) nie je
komplexne prepracovany a vyuZzivany.
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Vzhl'adom na to, Ze priprava profesiondlnych
vojakov na bakalarskom stupni je v pociatkoch
a skusenosti pedagdégov so Studentmi tohto typu
Studia su zatial skromnejSie, rozhodli sa autori
ziskat komplexnejSie empirické poznatky formou
prieskumu. Zucastnilo sa ho 82 Studentov dnesného
druhého rocnika pri ukonceni 2. semestra (100%).
Respondenti  vyberom pontiknutych  mozZnosti
v desiatich otazkach dotaznika vyjadrili svoje
pristupy k uceniu sa z hl'adiska ¢asu, podmienok aj
Stylov.

Pozoruhodné st aj vysledky v oblasti zamerov
a pristupov Studentov k uceniu, kde takmer dve tre-
tiny (64,63 %) respondentov udava ,snahu len
absolvovat’ dany predmet, vyhnat sa neuspechu®,
zdujem o ucivo a jeho dolezitost pre vojenski
profesiu uviedla viac ako Stvrtina opytanych.
Ziskanie ¢o najlepSich zndmok uvadza 8,53 %
respondentov (Tab. 1).

Tab. 1 Pristupy Studentov k uceniu

Pristup Studentov k u€eniu je zalozeny na: %

snahe len absolvovat dany predmet,| 64,63
vyhnut' sa neuspechu
zaujme o ucivo, jeho dolezitosti pre| 26,82
vojensku profesiu
ziskanie ¢o najlepSich znamok 8,53
Spolu 100

Iba priblizne jedna tretina Studentov (34,14 %) sa
uci so zamerom skuto¢ne porozumiet’ ucivu, splnit’
poziadavky ucitela reprodukovanim uciva 13,41 %.
Pomerne vel’ka Cast’ - viac ako polovica Studentov
(52,43%) sa uci so zamerom uspiet akymkol'vek
sposobom, len aby presli do dalSicho semestra
(Tab. 2).

Tab. 2 Zamery Studentov v uéeni

Tab. 3 Sposob prace s pozndmkami

Pozndmky z prednésok pri uceni: %
ponechdvam v nezmenenej podobe 51,21
upravim pre svoje potreby 25,60

doplnim o vypisky z povinnej a odporaca- | 2,43
nej literatary

ziskavam informécie od spoluziakov, prip. | 20,73
z konzultécii

Spolu 100

Obdobné vysledky boli zistené aj v oblasti prace
s poznamkami. Viac ako polovica Studentov
(51,21 %) Studentov ponechdva poznamky v podo-
be, v akej ich zachytili na prednaskach, iba Stvrtina
ich upravuje podla svojej potreby, iba jedna pétina
vyuzije pre ziskanie d’alSich informacii zdroje od
spoluziakov a konzultacie. Len kazdy Styridsiaty
Student (2,43%) si doplni poznamky aj o vypisky
z povinnej a odportcane;j literatiry (Tab. 3).

O nieCo priaznivejSie vysledky skiimania sme
zistili a vyhodnotili v oblasti sustredenia usilia
Studentov pri uceni na jednotlivé segmenty obsahu
uciva. Je pozitivne, ak vacSina opytanych (54,12 %)
sa pri uCeni sustreduje na skumanie dokazov,
hl'adanie suvislosti, spajanie myslienok, ¢o podla
vysSie uvedenej typologizacie predstavuje istl
syntézu typov Studenta analytika a praktika [3].
V podmienkach vojenskej vysokej skoly prave
takato kombinacia nie je zlou, naviac ak iba 14,63 %
respondentov uvadza, Ze sa pri uceni sustred’uje len
na izolované ulohy a fakty. Dve pétiny (40,24 %)
vSak uvadzaju, ze pri uceni vyuzivaji najmi to, ¢o
vedie k najlep§im znamkam. Toto zistenie mdze byt’
pozitivne iba vtedy, ak systém hodnotenia co
najvernejsie odrdza skutocné vedomosti Studentov
(kriterialne testy, testy absolutneho alebo relativneho
vykonu).

Tab. 4 Sustredenost’ na zlozky obsahu uciva

Mojim zadmerom v uceni je: %
splnit’ poziadavky ucitel’a 13,41 V procese samostatného ucenia sa %
reprodukovanim uciva sustred’'ujem:
skutoéne porozumiet’ uéivu 34,14 na izolované ulohy, fakty 14,63

uspiet’ akymkol'vek sposobom, len aby 52,43
som presiel

na skimanie dokazov, hl'adanie suvislosti, | 54,12
spajanie myslienok

Spolu 100

Je pozoruhodné, ze v oboch tabulkach polozky
s najvyssim percentudlnych zastipenim (64,63 % aj
52,43 %) predstavuju aké druhy zdmerov a pristu-
pov, ktoré su pre efektivnost’ vzdelavacieho proce-
su a konecnu spokojnost subjektu i objektu
vzdeldvania najmenej prijatelné.
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vyuzivam to, ¢o vedie k najlepsi 40,24
zndmkam
Spolu 100

Doélezitost’ samostatnej pripravy Studentov pre
efektivnost’ vzdeldavacieho procesu je zrejma.
Studenti viak pocituju deficit informacii o tom, ako
efektivne Studovat’ na vysokej Skole. Viac ako polo-
vica Studentov sa vyjadrila, Ze o tom, ako uCinne
a efektivne Studovat' na tejto Skole ich nik ne-
informoval (51,21 %), takmer Stvrtina uvadza, ze ich
informovali priebezne ucitelia pocas 1. a 2. se-
mestra, viac ako jedna pitina (21,95 %) prevzala
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informécie od starSich spoluziakov (zrejme od Stu-
dentov piateho ro¢nika dobiehajiiceho inzinierskeho
stadia) a 2,43 % uviedlo moznost ,,iné zdroje®, kde
konkretizovali vlastni skusenost, neuspech inych
a média (Tab. 5).

Tab. 5 Informovanost’ o u¢innom spdsobe studia

O tom, ako mam efektivne Studovat’ na %
tejto Skole (spdsoby, techniky, Styly
ucéenia, vyuzivanie podmienok) ma:

nikto neinformoval 51,21
informovali priebezne ucitelia v 1. a 2. 24,39
semestri

som sa dozvedel od starSich spoluziakov | 21,95
som sa dozvedel z inych zdrojov (uved’ 2,43

akych) - vlastna skusenost’, netispech
inych, média

Spolu 100

Ziskané empirické poznatky - napriek svojmu
obmedzeniu ¢o do zlozitosti i rozsahu - nas oprav-
fuju vyvodit’ niektoré Ciastkové zavery, navrhy aj
odporucania pre zefektivnenie vzdelavacieho pro-
cesu v podmienkach AOS.

5. NAVRHY A ODPORUCANIA

Aj ked respektujeme nazor, ze $tyly ucenia su
zlozitou vnutornou premennou, teoretické, ale aj
nami ziskané empirické poznatky ukazuji na
potrebu urcitej vonkajSej regulacie Stylov ucenia
Studentov AOS. Zakladnym vychodiskom pre
cielené, premyslené, individualizované zasahy do
priebehu ucenia z pozicie Studenta samotného, ale
najmi zo strany jednotlivych ucitelov ¢i vedenia
Skoly je diagnostika Stylov ucenia Studentov. Ide
o uvedomenie si toho, ¢o je v Style ucenia Studenta
funkéné a o dysfunkéné.

J. Mares [1] vymedzuje cely rad predpokladov
pre riadené zmeny Stylu ucenia Studentov
a zdoraziuje, ze Skola musi svojou koncepciou
umoznit’ Studentom, aby sa naucili, ako sa maji
ucit. Prikladom moze byt aj zaradenie urcitého
propedeutického modulu pripravy kadetov v Case,
kedy eSte naplno neprebicha vysokoskolské
vyucovanie.

Termin ,,propedeutika“ [4] vznikol spojenim
gréckych slov (pro = pred, paideutiké téchné =
umenie vychovy) a pouziva sa vo vyzname uvod-
ného S$tudia k vednej discipline alebo odboru, po-
trebného pre dalSie, hlbSie Studium tejto vedy
(odboru). NajcastejSie zahiiia vysvetlenie obsahu
arozsahu, zakladnych pojmov a vybranych me-
todickych aj metodologickych poznatkov.

V minulosti bola propedeutika vyu¢ovacim pred-
metom v najvyssich triedach gymnazii a aj v prvych
ro¢nikom filozofickych fakult; na gymnazidch bola

pritom do propedeutiky zaradend aj psycholdgia
spolu s logikou.

Urcité segmenty propedeutického modulu je
mozné persondlne i Casovo realizovat’ aj v podmien-
kach AOS. Okrem casti uz uvedenej psycholdgie
alogiky to moze byt propedeutickd priprava ob-
sahovo zamerana na rieSenie otazok typu: ako
ucinne Studovat’ na vysokej Skole, aké su podstatné
rozdiely v $tudiu na strednych Skolach a vysokych
Skolach, ako pracovat s teoretickymi zdrojmi, ako si
zostavit’ plan uéenia, ako prispdsobit’ prostredie pre
samostatné Studium, aké st vyhody alebo nevyhody
niektorych technik samoucenia a podobne. Adaptac-
ny proces so svojimi osobitostami pre vojenské
vysoké Skoly vprvom semestri Stadia vytvara
k tomu idealne podmienky.

Pozitivnu rolu vtomto procese moze zohrat
spracovanie a nasledné publikovanie série ¢lankov
do skolského periodika, pripadne vydanie jedno-
razove] kompaktnej Studijnej pomdcky s touto
problematikou v tlacenej ¢i elektronickej podobe.

Jednou z moznosti, ako motivovat’ Studentov
k efektivnej priprave, je zvySovanie zaujmu o ucivo
a odbor na zédklade posilnenia aplikacnej roviny
jednotlivych predmetov do vykonu ich buducej
profesie. V ramci metodickych priprav katedier AOS
je dolezité sprostredkovat’ ucitelom poznatky
o Styloch ucenia [5], moZnostiach aj hraniciach
vonkajSieho riadenia ucenia Studentov. Nezabudat
pritom na skuto¢nost’, Ze kazdy intervencny zasah do
Stylu  uCenia  konkrétneho ziaka musi byt
koncipovany tak, aby otvaral priestor najmd pre
autoregulaciu Studenta a  znizoval mnozstvo
a intenzitu vonkajsich zasahov.

6. ZAVER

Efektivnost vzdeldavania Studentov Akadémie
ozbrojenych sil generala Milana Rastislava Stefanika
v Liptovskom Mikulasi determinuje cely rad
externych aj internych cinitelov. Premyslena peda-
gogicka regulacia, vratane ovplyviovania vsetkych
suvislosti procesu utvarania a zmien Stylov ucenia
Studentov, je vychodiskom pre skvalitiiovanie
vychovno-vzdelavacieho procesu v AOS.

Zoznam bibliografickych odkazov

[1] MARES, J.: Styly udeni 4k a studentii. Praha,
Portal, 1998.

[2] GREGORC, A. F.: Style Delieator Research
instrument. Columbia, Gregorc Associates, Inc.
1982.

[3] PIKE, G., SELBY, D.: Globalni vychova. Pra-
ha, Grada, 1993.

25



Science & Military 1/2006

[4] Kolektiv: Vychova a vzdeldvanie dospelych.
Bratislava: Media Trade s. r. 0., 2000. ISBN 80-
080281-9.

[5] MATIS, J.: Profesionalizacia ucitel’'a a ucitel'ské
povolanie. In: Zbornik VVS PV Vyskov, 2/2003,
s. 175 -181.

Summary: The paper deals with theoretical analysis and
teaching styles to university students in general and their
application to specific conditions of educational process at
the Academy of the armed forces of general M. R.
Stefanik in Liptovsky Mikulas. It discusses the importance
of diagnostics as a starting point for rational interventions
into ways of training and styles of teaching to students.
The third part interprets some of the results based on an
empirical research (or just a survey) among 82 students of
the current second year after they had finished the second
term. The respondents answered ten questions and chose
from the offered possibilities so that they expressed their
approaches to the study from the standpoint of time,
conditions and styles. At the same time, they expressed
their opinion on how well they are informed about
possibilities of changing the teaching styles and conditions
which influence the rate of student’s success at
a university. The students expressed certain shortage in
their knowledge of how to study at the academy efficiently
and how to manage the transition from the high school
style of studying to a university one. More than a half of
students said that nobody had informed them about
methods how to study efficiently (51,21 %), a quarter say
that teachers had been informing them during the 1% and
2" terms, more than one fifth (21,95 %) took over the
information from older students (apparently from those
who finish their engineer study) and 2.43 % answered
,,other sources*.

On the basis of theoretical and methodological starting
points as well as analysis of the empirical data obtained in
the research, the fourth part of the paper also contains
partial proposals and recommendations. These are aimed
at removing the information deficit concerning the
efficient method of study by means of propedeutics,
works publishing and improving methodological level of
teachers. In conclusion, the authors state that the only
solution for improving the quality of educational process
at the academy of armed forces is a well-thought-out
pedagogical regulation, together with influencing all
interrelations of forming up and changing styles of
instruction.
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PROGRAM FUNDING IN RELATION TO PROPERTY PROCUREMENT WITHIN
THE MINISTRY OF DEFENCE OF THE CZECH REPUBLIC

Petr MAREK, Alena LANGEROVA

Abstract: The program funding system in the Czech Republic does not have a long history. The program funding system
was developed and implemented in the years 1994 - 2000. Within the Czech Republic defence department it has become one
of the main instruments for property procurement. Currently mostly long-term tangible assets and long-term intangible assets

are acquired through use of this system.

Keywords: program funding system, specific financial resources, actions, projects, programs.

1. INTRODUCTION

Development of the program funding system
(PFS) in the Czech Republic (CR) began in 1994.
The program funding system (the pilot version of the
system) was implemented in 2000 when Act No
218/2000 Coll. to regulate budgetary rules and the
change of interrelated laws was approved and by
the issue of its regulation to apply Act No 40/2001
Coll. on the state budget interest in funding
programs of property renovation. During the period
from 1994 to 2000, the Ministry of Finance of the
Czech Republic was preparing the above-mentioned
legal regulations and was assessing practical impacts
of program funding application in co-operation with
particular departments and chapters of the state
budget that implemented the program funding
system in the Czech Republic.

Program funding is formed by particular
programs, i.e. by the programs of property
renovation financed from public funds and state
guarantee credits. The programs are determined by
the budget prospective that is detailed in the
program documentation and by the State Budget Act
for a particular year in which binding indicators of
the program are specified for a given year. The
program includes individual actions and projects.
An action is a part of a program controlled by a
program manager of property renovation ! to support
the accomplishment of program objectives
mentioned in the program documentation. A project
is an action that conforms to the rules of project
management in its preparation and implementation
stages as determined by the program manager.

The Program Funding Information System
(PFIS) administered by the Ministry of Finance is an

I A program manager of property renovation within the
MoD is an authorized officer responsible for the
efficient ~ material and  financial  planning,
implementation and evaluation and management of a
program; for program prioritising; for the representation
of a user when implementing acquisition needs,
operating and other expenses and for the management
of public funds and other state finances of a particular
program.

integral, extremely significant part of program
funding. The CR Ministry of Defence (MoD)
performs administration within its domain, i.e. for
chapter 307 of the state budget — the MoD. The
Program Funding Information System serves to
record the data and information about programs of
property renovation and about its particular projects
and actions.

2. DEFINITION AND DESCRIPTION OF
PROGRAM FUNDING IN RELATION TO
PROPERTY PROCUREMENT

Program funding is a specific field of financing
aimed at the procurement of property and services
using public funds of the CR (chapters of the state
budget of the MoD). The primary definition and
description of program funding are given in the act?
and the regulation®. These legal rules are further
developed in internal normative acts (INAs) for use
of the MoD of the CR.

The procurement of property and services within
program funding is closely related to many other
processes which are authorised by legislation and
INAs of the MoD. These are e.g. orders issued by
the Minister of Defence, guidelines and
administrative orders.

Program funding includes the sphere of specific
financial resources of the state budget intended for
financing property renovation programs. The
program documentation is a basis of the program
funding system in the CR as well as in the CR MoD.

2.1 Legislative framework of program funding

2 Act No 218/2000 Coll. to regulate budgetary rules and
the change of interrelated laws.

3 Regulation to apply Act No 40/2001 Coll. on the state
budget interest in funding programs of property
renovation.
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The act and the regulation belong to the primary
legislative acts regulating the sphere of program
funding in the Czech Republic.

Within the CR MoD, program funding is
elaborated using the basic normative acts as follows:

e Administrative order to support the
implementation of program funding budgeted
expenses within the MoD, file number:
51774-47/2003/DP-8201. Prague: Economic
Section, January 12, 2004.

e Complement No 1 of the administrative order
to support the implementation of program
funding budgeted expenses within the MoD,
file number: 5282-22/2004-8201. Prague:
Economic Section, September 21, 2004.
Further INAs of the CR MoD directly related
to property procurement within the
framework of program funding are as
follows:

e Administrative order to perform the changes
of the budget in the chapter of the MoD in
2004, file number: 51539-25/2003/DP-8201.
Prague: Economic Section, January 21, 2004.

e Administrative order for budgeting within the
MoD for 2005 and the development of the
medium-term prospective for the state budget
of chapter 307 — MoD for 2006 and 2007, file
number: 51870-6/2003/DP-8201. Prague:
Economic Section, April 29, 2004.

e Order of the Minister of Defence No 2/2005,
Acquisition of property and procurement of
construction work and services against
payment within the MoD, (MoD Bulletin,
chapter 1/2005).

e Administrative order to create and use
finances of the reserve fund and funds
received from insurance companies for losses
of the MoD, file number 52372-1/2004/DP-
8201. Prague: Economic Section, November
30, 2004.

e Administrative order to develop and submit
specifications for the procurement of property
and services and for the execution of
construction work within the MoD for the
sphere of centrally defrayed expenditure, file
number 51983-4/2003/DP-8201.  Prague:
MoD Economic Section, December 7, 2004

2.2 Chronology of procedures used in program
funding

The following part of this text describes the
chronology of activities and mutual relations of the
entities concerned in property procurement for the
MoD within the framework of program funding. For
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greater clarity the text mentioned below is trans-
formed to chart No 1: Simplified flowchart of
program funding within the MoD of the Czech
Republic.

The Program Structure of the MoD and the
Medium-Term Plan of the MoD Activities and De-
velopment (hereinafter Medium-Term Plan) are ba-
sic documents for elaborating the documentation of
property renovation programs. The Medium-Term
Plan is divided into action and development
programs and further into action and development
subprograms that correspond to the programs and
subprograms defined by the Program Structure of
the MoD only in part.

The Medium-Term Plan is based on a concept*
that re-evaluates political-military ambitions, the
intent to use the CR armed forces, the armed forces
structure and redefines the tasks of the CR armed
forces in the medium-term and long-term horizon.

The User Statement of Acquisition Needs
(hereinafter user statement) and the User Study of
Acquisition Needs (hereinafter user study) are other
basic documents for the inclusion of demands to
implement the purchase of property. The planning of
property procurement is carried out on all levels of
the planning process and from the professional
viewpoint it is within the competence of specified
property class administrators’. The property
procurement requirements are prepared in the form
of a user statement that serves for the primary
identification of the need. The validity of a user
statement will be assessed by superior levels (at
tactical and operational level of control) which will
offer comment and, subsequently, deal with the user
statement within their competence or they will hand
it over to the superior level.

Valid requirements are submitted to the
Directorate of Logistic a Medical Support (Support
and Training Force Command) which will satisfy the
requirements using its own resources (in its
competence) or elaborate a total requirement for
particular property classes and hand it over to a
particular property class administrator. The property
class administrator in cooperation with commodity
managers or, if need be, program managers will
determine the order of priorities of user statements
and develop auser study. Based on the user study
the acquisition requirement will be included in the
Medium-Term Plan.

4 The Concept of the CR Professional Army Build-Up and
the Mobilization of the CR Armed Forces redesigned to
the changed resource framework, file number
V23764/2003-8764, Prague: MoD Defence Planning
Section, November 13, 2003.

3 Designation of property class administrators is set by the
Vseob-P-4 rule called Management of Property within
the MoD, Prague: MoD, 2004, article 32.
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The Medium-Term Plan is a basic document in
the program documentation. Based on the Medium-
Term Plan a budget estimate of the MoD chapter for
a particular budget year and a medium-term budget
prospective of the MoD chapter for next two years
are developed. Within the framework of the
Medium-Term Plan preparation, the planning of
program funding (creating conditions for the
program documentation development, investment
plans of actions) is also implemented. At the same
time, the expenditure survey for funding programs
of property renovation and the database design of
particular actions and projects are elaborated. The
database includes the expected distribution of
financial resources in the preparation and subsequent
realization of actions (projects).

After the Medium-Term Plan is drawn up and the
new programs documentation is developed, the
Specification  of  Procured  Property/Service
(hereinafter specification) must be developed. The
specification includes three parts as follows: general,
text and commodity. The general part is elaborated
by the program manager. The text and commodity
parts are developed by the commodity manager®. In
developing the specification, the program manager
and the commodity manager start from the actual
need for the commodities to be procured, the
financial amounts and tasks set out in the Medium-
Term Plan, the marketing survey, the marketing
analysis and the feasibility study (if they have been
developed).

