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Abstract: A model of mass valuation at the national level must be functional, practically applicable, consistent and
adaptable to actual conditions and real estate market trends. A consideration of the influence of location on real
estate value in a spatial unit, and a description of spatial units with a sufficient number of attributes to determine a
connection between the value of these attributes and the average price of real estate in a spatial unit, are important
tasks in modelling a system of mass real estate valuation. This paper, based on a test implementation of mass real
estate valuation for an area covering a number of municipalities in the Republic of Serbia, offers conclusions on the
suitability of the use of a mass valuation method grounded in the principles of logical aggregation and case based
reasoning. The values of location characteristics, or factors of spatial unit valuation, were determined in spatial
analyses employing GIS, according to an established system of multicriteria valuation. This approach ensures that a

model-defined value is not stored as offline data, but that each time such data is needed, it can be determined
following the proposed methodology, based on actual, updated data from the databases of official spatial data
registries. Prior to this, it is necessary to meet all the required prerequisites, which include the distributed databases
of official real estate data registries and other factors needed in the mass valuation procedure.
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1. Introduction

Every day, consciously or unconsciously, even in the
simplest situations, we make decisions on the basis of
multicriteria optimisation, and accordingly, the issue of
mass real estate valuation within spatial units can be
seen as the optimisation and systemisation of location
and other characteristics of all real estate elements
within a spatial unit. Systems of mass real estate valu-
ation, which have already been introduced and are
functioning in most modern countries, are among the
services that ensure the more efficient use of space
(UNECE, 2001). These multipurpose systems are used for
various purposes, such as the fair taxation of real estate
property, support for the real estate market, and sup-
port for rural and urban land management. An efficient,
updated land administration system, with a cadastral
system as the main infrastructural system of spatial data

in a country (Roié, 1999; Cetl, 2004), greatly supports
economic activity.

Estimation of real estate value is the careful predic-
tion of its value based on experience and taking into
consideration primarily its spatial, but also other char-
acteristics (Masteli¢, 2008). Mass real estate valuation
estimates the value of a large number of real estate ele-
ments, using objective estimation factors and statistical
methods (UNECE, 2001; Barariska, 2004). Here, it is ne-
cessary to have a sufficient number of data, i.e. factors
about each real estate element. Geospatial data always
form the basis of each real estate valuation system, by
the very fact that real estate is significantly determined
by its spatial characteristics (Yomralioglu and Nisanci,
2004).

Estimation of the value of an element is made ex-
clusively in monetary terms, the function of which is
to measure value and price (Belaj and Rajci¢, 2008).
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Sazetak: Model masovnog vrednovanja na drzavnoj razini mora biti funkcionalan, prakticno primjenljiv, konzistentan i
prilagodljiv stvarnim uvjetima i trendovima trZiSta nekretnina. Sagledavanje utjecaja poloZaja na vrijednost nekretnine u
pojedinoj prostornoj jedinici, kao i opisivanje navedene prostorne jedinice dovoljnim brojem atributa u svrhu utvrdivanja
veze izmedu vrijednosti tih atributa i prosjecne cijene nekretnina te prostorne jedinice, jedan je od vaznih zadataka u

modeliranju sustava masovnog vrednovanja nekretnina. Rad na osnovi testne implementacije sustava masovnog
vrednovanja za podrucje dijela opéina u Republici Srbiji izvodi zakljucke o prikladnosti upotrebe metode masovnog
vrednovanja zasnovane na principima logicke agregacije i zakljucivanja na osnovi slucaja. Vrijednosti polozajnih
karakteristika, odnosno ¢imbenika vrednovanja prostornih jedinica odredene su prostornim analizama uz pomo¢
GIS-a, prema uspostavljenom sustavu viSekriterijskog vrednovanja. Koristeni pristup omogucava da se vrijednost
odredena modelom ne éuva kao ,,0ffline” podatak, nego da se svaki put kada je takav podatak nuzan, on odreduje po
predloZzenoj metodologiji, a na osnovi stvarnih — azurnih podataka iz baza podataka sluzbenih upisnika podataka o
prostoru. Prije navedenoga, potrebno je zadovoljiti sve postavljene preduvijete, a to su distribuirane baze podataka
sluzbenih upisnika podataka o nekretninama, te ostalih ¢imbenika potrebnih u postupku masovnog vrednovanja.

Kljuéne rije€i: vrednovanje nekretnina, prostorne jedinice, viSekriterijska analiza

1. Uvod

Svakodnevno, svjesno ili nesvjesno, ¢ak i u najjed-
nostavnijim Zivotnim situacijama donosimo odluke na
osnovi viSekriterijske optimizacije, te se i problem ma-
sovnog vrednovanja nekretnina u okviru prostornih je-
dinica moZe svesti na optimizaciju i sistematizaciju
poloZajnih i drugih karakteristika svih nekretnina unu-
tar pojedine prostorne jedinice. Sustavi masovnog
vrednovanja nekretnina, koji su ve¢ uvedeni i funkci-
oniraju u ve¢ini modernih zemalja, jedan su od servisa
za osiguranje ucinkovitije upotrebe prostora (UNECE,
2001). Ti viSenamjenski sustavi koriste se u viSe svrha,
primjerice: pravedno oporezivanje vlasniStva na ne-
kretninama, pomo(¢ trZistu nekretnina, pomoé uprav-
lijanju ruralnim i urbanim zemljistem. UCinkovit i
aZuran sustav zemljiSne administracije, te katastarski
sustav kao glavni infrastrukturni sustav o podacima o

prostoru (Roié, 1999; Cetl, 2004) jedne drZave umnogo-
me potpomaze gospodarsku aktivnost.