Based on the Medium-Term Plan and
specifications developed, the program manager
elaborates the basic planning documentation of an
action (project), i.e. action (project) investment plan
including input and other data for the Acquisition
Plan of Central Deliveries — a program funding part.
The elaborated investment plan is approved by the
overall program manager’ and sent by the program
manager to a particular acquisition unit (a program
user) for the next procedures.

¢ Commodity manager is an officer of the MoD

organizational unit who, in his sphere of action, is
responsible for planning the development of the CR
armed forces from the viewpoint of operational
capabilities required.

7 Overall program manager is an officer of the MoD who
is responsible for effective, realistic and financial
planning, realization, evaluation and efficient
administration of an overall program, for overall
program prioritizing in conformity with the Medium-
Term Plan of the MoD Activities and Development, for
the substitution of the program manager when
acquisition needs required by the user are modified and
for the public funds and other state finances
management regarding a given overall program.

After the receipt of the investment plan and
specification the acquisition unit will assess the
submitted documents in the light of their content and
matter-of-factness and especially the feasibility of
property procurement. Consequently, it will process
the basic data for the issuance of the registration
card and the approval of the contracting that it will
send to a particular program manager.

The program manager will assess the basic data
for the issuance of the registration card and the
approval of the contracting. After the assessment of
the materials sent he will prepare an application for
the issuance of the registration card and the approval
of the contracting including other prescribed
documents and will send them to the overall
program manager.

The overall program manager will assess the
application for the issuance of the action registration
card and the approval of the project contracting.
Based on the presented input data he will make
alterations in the PFIS database and will prepare an
application for the issuance of the action registration
card and the approval of the project contracting.
Then he will send it to the Budget Department of the
MoD Economic Section that is an accredited
program manager of chapter 307 - MoD.

The Budget Department of the MoD Economic
Section will assess the application from the
viewpoint of the integrity and accuracy of the
presented data and will issue the registration card®
and the approval of the contracting for the project’.
The Director of the MoD Economic Section will
submit both documents to the Deputy Minister of
Defence for Economy to be approved. If the action
(project) is financed in the form of an individually
considered expenditure, the MoD Economic Section
will ask the Ministry of Finance for the approval of
the registration card issuance and the approval of
project contracting.

After the issuance and approval of the
registration card and the approval of the contracting,
the MoD Economic Section will hand over the
original copies of these documents to the overall
program manager. He will hand over the original
copies to the program manager and the program
manager will hand them over to the acquisition unit.

On the basis of the received registration card and
the approval of the project contracting the
acquisition unit will initiate the issue of a public
contract in conformity with the law'®. After the
public contract is let and the most appropriate
candidate is selected, the acquisition unit will
claborate the basic data required for decision-
making regarding participation, on the basis of

8 Under the provision § 5 of regulation No 40/2001 Coll

° Under the provision § 7 par. 2 of regulation No 40/2001
Coll.

10 Act No 40/2004 Coll. on public contracts.
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which it will enter into a contract with a selected
candidate. The acquisition unit will send the
elaborated basic data (including the application for
taking a decision on participation) to the program
manager. The program manager will assess the
submitted application for taking a decision on
participation, will prepare the basic data for his
sphere of action and will send it to the overall
program manager. The overall program manager
will enter the input data into the PFIS database, will
prepare the basic data for his sphere of action and
will ask the Budget Department of the MoD
Economic Section for a decision on participation.
The Budget Department of the MoD Economic
Section will assess the submitted application for
taking a decision on participation from the viewpoint
of integrity and accuracy and will take a decision on
participation'!. Then it will submit it for approval to
the Deputy Minister of Defence for Economy. If the
action (project) is financed in the form of an
individually considered expenditure, the MoD
Economic Section will ask the Ministry of Finance
for the consent to taking a decision on participation.
Based on the issued decision on participation the
acquisition unit will let a public contract with the
selected candidate. Consequently, it will complete a
form called Notice of public funds expenditure limit
for authorizing financial resources to pay invoices
received in a given year. The program manager will
approve the submitted notice of expenditure limit
and will send it to the Budget Department of the
MoD Economic Section through the overall program
manager. The Budget Department of the MoD
Economic Section will approve the submitted notice
of expenditure limit and forward it to the Funding
and Accounting Department of the MoD Economic
Section that will carry out the expenditure of
financial resources on a particular delivery account.
After completion of the action (project), the
acquisition unit will develop the action final eva-
luation documentation and will submit it to the prog-
ram manager. He will complete the final evaluation'?
and if he finds no breach of budgetary discipline, he
will ask the Budget Department of the MoD
Economic Section for the completion of the action
final evaluation through the overall program mana-
ger. The Budget Department of the MoD Economic
Section will assess the final evaluation docu-
mentation and, if there has been no breach of
budgetary discipline, will conclude the final eva-
luation. If the action (project) is financed in the form
of an individually considered expenditure, the Mi-
nistry of Finance will be asked to consent to the
completion of the action (project) final evaluation.

11 Under the provision § 7 par. 4 of regulation No 40/2001
Coll.
12 In conformity with § 8 of regulation No 40/2001 Coll.

30

After its completion the program manager will
develop a final report on the program'3 and will send
it to the Budget Department of the MoD Economic
Section through the overall program manager. The
Budget Department of the MoD Economic Section
will submit the report on the program completion to
the Ministry of Finance. As for the programs where
the government approved the amount of parti-
cipation from the state budget, the Budget De-
partment of the MoD Economic Section will submit
the information on the statement of account and the
settlement of resources from the state budget to the
government.

13 In conformity with § 2 par. 4 of regulation No 40/2001
Coll.
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Chart No 1: Simplified flowchart of program funding within the MoD of the Czech Republic.
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3. CONCLUSION

Program funding in the MoD of the Czech
Republic is one of the main instruments for state
property procurement. Currently, it is mostly long-
term tangible and long-term intangible assets. The
future belongs to program funding. Most of
expenditures (procurement of property and services)
within the MoD will gradually be incorporated in
program funding in the form of actions and projects.

The Program Funding Information System being
a supra-departmental information system is a basic
instrument of the program funding system. In this
information system the records of data on the
property renovation programs and their individual
actions and projects are kept. At the same time, the
information system serves as an instrument for
financial planning at both the level of the Ministry of
Finance and as well as in departments of
government in the Czech Republic.

Program funding in the MoD is directly shared
by the investor (program participant) as the lowest
level, the program manager, the overall program
manager and the MoD chapter program manager
(the MoD budget chapter manager) as the highest
level in the MoD of the Czech Republic.

In the MoD, expenditures on neither the whole
program funding process nor its individual parts are
kept under review. Only the expenditures on
procurement of particular property (i.e. acquisition
price, transport costs, costs related to the
introduction of use in the MoD, etc.) are observed
within the framework of program funding.

The entire program funding system is marked
with an inability to respond to changes flexibly. A
large number of subjects participating directly in the
process is a serious problem of this system - which
results in large waste of time of the preparation and
completion of property procurement in program
funding.
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CRISIS MANAGEMENT AND SECURITY IN
SIMULATION ENVIRONMENT

Pavel NECAS - Stanislav SZABO - Pavel BUCKA

Abstract: This paper describes the problems of the crises management and security in simulation environment. For
collective defense is important to carry out Article 5. Today’s military operations in Bosnia, Kosovo, and Macedonia are not
strictly NATO or EU-led, but include members of both organizations and partner nations. NATO-EU cooperation starts
a revised NATO Strategic Concept, so is a common European-level approach to defense force structures. The Strategic
Concept should reflect the realities. The Strategic Concept includes three Strategy Adjustments, which are described in
chapters 6-8. A revised Strategic Concept should highlight the points described in chapter 7. By not adopting Combination
Warfare into the Alliance’s Strategy, NATO members may or may not restrict their ability to conduct successful offensive

and defensive operations in the future.

Keywords: NATO, Article 5 missions, NATO-EU Cooperation, European Security, Defense Force Structures, Alliance
Transformation, NATO Decision-Making Processes, Formal NATO Strategy, Secretary General, Strategic Concept.

1. INTRODUCTION

NATO must now respond to a broader spectrum
of risks and threats than it did before. It needs
residual capabilities to carry out Article 5 missions
for collective defense, but it also requires expanded
expeditionary capabilities to carry out non-Article 5
missions outside of member-state zones.

Alliance's Strategy from 1999 should provide
a workable roadmap for what these specific
capabilities should be, and what particular threats
and risks they most likely will have to deal with.
Unfortunately, this document does not provide
a genuine threat and risks assessment, and therefore
does not provide an adequately prioritized roadmap
for expected NATO missions and objectives, and the
possible ways of militarily meeting them. In other
words, it is a highly generic document; it drifts too
far away from discussions of “hard” military power
towards largely political discussions of “soft” power.
Now this tendency is either good or bad, depending
on what you believe the ultimate purpose of the
document should be. The argument here is that the
Strategy should be a document that better balances
its military role with its political role; that it should
be specifically strategy-centered; and that it should
spell out ways to streamline and improve NATO
capabilities, both political and military. Without
having this void-filling guidance, NATO members
will not transform themselves sufficiently; they will
just not be responsive enough to deal effectively, as
an Alliance, with a growing number of asymmetric
threats.

2. FORMALIZED NATO-EU COOPERATION

Today’s military operations in Bosnia, Kosovo,
and Macedonia are not strictly NATO or EU-led, but
include members of both organizations and partner
nations. The operations are therefore, at least to

a partial degree, ad hoc coalitions of the willing.
Such coalitions have obvious benefits, including
flexibility, but they also have negatives, including
needless duplication of effort. NATO and the EU
have made good overall progress in dealing with
these types of problems, including the formal
sharing of capabilities and planning functions. More
needs to be done, however. NATO should add
a European Security Committee to its organizational
structure. This formal link would permit NATO-EU
members and their partners to discuss, decide, and
act upon transatlantic security issues more
effectively. (As a matter of fact, this innovation
would merely institutionalize what is already being
done informally.) However, the discussants could
also rescue themselves from grappling with
particular issues if they felt it was politically
necessary. Such an arrangement would thus permit
closer NAT-EU cooperation, particularly in shaping
and supporting each other’s strategic visions, while
also preserving everyone’s freedom of action.

3. A EUROPEAN-LEVEL APPROACH TO
DEFENSE FORCE STRUCTURES

If formal and expanded NATO-EU cooperation
is a necessary starting point for a revised NATO
Strategic Concept, so is a common European-level
approach to defense force structures. Reforms in
this area already include establishing professional,
all-volunteer militaries; the increased out-sourcing
of non-military activities; and the possible
disbanding of military unions. These reforms,
however, only represent half steps towards the
ultimate question — Will there ever exist a Com-
posite European Army? Some say “never,” given
the national sovereignty issues involved, and some
say “without a doubt.” The latter cite the incremental
steps that have either occurred or represently
underway, including the European Air Group
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(which includes the United Kingdom, France,
Germany, Italy, Spain, Belgium and others),
a Czech-Slovak-Polish multinational brigade, which
is fully operational and has a headquarters located in
Slovakia, and a possible joint training school for
Tiger helicopter pilots [1]. The next logical step after
such functional clustering would be to replace
several national armies with pan-European military
capabilities, and finally to field a European Army as
a key pillar of the North Atlantic Treaty [2]. Again,
the political costs of this type of contextual change
may seem exorbitant, but the financial and
operational costs of not pursuing it may be even
worse.

4. ADEQUATELY FUNDED ALLIANCE
TRANSFORMATION

The political will in Europe to increase defense
spending simply is not there. ~Most European
countries continue to spend under 2% of their GDP
on defense, which has led to major capabilities
shortfalls over time. To begin rectifying this state of
affairs, NATO members need to do three things.
First, they need to develop a well-defined and
commonly understood end-state for Alliance
transformation. ~ Without this particular vision,
nations may be tempted to cut antiquated force
structures without redirecting resources into needed
transformational capabilities. Second, they should
understand the true costs of transformation. The
savings from cutting in-place forces will not be
enough to pay for new (and needed) capabilities.
These costs should therefore be identified and
articulated up front, thus allowing national
governments to plan for them in budgetary terms
and to manage their political consequences more
effectively.  Finally, transformation requires the
willing acceptance of risk on a number of fronts.
These risks should be defined, articulated and
accepted from the beginning, including the drawing
down of large land armies that are no longer
required for national territorial defense.

5. MODIFY NATO DECISION-MAKING
PROCESSES

Finally, if NATO is to develop a Strategic
Concept that provides substantive strategy - centered
guidance, it needs to reflect a final contextual change
— i e., the Alliance needs to modify its decision-
making processes so that they will help minimize the
political impasses or outright paralysis brought about
by increased member numbers. Basically, de-
liberately awkward decision-making that willingly
sacrifices timeliness for comprehensiveness is not
necessarily an advantage now. In a world of
asymmetric intra-state conflicts, quick decisions and
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actions have become key political and military
requirements, especially against terrorists and other
fluid, rapid, and flexible sub-state actors. Therefore,
a judicious balance needs to be found within NATO
between the desire for efficient military action in
response to common threats and the need to ensure
that all allied members have a chance to exercise
consensus. Needed variants to current NATO
decision-making could include the following:

= The “Threatened Ally” Rule, whereby any
member nation (or combination of nations) has
the right to request the preparation of
operational planning options — without prior
NAC political guidance and direction — if it sees
a threat to its territorial integrity, political
independence, or security.

= The “SACEUR Discretion” Rule, whereby the
NAC delegates broad discretionary authority to
SACEUR to prepare and update, as necessary,
contingency operational plans for a broad range
of possible NATO military missions.

=  The “Coalitions within NATO” Rule, which
would require unanimous approval for
a “Committee of Contributors,” chaired by the
Secretary General, to carry out operations on
behalf of the Alliance as a whole.

= The “Voting System” Rule, whereby the NAC
might break an impasse by authorizing
a weighted voting process similar to the EU’s
Qualified Majority Vote System (which
currently applies only to non-military decision-
making).

= And the “Membership Suspension” Rule,
whereby members who violate common
Alliance values and principles could be
suspended, either temporarily or permanently,
from the Alliance.

In closing this section, it is important to restate
the obvious—context matters. A genuinely
utilitarian Strategic Concept should both embody
and reflect an improved context, at least in the above
four areas. With these contextual changes and
improvements properly in place, the Concept might
then include the following three adjustments to
Alliance strategy (Chapters 6-8), at a minimum.

6. ADOPT PREEMPTION AS A POSSIBLE
NATO OPTION

There are four necessary components to winning
the fight against terrorism and other asymmetric
risks: leadership, persistence, focus and lethality [3].
However, these needed attributes for success require
tools — as many tools as possible, including military
preemption. The concept of preemption has obvious
advantages — it helps define threats, thresholds, and
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boundaries; it provides strategic focus; it potentially
changes strategic mindsets; and it can coordinate
differing approaches less than one galvanized will,
among many other things. But to embrace
preemption as a possible security option for NATO,
member nations will have to ensure:

It is legally and morally defensible.
It has clear objectives.

It has a high probability of success.
It is proportional.

Most importantly, though, preemption must be
part of a larger, more comprehensive strategy that
includes all the -elements of national and
international power. It must support political,
financial, information, legal, and law enforcement
activities. It should not be an option of first resort or
of last resort, but should be used according to well-
defined thresholds and criteria. Meeting all the
conditions for preemptive action will therefore be
difficult for the Alliance; the risk of acting against a
direct and imminent threat should always outweigh
the risk of doing nothing. However, in the case of
terrorist groups willing to use WMD, preemption
may be the only option available for Alliance
members, and therefore should be a highlighted
element in a revised Strategic Concept.

7. REFINE THE NATO RESPONSE FORCE
(NRF) CONCEPT

Preemption, prevention, active self-defense, et al,
will require a wide range of military capabilities if
they are to succeed, including a far-reaching NRF.
A revised Strategic Concept should highlight the
following points the NATO Response Force:
=  The overarching goal of the NRF is to provide
the common intelligence, targeting, planning,
and command and control capabilities that
currently distinguish U.S. military capabilities
from European capabilities.

= The NRF should be used for shows of force,
non-combatant evacuation operations,
humanitarian relief/disaster relief functions,
initial or even forced entry operations, stand-
alone offensive or defensive joint operations,
and perhaps “new” missions like theater missile
defense, consequence management, and
preemption.

= NATO members need to develop niche
capabilities to contribute to the NRF. Acquiring
these capabilities will be easier for those
countries that are building their militaries from
the ground up than for those who are trying to
adapt inherited Warsaw Pact force structures.

= If the NRF is to succeed, it will require
international- level training support (especially

for counter-terrorism operations), new multi-
national formations, an Alliance-level planning
system, and a new system of NATO-level
financing.

The answer to “will the NRF work?” is
a resounding “maybe.” Many look to the Response
Force as a last chance for NATO to transform itself
into the relevant organization that keeps both sides
of the Atlantic interested in the Alliance. Its success
or failure will be determined by the nations that
ultimately provide not only the funding for such
a force, but also the personnel needed to make the
NRF a reality. The Strategic Concept should reflect
the above realities.

8. ADOPT COMBINATION WARFARE AS
A FORMAL NATO STRATEGY

Finally, there is the question of a formal strategy
for NATO itself. There are those who believe that
any strategy would be an unneeded encumbrance; it
would deprive Alliance leaders of the necessary
“wiggle room” they need to improvise their way
through assorted crises. This unfortunately is “old
think.” It refuses to account for an inconvenient fact
— the NATO Alliance will increasingly confront
faceless, modular, unpredictable and asymmetric
foes. They are borderless and transnational. They
prefer to employ hybrid, multi-dimensional means,
including Industrial Age or late-Cold War military
equipment, ballistic and cruise missiles, weapons of
mass destruction (and disruption), limited stocks of
precision weapons, growing anti-access capabilities,
and an expanding capability to conduct global-level
cyber warfare. To combat these troublesome new
realities, NATO needs to embed a relevant and
overarching security strategy within its Strategic
Concept — Combination Warfare [4].

The tools or types of conflict may or may not be
already familiar to us, but what is certainly new is
the potential ability of NATO commanders, while
working in concert with EU and national-level
agencies or organizations, to mix and match them in
unprecedented ways. In short, Combination Warfare
may providle NATO with a viable overarching
strategy for the future. As a strategy, it can operate
in virtually all significant spheres of human activity,
and as just illustrated, it can rely on above-military,
military, and non-military means to prevent,
localize, or neutralize asymmetric threats. (By
above-military forms of war we mean conducting
“combat” in broad and militarily unfamiliar domains
of human activity. By non-military forms of war we
mean more narrowly defined domains where we
have conducted “military” operations before, even if
in abbreviated ways.)
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As the above paragraph hints at, the key to
Combination Warfare is bundling — i.e., to defeat or
de-fang shadowy foes, those who practice
Combination Warfare should mix and match various
types of war in modular fashion. These 29 types of
war are basically Lego pieces that commanders can
use to construct any type of operation that they see
fit. (In this sense then, Combination Warfare truly is
“Lego Warfare.”) Additionally, the level of
emphasis given to each piece could (and should)
change over time. A particular combination of
pieces may be vital in an anti-terror campaign for X
amount of time, but their importance may wane
given new intelligence or developments. Therefore,
as circumstances change, so should the pieces of the
“jigsaw puzzle” or “mosaic” that make up
Combination Warfare, and so should the relative
weight of the pieces themselves.

9. CONCLUSION

Now all concepts are attractive on paper. It’s
their actual implementation that makes or breaks
them, and Combination Warfare is no exception. If
NATO ultimately decides to adopt a flexible strategy
that truly reflects the unprecedented interpenetration
of civil and military activities in modern conflicts,
then it should implement the following reforms, as
argued in Combination Warfare: A New NATO
Strategy for the Asymmetric Risks and Challenges
of the 21 Century:

= Designate an Assistant Secretary General for
Combination Warfare. He or she should be
directly answerable to the Secretary General for
the codification and adaptation of this concept
into NATO strategic planning.

=  Adjust the focus and mandate of the current
Political-Military Integration Group and task it
to develop a NATO Combination Warfare
strategy that is populated with specific
principles and details.

= Integrate at least portion of the International
Staff and the Military Committee Staff together
so they can seamlessly and holistically guide
and support the work being done by the
Political-Military Integration Group.

=  Modify and update current NATO documents to
reflect the seminal importance of Combination
Warfare in shaping and directing the
development of a comprehensive set of
capabilities for future NATO use.

= Create a Combination Warfare Global Strike
Task Force manned both by military and
civilian personnel. The civilian contributors to
this task force would come from foreign and
financial ministries, externally and internally-
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focused law enforcement  organizations,
academic institutions and other fields, agencies,
and organizations.

= FEstablish Combination Warfare Operations
Centers for specific regions of NATO. Alliance
planners could pattern them after current
Combined Air Operations Centers, but
obviously with a wider population of civilian
and military analysts who would conduct
significantly broader operations, both vertically
and horizontally, than NATO has ever done
before.

= Organize, fund, and man a Combination
Warfare Development Center that would build
generic, pre-existing targeting kits, simulation
tools, software programs, etc., needed to
conduct a Combination Warfare campaign.
Members of this center could also provide
initial training for those who join the cadre of
Combination Warriors assigned to the new Task
Force(s) and Operation Centers.

By not adopting Combination Warfare into the
Alliance’s Strategy, NATO members may or may
not restrict their ability to conduct successful
offensive and defensive operations in the future. But
there is one thing they can count on — asymmetric
adversaries are themselves preparing for this form of
warfare at this time.
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TELESCOPING SERIES

Emil ONDIS, Cubomir MYDIELKA

Abstract. The paper presents the necessary and sufficient condition of uniform convergence of series of rational functions,
that ensures the existence of summation of so called functional telescoping series. In addition, some relations for the sums of

telescoping series are proved.

Key words: telescoping decomposition, telescoping series, partial fraction decomposition.

1. INTRODUCTION

The notion "telescoping series" is almost
unknown in our scientific literature. However, these
series are taught to students at the beginning of
courses in mathematical analysis. The above notion

is used to denote the series 214" whose terms

n=l1

u, can be expressed by two terms at least (often two

. 0
successive ones) of a sequence {an } .
n=1

A typical example is the series

Sy e

paril /) =\n n+l

The expression #,by means of terms of

{a” }oC is  called

sequence n=l

"telescoping

decomposition". When calculating the partial
summation in such a series, we can sometimes
discover (and this is the only case when we may call
this series a telescoping one) so called ,telescoping
character" of this summation: thanks to telescoping
decomposition of the sequence terms, the majority
of summands in partial summation will be deleted,
which makes it possible to determine summation of

the series ([1 ], [2])

We know that the cognizance of certain series
summations enables to determine summations of
other series, and, in addition, some special
summation cases lead to various, combinatorial
identities in particular. Hence, these facts motivated
us to write this article.

2. MAIN THEOREMS

In order to ensure the existence of summation for
so called ,,functional telescoping series" (Theorem
2), we start with the following theorem which
determines the necessary and sufficient condition of
uniform convergence of such a series.
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Theorem 1. Let k£ > 2,/ > 0 be given integers
and 7, <7, <...<r, be arbitrary reals. Let

/
= Zaiy’ ,a, #0 and

i=0

Q(Z) =b, ﬁ (Z +7 ),bk # 0 be polynomials of
real variablesl 1y and z with real coefficients. Let
d € R be such that Q(x+n+d)¢ 0 for every
ne N and x 20 . Then the functional series
- P(x + n)
,,Z:; Q(x +n+d )
converges absolutely and uniformly on interval

(0,00 ) ifand only if k >7+2.

Proof. The number d € R (from theorem)

(1

certainly exists. For example d > — 7, —1. Further,

it is evident, that the polynomial Q(Z) can be

sz

First, we will prove the sufﬁc1ent condition. We
will consider two cases: [ > 1, [ = 0 respectively.

Let k>[1+2,]/>1.Then for every n € N and
x>0itholds

written in the form Q

| x+n | x+n

Olx+n+d | |x+n+d|

aj_ a
aj+1=L 40 ;
X+n (x+n)
X =
by _ b
by + k=l 4+ 0
x+n+d (x+n+d)
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N k
_ d
(x+n)kll+
xX+n
aj_ a
a;+—=1 +...+701
X+n (x+n)

X . 2)
by _ b
bk+A+...+70k
x+n+d (x+n+d)

N |
Since llm —————=0 for x>0,

n—®© (x + n)l_’
i=0,1,..,/ —1,then there exists 1y € N such

that for every n>ngy, x>0, i=0,1,....[ =1 we

have
ol N
- (x+n)l_’ [+1
b
Analogically lim ‘ / -=0 forx >0,

”—>°O|x+n+d|k_]
Jj=0,1,...,k =1 and so there exists #; € N such
that forevery n>ny, x20, j=0,1,...,k—1
we obtain
bl b
OS%< M

|x+n+d| /o 2k

-
Finally, from lim
n—owX+n

“

=0 for x>0 we get

that there exists 75 € N such that for every
n>ny, x 2 0 it holds

gl 1
0<——<—, 5)
x+n 2
Let us denote
m= max{no NOWD) } (6)

Then from (2), with regard to (3) — (6), it follows
that for every n>m , x 20

| P(x+n)
|Q(x+n+d)

lay|+ - +.t+ [
y xX+n (x+ n)l <
|bk| br 1 _ bO -
|a1| +1M
1 [+1
k b
nk_l(lj |b | k| k|
2 2k
k+20ar| 1 4
<2 bl gkl k1 @)
where A = 2k+2 a >0.
by
With regard to the assumption (k >+ 2), the
- A
series Z T converges. Therefore according
=1n
to tl}qw comparison test the series
o0
z M converges too for x > 0, hence
! Q(x +n+ d)

the series (1) converges absolutely and uniformly on
interval <0,OO).

The principle of proof in the case /=0 is
identical with the previous one. Therefore we will

not present it. Of course, the relation (3) is not valid
and the number m in the relation (6) is equal to

m= max{nl 5”2} in this case.

Now we will prove the necessary condition. Let
the series (1) converges absolutely and uniformly on

interval <O, oo). Then for every x = 0 it holds

lim

n—> o0

=0. (8)

Pu+n)‘
Ox+n+d)

From (8) and (2) it is evident, that kK — />0, i.e.
k>1. There are only two alternatives: Kk =/+1 or
k>1+1,1>20.

Letk =[+1. Then from (2) we have
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b, bo

bisj+— et
x+n+d ()chner)H1

From here and with regard to (3) — (6) we get,
that for every n>m and x>0

| x+n | 1

|Qx+n+d| d S
(x+n{l+j

xX+n

g1l ool
xX+n (x+n)l

& o]
|bl+1|+|x+n+d| +oF

X

|x+n +af|l+1

el

X
[+1 b
(x+n{;j |bl+1|+(l+1) (l+l

l+1 |b1+1| X+n x+n

[+2
WhereBzL %
[+1\3

a

>0.

bj41

o0
B
It is evident that for x>0 the series z
n=1
diverges. Therefore, according to the comparison

o0
test, the series z M R
] Q(x +n+d )
diverges too which is acontradiction with
assumption. Therefore k>/+1, [>20, ie.

k>1+2.

X+n

for x=0

S <Ty, (k 22) be
arbitrary integers. Let P(y),Q(Z) and d have the

Theorem 2. Let 11 <rp <
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same meaning as in theoreml and k > /+ 2. Then
for every x 2> 0 it holds

i Plx+n)

k
”:11_[ x+n+r;+d)
i=

k—l }’k 1

-3 4. S— 10
jz:l ]t:;+1x+t+d (10
J

where

i=1
i#]j

Proof. Let us denote

P(x+ n)

the n-th term of the

Jn (x): A
H (x+n+r+d)
i=l1
series (10) on the left and let {Sn (x)}le be its
sequence of partial sums. Using partial fraction

A
decomposition then f n = z !

qxtntrn +d’

Al‘GR.

From here we get the identity

byl

T TG+n+r+d)|. a2
=1
B

k
P(x+n) Z

which, clearly, is true for every X € R. From
identity (12), as identity of two polynomials, it

follows that
k
> 4;=0. (13)
—
Ifweput x =—n—r; —d (] = 1,2,...,k) to the
relation (12), we get the relation (11). Then
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p:

k n
g Z::x+p+r +d
Using the substitution ¢ =p+r;, i=1,2,...,k,

we have

By the reduction we obtain

Sn(x):
Vi 1 n+n 1

A 2 i

t=n+1 t=rk+1x+t+d

¥ 1 n+n 1

+Aj z x+t+d

t=r;+1 t:rk+1x+t+d

I’j+n 1

+ ) ———— |+t

t:K/_1+n+1x+t+d

+A,{§—l +r§—l +...

Smx+t+d S x+i+d

nAn 1
+ —.
t=r_+n+l X+ t + d

From here and with regard to (13), we get
k_l rk 1

- A -
s (%) ]Z:“l ]t:§+1x+t+d "

rh+n 1

k
A 2 gt
Jj=2 t=r+n+1

T +n 1

+Ak z

t=ry_1+n+l x+t+d

Clearly, for n—>00 it holds

k—l rk 1

lim sn(x):z 4; Z

n—0 j=1 t=r;+1

So relation (10) is true.
Theorem 2. can be generalized as follows:

Theorem 3. Let assumptions of the theorem 2 be
satisfied. Let f and g be arbitrary functions

define on interval<0,oo). Then for every x>0 it
holds

i=1
WY 4 3 —
:f X A]
=y L Xx+i+d
k—l 1
, 14
— x+t+d ®
]—1
whereA j=1 2 are given by relation (11)
and
1
Bj=———— . j=12...k (15)
H(’”z _rj)
i=1
i#j

Proof. Clearly, for every x > 0 it holds

if(x (x+n)+glx)
k
n=1 H x+n+r; +d)
i=1
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X P(x+n)

W2

”:11_[ x+n+r+d)
i=1

< 1
X)) p . (16)
"_1H(x+n+rl- +d)
i=1
From here and from theorem 2 it follows that
(14) holds and the relation (15) is a special case of

relation (11) (for P(x +n)=1).

3. COROLLARIES AND SPECIAL CASES

From theorem 1 it follows clearly
Corollary 1. Let assumptions of the theorem 1 be
satisfied. Then numerical series

Yo "

converges absolutely if and only if k& >/+2.
For x =0 from theorem 2 we get
Corollary 2. Let the assumptions of theorem 2
be satisfied. Then it holds

k—1 Ty 1
2 K Yt 1)
j=1 t=r;+1

where Aj (] =1, 2,...,k) are given by the relation

(11).

Corollary 3. Let the assumptions of theorem 2 be
satisfied, where 0 < 7y<ry<..<rp and d =0.

Then for every x = 0 it holds

i . P(x+n) _
"ZIH(x+n+rl-)
i=1

k-1 T 1
204 X ) (19
j:1 t=rj+1
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where

4; :kP(_—rf'), =12,k (20)
q(ﬂ -r;)
i
i#]

3.1. Special cases of the Corollary 3

Case 1. If x =0, then

k-1 s

< 1
DS EVED Vil BECH
nle n+r j=1 t=r;+1

i=1
where Aj (] = 1,2,...,k) are given by relation
(20).

Case 2. If P(x + n) =1, then for every x >0 it
holds

00 1 k-1 T
Z:1151( ): Z:1 t Z:+1x+t
= x+n+r) 77 r
i=1 l
(22)
where
AJ-: 2 ! , J=1,2,....k (23)
H(ri_rj)
i=1
i#]
Case 3. Ifx=0,P(x+n)Eland
rp=i—1(i=12,..,k) then
0 1 k-1 k—ll
)3 = 2.4 Z; ’ 24)

A;=—F——,
7=k )
and the following identity holds
k (k
Z(—l)’( .]j=0- 26)
=t
Case4.IfP(x+n)=(x+n)l, 1<I<k-2,
then for every x 2 0 it holds
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n=1

i . x+n z[ _Zk: x+t]

x+n+r
i=1
where 7
Aj :k(_L)” j=1L2,..,k. (28)
1‘!(4 -r;)
i=
i#]

Case 5.1t x=0,P(n)=n', 1</ <k-2 and
rp=1i— 1(—1,2 k), then it holds

) nl—l k-1 k—ll
2w X |2 @

\_/

YL )
_E)TG-Y 0

and the identity

k (k

Z(—l)”f(.jj(j—l)l =0 G31)
Jj=2 J

is true.

4. REMARKS AND EXAMPLES
Remark 1. The identities (26) respectively (31)
follow from the identities (13) and (25)
respectively (30).
Example 1. Determine the sum of the series
o0
Z (n+1)x-2
el x+n+1 (x+n+2)(x+n+3) '

Solution: We use the theorem 3 ford =0,
n =1, =2, r3 =3,k =3 . Denoting by

S (x), x >0, the sum of given series we have

S(x)=
s z xX+n

= x+n+l (x+n+2)(x+n+3) "

(—x2+x—2)

}_A

1
Xz (x+n+1)(x+n+2)(x+n+3)

Clearly, P(x+n):x+n (P(y)=y),
flx)=x, g(x)z—x2 +x-2.

From (20) and (15) we get
1 3 1
Aj=——; 4, =2; A3=——; B =—;
1 3 2 3 2 1 2
1
By=—1;By=—.
2 3 B

Then from (14) it follows

S(x):x{—l( t 1 )+2 1 }+
2\x+2 x+3 x+3
+(—x2 +x—2)><

(1 1 1
X| — + - =
{2(x+2 x+3j x+3}

B X2 +4x-2
S 2(x+2)(x+3)

For x =0 is S(O)z—%.

Example 2. Determine the sum of the series
i 3n+2
Z(n=29)(n-19)(n—09)(n+11)’

Solution: We use the corollary 2, where
P(n)=3n+2,1n=-3,1n=-2,r3=-1,
ra=2,d=0l;k=4.

From (11) we get

10,7 7,7 4,7 1,3
Al = ) = - 5 = s Y = .
8 3 4 24
Then from (18) it follows
- 3n+2

nz:l(n —2.9)n-19)(n-09)(n+11)
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1

Z t+01

AN
> +
t: t:_1t+0,1

4,7 1 7889 8-
4 St+0l1 5643

Example 3. Determine the sum of the series

=1,398.

0

Z 3]’12 +n+ 2
nzl(n + 1)(11 + 3)(n + 4)(n + 6) .
Solution: We use the casel where

P(n)=3n2 +n+2,n=1,nrn =3,

7’324,7’426,61120,](:4.
From (20) we get
2 13 23 52
A Ay =——, Ay =—, Ay =——.
T2 3 BT s
Then from (21) it follows
i 3% +n+2 299

Z(n+1)(n+3)(n+4)(n+6) 900

Remark 2. It is evident, that the value of product
k
H (x +n+r+d ) will not change, if instead of

i=1

numbers 7; ( L2,.. k) and d in theorem 2 and
in theorem 3 respectively we consider numbers
s,=r,+c and e=d—c, where ¢ is an
arbitrary integer. Therefore in practical problems we

choose e.g. the number 7 arbitrarily. However
number d and the numbers #; (i=2,3,...,k)
depend on this choice. For example, if we choose
1] =2 in example 2, then we will getd =—-0,9,
rn=-1, 3=0, ~and we will get the
same result as in example 2
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KLASIFIKATOR DIGITALNICH MODULACI ZALOZENY NA BAZI
OPTIMALNICH HODNOT KLICOVYCH PRiZNAKU

DIGITAL MODULATION RECOGNIZER BASED ON OPTIMUM KEY FEATURES
THRESHOLD VALUES

Marie RICHTEROV A

Abstract: Communication signals travelling in space with different modulation types and different frequencies fall in a very
wide band. Usually, it is required to identify these signals for many applications. Some of these applications are in civilian
purposes such as signal confirmation, interference identification and spectrum management. A subsystem used in automatic
wireless signal modulation recognition based on the optimum key features threshold values is described in this paper. The
choice of maximum value of spectral power density of the normalized-centred amplitude, standard deviation of the absolute
value of the centred non-linear component of the instantaneous phase, standard deviation of the absolute value of the
normalized-centred instantaneous amplitude, standard deviation of the absolute value of the normalized-centred instantaneous

frequency, as key features for the digital modulation recognizer. The results are summarized for real EM signals.

Keywords: modulation recognition, digital modulation recognizer, signal processing, simulation.

1. UVOD

Automatické rozpoznavani modulaci je rychle
se rozvijejici oblast analyzy signald. Z hlediska
tohoto aspektu je veénovana velka pozornost
vyzkumu a vyvoji algoritml pro rozpoznavani mo-
dulovanych signalii. Potieby praxe si postupné
vynutily fesit otdzku automatické klasifikace
vzorkll pfijatych signali s vyuzitim pocitact
a dostupného software.

Modulované signaly nesouci skute¢nou infor-
maci maji charakter nahodnych veli¢in, jejich
pribéh apriori urcit nemlizeme a pii jejich
zkoumani je lze popsat jen jejich pravdé-
podobnostnimi charakteristikami. Redlné signaly
1ze popsat veli¢inami okamzita amplituda, okamzita
faze a okamzity kmitocet, které u skutecCnych
signalti maji nadhodny charakter. Redlny signal 1ze
také popsat pomoci statistickych momentd vyssich
radua[1, 2,4, 5, 6].

Obvykle se k vyhodnocovani modulaci vy-
uzivaji takové statistické charakteristiky, které maji
nejen matematicky vyznam, ale i fyzikalni vyznam.
Lze vyuzit napi. smérodatnou odchylku nahodné
veliCiny, ktera zde bude mit vyznam efektivni
hodnoty zmény. Kromé toho je vhodné vyuzit také
exces, ktery vyjadiuje vlastnosti hustoty rozlozeni
pravdépodobnosti ndhodné veliCiny ve vztahu ke
Gaussovu rozlozeni. Vybrané pravdépodobnostni
charakteristiky pak lze vyuzit pfimo pro rozpoznani
jednotlivych modulaci. Clanek se zabyva roz-
poznavanim digitalnich modulaci klasifikatorem na
bazi statistickych charakteristik signali. Sestaveny
klasifikator je schopen rozpoznavat modulace FSK,
PSK a ASK.

2. CHARAKTERISTICKE PRIZNAKY
DIGITALNICH MODULACI

Aby bylo mozné automatické rozpoznavani
digitalné modulovanych signalii, je nutné provést
volbu a stanovit zplsob vypoctu vhodnych kli-
C¢ovych priznakd. Praktické experimenty ukdzaly,
ze v piipadé feSeni této ulohy je vhodné pouzit
analytické vyjadieni signalu.

Za analyticky signal z'(t) povazujeme takové
vyjadfeni c¢asového pribéhu signalu, kde je
okamzitd hodnota signdlu v daném cCasovém
okamziku pfedstavovana komplexnim ¢islem, jehoz
realnd a imaginarni slozka jsou spolu svazany
Hilbertovou transformaci.

AHe)=x(0)+ - »(t) (M
kde Z(l‘ ) je analyticky signal,

x(l‘ ) jerealny signal a

y(t) = hilbert[x(t)] je kvadraturni signal.

Dale predpokladame, ze zkoumany signal lze
povazovat za uzkopasmovy vzhledem ke kmitoctu
nosné a ze zmény modula¢niho signalu v Case jsou
plynulé. Okamzitou hodnotu analytické¢ho signalu
z'(t) pak lze vyjadiit jako komplexni C¢islo
v polarnim tvaru a definovat okamzitou amplitudu
analytického signalu a (t) a okamzitou fazi analy-
tického signalu @(¢). Pokud plati, Ze Gasova funkce
popisujici okamzitou amplitudu a(t) neobsahuje
zadnou z nul ¢asové funkce popisujici analyticky
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signal Z(t) , 1ze urgit okamzity kmitocet

f (t) jako derivaci okamzité fize @(t) ) podle Casu
2(t)=alt)- e )
o)== g

kde a(t) je okamzita amplituda,

@(t) je okamyzita faze a

f (t) je okamzity kmitocet.

V urCeni piiznaki s vyuzitim téchto tii
charakteristik spo¢iva prvni c¢ast procesu roz-
poznavani modulaci. Pomoci takto ziskanych
charakteristik lze zjistit, kde je ve zkoumaném
signalu modulaci vloZena informace.

Pro rozpoznavani digitalnich modulaci je mozno
vyuzit tyto klicové ptiznaky:
= maximalni hodnota vykonové = spektralni

hustoty centrované normované okamzité

amplitudy signalu 7.,y
= smérodatnd odchylka absolutni hodnoty

centrované nelinearni slozky faze pro Casovy

segment, kde je signal nad Sumem o 4p,

= smeérodatna odchylka pfimé hodnoty nelinearni
slozky faze (ne absolutni hodnoty) na intervalu,
kde signal vystupuje ze Sumu o pp,

= smérodatnd odchylka absolutni hodnoty nor-
mované centrované okamzité¢ amplitudy o 44,

smérodatnd odchylka absolutni hodnoty nor-
movaného okamzitého kmitoctu pro signal vy-
stupujici ze Sumu o 4F .

Uvedené ptiznaky budou definovany v nasle-
dujicim textu.

2.1 Maximalni hodnota vykonové spektralni
hustoty centrované normované okamzité
amplitudy y,,,.

Tento ptiznak slouzi k odliSeni modulovanych
signaltl, kde je informace nesena zménou amplitudy
od modulovanych signald, kde je informace nesena
zménou faze resp. zménou kmitoctu. U uhlové
modulovanych signali nenese amplituda zadnou
informaci a proto, kdyz neni modulovany signal
prilis zkreslen, je velikost tohoto pfiznaku mala.
U digitalnich modulaci tak mutze tento pfiznak
slouzit pro rozliSeni skupiny modulaci FSKod
skupiny ASK a PSK.

Tento priznak se pocita pro sledovany casovy
interval dany rozmérem vektoru X, tj. pro vybrany
pocet vzorkd N. Plati

Y max = max{|FFT(aCN 12} 4)
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kde a.y je hodnota centrované normované
okamzité¢ amplitudy a(f). Okamzitd amplituda
a(t) vypocita jako absolutni hodnota z analytic-
kého signalu Z(t) Protoze realné signaly od riiz-
nych zdroji maji rznou amplitudu, je tieba pro
vypocet klicovych ptiznaki modulovanych signali
okamzitou amplitudu a(t ) normovat a pro nekteré
pfiznaky i centrovat.

2.2 Smérodatna odchylka centrované nelinearni
slozky faze o 4p

Tento pfiznak lze vyuzit u digitalnich modulaci
pro rozliSeni mezi modulaci 4PSK a modulaci ASK
a 2PSK. Smérodatnou odchylku centrované
nelinearni slozky faze o 4p vypocteme ze vztahu

e tlzm ) Lyl o

kde @y je vektor obsahujici nelinearni slozku

okamzité faze pro Casovy usek, kde je signdl nad
prahovou trovni Sumu,
N je pocet vzorkd.

2.3 Smérodatna odchylka centrované nelinearni
slozky faze o pp

U digitalnich modulaci se tento pfiznak pouziva
pro rozliSeni mezi modulaci ASK a modulaci
2PSK. U prvni skupiny neni z4dnd informace ne-
sena zménou faze, u druhé skupiny se v disledku
modulace projevuje pfima zména okamzité faze.
Smérodatna odchylka centrované nelinearni slozky
faze o pp je ddna vztahem

opp =J%(25§L )—&ZENL]Z (©6)

kde @p; je vektor obsahujici nelinearni slozku
okamzité faze pro Casovy usek, kde je signal nad
prahovou urovni Sumu,

N je pocet vzorku.

2.4 Smérodatna odchylka absolutni hodnoty
centrovaného normovaného okamZitého
kmitoctu pro casovy tsek, kdy signal je
nad drovni Sumu o 4

Pomoci tohoto pfiznaku lze odlisit modulaci
FSK2 od modulace FSK4. U modulace FSK2 jsou
vyuzivany dvé diskrétni hodnoty kmitoctu, u FSK4
jsou Ctyfi diskrétni urovné kmitoctu. Proto je hod-
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nota tohoto priznaku pro FSK2 mensi jak
u FSK4 a lze mezi nimi nalézt potifebnou prahovou
uroverl.

Pro vypocet tohoto ptiznaku Ize vyuzit vztah

2
|1 (Z -2 ) I o>
OUF _\/F fen —[NZ‘J(CNU ™
kde j_‘CN je vektor obsahujici centrovany nor-

movany okamzity kmitoCet f° (t) pro Casovy usek,
kdy je signal nad prahovou urovni Sumu.

2.5 Smérodatna odchylka absolutni hodnoty
centrované normované okamzité amplitudy
pro casovy usek, kdy signal je nad vrovni
Sumu o 44

Pomoci tohoto pfiznaku Ize odlisit modulaci
ASK?2 od modulace ASK4. U modulace ASK2 jsou
pouze dvé urovné amplitudy, u ASK4 jsou Ctyfi
urovné amplitudy. Proto je hodnota tohoto piiznaku
pro ASK2 mensi jak u ASK4 a Ize mezi nimi nalézt
potiebnou prahovou urovei. Pfiznak o 44 Ize

vypocitat ze vztahu

2
I o I w
o 44 =\/§(Z”ézv )‘(WZWCNO ®)

kde acy je vektor obsahujici centrovanou nor-

movanou okamzitou amplitudu pro casovy usek,
kdy je signal nad prahovou Grovni Sumu.

3. KLASIFIKATOR MODULACI

Pro rozpoznani realnych modulovanych signalti
pomoci pocitace je tedy tfeba vykonat tyto operace:
e pievedeni realného signalu s(t) na diskrétni
formu x(¢;) pomoci vzorkovani s vhod-
nym vzorkovacim kmitoctem Fs,
e transformaci redlného signalu x(t,-) na
analyticky signal z'(t,- ),
e vypocet okamzité amplitudy zkoumaného
signalu a(t,-)=|z'(t,-)| ,
e vypocet okamzité faze signalu
D) =arg{ ()}
e vypocet okamzitého kmitoc¢tu signalu
/),
e vypocet vhodnych klicovych ptiznakd,
e vlastni klasifikace.

Vlastni rozpoznavani se provadi srovndvanim
vypoctené hodnoty daného piiznaku s jeho pra-
hovou hodnotou napt. pomoci funkci if, elseif, else.
Prahové hodnoty pro klasifikaci tfid modulaci je
nutno ziskat v procesu uceni klasifikatoru pomoci
trénovaci mnoziny vzorovych signald, jejichz mo-
dulace jsou znamy. Proces vlastni klasifikace
digitalnich modulaci je uveden na Obr. 1.

START

PREVZET] PRIZNAKT

G G0

Obr. 1 Vyvojovy diagram klasifikatoru digitalnich
modulaci

4. EXPERIMENTALNi OVERENI CINNOSTI
KLASIFIKATORU

Sestaveny klasifikator digitalnich modulaci byl
podroben testim pomoci redlnych vzorkt signali.
Kazdy realny vzorek signalu o délce 800 tisic prvkl
byl rozdélen nahodnym vybérem na 1000 seg-
mentl, kde kazdy segment obsahoval 4096 prvki.
Takto vzniklé segmenty byly podrobeny klasifikaci.
Teoretické prahové hodnoty ptiznaki dle obr. 1
byly stanoveny experimentalné a konkrétni inter-
valy prahovych hodnot pfiznakli jsou uvedeny
v [6].

Bylo klasifikovano 11 realnych vzorkl signal.
Vysledky experimentalniho ovéfeni Cinnosti kla-
sifikatoru digitalnich modulaci na bazi statistickych
charakteristik signalti jsou uvedeny v Tab. 1.
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Tab. 1 Vysledky klasifikace digitalnich modulaci

2ASK | 4ASK | 2FSK | 4FSK | 2PSK | 4PSK

Vzorek | 74 % 6% 20 %
1

Vzorek | 100 %
2

Vzorek 100 %
3

Vzorek | 8 % 90 % 2%
4

Vzorek 9% 71% 20%
5

Vzorek | 12 % 8% 67% |13%
6

Vzorek 14 % 62 % |24%
7

Vzorek 25% 62 % 13 %
8

Vzorek 65 % 35%
9

Vzorek | 20 % 78 % 2%
10

Vzorek 19% |81%
11

V tabulce 1 je procenty vyjadiena mira spravné
klasifikace zkoumaného vzorku signalu.

5. ZAVER

Rozborem vysledkll bylo zjiSt€no, ze spravna
klasifikace pro realné vzorky signalt nepiekracuje
hodnotu 60 %. Rozdily ve spravné klasifikaci jsou
zde zplisobeny presnosti vypoctu kmitoCtu nosné
u piiznaku o 45 . Tento ¢lanek byl vénovan me-

todé¢ klasifikace digitalnich modulaci, kterd je
zalozena na Dbazi statistickych charakteristik
signalt. Byly provedeny praktické experimenty
s redlnymi vzorky signdlt. Prezentované vysledky
ukazuji, ze v piipadé klasifikace redlnych vzorkt
modulaci se mira spravné klasifikace bude
pohybovat okolo 60 %, a to i v pfipad¢, ze jsou
vybrany reprezentativni hodnoty teoretickych pftiz-
naku.
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Summary: This paper describes the modulation
recognizer based on the optimum key features threshold
values. The modulation recognizer is used for the
recognition of ASK, FSK and PSK signals. The key
features for the digital modulation recognizer are:
maximum value of spectral power density of the
normalized-centred amplitude, standard deviation of the
absolute value of the centred non-linear component of the
instantaneous phase, standard deviation of the absolute
value of the normalized-centred instantaneous amplitude,
standard deviation of the absolute value of the
normalized-centred  instantaneous  frequency. The
experimental results for real EM signals are summarized
in the Tab. 1.
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GRID COMPUTING ARCHITECTURE I

Miroslav LISKA, Jan PELAN

Abstract: “Grid” computing has emerged as an important new field, distinguished from conventional distributed computing
by its focus on medium or large-scale resource sharing, innovative applications and in some cases, also high-performance
orientation. We present an open grid architecture named ALCHEMI in which services, application programming interfaces -
NET and software approach are described according to their roles in enabling resource sharing.

Keywords: Grid Computing, Cluster, Virtual organization, Gridbus, Alchemi, NET framework.

1. INTRODUCTION

Nowadays, there are computers with very high
performance on the market, but many people wish
the performance of their computers were even
higher. Unfortunately, many owners do not use the
whole potential of the computers, which is a pity. In
the end, some people around the world decided to
create atechnology, which would better use the
potential of the computer, and shorten the period of
the computing time that would take many hours
even on the computer with the highest performance
in the world. It is Grid computing — where ,,GRID”
is a type of parallel and distributed system that
enables sharing, selection, and aggregation of
geographically  distributed  resources. This
technology was used as a code broker, later it was
used in the project SETI (organization for extra-
terrestrial research). The age of “Grid computing”
started in the 1990’s.

2. VIRTUAL ORGANIZATION

The real and specific problem that underlies the
grid concept is coordinated resource sharing and
problem solving in dynamic, multi-institutional
virtual organizations (VO). What is a VO? It is a set
of individuals and/or institutions defined by certain
sharing rules. For example: members of an industrial
consortium working on a new aircraft; a crisis
management team and the databases and simulation
systems that they use to plan a response to an
emergency situation and/or members of a large,
international, long term highenergy physics
collaboration team. As these examples show, VOs
vary tremendously according to their purpose, scope,
size, duration, structure, community, and sociology.

The same resource may be used in different
ways, depending on the restrictions placed on the
sharing and the goal of the sharing. For example, a
computer can be used only to run a specific piece of
software in one sharing agreement, while it may
provide generic compute cycles in another one.
Because of the lack of a priori knowledge about how
a resource may be used, performance metrics,

expectations, and limitations (i.e., quality of service)
may be part of the conditions placed on resource
sharing or their usage. These characteristics and
requirements define the term of a virtual orga-
nization, a concept that we believe is becoming
fundamental for much of modern computing. VOs
enable disparate groups of organizations and/or
individuals to share resources in a controlled way so
that the members can collaborate to achieve
a common goal.

3. GRID COMPUTING ARCHITECTURE

The establishment, management, and
exploitation of dynamic, cross-organizational VO
sparing relationships require new technology. A grid
architecture is what identifies fundamental system
components, specifies the purpose and function of
these components, and indicates how these
components interact with one another. Our goal in
describing grid architecture is not to provide a
complete enumeration of all required protocols,
services, APIs, and SDKs, but rather to identify
requirements for general classes of components. The
result is an extensible, open architectural structure
within which solutions to key VO requirements can
be placed. The architecture and the subsequent
discussion organize components into layers that are
depicted in Figure 1.

Application o
£ 3
2 B
8 i Applicati 2
& Collective pplication | =
S g
: <
s ‘ Resource | 8
: g
2 0
8 Transport | =
& ‘ Connectivity ‘ :
:
-
0 - — ¢
‘ Fabric ‘ | Link | £

Fig. 1 The layered Grid Protocol Architecture and its
relationship to the Internet Protocol Architecture [3]
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Layers:

e The Fabric layer provides the resources to
which shared access is mediated by grid
protocols. For example, computational
resources, storage systems, catalogs, network
resources, and sensors. A “resource” may be
a logical entity, such as a distributed file
system, computer cluster, or distributed
computer pool.

e The Connectivity layer defines core commu-
nication and authentication protocols required
for grid-specific network transactions.
Communication  protocols  enable  the
exchange of data between Fabric layer
resources. Authentication protocols build on
communication services provide
cryptographically secure mechanisms for
verifying the identity of users and resources.

e The Resource layer is built on Connectivity
layer communication and authentication
protocols to define protocols for the secure
negotiation, initiation, monitoring, control,
accounting, and payment of sharing
operations on individual resources. Resource
layer protocols are concerned entirely with
individual resources.

e The Collective layer — while the Resource layer
is focused on interactions with a single
resource, the Collective layer contains
protocols, services, APIs and SDKs that are
not associated with a specific resource but
rather are global in nature and capture
interactions across collections of resources.

e The Application layer is a final layer of Grid
architecture and it comprises of user
applications that operate within the VO
environment.

4. GRIDBUS AND ALCHEMI

The  Gridbus Project has  developed
a Windows/.NET-based desktop clustering software
and grid web services which support the integration
of both Windows and Unix-class resources for grid
computing. A layered architecture for realization of
low-level and high-level grid technologies is shown
in Figure 2. Some of the Gridbus technologies
discussed below have been developed by making use
of web service technologies and services provided
by low-level grid middleware, particularly Globus
Toolkit and Alchemi [1].
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Fig. 2 A grid technology stack (items in the dark blue
box are pursued by the Gridbus project) [2]

As an example of grid we used Alchemi [1],
which is a Microsoft .NET-based Grid computing
framework that provides the runtime machinery and
programming environment required to construct
desktop Grids and develop Grid applications. It
allows flexible application composition by
supporting an object-oriented Grid application
programming model in addition to a Grid job model.

A scenario for the creation of a layered
architecture-based Grid computing environment
using Alchemi and other Grid technologies such as
Globus Toolkit is shown in Figure 3. The Gridbus
Grid Service Broker (GSB), originally designed to
operate with grid-enabled resources using Globus,
has been extended to operate with grid-enabled
resources using Alchemi via Alchemi’s cross-
platform web services interface. In such an
environment, grid applications can be created using
either the grid thread model supported by Alchemi
or parameter-sweep programming model supported
by the Gridbus broker. Applications designed using
Alchemi’s object-oriented Grid thread model
(written in a NET-supported language) run on
Alchemi nodes, whereas applications formulated as
parameter-sweep applications can be deployed on
either Alchemi or Globus nodes as long as there
exist executables for all target platforms.
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Fig. 3 A layered architecture for integration of di-
stributed Windows and Unix-class resources [1]

5. ALCHEMI

Alchemi follows the master-worker parallel
programming paradigm in which a central
component (kernel) dispatches independent units of
parallel execution to workers and manages them.
This smallest unit of parallel execution is a grid
thread, which is conceptually and programmatically
similar to a thread object (in the object-oriented
sense) that wraps a "normal" multitasking operating
system thread. A grid application is defined simply
as an application that is to be executed on a grid and
that consists of a number of grid threads. Grid
applications and grid threads are exposed to the grid
application developer via the object-oriented
Alchemi .NET APIL.

This  technology offers four
components (Figure 4):

e The Manager: manages the execution of grid
applications and provides services associated
with managing thread execution.

e The Executor: accepts threads from the
Manager and executes them. An Executor can
be configured to be dedicated, meaning the
resource is centrally managed by the
Manager, or non-dedicated, meaning that the
resource is managed on a volunteer basis via a
screen saver or by the user.

e The Owner: provides an interface with respect
to grid applications between the application
developer and the grid.

e The Cross — Platform Manager: (an optional
sub-component of the Manager) is a generic
web services interface that exposes a portion
of the functionality of the Manager in order to
enable Alchemi to manager the execution of
platform independent grid jobs (as opposed to
grid applications utilizing the Alchemi grid
thread model).

The components discussed above allow Alchemi
to be utilized to create different grid configurations:

distributed

e Cluster (Desktop Grid): The basic deployment
scenario (Figure 4a) and consists of a single
Manager and multiple Executors.

e Multi — Cluster: Is created by connecting
Managers in a hierarchical fashion.

¢ Cross — Platform: Can be used to construct a grid
conforming to the classical global grid model
(Figure 5). A grid middleware component such as
a broker can use the Cross-Platform Manager web
service to execute cross-platform applications
(jobs within tasks) on an Alchemi node (cluster or
multi-cluster) as well as grid — enabled resources
using other technologies such as Globus (discussed
in the next part of the paper).

Alchemi Owner

Alchemi Manager

Alchemi Executor

Alchemi Cross
Platform Manager

[a] Cluster ( desktop grid ) [b]Legend

Fig. 4 Cluster (desktop grid) deployment [1]

grid node

(Globus-bhased)

Cross-platform ( global grid )

Fig. 5 Alchemi deployment in global rid environ-
ment [1]

6. ALCHEMI GRID TEST
As an example for testing an Alchemi grid we
used one of our PC labs. We tested changes of

execution time of the application in dependence on
the number of computers connected into the local
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grid. As an application we used PiCalculator, which
computes the Pi value for 100 decimal digits.

Another application, which was used as an
example, was ,Mandelbrot*. After starting the
application it was necessary to adjust input
parameters, which would affect the results.

As our main results we can consider: with the
increasing number of executors (pc), the time
necessary for the execution of the application was
decreasing. The execution time of PiCalculator
application is almost the same for three and more
executors, because this application is too much
simple for this environment. But the decreased time
in the case of Mandelbrot example is evident.
However, when the executor and the manager were
running on the same computer, the time increased,
which is inappropriate (Graph 1).
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Graph 1 Graph of alternation of the time depending
on the number of executors
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Summary: The goal of our contribution was to describe
architecture of grid computing and its utilisation. As we
can see from the example of the Alchemi grid, this
technology decreases the total time of execution. Itis
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useful mainly for time —consuming applications. This
technology should be used in mathematics, physics, che-
mistry, research, and so on.
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STROMOVE STRUKTURY BANK IIR FILTROV V SUBPASMOVOM
KODOVANI OBRAZOV

TREE STRUCTURE IIR FILTER BANKS IN THE IMAGE SUBBAND CODING
Jozef STULRAJTER, Milan LEHOTSKY, Cubo§ AUGUSTIN

Abstract: The subband coding of images by IIR (Infinite Impulse Response) filter banks is discussed in the contribution.
Various suitable structures of IIR filter banks are treated. Especially the tree and parallel structrures are described. The
analysis of the properties of these filters in image subband coding is realised and the comparison with the properties of the

FIR filter banks is made.

Keywords: filters, subband coding, filter banks.

1. UVOD

Subpasmové kodovanie (SubBand Coding -SBC)
patri v sucasnosti  k najefektivnejsSim metédam
spracovania obrazu s moznostou dosiahnutia
vysokej kompresie dat [1]. Pri subpasmovom ko-
dovani obrazu sa najprv realizuje predspracovanie
vstupného obrazu x(n) pomocou bank filtrov analy-
zy (BFA), ¢im vznikne reprezentacia obrazu pomo-
cou podobrazov, ktoré¢ su decimované faktorom N
rovnym poctu subpasiem. Kodovanie je realizované
s vysokou ucinnost'ou. Na prijimacej strane si po-
dobrazy dekoédované a interpolované faktorom N
a zlozené bankou filtrov syntézy (BFS) do vysled-
ného obrazu pozadovanej kvality, vid. Obr. 2. Jedna
sa o zlozity systém kodovania, ktory pripusta rozne
modifikacie, ktoré sa od seba liSia U¢innostou
kédovania a zlozitost'ou technickej realizacie [4].

— N
x(n)

— | BFA Kodeky

Obr. 1 Systémovy diagram N- kanalového sub-
pasmového kodovacieho systému

x(n)
——»
BFS

- >1| [+
2] -EIE

a) b) c)
Obr. 2 Priklad decimacie a interpolacie obrazu
faktorom N = 2, a) origindl, b) decimovany obraz,
¢) interpolovany obraz

Pre nazornost’ je na Obr. 2 uvedeny priklad
decimaécie a interpolécie obrazu.

2. ZAKLADNE BLOKY STROMOVYCH
STRUKTUR BANKY FILTROV IIR

Proces filtracie je vzmysle navrhu aimple-
mentacie BFA aBFS pomerne naroény v SBC
systéme, ukazuje sa ako kl'ucovy v celom retazci
subpasmového kdédovacieho systému.

Pri navrhu BF IIR v SBC je aplikovana analogia
dvojkandlovych FIR QMF (Quadrature Mirror
Filters) Struktar. Ich amplitidovd frekvencna
charakteristika A = f(w) je na Obr. 3. Jediny rozdiel
jevtom, ze filtre st typu IIR.

Digitalne celopriepustné filtre budu hrat' prvo-
radd ulohu pri odvodeniach BF IIR. Také filtre su
charakterizované amplitidovou frekvenc¢nou cha-
rakteristikou s prenosom A=1 pre vsetky frekvencie,
t. j.

a1t
.

0,5

0 ! | —
T2 T ®

Obr. 3 Amplitadova frekvencna charakteristika dvo-
jice QMF filtrov

‘A(ejw )‘ =1, pre vietky o. (1)

Ak sa obmedzime na filtre sredlnymi
koeficientmi, prenosova funkcia filtra K — radu je
vyjadrend pomocou z - transformacie vztahom
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2

kde C je nezaporné celé cCislo (predstavuje onesko-
renie systému) a mnohocleny v Citateli a menovateli
st vzajomnymi zrkadlovymi obrazmi. Nevyhnutnou
a postacujucou podmienkou, aby filter s racionalnou
prenosovou funkciou bol celo-priepustny, je

A()Az") =1. (3)

Prototypovy  dolnopriepustny  filter  (DP)
s prenosovou funkciou Hy a zrkadlovy horno-
priepustny filter (HP) s prenosovou funkciou H; je
vyhodné vyjadrit pomocou polyfazovych kompo-
nentov, t. j. ako sucty priblizne celopriepustnych cle-
nov [2]. Potom dvojica QMF IIR filtrov analyzy ma
tvar

H,(z)=4,(z" )+z'4,(z), )
H,(z) = 4,(z2") -z 4,(z%).

Polyfazové komponenty teraz musia byt
skutocne celopriepustné filtre anie iba aproxi-
mované. L’ahko sa overi, Ze

Hy(z)=H,(-z), H, (z)=—H,(-2)> ®)

t. j. ze je splnend podmienka QMF a eliminované
prekryvajtce (aliasingové) aj fazové skreslenie.

Pretoze filtre IIR pre BFA su tvarom podobné
filtrom BFA FIR (Finite Impulse Response), je
prirodzené aplikovat’ také ist¢é vztahy medzi
analyzujucimi a syntetizujucimi filtrami, celkova
prenosovu funkciu vyjadrime

T(z)=2z"4,(z*)4,(z%). (6)

Pouzitim vety o sietovej transpozicii, reSpekto-
vanim podmienok eliminujucich skreslenia je mozné
pri BFA pouzit dvojkandlovi inverznt diskrétnu
Fourierovu transformaciu (IDFT). Ak sa vyuzije
sietova transpozicia tejto BFA, je ziskany dualny
obvod, o ktorom je zname, ze je BFS, ¢o je ukazané
na Obr. 4 apredstavuje systétm s dokonalou re-
konstrukciou BFA/BFS [5].
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Obr. 4 Zapojenie s dokonalou rekonstrukciou BFA/
BFS QMF IIR

Jeden zproblémov tohto zapojenia je ne-
kauzalita celopriepustnych filtrov Ao(z) a A (z ).
To znamend, Ze ich impulzové odozvy su nenulové
iba pre ¢asové indexy < 0.

Ich nekauzality st priamymi dosledkami
implicitného predpokladu, ze Ao(z) a Ai(z) st
kauzalne filtre. Vzt'ah medzi impulzovou odozvou

A(z)—>a(n) a A(z")—a" (n),prei=0,1je
dany
a" (n) = a,(-n). ™

Pri rieSeni tohto problému sa musi brat do
uvahy, Ze vstupnym signdlom v BF st obrazy, ktoré
su svojou podstatou signaly konecného rozsahu. Je
potrebné urobit’ taka tvahu, aby vstupy a vystupy
vSetkych filtraénych operacii v subpasmovom kodéri
mali kone¢né dizky L dokonca aj vtedy, ak pouzité
filtre maju nekoneénti impulzovi odozvu. Vstupné
a vystupné signaly s preto definované pre rozsah
Casovych indexov 0 az (L-1).

Vystup nekauzalnych filtrov Ai(z') moze byt
zapisany

0
w,(m)= "y a," (kyv,(m=k),i=0,1, (@)
k=—o0

kde uj(m), vi(m) je vystupny a vstupny signal. Ked’
sa urobia jednoduché zmeny v indexoch, méze sa
tato rovnica zapisat’ takto

um)=3a" k- m-b)] =01 ©)

Tento vyraz je odozvou kauzalneho filtra Ai(z)
na nekauzalnu, ale konecnui postupnost’ vi(-m).
Rovnica (9) moéze byt teraz zapisanda (Uplne
kauzalne)

u (L=1=m)= a,(kp,[L -1 (m— )
i=0,1. - (10)
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Problém filtracie bol definovany pomocou
linearnych konvoltcii. V tomto pripade musi byt pri
implementacii rovnice (10) k dispozicii vhodny
subor pociatoénych podmienok, ak ma systém
vykazovat’ dokonalu rekonstrukciu.

Zhrnutie nekauzalnej filtracie vo vetvach SBF
moze byt vykonané v troch nasledujucich krokoch:

1. Priprava vstupného signalu invertovanim casu,
tj. ze vstupny signal k filtracnej operacii je
v,(L-1-m).

2. Filtracia tohto signalu kauzalnym filtrom A;(z).
Vysledok tejto operacie je uz definovany
v intervale 0 az (L-1).

3. Vysledny vystupny signdl sa ziska obratenim
¢asu vystupu predchadzajuceho kroku, t. j.
u;=r(L-1-m).

Doteraz navrhnuté dvojkanalové zapojenia
s dokonalou rekonstrukciou mézu byt pouzité ako
zakladné stavebné bloky v stromovych §truktarach
BF IIR. Takto sa ziska Siroka paleta konfiguracii
Sirokopasmovych rozvetveni, ktoré su vyuzitelné
v SBC obrazov.

. STROMOVE STRUKTURY BF IIR A
ROZKLAD OBRAZU

Zakladné stavebné bloky BF IIR je vyhodné a uz
pomerne jednoduché aplikovat na stromové
Struktury systému SBC. Typickymi a najCastejSie
pouzivanymi stromovymi Struktirami su:

e symetricky strom — viacuroviiovy,

e nesymetricky strom — viacuroviiovy,

kde dvojice DPF — dolnopriepustny filter, HPF —
hornopriepustny filter tvoria blok podla Obr. 4, teda
QMF s dokonalou rekonstrukciou.

Priklad symetrického dvojaroviiového stromu je
na Obr. 5, priklad asymetrického trojuroviového
stromu na Obr. 6. V obidvoch pripadoch je
naznaCena stromova Struktira BFA, pricom BFS je
podla vety osietovej transpozicii zrkadlovym
obrazom BFA.

Tymto spésobom je mozné navrhovat’ Struktiry
BF spozadovanym poctom subpdasiem podla
konkrétnej aplikacie a poziadaviek na spracuvany
a prenasany obraz.

DPF: |, ¢ 2 Pésmo 0
DPF: |} 2 — ,
x(n) » 2 | l 2 Pasmo 1
» DPF2 |5 ] 2 Pasmo 2
HPF: |yf | 2
»| HPF2 | | 2 Pasmo 3

Obr. 5 Priklad symetrického dvojuroviiového stro-
mu

Pasmo 1
sl

Péasmo 2

=
x(n

- e

Pasmo 3

Obr. 6 Priklad asymetrického trojuroviiového stro-
mu

Typ stromu apocet jeho urovni je urceny

konkrétnou aplikaciou. V  SBC sa pracuje
s frekvenénymi subpasmami, ktoré reprezentuju
ur¢ité frekventné pasmo anie transformacné

koeficienty [3]. To znamena4, Ze jednotlivé subpasma
predstavuji tomu zodpovedajucu mieru a charakter
informacii o obraze. V najnizSom frekvenénom
pasme (reprezentované DPF;) st obsiahnuté a prena-
Sané hrubé kontury obrazu, vyssie frekvencné pasma
(reprezentované HPF;.....) prenasaju detaily obrazu.
Hlavnou vyhodou subpasmového kdédovania obra-
Zov je, ze vstupny obraz sa rozlozi do viacerych
kandlov. To umoziiuje paralélne prendsat’ a spra-
covavat’ jednotlivé podobrazy. Tieto si v kanaloch
prenasané s mnohonasobne niZSou prenosovou
rychlostou ako cely obraz. Teda pri spracovani
a prenose podobrazov sa mézu pouzit menej zlozité
kodeky aprenosové cesty s menSou Sirkou
frekventného pasma ako v pripade spracovania
aprenosu celého obrazu pri zachovani rovnakej
resp. porovnatelnej kvality vystupného obrazu. To
ma vplyv na nizSiu cenu pouzitych kodekov
a prenosovych ciest. Zaroven to umoziuje jed-
noduchsiu realizaciu kdédovania, prenosu a zaznamu
obrazu vrealnom case, co ma velky aplikacny
vyznam v roznych oblastiach, oblast vojenstva
nevinimajuc.
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4.1 Rozsirenie na dvojrozmernu (2 -D) oblast’

Poznatky z 1-D oblasti je mozné jednoduchym
spdsobom rozsirit’ na 2-D signaly, pretoze 2-D QMF
su separovatelné filtre. Pre 2-D separovatelny filter,
ktory je mozné vytvorit' pomocou 1-D BF plati:

Hi,j(ZO5ZI):Hi(ZO)Hj(Zl)’iZO’l’ (11)

Hi(zo) a Hj(z1) — st prenosové funkcie 1-D filtrov
vyjadrené v z - oblasti.

Vysledna 2-D prenosova funkcia bude mat’ tvar :

T(z9,21) =i[H& (z0) ~ H (~2)I[H3(2)) — HE(~2))].

(12)
Pre impulzové odozvy filtrov FIR plati :
L-1L,-1
H; j(z.21)= 2 X2 hi(m)zg " hj(np)z ",
n,=0n,=0
(13)

pricom h ij (n1,n2) = hi(n;) hj(nz) kde n; =
0,1,...,.Li-1 v horizontalnom smere a n, = 0,1,...,L>-1
vo vertikalnom smere,

L, — dizka impulzovej odozvy 2-D filtra

v horizontalnom smere,

L, — dizka impulzovej odozvy 2-D filtra

vo vertikdlnom smere, pri reSpektovani nekauzality
IIR filtrov (vztahy 7 az 10 a odpovedajice zavery).

Pre ndzornost’ nech ma 2-D BF dvojuroviiova
stromovu Struktaru podla Obr. 5.

Vstupny obraz x(n;,n2) je v BFA na prvej trovni
filtrovany po riadkoch (n;) a decimovany faktorom
N =2, t.j. je vynechany kazdy druhy obrazovy prvok
(op) v riadku (kazdy druhy stipec). Na d’aliej arovni
st podobrazy filtrované a decimované po stipcoch.
Vystup BFA je tvoreny podobrazmi pasmo 0 -
yoo(ni,n2), pasmo 1 - yoi(ni,n2), pdsmo 2 - yio(n,n2),
pasmo 3 - yii(ni,n2),. Na strane BFS je zasa spitne
kazdy podobraz najprv interpolovany N = 2, t;j.
medzi kazdy druhy op je vlozeny op s nulovou
hodnotou. Po ¢iastkovych suctoch st takto ziskané

obrazy interpolované po riadkoch, filtrované
asCitané vo vysledny rekonstruovany obraz
x"(ny,ny)-

Pri implementacii 2-D systému zalozené¢ho na
separovatelnych filtroch je mozné vykonat’ najprv 1-
D filtraciu pozdiz riadkov 2-D signalu, po ktorej
nasleduje 1-D filtracia pozdiz stipcov vysledku prvej
1-D filtracie. Z toho vyplyva, ze problém navrhu
filtra a implementacie bol prevedeny do oblasti 1-D
signalov.Pri spracovani obrazov s nizkymi bitovymi
rychlostami sa najcastejSie pouziva rozdelenie
frekvencnej oblasti na 7, 16, 28 a 64 subpasiem
v roznej konfiguracii.
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a)

0 i 0

Wy —* wDH
w T
l w1 5 l wn

Obr. 7 Rozdelenie 2-D frekvenéného pasma do
a) 7 subpasiem, b) 16 subpasiem

Pre nazornost’ je na Obr. 8 uvedené niekolko
prikladov rozkladu obrazu na vybranych vystupoch
symetrického dvojuroviiového stromu podla Obr. 5
a vysSie popisanych vystupoch BFA, ku ktorym sa
zrkadlovo vzt'ahuju vystupy na strane BFS.

original
(prva uroven stromu)

syna
(prva uroven stromu)

analyza
(druha uroven stromu)

syntéza 00 (druhd
uroven stromu)

rekonstruovany obraz

Obr. 8 Priklad rozkladu obrazu na vybranych vy-
stupoch
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5. ZAVER

Pouzitie filtrov IIR v systéme SBC je vyhodné

z hladiska podstatne nizSej vypoctovej naroc¢nosti
a niz§ieho radu pouzitych filtrov oproti filtrom FIR,
avSak je potrebné dosledne respektovat’ podmienky
fazového skreslenia a stability IIR filtrov.
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IMAGE THRESHOLDING BASED ON SPATIAL INFORMATION
OF OBJECT AND BACKGROUND PIXELS

Cubo§ AUGUSTIN, Milan LEHOTSKY, Jozef STULRAJTER

Abstract: Image thresholding is an important technique in image processing. Its goal is image segmentation into two parts
— foreground and background. Many techniques use only intensity value in order to separate object from background.
Finding the correct threshold is often very difficult. The computer cannot see the image therefore we search suitable
technique for threshold determination depending on image characteristics. There are many ways to specify the optimal
threshold. In the article we describe and compare two spatial methods for optimal threshold determination.

Keywords: image thresholding, object separation, image histogram, two-dimensional histogram, two-dimensional entropy.

1. INTRODUCTION

There are many image thresholding methods.
They have been developed in the last two decades.
Global thresholding methods are widely applied
because they are independent of the image size and
also they are very effective[l]. However,
thresholding techniques can be categorized into
following six groups, according to information they
are exploiting:

- histogram-shape based methods,

- clustering-based methods,

- entropy-based methods,

- object attribute-based methods,

- spatial methods,

- local methods.

The methods of the first group exploit
information in the form of histogram shape. The
valleys, peaks and curvatures of the smoothed
histogram are analyzed.

Clustering-based methods utilize the clustering
algorithms where the grey level samples are
clustered into two parts — background and
foreground.

Entropy-based methods result in algorithms
exploiting joint, local and relative entropies of
original and binarized image.

Object attribute-based methods try to search
some  similarities between grey-level and
thresholded images.

Spatial methods utilize spatial information in the
form of context probabilities, correlation functions,
co-occurrence probabilities, two-dimensional
entropy etc.

In the local methods threshold value is calculated
at each pixel, thus the value is dependent on pixel
neighbourhood [4].

This paper describes two spatial methods. We
will concentrate on methods theory and next
practical results will be shown.
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2. THEORY

Many thresholding methods are based on image
histogram analysis. It is clear that two different
images can have identical histograms. So we define
two-dimensional histogram to consider spatial
relationship between grey-level values.

Consider source grey-level image, a e NZ’"X” ,
where N = {0..255} denotes the set of the intensities
and Z

mxn

Normalized two-dimensional image histogram is
given by following equations:

is the spatial domain of the image.

Lj
Py = 355255 (1
Z’y’
i=0 j=0
ty =D > ak,D), )
k=0 1=0

a(k,l)=ianda(k,/+1)= jor
a(k,/)=ianda(k+1,0)=j,

=0, otherwise.

ok, 1) =1, if{

Use of the two-dimensional histogram has the
advantage. It reflects co-occurrence probabilities
over horizontal and vertical neighbours of the
reference pixel. For optimal threshold determination,
we can use similar approach as is in one-
dimensional case where foreground and background
entropies are calculated. When the sum of these
entropies reaches maximum the image is said to be
optimally thresholded. However, using two dimen-
sional histogram makes the situation more difficult.
It needs to compute four entropies. Fig. 1 illustrates
the situation.
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255

Qob

Qrr Qbf

0 t 255

Fig. 1 Quadrants of 2D-histogram

The wvariable ¢ divides two-dimensional
histogram into four regions. They contain
information about image in sense of transitions. The
quadrant @, contains foreground-to-foreground

transitions, Q,, background-to-background transi-

tions, etc.
The entropies needed for optimal threshold
determination are given by following equations:

Hff(’)=—zt:2p'ij log p i, (4)

i=0 j=0
255 255
be(t)=—z Zpijlogpij, ©)
i=t+]j=t+1
255
Hg)==>"Y plylogpl, ©6)
i=0 j=t+1
255 ¢

Hy (== plilogp'y, 7

i=t+1 j=0
where pjis the co-occurrence probability over

horizontal and vertical neighbour, normalized by the
size of the actual quadrant.

3. METHODS

There are two thresholding methods based on
two-dimensional entropies. In the first method
binarized image is forced to have as many
background-to-background and foreground-to-fore-
ground transitions as possible. In the second
approach the converse is true in that the probability
the neighbouring pixels staying in the same class is
rewarded.

The optimal threshold wvalues according to
mentioned methods are given by

Top =argr max[H o (T) + H y, (T)] ®)

and

T, =argy max[H 5 (T)+ H, (T)], 9)

respectively [2],[3].

4. EXPERIMENTAL RESULTS

For investigation of effectiveness of proposed
methods we chose four different images:

- “Bacterial” image,

- “Song” image

- “Bacteria2” image

- “Coin” image.

Images differ in sizes, histograms, object-sizes.
Object boundaries are difficult to recognize, except
“Coin” image. “Song” image is a mixture of text,
notes, lines and dots. “Coin” image has a bi-level
histogram.

Four considered images together with their
histograms are displayed in Fig. 2 — Fig. 5.

Fig. 3 “Song” image

Fig. 4 “Bacteria2” image
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Fig. 5 “Coin” image

The figures Fig. 6 — Fig. 9 illustrate the results of
application mentioned methods. Figures are organi-
zed as follows: result of application of method
exploiting foreground-to-foreground and back-
ground-to-background transitions is shown on the
left. The result of the second spatial method is on the
right.

“Sone” imaoge

Fig. 8 Thresholded “Bacteria2” image

Fig. 9 — Thresholded “Coin” image
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Threshold values obtained by mentioned
methods are shown in Tab. 1.

Tab. 1 Threshold values

Image Method 1 Method 2
“Bacteria” 102 104
“Song” 126 228
“Bacteria2” 103 117
“Coin” 143 195

These methods are suitable namely for images
containing man’s face on the light background. The
histogram has usually three main peaks. This is
depicted in Fig. 10.

Fig. 10 “Face” image and its histogram

The first peak on the left side of the histogram
meets the low intensities of the image. It reflects
dark parts of the image, for example hair, clothing,
etc. The middle peak is significant for main face
features — eyes, eyebrow, nose, mouth. The right
peak corresponds to light background.

Fig. 11 illustrates result of proposed methods
applied to image in Fig. 10.

Fig. 11 Thresholded “Face” image

Note that result image on the right side is better
for next image processing. Main significant features
are very well recognized and emphasized.
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5. CONCLUSION

Although proposed methods have many common
features, we get two different results. Threshold
values acquired via Method 1 are lower than using
Method 2. However, thresholded images are good
and suitable for following image processing in both
cases. The benefit of the methods rests in obtaining
really good results at images having more difficult
histogram than bi-level one.
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GLOBALNE PRINCIiPY A KRITERIA SITUACNEHO RIADENIA
INTEGROVANEJ LETOVEJ PRIPRAVY A VYCVIKU PILOTOV

GLOBAL PRINCIPLES AND CRITERIA OF SITUATIONAL CONTROL
OF INTEGRATED FLIGHT PREPARATION AND PILOT’S TRAINING

Miroslav KELEMEN

Abstract: The model of Integrated flight preparation and training of pilots, based on the modern methodology of situational
control, would be used for improving of our general system of present preparation and traning, within the framework of The
Model of the Armed Forces of the Slovak Republic 2010 (2015). The article presents the contribution to the Conception of
situational control of integrated flight preparation and pilot’s training in the field of general methodology of management,

within the scientific research SIRIAD No. 129.

Keywords: situational control, integrated flight preparation and pilot’s training, global methodology of control.

1. UVOD

Integrovanu letovll pripravu a vycvik pilotov
(ILPaV) vnimame ako zlozity systém I'udskych
a technickych elementov. Plni svoju funkciu pro-
fesionalnej pripravy pilotov, ako cyklicky sa opa-
kujuci (technologicky) proces vzdelavania a vy-
cviku, v stanovenych obdobiach [1].

Globalnym cielom situa¢ného riadenia systému
integrovanej letovej pripravy a vycviku je plnenie
arealizacia jej funkcii a foriem pre dosiahnutie
stanovenych ciel'ov. Prioritne individualnych vy-
cvikovych cielov, v sulade spozadovanym stup-
nom operacnej pripravenosti leteckej jednotky pre
urCené a odvodené bojové tulohy, najmi pri po-
ruchovych zmenach systému.

Pristup k riadeniu elementov (ktoré v podstate
tiez tvoria samostatny zlozity systém), s vyuzitim
metodiky situaéného riadenia je zaloZzeny pre-
dovsetkym na situaénom rozpoznavani a odhade
aktualneho stavu (situdcii) elementu. Nasleduje
klasifikacia situacie do vzorovych tried situacii
podla stanovenych hodnotiacich kritérii, ktorym st
vopred predurcené stratégie riadenia (priradené
prislusné rezimy riadenia), pre obnovu stavu
elementu (systému) do podmienok bez obmedzeni,
v sulade s ciel'om a funkciou elementu (systému).

Stratégiu riadenia pritom predstavuje subor
alternativ, ktory je vysledkom rozhodovacich pro-
cesov. Od zvolenej stratégie, vplyvu vonkajsich
podmienok na systém (prvok systému), ¢innosti
rozhodovatel'a (alebo timu rozhodovatel'ov) a vply-
vu neurcitého faktoru (nepredvidatelnych okolnosti)
v danom prostredi, zavisi samotny vysledok procesu
riadenia. UrCovanie ciel'a procesu a volba suboru
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hodno-tiacich kritérii na posudzovanie systému je
a zostane podla odbornikov vyhradnou oblastou
I'udskej ¢innosti.

Situacné riadenie je chapané ako riadenie v real-
nom c¢ase, vramci ktorého sa zidentifikovanej
aktualnej situacie systému dostaneme do pozado-
vaného stavu po vyrieSeni odchylky od planov, na
zaklade informacénych prikazov pre vykonanie
opravnych tkonov.

2. SYSTEMOVY PRISTUP K RIADENIU
ILPaV PILOTOV

Metodika podsystémov (prvkov) a vSeobecny
informacny tok vramci syst¢ému ILPaV pilotov
determinuje aplikaciu metodiky situacného riadenia
Integrovanej letovej pripravy avycviku pilotov
v ramci modulov:

= teoretickej letovej pripravy,
= gyntetického vycviku pilotov,
= praktického letového vycviku a vycviku po
nudzovom opusteni lietadla,
v ich vnutornych a vonkajsich vzt'ahoch a viazbach.

Uvedené tri rozhodujice podsystémy Integro-
vanej letovej pripravy avycviku pilotov [X], su
zalozené na baze pedagogickych a psychologickych
aspektov vzdelavania a vycviku pilotov, vyuzitia
dostupnych informacnych technologii, vyspelej
leteckej techniky, materidlu a finanénych zdrojov.
Forma aobsah pripravy avycviku pilotov, musi
spiiiat’ poziadavky odbornej spdsobilosti pre vykon
funkcie leteckého personalu (Obr. 1), s dérazom na:

% Teoretickll letova pripravu pilotov (1.
situacnu triedu):
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+« Odborna teoreticka priprava zloziek OS SR
i ¢ Zékladna teoreticka letova priprava pilotov -
v
_ e Ucelova priprava Specialna P
d e  Predbezna priprava teoreticka b
e Predletova priprava letova priprava

NIE

Teoreticka
priprava/a

autoevaluacia

|

Prostriedky syntetického vycviku pilotov B
Multimedialna CBT uéebina/Centrum simula¢nych technologii CST =
» Letecky trenazér/simulator

ANO

A 4
Y

A 4

NIE
Synteticky
vycvik/a
autoevaluacia

|

Prakticky vycvik pilotov
Letovy vycvik na letiinoch a vrtulnikoch
Vycvik po nidzovom opusteni lietadla

ANO

A 4

Y VYV

A 4

NIE

Prakticky
vycvik/a

autoevaluacia

Ciele vycviku
Operacna pripravenost’

\ Novy vycvikovy cyklus

Obr. 1 Blokova schéma §truktury a informaéného toku v ramci Integrovanej letovej pripravy
a vycviku pilotov
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v' odborni teoretickii pripravu  zloziek
Ozbrojenych sil Slovenskej republiky,

v zékladnu teoreticku letova pripravu pilota,
vsulade spoziadavkami  eurdpskych
Spolo¢nych leteckych predpisov (JAR-
FCL),

v zékladnu teoreticki pripravu vojenského
pilota, v stlade s poziadavkami operacnej
pripravenosti pilotov Vzdusnych sil OS
SR astandardmi  NATO,  vramci
Specializovanej teoretickej nadstavby,

v/ pripravu  z materidlnej Casti leteckej
techniky pouzitej pre letovy vycvik.

% Prostriedky syntetického vycviku pilotov
(2. situacnu triedu):

v' pre pocitatom podporovany vycvik pilotov
(CBT, CST a pod.),

v leteckych  trenazérov  pre  nacvik
prevadzkovych postupov pocas letu,

v’ leteckych simulatorov pre plnenie letovych

uloh, so zameranim na techniku

pilotovania podl'a pristrojov a nacvik uloh

bojového pouzitia.

«»  Prakticky vycvik (letovy vycvik a vycvik
po nudzovom opusteni lietadla — 3.
situacnu triedu):

v' selektivny a vyberovy letovy vycvik
pilotov letinov a vrtulnikov,

v zékladny letovy vycvik pilotov letanov
a vrtul'nikov,

v' zdokonalovaci letovy vycvik pilotov

letanov a vrtulnikov,

bojovy ycvik pilotov letinov a vrtul'nikov,

vycvik v nudzovom opusteni lietadla —

NOL (v rdéznych podmienkach).

AN

Komplexné a systémové ponimanie Integrovane;j
letovej pripravy a vycviku pilotov je klucovym
vychodiskom metodiky pre riadenie a regulaciu
systétmu. Uvedené skutocnosti boli pedagéogmi
zovseobecnené do Styroch zakladnych poziadaviek,
platnych pre systémové ponimanie reality [2]:

a) prvy princip pozaduje pristup k systémom v ich
ucelene;j celistvosti a jednote s prostredim;

b) druhy princip poZaduje orientaciu na zakladné,
tzv. systémovotvorné prvky daného systému;

c) treti princip pozaduje orientdciu na systémovo-
tvorné vonkajsie a vnutorné vztahy systému;

d) Stvrty princip pozaduje orientdciu na zakladné
vyvojové zakonitosti daného celku (osobnosti),
na priciny, faktory a hybné sily jeho zmien, na
jeho dynamiku, vysledky a vyvojové tendencie.

V leteckej praxi sa menované principy musia
realizovat’ v ramci centralizovaného systému
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vojenského vzdeldvania a zdkladného odborného
vycviku, a decentralizovaného d’alSieho odborného
vzdelavania a vycviku v jednotlivych druhoch sil
Ozbrojenych sil Slovenskej republiky.

Prvy princip, sa javi ako najcitlivejsi bod
z institucionalneho a procesného hladiska.
Parcialne ulohy letovej pripravy a vycviku sa budu
realizovat vramci centralizovaného  systému
vzdelavania avycviku riadené Ministerstvom
obrany SR a d’alsie ulohy v ramcei
decentralizovaného systému vzdelavania a vycviku
vo Vzdu$nych silach OS SR. Prakticky vykon
aplnenie tuloh sa nasledne decentralizuje na
takticki uroven leteckych zakladni (jednotiek)
podl'a druhov letectva VzS OS SR.

Pre zachovanie efektivnosti  a funkCnosti
systému pripravy a vycviku vojenskych pilotov,
jeho celistvosti a jednoty s prostredim VzS OS SR,
bude perspektivne  Zziadlica aktivna  ucast’
prislusnikov ~ vzdusnych  sil  uz  vramci
centralizovaného vzdelavania a zakladného
vycviku. V stlade s nazormi leteckych odbornikov
v oblasti edukacie leteckych S$pecialistov [3]
musime okrem osobnosti Studenta — pilota
premietnut’  a aplikovatt do vSetkych zloziek
systému aviatickej vyucby a vycviku aj osobnost’
jeho instruktora leteckého vycviku:

= do ciel'ového programu vyucby a vycviku;

= do vychodiska na vstupe systému;

= do priebehu procesu vyucby a vycviku;

= do vystupu systému vyucby a vycviku;

= do kontextu vyucbového a vycvikového
prostredia.

Pre splnenie uvedeného zameru realizacie
prvého principu systémového ponimania reality
predpokladdme pripravovat’ vybranych pilotov —
in§truktorov. VzS OS SR vramci dopliujuceho
pedagogického Studia, pre plnenie lektorskej
¢innosti v procese vyuCby a funkcie ucitel'ov
lietania  (inStruktorov) v procese (vyberového)
zakladného vycviku pilotov.

Druhy princip, bude v permanentnej pozornosti
ustrednych organov rezortu, velenia VzS OS SR
aleteckych zakladni. Samotny proces vyucby
a vycviku, forma a obsah letovej pripravy a vycviku
bude:

e na strategickej urovni planovany, riadeny
a analyzovany vsulade s dlhodobim
planom  rozvoja Ozbrojenych sil
Slovenskej republiky; sdoérazom na
tendencie vyvoja systému vojenského
vzdelavania a vycviku,

e na operacnej urovni VzduSnych sil
Ozbrojenych sil Slovenskej republiky
planovany, riadeny a analyzovany v sulade
s koncepciou rozvoja VzS OS SR;
v§eobecnymi poziadavkami vzdelavania



a vycviku leteckého personalu (Spolo¢né
letecké predpisy JAR) a Specifickymi
poziadavkami na pripravu a vycvik
vojenského pilota;

e na taktickej turovni leteckej zakladne

(samostatnej dopravnej letky )
planovany,  riadeny,  zabezpecovany
a analyzovany v sulade s poslanim

a ulohami bojového leteckého utvaru, ako
sucast’ ozbrojenych sil.

Pre realizaciu tretieho principu, sa musia:

e na strategickej urovni, vytvarat’
inStitucionalne a legislativne podmienky
pre  vzdelavanie avycvik, v sulade
s vycvikovymi podmienkami a prostredim
vramci integrovaného systému vycviku
ozbrojenych sil;

e na operatnej urovni Vzdusnych sil
Ozbrojenych sil Slovenskej republiky
planovat ariaditt Integrovanu letovu
pripravu  avycvik  pilotov, vramci

komplexnej odborne;j pripravy
a vojenského vycviku prislusnikov VzS
OS SR;

e na taktickej turovni leteckej zakladne
(samostatného  leteckého  kridla ...
planovat, riadit, vykonavat a vyuzivat
jednotlivé prvky Integrovanej letovej
pripravy a vycviku pilotov, ako prioritni
ulohu bojového leteckého utvaru, podla
stupfia operacnej pripravenosti jednotiek
pre plnenie definovanych a odvodenych
bojovych tloh;

Stvrty princip, tzko stvisi s realizaciu druhého
principu vo vztahu k procesu vyucby a vycviku,
ako aj formam a obsahu letovej pripravy a vycviku
pilotov. Je preto neoddelitelnou stcastou
predikénej, planovacej arozhodovacej cinnosti
prislusnych organov riadenia rezortu MO SR a
velenia OS SR, prioritne v procese optimalizacie
systému vzdelavania a vycviku.

Proces tvorby anasledne aj optimalizacie
Integrovanej letovej pripravy a vycviku pilotov je
abude podmieneny poziadavkami leteckej praxe,
ich analyzou, zovSeobecnenim poznatkov z procesu
vyucby vramci aviatickej edukacie leteckého
personalu (odbornej pripravy a vycviku) a aplikacie
vysledkov vyskumu v relevantnych oblastiach
pripravy avycviku persondlu, alebo leteckej
prevadzky.

Metodika podsystémov a prvkov Integrovanej
letovej pripravy avycviku pilotov, na baze
modulov teérie avycviku, predstavuje model
optimalneho  postupu arieSeni pozadovanej
pripravy a nasledného vycviku pilotov, za Gcelom
dosiahnutia stanovenych vycvikovych cielov.

Vyznamnou sucastou Integrovanej letovej
pripravy  avycviku  pilotov  je analyza
a vyhodnotenie dosiahnutych vysledkov, sucasne
s autoevaludciou pilotov ~ vramci jednotlivych
rezimov riadenia systému (Rezim 1 — 5), s dorazom
na:

v analyzu a vyhodnotenie vysledkov
teoretickej letovej pripravy pilotov,

v analyzu a vyhodnotenie vysledkov
syntetického vycviku pilotov,
v analyzu a vyhodnotenie vysledkov

praktického letového vycviku a vycviku po
nudzovom opusteni lietadla,
s priecbeznym rozhodovanim o d’'alSom postupe
( prijati opatreni ariadeni systému) a zdverecnou
analyzou a vyhodnotenim splnenia cielov vycviku
pilotov/jednotiek.
Praktické uplatnenie modelu Integrovanej
letovej pripravy a vycviku pilotov je zavislé od jeho
implementacie do systému vojenského vzdelavania

a vycviku:

% wvariant A — vramci vysokoSkolskej
pripravy a odborného vycviku pilotov,
alebo

% wvariant B — vramci postgradualnej

pripravy a odborného vycviku pilotov.

Vyznamnou sucastou pripravy personalu je
nasledné celozivotné vzdelavanie a vojensky
vycvik pocas Statnej sluzby pilotov vo vzdu$nych
silach. Zakladné poziadavky na teoretické
vedomosti pilotov st formulované v europskych
Spoloénych  leteckych  predpisoch JAR-FCL
a Specifické poziadavky Vzdusnych sil
Ozbrojenych sil Slovenskej republiky prezentuja
spracované profily absolventov $kol (kurzov).

3 RIADENIE SYSTEMU INTEGROVANEJ
LETOVEJ PRIPRAVY A VYCVIKU
PILOTOV

Celkova  stratégia  situatného  riadenia
integrovanej teoretickej letovej pripravy a vycviku
pilotov, je zalozena na multikriteridlnom principe:
kritériu  skaSania,  minimalnych  vysledkov
(dostupnych l'udskych, materialnych, technickych a
finanénych  zdrojov  pripravy a  vycviku),
autoritativnom  kritériu a doplnkovom  kritériu
autoevaluacie ,,'udskych elementov* systému, ktoré
su rozhodujice pre prechod zjedného rezimu
riadenia do druhého rezimu. Pritom re$pektujeme
globalny ciel a priority funkcie riadenia systému.

Pre vyber alternativnej metodiky riadenia
procesu obnovy stavu zo suboru rieSeni v ramci
stratégie riadenia, vyuZzijeme spravidla nasledovné
zakladné kritéria:
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o  kritérium skusania,

o kritérium minimalnych vysledkov
(minimalneho  zabezpeCenia  systému
z vonkajsieho prostredia, v ramci

podsystémov, alebo prvkov systému pre
splnenie ciel’a),

o autoritativne kritérium, a

doplnkové kritérium:

o autoevaluaciu.

Kritérium  sk@Sania  uplatnime  formou
vstupnych, priebeznych, kontrolnych a vystupnych
didaktickych testov austnych komisiondlnych
skusani s hodnotenim na zéklade konsenzu. Nie len
pri identifikécii situdcie, ale aj pri parametrizacii
stratégie pre presnenie situdcie a vol'bu (spresnenie)
,optimdlneho algoritmu riadenia po trajektorii
k parcialnemu (globalnemu ciel'u)“.

Ziskané  vysledky = podrobime  analyze
a hodnoteniu podla kritéria minimalneho vysledku
(v teoretickej priprave, v syntetickom vycviku
a v praktickom vycviku), ktoré rozhoduje aj
o naslednom zaradeni do stupiia poruchy stavu (1 —
5) atomu zodpovedajicemu priradeniu rezimu
riadenia celého dalSieho procesu obnovy stavu
systému (podsystému, prvku). V pripade rieSenia
pri¢in poruchy stavu vplyvom vonkajSieho
prostredia, spoluprace a koordinacie s ostatnymi
podsystémami, prvkami systému, alebo ich
kombinacie poruchy stavu, hodnotime aktualny stav
kritériom minimalnych potrebnych Tudskych,
materialnych, technickych a finan¢nych zdrojov v
prospech plnenia funkcie systému integrovanej
letovej pripravy avycviku pilotov. Predmetom
hodnotenia je stav dostupnych zdrojov pre pripravu
avycvik  pilotov v percentudlnom  vyjadreni
zpocCtov  sil  aprostriedkov, pozadovaného
mnozstva zasob relevantného materialu (vybranych
materidlovych tried), alebo financii pre pripravu
a vycvik. Hodnotenie situacie vykonavame
minimalne v oblasti:

= pocetného stavu personalu (leteckej,
zabezpeCovace] apodpornej jednotky,
alebo sluzby), tzv. skuto¢ny pocet verzus
planovany pocet v tabulkach poctov
personalu a techniky,

= pocetného  stavu  prevadzkyschopnej
leteckej techniky, tzv. skutoény pocet
verzus planovany pocet v tabulkach
poctov personalu a techniky,

= Cerpania technického zivota leteckej
techniky (rezurzu letovych hodin a doby
do vykonania predpisanych prac a
generalnej opravy, pripadne ukoncenia

prevadzky),
=  pocetného  stavu  prevadzkyschopnej
zabezpecujucej pozemnej techniky

a systémov zabezpecenia leteckej
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prevadzky, tzv. skutocny pocet verzus
planovany pocet v tabulkiach poctov
personalu a techniky,

= stavu prevadzkyschopnych prostriedkov
syntetického  vycviku  (multimedialna
ucebiia teoretickej pripravy, letecky
trenazér/simulator),

= stavu zasob materidlu  z vybranych
materialovych tried (letecké
a automobilové pohonné hmoty a maziva,
nahradné dielce, vystroj personalu,
vyzbroj, municia, potraviny, prevadzkové
média — voda, elektrika, plyn a pod.),

= stavu cCerpania vyclenenych finan¢nych
zdrojov pre pripravu a vycvik.

Aktudlna situacia je na zéklade vysledkov
hodnotenia zaradena do vzorovej triedy situdcii.
Je priradend do urcitého stupna poruchy stavu
systému (podsystému, prvku) a nasledne v ramci
parametrizacie  stratégie  sluzia  spresiujlce
vysledky k vyberu metodiky riadenia procesu
obnovy stavu.

Realny Zivot vytvara podmienky pre selekciu
I'udskych, alebo materidlnych zdrojov zo systému,
ktoré st nad poziadavky (kapacity) systému ILPaV
pilotov, alebo sa dosahuju neakceptovatelné
vysledky. V uvedenych situaciach sa v kone¢nom
dosledku uplatiiuje  spravidla  autoritativne
kritérium, v stlade s nedelitelnou velitel'skou
pravomocou. Autoritativne kritérium sa realizuje
v pripade rozhodnutia o:

» pokracovani v priprave avycviku pilota
(pilotov; vyuzivani relevantnych zdrojov
pripravy a vycviku),

» docasnom (Ciastocnom, alebo
komplexnom) =zastaveni v  postupe
pripravy avycviku pilota  (pilotov;
zastaveni vyuzivania relevantnych zdrojov
pripravy a vycviku), vradmci urcitého
podsystému (prvku), alebo ich kombinacii,

alebo
» ukonCeni pripravy avycviku pilota
(pilotov; ukonceni vyuzivania

relevantnych zdrojov pripravy a vycviku),
vramci celého systému, podsystému
(podsystémov), alebo prvku (prvkov) a ich
kombinacii.

Realizacia autoritativneho kritéria v praxi je
determinovand uréenymi pravami, sluZzobnymi
povinnost’ami a osobnou zodpovednost'ou
veliaceho a riadiaceho pracovnika, zodpovedného
za plnenie funkcie systému, vramci komplexu
pripravy a vycviku prislusnikov VzS OS SR.

Vyznamnym doplnkovym kritériom by sa malo
stat’ uplatiiovanie kritéria autoevaluacie (seba-
hodnotenia)  pilota v jednotlivych  prvkoch



a podsystémoch  teoretickej letovej  pripravy
avycviku. Prakticka realizacia uplatnovania
uvedeného subjektivneho hodnotenia samého seba
(svojich  vysledkov) v jednotlivych  formach
pripravy a vycviku, predstavuje dlhodoby a naro¢ny
proces vytvarania ,,pozitivnej firemnej klimy* pre
konstruktivnu  kritiku, osobni  zodpovednost,
sebadisciplinu a vzajomnu doveru.

4 ZAVER

Strukturalne zmeny Ozbrojenych sil Slovenskej
republiky spdsobili zasadny obrat aj vo filozofii
systému riadenia pripravy a vycviku pilotov, ktory
umozni velitelom dosiahnut’ a udrzat' taky stupen
operanej  pripravenosti a vycvi¢enosti  pod-
riadenych  jednotiek, v ktorej si zachovaju
schopnost’ plnit’ stanovené tlohy a urcenia.

Autorom pripravovany novy model Integro-
vanej letovej pripravy a vycviku pilotov, na zéklade
aplikacie metodiky situacného riadenia systému [4],
moze byt vyuzity, ako sicast’ komplexného systé-
mu pripravy a vycviku personalu Vzdusnych sil OS
SR.
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CONCEPT AND NECESSITY OF ADAPTIVE INTEROPERABILITY
IN CASE OF MILITARY IT SYSTEMS

Sandor MUNK

Abstract: Practically all existing, and planned IT systems' interoperability solutions of our days are built on the same
theoretical base, and methodology, using a single standardized intermediary representation. Efficient implementation of
a solution based on elementary interoperability model requires existence of specific conditions, and circumstances.
Nowadays only theoretical researches discuss the problems of, and solutions for a more complex interoperability
environment, but changes in the application environment already require answering questions raising in a dynamic

interoperability environment

Keywords: military informatics, information interoperability, interoperability of IT systems, interoperability environments,

adaptive interoperability.

1. INTRODUCTION

Prior to the NATO Prague Summit NATO
defence ministers, as a preparation of Prague
Capability Commitment, identified four key
operational capability areas. These included the
improvements in interoperability of deployed
forces.! Operational interoperability is a mutual
capability of actors to ensure a successful and
efficient cooperation that requires appropriate level
of interoperability on different functional areas
(such as command and control, intelligence,
logistics, etc.). All functional area interoperabilities
are based on information interoperability, and
technical interoperability.?

An essential condition of ensuring all the
interoperability types mentioned above is inter-
operability of military IT systems. According to the
basic NATO document on this topic "Common-
funded NATO C3 systems must be fully inter-
operable and must inter-operate with national
systems. Likewise, national systems of members and
Partners must inter-operate to enable forces to
operate together effectively. NATO, therefore, needs
considerably improved interoperability across all
levels of the NATO C3 System for the support of
functions ranging from political consultation to
tactical battlefield operations."?

In practice, interoperability between/among mili-
tary IT systems first appeared in case of actors
working on similar functional or professional areas,
and being in a permanent and close cooperation.
Traditional IT systems' interoperability solutions,
based on standardized protocols and intermediary

! The Prague Summit and NATO's Transformation. A
Readers Guide. 2003. [p 27]

2 See: MUNK: An analysis of basic interoperability related
terms, system of interoperability types. In Academic and
Applied Research in Military Sciences, 2002/1. [pp 117-
132]

3 Draft NATO Policy for C3 Systems Interoperability.
2003. [p 5]
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representations (bit- and character-oriented message
formats, common data models), were developed in
support of these kind of cooperation. In the changing
international  security environment, and as
a consequence of changes in nature of military
operations, and structure of forces, the traditional
interoperability solution is less and less appropriate.
Military IT systems must be interoperable no longer
only in a limited cooperation area, but in a dy-
namically changing environment. This requires new
capabilities, new interoperability solutions.

This publication introduces the concept of
elementary interoperability model, summarizes basic
characteristics, and limitations of nowadays tradi-
tional interoperability solutions based on a single
intermediary representation, then discusses the
possibilities of a complex interoperability model ba-
sed on multiple intermediary representations, pre-
sents the concepts of internal, and external inter-
operability, finally defines concept of adaptive inter-
operability, and identifies some of its main additio-
nal research topics.

2. LIMITATIONS OF TRADITIONAL
INTEROPERABILITY SOLUTIONS

Practically all existing, and planned IT systems'
interoperability solutions of our days are built on the
same theoretical base, and methodology, that can be
described with the help of the so called elementary
interoperability model. The essential characteristics
of this model are a well-defined community of in-
terest, and a single, common intermediary repre-
sentation. To this class belong the interoperability
solutions developed so far by NATO, and their
member states, such as NATO Corporate Data
Model, Army Tactical Command and Control
System (ATCCIS), ACCS Wide Common Informa-
tion Exchange Standard (AWCIES), Multilateral
Interoperability Program (MIP), with its previous
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versions®, and the different character, and bit-
oriented message standards>.

Implementation of the traditional solution based
on the elementary interoperability model on
application (semantical) level requires the following:

- specification of information exchange require-
ments of the given community of interest;

- comparison, and harmonization of content
(interpretation), and format of information
exchanged, used by different cooperating
partners;

- development, and formalization of the interme-
diary representation, and its agreed interpre-
tation, used for information exchange;

- finally implementation of necessary transfor-
mations between own (inner) representations of
individual actors, and the intermediary
representation.

Of course in case of changes in information
exchange requirements, or appearance of new
requirements, to maintain interoperability, all the
above mentioned tasks should be cyclically carried
out.

Elementary interoperability model is essentially
a centralized solution, with a fundamental compo-
nent: a single common intermediary representation.
This model, and its implementations, in fact doesn't
deal with the questions, problems, solutions, and
possibilities of transformations between inter-
mediary representation, and the inner representations
used by the individual actors. They support this task
only with the suitable specification of the
intermediary representation, although this can be
a very significant contribution, because an
appropriate selection of common conceptional,
semantical foundations makes also very easy the
implementation of actor-side transformations.

Efficient implementation of a solution based on
elementary interoperability model requires existence
of specific conditions, and circumstances. From the
point of view of community of interest it means first
of all well-definedness, functional similarity, and
closeness, and permanence of cooperation. Thus
solution based on elementary interoperability model
appropriate basically for implementation of inter-
operability between actors of a given functional
area, being in a relatively close and permanent
cooperation. This is justified by the realized results,
and practical experiences, among others in military
informatics.

4 Battlefield Interoperability Program (BIP), and
Quadrilateral Interoperability Program (QIP).

5 NATO Message Text Formatting System (FORMETS),
and Link-1, Link-11, Link-11B, Link-14, Link-16, Link-
22 tactical data links.

Functional sameness, or similarity of actors, and
their activities have as a consequence the sameness,
or similarity of the extent, and content of
information  handled by them. Therefore
heterogeneity of information arises much rather in
representational (syntactical), than in conceptional
(semantical) questions. This makes significantly
easier to develop a common intermediary repre-
sentation, and to implement the meaning-preserving
transformations between intermediary, and inner
representations.

Without a well-defined community of interest, or
close, and permanent cooperation, for procedural
reasons, and for lack of practical experiences it is
very hard to efficiently specify real information
exchange requirements, and develop an agreed
common intermediary representation. Lack, or low
level of functional similarity, and close, permanent
cooperation involves  significant  differences,
heterogeneity in extent, and content of information
handled. In this case — keeping the autonomy of
individual actors — in a lot of areas it is hard, or even
impossible to find such an intermediary
representation, that ensures a full level and meaning-
preserving information exchange between any two
actors.

An additional characteristic of elementary
interoperability model is that with the growth of the
community of interest, and with the widening of
cooperation (growth the extent of information
exchanged), the possibilities of implementation —
even in case of well-defined community of interest,
and close cooperation — gradually decrease. In case
of wide community of interest, and extensive,
differentiated information exchange in most areas
there is no real possibility to harmonize the
individual application-area specific versions of
information. As a consequence instead of a single
intermediary representation more, complementary,
or existing parallel to each other intermediary rep-
resentations needed. The so called complex
interoperability model based on more intermediary
representations has different versions, imple-
mentations.

In data-model based approaches of our days the
different intermediary representations are different
submodels (views) that form a hierarchical system.
The central element of the system is a data-model
that contains the information common to the whole
cooperation (application) area, used and exchanged
by all, or by the majority of actors. Intermediary
representations linked to individual subfunctional
areas appear in form of submodels, that have
a common part with the central data-model (overlap
it, or can be mapped into it), and an other part, that is
area-specific.
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An example of the hierarchical system mentioned
is the metaphor used in military information ex-
chanange data models®, the 'generic hub', where the
subfunctional area data-models, by means of basic
(common) information are connected to the central
model as spokes of the wheel to the hub of the
wheel. However this example is simplified, because
overlapping parts of subfunctional area and central
data models, are not necessarily independent each
other, on the other hand system of data models can
be multilevel. In some subfunctional areas there
could be other subsubfuctional data models, that
may have common part with the central data model,
other part common with the subfunctional area odel,
and parts, that are subsubfunctional area specific.

In military application the hierarchical structure
is determined mainly by the service, and functional
area structure of military forces. Therefore the
central data model includes basic, mainly joint level
information. On the second level there are data
models of service (army, air force, navy, etc.)
specific information, and on the third, and additional
levels there can be data models of different
functional, or application areas (artillery, engineer,
logistics, etc., or anti-armor artillery, countermine
activities, fuel supply, etc.)

In NATO Corporate Data Model, and in the
Multilateral Interoperability Program only the
central (reference) data model — and mainly its land
C2 part — has been fully accepted. Development of
joint C2 data model is planned for 2008, and
different functional area data models are being
developed mainly independently, connected to
different IT systems development projects (e.g.
ACCS, BICES, LOGFASS).

3. CONCEPT, NECESSITY, AND
CHARACTERISTICS OF ADAPTIVE
INFORMATION INTEROPERABILITY

For an autonomous actor of the infosphere
(person, group, organization, organizational system,
etc.) concept, questions, and solutions of information
interoperability can be interpreted among the
components, systems of the given actor (inner, or
internal interoperability), and between the actor and
its environment (outer, or external interoperability).
Internal interoperability is the mutual capability of
the given actor, respectively its components, and
systems to exchange information and common
understanding between/among each other. Moreover
external interoperability is a capability that enables
the given actor to exchange information in
a meaning-preserving way with its cooperating

¢ Land C2 Information Exchange Data Model, Joint C3
Information Exchange Data Model.
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partners, and to exploit accessible, or acquirable
information of neutral, even adversary actors in
a meaningful way. In the following we will analyze,
and interpret questions of information inter-
operability narrowed to interoperability between IT,
especially military IT systems.

Interoperability between IT systems, devices is
not a capability for its own sake, its basic purpose is
to enable information interoperability, and after all
operational interoperability between actors using
these systems, and devices. A given IT system, or
device doesn't have to be interoperable with other
systems in general, but actually with those systems
that's users are in cooperation with the user of the
given system, or with those systems, even owned by
adversaries, that handle information necessary to
acquire, and exploit.

In case of military IT systems, due to specialities
of military operations of our days, and forces
executing these operations, a significant change has
occurred in the proportion of significances of
internal, and external interoperability. Multinational
forces, built already on low levels — e.g. battalion
level — from different national components, require
that these national capability modules (battalions,
companies, platoons, etc.) fulfill not only the
internal interoperability requirements of their higher
level national units, but they must also have a much
more hardly implementable capability of external
interoperability.

Apart from very special cases nor internal,
neither external interoperability can be fully
implemented. In case of an actor (e.g. organization)
not between any two components, and not regarding
any information is possible the interoperable
information exchange, and the actor is not capable
to exchange, or acquire information in a meaning-
preserving way with, or from any other actors. In
both cases extension of interoperability is in strong
connection with the significance and characteristics
of information relationships, and with the
possibilities, practicality, and economy of
implementation.

In everyday practice internal interoperability first
is typically realized on functional, or application
areas, and later these 'islands' widen, are connected,
are integrated, and extend to new areas, and
information. External interoperability is usually
realized depending on the cooperation relations of
the given actor, first with the most important
partners and regarding to the most important
information, and later this extends gradually.

There are significant differences between the
requirements, implementation conditions and possi-
bilities of internal, and external interoperability. The
first essential difference appears in the significance
from the point of view of the given actor.
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Implementation of internal interoperability
obviously more important, than that of external
interoperability, because it is vain to have a capa-
bility for efficient information exchange with other
actors, if between the components of the given actor
there is no, or only partially exists an interoperable
information exchange. Naturally in particular
circumstances external interoperability requirements
may have higher priority, but this can be valid only
temporarily.

The second significant difference is in the possi-
bilities of implementation. Realization of interopera-
bility solutions depends first of all on the level of
autonomy, and the closeness, and permanence of
cooperation of actors (components) involved. It is
obviously easier to order, and carry out necessary
conceptual level harmonization, and unification,
determine, and introduce syntactical and physical
level solutions in case of components of a given
actor, holding appropriate authority, than in case of
individual actors with independent interests, and
higher autonomy.

In case of military IT systems the basic levels of
internal interoperability include service, joint, and
allied levels. In addition to these levels there are also
other, sometimes overlapping levels, such as a more
limited functional area level, or an alliance service
(component) level interoperability. On the higher
levels the autonomy, and informational hetero-
geneity of the components gradually increases, that
requires different, and more difficult interoperability
solutions. This is true even more in case of
implementation of coalition interoperability based
on temporary cooperation.

The main difference between implementation of
internal and external interoperability appears in the
ways that it can be done. Internal interoperability
between components of a given actor can, even
should be implemented in a centralized, preplanned
way. This is possible based on the existing command
and control authority. Whereas in case of external
interoperability, and military IT systems creation of
necessary conditions to ensure interoperability with
the allied, the coalition, the wider cooperative and
the global environment, usually can not be, or only
in limited manner can be planned before, and instead
of a centralized solution, only a process based on
agreement between autonomous actors can be
possible.

In simpler cases the elementary, otherwise the
complex interoperability environment both help the
preplanned implementation of internal inter-
operability, because due to the permanent coo-
peration orientated to a common (organizational)
goal, and the unity of command and control, it is
possible to assess, and harmonize information
exchange requirements in detail; to explore the
differences in concepts, interpretations, and

representations used, and to eliminate some of them;
and to enforce interoperability requirements in IT
development, or acquisition projects.

In case of a given actor (organization, organiza-
tional system) from the three levels of IT systems in
teroperability, the solutions on the physical, and syn-
tactical levels theoretically can be modified, even
standardized without the modification of the
functional capabilities of the affected IT systems, or
applications. This can be done on the IT develop-
ment level, transparently for the users, without any
modifications of the application functions. Modifi-
cation, and standardization of solutions on the two
lower levels are limited, and impeded only by legacy
systems, because in case of these systems usually
no, or no easy way to make syntactical, and tech-
nical level modifications.

On the conceptual, semantical level of IT
interoperability, in consequence of the special
requirements of the individual functional, or
application areas, the possibility to implement
unified solutions is already more limited. This is
because every application area has its own system of
concepts, that contains identical, partially different,
similar, or fully unique concepts, related to other
areas. In case of a given actor the semantical level
uniformity is practically guaranteed by common
doctrinal foundation, intellectual interoperability that
determine the basic conceptual grounds. Moreover
usually there are ways to standardize more questions
of semantical type (e.g. quantitative, spatial, and
temporal features).

Implementation of internal interoperability con-
stitutes a different problem for actors that have
already extensive IT support, and a lot of IT
systems, and for actors having a lower level IT
support, or who are just developing their IT systems.
In case of the former the main problem lies in the
harmonization of existing, legacy systems to actual
interoperability decisions, and solutions. While for
the later the hardest interoperability problems are
connected to the adaptation, or acquisition of IT
systems, and applications developed by other actors,
having their own interoperability solutions.

Implementation of external interoperability in
a dynamic interoperability environment requires
other than preplanned, and prebuilt ways, and
methods. In this case traditional methods of imple-
mentation can not be used: it is not possible to
previously analyze information exchange require-
ments in detail; to learn, and harmonize systems of
concepts used; and to develop appropriate inter-
operability solutions.

To describe an adequate capability of an IT
system in a dynamic interoperability environment, a
new concept — dynamic, or adaptive interoperability
- should be introduced. Adaptive interoperability is
a capability of an IT system to ensure the necessary
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conditions of the meaning-preserving information
exchange in a dynamically changing cooperation
(interoperability) environment with other —
previously known, or not known — IT systems,
without IT development efforts, within user defined
time limits.

The concept of adaptive interoperability — as it
can be seen from the previous definition — connected
to IT systems, and applications. The concept can
also be interpreted in case of persons, and
organizations, but in this case the adaptation to the
dynamically changing environment, to new
communication partners is a basic capability of
humans. The necessity of the introduction of a new
concept is a direct consequence of the growth in the
role, and significance of information exchange
between IT systems, without human intervention.

Adaptive interoperability can have appropriate
role not only in the implementation of external
interoperability, but of the internal interoperability
too. In complex organizational systems (e.g. armed
forces of a nation) due to the continuous deve-
lopments, and transformations, such changes happen
in information relations, that for individual compo-
nents, IT systems result in a heavily changing
interoperability environment even in the framework
of a given organization. Moreover components of
a given actor — e.g. units of national armed forces —
more and more frequently appear individually on the
infosphere, so their required interoperability capa-
bilities are determined not only by internal, but by
external interoperability requirements. So even if the
traditional solutions would be enough to develop an
appropriate internal interoperability capability, for
ensuring external interoperability adaptive in-
teroperability is required.

Introduction of the concept of adaptive inter-
operability raises a lot of questions, problems, and
tasks to do, that must be the object of further
researches. If we accept, that implementation of
adaptive interoperability of military (and other) IT
systems is necessary, then we should (may) analyze:

- conditions, methods, and tasks of planning, and
development of adaptive interoperability;

- conditions, methods, and tasks of adaptation to
a dynamically changing interoperability envi-
ronment during, or right before operations;

- components, and areas of adaptive inter-
operability, and role, and significance of them
in case of military IT systems;

- physical, syntactical, and semantical tasks, and
components of implementation of adaptive in-
teroperability.

Although in today's situation of IT systems'
interoperability, implementation of adaptive inter-
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operability is not a primary task yet, in our opinion
theoretical foundation of future developments has
already significance in our days.
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Summary: Practically all existing, and planned IT
systems' interoperability solutions of our days are built on
the same theoretical base, and methodology, that can be
described with the help of the so called elementary in-
teroperability model, based on a single standardized
intermediary representation (common data model,
standard message format). Efficient implementation of a
solution based on elementary interoperability model
requires existence of specific conditions, and circum-
stances — well-definedness, functional similarity, and
closeness, and permanence of cooperation. Nowadays
dominantly only theoretical researches discuss the
problems of, and solutions for a more complex interop-
erability environment, but changes in the application
environment already require answering questions raising
in a dynamic interoperability environment.

In an actor-oriented approach two concepts — internal
interoperability (between IT systems of the given actor)
and external interoperability (with IT systems of other
actors) — should be distinguished. In case of military IT
systems, due to specialities of military operations of our
days, and forces executing these operations, a significant
change has occurred in the proportion of significances of
these two types of interoperability. It is necessary already
on lower military organizational levels that they fulfill not
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only the internal interoperability requirements of their
higher level national units, but must also have a much
more hardly implementable capability of external
interoperability. There are many differences between
internal, and external interoperability: among others in
their significance, in possibilities of implementation, and
first of all in the ways of implementation.

In a dynamic interoperability environment imple-
mentation of external interoperability requires other than
preplanned, and prebuilt ways, and methods. To describe
a new capability, a new concept — dynamic, or adaptive
interoperability - should be introduced. Adaptive
interoperability is a capability of an IT system to ensure
the necessary conditions of the meaning-preserving
information exchange in a dynamically changing
cooperation (interoperability) environment with other —
previously known, or not known — IT systems, without IT
development efforts, within user defined time limits. In-
troduction of the concept of adaptive interoperability
raises a lot of questions, problems, and tasks to do, that
must be the object of further researches.
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ELEKTRONICKA VOJNA, ELEKTRONICKY BOJ
A PROSTRIEDKY PVO

ELECTRONIC WAR, ELECTRONIC WARFARE
AND MEANS OF AIR DEFENCE

Milan SOPOCI

Abstract: The article speaks about evaluation of influence jamming effectivity on radars and AD missiles systems.

Keywords: electronic warfare, jamming, countermeasures, radar protection, AD missile system.

Elektronicka vojna — pojem, o ktorom dnes uz
mnoho l'udi nevie, ze sa zacal pouzivat’ v roku 1967
v suvislosti s tretou izraelsko-arabskou vojnou
nazyvanou neskor pre svoj neCakany a rychly
priebeh ako vojnou Sestdnovou [1]. Autor pojmu
major Edgar Ballance, neskor§i nacelnik
spravodajskej sluzby Vzdusnych sil Velkej
Britanie, dava do suvislosti pouzitie tohoto pojmu
s menovanim generala Bar—Leva za nacelnika
Generalneho $tabu izraelskej armady 3. 12. 1967.
General, ktory sa neskor preslavil vytvorenim tzv.
Bar-Levovej linie pozdi? Suezského kanalu na
okupovanom Sinajskom poloostrove si mozno ako
prvy uvedomil, ¢o znamend elektronika pre-
dovSetkym v suboji letectva a PVO. Hned za-
Ciatkom roku 1968 prijal Izrael niekol’ko opatreni,
ktoré st sucastou elektronického boja aj
v sti¢asnosti (1):

— vybavenie vSetkych lietadiel (Phantom)
vystraznymi prijima¢mi o oziareni NRL a o od-
paleni rakiet,

— vybavenie lietadiel rusicmi — predovsetkym
aktivnymi izkopasmovymi,

— vybavenie diverznych skupin vysielanych na
egyptsky breh Suezského kanélu jednoduchymi
ruSicmi radiolokatorov — aktivnymi 1 pa-
sivnymi, kym do tejto doby boli diverzné
skupiny zamerané len na priame nicCenie
jednotiek PVO (v prvom obdobi vojny az 70 %
strat  jednotick PVO sposobili  diverzné
skupiny),

— urCenie Specidlnych skupin na zmocnenie sa
radiolokacnych prostriedkov alebo ich Casti
(takymto spdsobom sa Specialne komando
27.12. 1968 zmocnilo anténnej sustavy a Casti
pristrojov radioloka¢ného dialkomera P-12
(predchodca P-18),

— elektronické sledovanie veducich  pred-
stavitel'ov arabskych vojsk a ich likvidacia
(9. 3. 1969 zabity NGS egyptskej armady
general Riad, 9. 9. 1969 zabity hlavny vojensky
poradca ZSSR v Egypte).
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Egypt reagoval na tieto opatrenia primerane

(1):

— zdokonalenim a vybavenim vSetkych prostried-
kov letectva a PVO jednotnym identifikacnym
zariadenim (v prvom obdobi vojny bol pomer
zostrelov nepriatel'skych a vlastnych lietadiel
1:1),

— vysielanim vzdu$nych a podvodnych diver-
znych skupin na druhy breh Suezu,

— zavedenim do vyzbroje modernizovanych
PLRK SA-2M a SA-3M,

— prichodom sovietskych pilotov a novych MiG-
21 MF do Egypta a ich zaradenim do priame;j
leteckej ochrany Nilskej cesty od Asudnu az po
Stredozemné more,

— vytvorenim systému vcasnej vystrahy,

— vytvorenim systémov protilietadlovej raketove;j
obrany okolo uréenych objektov Statnej do-
lezitosti.

Az po prijati Rogersovho mierového planu
(1970) nastal cas na analyzu a hodnotenie
uvedenych opatreni s jednoznaénym zaverom,
elektronicky boj sa stdva  neoddeliteInou
a vyznamnou sucastou kazdej operacie. Zrodil sa
pojem elektronicka vojna.

V stcasnosti pravdepodobne uz nikto nebude
pochybovat’ o vyzname elektronickych opatreni pre
uspesnost’ operacie alebo boja. Rozhodujucimi
prvkami sa stavaju:

— ziskanie informacnej prevahy v zaujmovom
priestore,

— ziskanie elektromagnetickej prevahy v oblasti
elektronického prieskumu a elektronického
boja.

Elektronickd vojna, ako vojenska cinnost’,
v ktorej sa elektromagnetické spektrum vyuziva na
ziskanie informacii o protivnikovi, vykondvaju sa
organizacné a technické oparenia na znemoznenie,
narusenie, alebo stazenie jeho vyuzitia protivnikom
a na ochranu vlastnych elektronickych prostriedkov

2].
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Elektronicka vojna ma dve hlavné sucasti:
— elektronicky prieskum,
— elektronicky boj.

Elektronicky prieskum sa deli na nasledujuce
zlozky:
— radiovy prieskum,
radiotechnicky prieskum,
prieskum technickych priznakov.

Elektronicky boj tvoria nasledujuce zlozky:
elektronicka podpora,

elektronické protiopatrenia,

protiopatrenia proti ¢innosti.

S rozvojom elektroniky sa Uzasnym tempom
rozvijaju aj prostriedky elektronického boja. R6zne
formy a druhy svetelnych zbrani, laserovych zbrani
a vysokofrekvenénych zbrani st coraz vicSou
hrozbou pre prostriedky PVO, radiolokatory
i protilietadlové raketové komplety (PLRK). Pre
vacsinu, hlavne starSich typov radiolokatorov
zostava najvacsim  nebezpeCenstvom  rusenie
aktivne ¢i pasivne, Sirokopasmové ¢i uzkopasmove,
modulované ¢i nemodulované, vsetky druhy zni-
zuju prieskumné a tym aj palebné a bojové
moznosti Gtvarov a zvizkov PVO.

Prave boju stymto protivnikom je venovana
druha cast’ tohoto c¢lanku. Rozdelenie a vplyv
jednotlivych druhov ruSenia na radiolokatory,
hodnotenie odolnosti radiolokatorov a vplyv ru-
Senia na palebné moznosti jednotiek, utvarov
a zvizkov PVO, to vSetko boli, su a budu aktualne
otazky.

Radiolokac¢né ruSenie

Obr. 1 Zakladné rozdelenie radiotechnického ruSenia

Prirodzené
Umelé (tmyselné) (netimyslné)
Pasivne Aktivne Pasivne Aktivne
Uzkopasmové ¢
Sirokopasmové
N trrite Kombinované I Izné
epretrzité (cyklické) mpulzné
Synchrénne Nesynchronne
Odpovedové Neodpoved’ové
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Zakladné rozdelenie radiolokacného rusenia je
uvedené na Obr. 1 a nachddza sa v tejto alebo vo
vel'mi pribuznej podobe vo viacerych zdrojoch [3].
Pre hodnotenie vplyvu jednotlivych druhov ruSenia
na cinnost’ radiolokatorov mozeme pouzit metddu
multikriteridlneho hodnotenia. Skupina expertov
bola vytvorena z ucitelov Katedry operac- ného a
bojového pouzitia letectva a PVO a Katedry
radiolokacie a ASV sbohatymi sktsenostami
zpraxe 1 smnoZstvom teoretickych vedomosti.
Porovnavanych  bolo  Sest  druhov  ruSenia
s rozhodujucim vplyvom na ¢innost’ radiolokatorov:

— aktivne Sumové rusenie izkopasmove,

— aktivne Sumové rusenie Sirokopasmove,

— nesynchronne impulzné ruSenie,

— synchrénne impulzné rusenie odpovedové,

— synchrénne impulzné rusenie neodpoved’ové,
— pasivne ruSenie.

Na zaklade porovnavacej tabulky (Tab. 1)
parovych porovnavani Saatyho metéodou vy-
znamnosti jednotlivych druhov rusenia dostaneme
reciprocni maticu parovych porovnavani — Tab. 2.

Tab. 1
9 8 7 6 5 4 13 2 2 3 4 5 6 | 7 8 9

Al X A2
Al | X A3
Al X A4
Al X A5
Al | X A6
A2 | X A3
A2 X A4
A2 A5
A2 | X A6
A3 X | Ad
A3 X A5
A3 X A6
A4 X A5
A4 X A6
A5 X A6

Tab. 2

El E2 E3 E4 E5 ZXE
Al 24 | 21 | 11 | 26 | 33 | 115
A2 23 | 18 | 24 | 19 | 27 | 111
A3 0 13 5 3 3 24
A4 22 | 13 | 20 | 13 5 73
A5 7 5 0 7 0 19
A6 3 0 5 0 6 14

6 < Amax <23 det =0,000381

Po urceni maximalneho vlastného ¢isla matice
a determinantu matice, vlastny vektor matice bude
rieSenim homogénnej sustavy linearnych rovnic,
ktoré po tprave bude mat’ tvar

wi - 0,1985 wy—0,3971 w; — 0,9927 wy — 1,1919 ws — 1,5883 we=0
Wa— 0,4955 w3 — 1,2386 wy — 1,4864 ws — 1,9819 ws=0

w3 —0,9334 wy — 1,2081 ws — 1,5375 we=0

(1) ws —0,4010 ws — 0,8071 wg=0

ws —1,1310 we= 0
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Hodnoty vlastného vektora budu po vyrieSeni rovnice,

we =1, ws =1,1310, ws =1,2607 2)
w3=4,0806, w, =7,2464, w, = 72464
T W; =21,9651

a po uprave hodnoty normovaného vlastného
vektora reprezentujuce hodnotu vah jednotlivych
druhov rusenia maju tvar:

wi = w2 =0,3299, w3 = 0,1857, w4 = 0,0574, ws = 0,0515, we = 0,0455

€)

Uvedené hodnoty mézeme vyuzit pri hodnoteni
kvality  radiolokacnej  techniky. Pre lepSie
pochopenie je uvedeny priklad s vyuzitim tabul’ky 3.
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Tab. 3
Typ rusenia Viéha Ochranné zariadenie u RNRL 1591
u RRL IS11M1 pouziva:
-rucnd regulacia zosilnenia prijimacov;
-preladenie nosného kmitoctu kazdého vysielaca;
-vypnutie kandlu prijimaca, v ktorom je zistené rusenie;
| u NRL 1S31M1 sa pouziva:
" o -rucna regulacia zosilnenia prijimacov;
, Surr}ove al’<t1v51e . 0,33 —preladengie nosného kmitoctu JRL;
tzkopasmové rusenie -zapnutie rezimu ,,rusenie 1S31M1°;
-poloautomatické sledovanie ¢ v D;
-vyuzitie iner¢ného sledovania c.
u RRL 1S11M1 pouziva:
-ru¢na regulacia zosilnenia prijimacov;
-preladenie nosného kmitoctu kazdého vysielaca;
’ -vypnutie kandlu prijimaca, v ktorom je zistené rusenie;
Sumové aktivne 033 |UNRLIS3IMI sa pouziva:
Sirokopasmové rusenie ’ -rucnd regulacia zosilnenia prijimacov;
-preladenie nosného kmitoctu RL;
-zapnutie rezimu ,,ruSenie 1S31M1°;
-poloautomatické sledovanie ¢ v D;
-vyuzitie ineréného sledovania c.
3. -obvod VNIS
Nesynchronne impulzné | 0,057 | -obvod SPC (selekcia pohyblivych cielov)
rusenie -zniZenie zosilnenia rusené¢ho kanalu
4 -obvod VNIS
, : . -obvod SPC (selekcia pohyblivych ciel'ov)
Syn(':hronlne ,Odp? Vefd ove | 0,186 -RRL sa odladi prepnutim na novy frekvencny kanal, zniZenie
!MpUiZNe rusene zosilnenia ruseného kanalu
5. -preladenie nosného kmito¢tu RL;
Synchréonne impulzné 0,051
neodpoved’'ové rusenie
U RRL 1S11M1 aj NRL 1S31M1
6. 0.045 -obperiodicka kompenzacia-2x alebo 4x odCitanie;
Pasivne ruSenie ’ -obvod kompenzacie vetra (vnutorné fazovanie);
-SPC -s vniitornym a vonkaj$im fazovanim.
Pre jednotlivé druhy ruSenia st uvedené

ochranné obvody pouzivané u RNRL 1S91, PLRK
2K-12 KUB. Pre urcenie kvality radiolokatora
modzeme pouzit’ vztah:

ZL (4)

KKV_.

m
Z w;
i=1

kde:

n - pocet ochrannych zariadeni v radiolokatore,

m — pocet druhov rusenia majucich vplyv na
radiolokator,

w — vaha jednotlivych druhov rusenia.

Na zaklade technickych moznosti radiolokatora,
mozno potvrdit’ efektivnost’ ochran uvedenych pod
Cislami 1, 3 a 6, potom hodnota

=0,427 (5)

0,427
KKV = f

Cim vyssia hodnota Kyy, tym bude kvalita
radiolokatora vyssia z hl'adiska ochran proti ruseniu.
Pri radiolokac¢nej technike poslednej generacie sa
bude hodnota koeficientu blizit' k jednej. Podobne
mdzeme postupovat aj pri vypoéte koeficientu
rusenia, ktory ma vplyv na zniZenie palebnych
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moznosti, predovSetkym pre wurCenie pravde-
podobnosti zniCenia ciela a matematickej nadeje
po¢tu zniCenych cielov. Z odbornej literatury je
znamy vztah pre vypocet pravdepodobnosti zni¢enia
ciela so zahrnutim koeficientu odolnosti proti
ruseniu — Pcr [3]

P = KRU[I—;TU—P,-)} (6)

i=1

alebovpripade B =P =P

P 1-0-R) '] (7)

P, pravdepodobnost’ zniCenia ciel’a jednou raketou
P; pravdepodobnost’ zni¢enia ciel’a i - tou raketou

Samotny vypocet, alebo spdsob uréenia Kgry
nebol vsak nikdy uvedeny a v praxi sa preberali
rozne hodnoty Kgry v zavislosti na jednotlivej
literatire. Ak v§ak mame uréené normované vahové
koeficienty charakterizujuce vztah medzi jedno-
tlivymi druhmi ruSenia a koeficient charakterizujuci
kvalitu (odolnost) radiolokatora, moézeme urcit aj
koeficient rusenia, ktory urcuje hodnotu Pcr.

Pre vypocet Kry mézeme pouzit’ vzt'ah:

RU — 7w
1+ z w (8)
kde: =l

m— pocet ochrannych zariadeni proti ruSeniu
radiolokatora,
w; — vaha jednotlivych druhov ruSenia.

Pre priklad uvedeny k vypoctu kvality
radiolokdtora bude potom velkost Pcr za
predpokladu ak P; = 0,7 pri strel'be dvomi raketami
dana hodnotami

Py :O’7|:1—(1—O,7)2:| =0,63 (9)

Hodnovernost' vypoctov bude tym vyssia, ¢im
vysSia bude kvalita expertov podielajicich sa na
vstupnych tdajoch multikriterialneho rozhodovania
pre vypocet vah jednotlivych druhov rusenia.

ZAVER

Uvedeny vypocet koeficientu radiolokatora
a koeficientu ruSenia nie je rozhodne definitivnym
rieSenim danej problematiky, spracovana metodika
predstavuje len jeden z moznych spdsobov riesenia.
Moébze byt podnetom k diskusii, ale sucasne aj
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v predlozenom stave mdze posluzit zodpovednym
pracovnikom, ako jedno z kritérii pre hodnotenie ra-
diolokatorov a protilietadlovych raketovych komple-
tov, pri vybere techniky pre potreby OS SR.
Podobne umozni d’aleko triezvejSie hodnotit’ vlastné
palebné moznosti v boji so vzduSnym nepriatelom,
v etape planovania boja alebo operacie.
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Summary: This article deals about actual problems of
evalution effectivity radars protection against electroning
jamming. In the first part speaks about experiences
electronic warfare in local conflicts and electronic
countermeasures. The paper presents basic notions and
division electronic jamming.

In the second part describes new method of evaluation
effectivity of influence electronic jamming on radars
activity. With using Saaty method of multifunkcional
evaluation in computer environment gives distinctioned
values to differcut sorts of jamming. On the example Air
Defence missiles system SA — 6 Gainfull shows possibility
of using this methodic.

prof. Ing. Milan SOPOCI, PhD.

Katedra manaZzmentu

Akadémia ozbrojenych sil generala M. R. Stefinika
Deménova 393

031 01 Liptovsky Mikulas

Slovenska republika

sopoci@aoslm.sk



Science & Military 1/2006

Security sciences

SECURITY AND SECURITOLOGY

LADISLAYV HOFREITER

Abstract: The task to ensure human security is a complicated political, scientific-technological and socio-economic
problem. As the security itself is complicated, multifactor and hierarchized phenomenon also its investigation has to be of an
interdisciplinary character. The character of security environment, the character of security risks and threats and also the
character of tools for their elimination are essentially changing. This reality evokes the need to create the system of most
general knowledge of security, methodology of its investigation, some “ philosophy of security”- science of security.
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1. INTRODUCTION

The man, but also mankind as a whole, deals
with the question about sense of the life during the
whole existence. From view of the human practice
follows that effort for retaining the existence of the
mankind, continuity of human being, creation and
provision of the most favourable conditions for the
life are the answers to this question.

Achievement of this goal supposes security
assurance - of the man, social groups, state, and
mankind — so the security objects.

1. DEFINITION OF SECURITY

Analysis of mankind history shows that the
human existence, his being in natural and social
environment, are from the beginning connected with
acting of negative events of most different character.
At first natural hazards, natural disasters and
calamities but also wildlife formed the permanent
danger for the human life. Organized violence, wars
because of hunting grounds, raw materials,
territories, etc. appeared together with socialization
of the life and creation of social groups. Intense
industrialization results in that modern society
systematically produces its own risks differing from
those, which were worrying the mankind from its
genesis.

The need to face these security risks and threats
is expressed in quantity of measures taken by
people. Such institutions as the army, police, various
security and rescue services came into existence to
provide the security. Various alliances and pacts
were formed to provide common protection against
threats of wars. Later international organizations,
bilateral and multilateral agreements came into
existence, too.

History shows us various examples and attempts
to create functional international security system.
Because these security systems were not stabile,
their weakness resulted in destruction of the states
and monarchies, extinction of the nations, world
wars, great casualties, loss of material and cultural
values. It is a paradox that relatively stable state in

military-political security came into being as

a consequence of existence of politically and

ideologically different pacts - NATO and Warsaw

Treaty. Extinguishment of Warsaw Treaty caused

replacement of bi-polarity by multi-polarity what

increases the uncertainty and risk of the international
political system actors.

Till the end of the Cold War the security was the
problem only of thin political state control. The
approaches for security assurance, known from Cold
War period, were based on protection of political
and economical system by help of force structures
against external military threats or ideological (often
internal) opponents. All effort was concentrated on
solution of the questions of political and military
state security. As a result of the mask of real
problems also in security, existence of such security
risks as e.g. criminality, ecological risks, etc. was
not admitted. Only small attention was paid to
clarifying the significance of security term itself and
in contemporary encyclopaedias and dictionaries we
can find only explanation of such terms as e.g.
international security, labour safety, security of state
boundaries.

Changes in character of global and inter-
continental security environment evoked an urgent
need to deal with the security questions complexly.

First of all, the range of non-military security
risks and threats has changed. While in the previous
period they had generally local, regional character,
at present, in an era of globalisation, they have
global character. People start to realize global
problems reflecting their relation to natural
environment, states relation to natural resources,
relations of persons and social groups to states and
secure life in the world. The main factors
influencing present security environment are:

- globalisation with its positive and negative
impacts,

- development inequality resulting in deepening
the social-economic differences among single
parts of the world,

- increasing aggressiveness of international
terrorism, that became a new actor of world
policy at the same level as the states, national
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economies or nongovernmental organisations
terrorist  groups became  violent non-
governmental  organisations  with  global
coverage.

It is a fact that globalisation brought economical,
informational and technological connection of the
governmental and nongovernmental actors. Besides
the positive influence, as the elimination of bipo-
larity and threat of military conflict, advancing of
economical, technological, cultural and political
rapprochement of subjects of international relations,
globalisation has brought also phenomena and
processes being beside the control of the states and
alliances.

Problems, not having their impact only in the
places of their origin, have increased and intensified
and they can become the threat also for their author
and the mankind as a whole. Problems of global so-
ciety are mutually very closely connected. On the
other hand the necessity to look for the protection
against existing threats and dangers has increased
too. Security became a global phenomenon and so it
is necessary to define it again.

At present many attempts to clarify the contents
and meaning of the term security are known. We can
find the definitions in monographs [2, 3, 4, 5],
dictionaries, scientific and expert articles, laws,
technical standards, etc. Sociologists explain secu-
rity otherwise, otherwise the economists, lawyers,
politicians, ecologists or technicians.

According to security nature understanding we
can classify single approaches as follows:

1. Security is a state in which the risks and the
threats resulting from them are minimized or
eliminated.

2. Security is a state in which the given object does
not feel endangered in term of its legal interests.

3. Security is understood as a complex of social
relations governed by the law and they protect
the rights and justified interests of persons, social
groups and state.

4. Security is judged as the ability of the object,
event, process to protect its nature and basic
characteristics in conditions of deliberately
aimed, disruptive and destructive activity
whether from outside or inside of the object.

5. Security is perceived as system characteristics
expressing the system property created according
to principles of stability, self-regulation and
integrity; security isrequired for each system
element, since the destruction of any of the
system elements will result in destruction of the
whole system.
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6. Security is judged as decisive condition
(guarantee) of person, social group, state
existence that allows protecting and
multiplying their material and cultural wealth.

7. Security presents complex of measures for
guaranty and protection of living interests of
all security objects.

8. Security, in its absolute meaning, expresses
absence of security risks and threats towards
material and spiritual sphere of existence.

9. Security basis is minimisation of security risks
and threats with tendency of their elimination.

10. Security is category where the security is
understood as the admissible danger margin.

With comity of mentioned approaches we have
to state that in term of the man to be in security, to
be secure, to feel secure does not mean to live and
exist without danger, risks and threats.

Security does not mean only absence of security
risks and threats but first of all protection against
them.

Security margin of the man, social group, state
(hereinafter referred to as objects) will be always the
result of interaction of external and internal security
risks and threats and protective properties, abilities
and capabilities of security object.

In accordance with indicated definition is valid
that the more better object abilities and capabilities
to protect their living interests against various
security risks and threats will be the more secure
will be the object. But active object approach is
supposed especially to:

- identification of possible security risks and
threats, their sources and carriers,

- disclosure of proximate reasons of own security
threat,

- disclosure of ultimate reasons of own security
threat.

Securitology provides the tools for achieving of
this aim.

2. SYSTEM APPROACH TO SECURITY

Security itself is complicated, internally structu-
red, multifactor and hierarchized phenomenon.
Structuralization and hierarchization of security are
given by its internal structuring into subsystems
along with their identification in systems of higher
level.

These facts are best documented in the Tab. 1.
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Tab. 1 Hierarchical levels of security

Hierarchical level of
security

Security object

Main factors of security

Global security Noosphere (mankind +

biosphere)

geopolitical, political, ecological, military,....

Regional security Continents, groups of
states; international

organizations and pacts.

military, political, economical, ecological, informational ,....

Security of state — national State political, military, economical, ecological, demographic,

security nutritive , scientific-technical, .....

Group security Social groups, social, informational, energoinformational, culturological,....
communities,

Individual security Man social, nutritive, informational, energoinfomational,

culturological,

It is visible that individual security is part of
global security level and individual security will not
exist if the global security is not guaranteed.

The facts that security includes various factors
(Tab. 1) inevitably make demands upon creation of
scientific approach to theory and practice of the
man, social groups, state and mankind security
assurance. It is necessary to define the securitology.
System approach to complex security requires to
integrate knowledge about single hierarchical
security levels and security factors contained in
other sciences (natural, social, technical) into new
quality — new integrated science about complex
security.

3. SECURITOLOGY

Actual requirement to create general security
theory results from:

- the change of security environment and new
quality of factors which affect it,

- urgent needs of people, social groups, countries,
world community to secure conditions for own
development and to retain vital interests, natural
resources, culture and social values,

- increasing vulnerability of people, natural
environment due to negative global impacts,

- existence of global risks and threats and their
negative impacts increase,

- the need to create effective comprehensive
security system.

New approach to security problems is required
also by the change of approaches to security
assurance. It is not sufficient only to respond to
security risks and threats and to remove their
negative impacts but we have to forecast the threats
and precede the negative impacts. Security assurance
gets level of intellectual security assurance. It
concerns especially:

- new requirements for knowledge about security
and security environment,

- new requirements for the man that is able to
solve the security questions,

- creation of tools able to forecast the man’s
activity and human society to prevent negative
security impacts.

These aims can be achieved only if we are able
to integrate various scientific lines dealing with
separate research of single security aspects
(political, military, economic, etc.) to one integrating
science — securitology [3, 6].

Science about security — securitology —
approaches to the security as the integrated
phenomena containing all kinds of security (eco-
nomical, military, political, informative, nutritive,
social, raw materials, genetic, etc.). Phenomena of
complex security — it is a qualitative new approach
in comparison with evaluation of single factors of
society security.

Under term securitology we understand science
about regularities and mechanisms of security
assurance of the man, social group, state, mankind
against external and internal security risks and
threats.

Securitology should be aimed especially at:

- clarifying the regularities of secure mankind and
biosphere development,

- discovering, study, classification and system
arrangement  of  complicated  relations,
processes, phenomena in the field of life
security of the man and mankind,

- development of adequate  tools  for
identification, localization and elimination of
security risks and threats.

Securitology subject is systematic activity aimed
at  securing the security of the man, social

groups,
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state, planet, civilization, at preservation of natural

environment concerning the variety of negative

influences in various situations, time and space
conditions.

Securitology investigation object is optional
system (planet, state, social group, live organisms,
technical systems, infrastructure, production sphere,
market, natural environment, etc.) needful for
provision of necessaries of the human life and that
can be exposed to negative influences of various
character.

The basic lines of securitology investigation
should be:

- security risks and threats of the man, social
groups, state, mankind, their characteristics and
specifics,

- sources and carriers of security risks and threats,

- objects of acting security risks and threats,

- security systems, forces and means for their
creation, their structure, aims and tasks,
principles and regimes of proper operation.

4. CONCLUSION

Security is one of the most sensed human needs,
is a precondition of development. Dangerousness,
insecurity or conflict not only destroys infra-
structure, including social infrastructure; it also
encourages criminality, deters investment and makes
normal economic activity impossible [1].

Security is also science that must be studied and
developed, also art that must be understood and also
culture that must be cultivated.

Securitology is complex science rising from
contact of natural, social and technical sciences, it is
science  investigating the regularities and
mechanisms of human, social groups, state and
natural environment protection.

Securitology, through its orientation to sys-
tematic education of the man in the questions of
security, wants to develop the quality change of the
security environment. The man, competent in secu-
rity questions, will behave rationally and will not
threaten either him or natural environment.
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