Procjena vrijednosti nekretnine pazljivo je predvi-
danje njezine vrijednosti temeljem iskustva i uzima-
njem u obzir njezinih, u prvom redu prostornih, ali i
drugih obiljezja (Masteli¢, 2008). Masovnim vrednova-
njem procjenjuje se vrijednost velikog broja nekretnina
uporabom objektivnih ¢imbenika procjene i statistic¢kih
metoda (UNECE, 2001; Baratiska, 2004). Pritom je po-
trebno imati dovoljan broj podataka, odnosno ¢imbeni-
ka, o svakoj nekretnini. Geoprostorni podaci uvijek ¢ine
osnovu svakog sustava vrednovanja nekretnina ve¢ i sa-
mim time $to su nekretnine znatno odredene svojim
prostornim obiljeZjima (Yomralioglu i Nisanci, 2004).

Procjena vrijednosti stvari obavlja se iskljucivo u
novcu, funkcija kojeg je biti mjerilo vrijednosti i cijene
(Belaj i Raj¢i¢, 2008). Ovisno o svrsi te upotrijebljenoj
metodi, odredivanje vrijednosti nekretnine slozen je
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Depending on the purpose and method applied, de-
termining the value of real estate is a complex proced-
ure that includes a quantitative valuation of real estate
qualitative characteristics. Only by introducing market
factors into the calculation can we speak of the predic-
tion of real estate market value, which is most com-
monly done. But it is important to make a distinction
between market value and price. The purchase price
agreed is not necessarily a measure of real estate market
value, i.e. all factors linked to purchase must be con-
sidered, depending on conditions, deadlines, links
between parties, or other factors.

A universal model of mass real estate valuation co-
vering a country’s territory must be essentially functi-
onal, practically applicable, consistent and adaptable to
actual conditions and real estate market trends, and it
must acknowledge the relevant factors which influence
real estate prices in each spatial unit. Considering the
influence of the environment on the value of real estate,
and describing the given environment with a sufficient
number of attributes to determine a connection betwe-
en the value of these attributes and the average price of
real estate in the given spatial unit are important tasks
in modelling mass real estate valuation.

By describing an environment through a set of attri-
butes and using the known data on the average prices of
real estate within it, a base of known cases can be for-
med - a “knowledge base” that will serve as a bench-
mark for forming real estate prices in any environment
which can be described by a set of identical attributes.
This paper sets up a valuation model for spatial units
described with the values of attributes that are automa-
tically defined through spatial analyses. By using logical
aggregation, i.e. the aggregate measure of similarity, and
comparing a described spatial unit with representative
units from the list of known cases and treating the re-
sultant in terms of distance from the source of n-dimen-
sional space, the most likely value of average prices of
real estate within a spatial unit can be determined.

2. Methods of Mass Valuation and their
Mathematical Bases in General

Mass real estate valuation, due to its complexity and
the wide choice of methods available, is a multidiscipli-
nary procedure, which involves experts from various fi-
elds: the economy, civil engineering, geodesy, statistics,
and IT (Bilsen, 2008). Although the choice of valuation
methods depends significantly on the market and spati-
al data conditions, the use of multiple regression
analysis is dominant, as the traditionally practised and

prevailing method (Benjamin et al., 2004). Multiple re-
gression analysis has been used to determine the functi-
on of the influence of various real estate attributes on
the total value since the 1980s, i.e. the very beginnings of
the development of information systems in general
(McCluskey et al., 1997).

Attempts to introduce an artificial intelligence sys-
tem into the mass valuation process started some twen-
ty years ago (Mora-Esperanza, 2004), and the develop-
ment of technology has resulted in mass valuation
systems based on artificial neural networks - nonlinear,
predictive systems which imitate the processes in a bi-
ological brain. What distinguishes this method from ot-
hers is the use of intelligence in a mass valuation
process, i.e. the potential for system adaptation through
learning processes, which enables the resolution of
complex problems.

Besides these, the main methods of mass valuation,
there are other, less used methods. For example, the
method of rule-based expert systems tries to simulate
expertise for each single real estate element, building
rules into the system which are defined by one or more
experts who make individual, real estate valuations for
an area. The calculation of value in these valuation sys-
tems is mostly based on the rough set theory (RST, a for-
mal mathematical method for reducing the
dimensionality of data sets), or on the fuzzy set theory
(McCluskey, 1999; Kauko and d'Amato, 2008).

The number of criteria on the basis of which real es-
tate can be described or valuated is large, but together,
they aim to represent building, economic, social, ecolo-
gical and other aspects. The question arises as to how to
form a consistent, efficient and universally applicable
mass real estate valuation model, in which all significant
location characteristics can be recognised and stored,
taking into account the range in which the valuated
characteristics can vary within all the spatial units of a
country. On the other hand, one of the important limi-
ting factors which influences the formation of a mass
valuation model is the fact that the real estate market
has existed for as long as real estate has existed, i.e. the
awareness of ownership. The market defines value un-
mistakably, by bringing together all the characteristics
which in any way influence market value.

3. Modelling Data of a Test System

In previous research conducted by the Chair for Spa-
tial Information Management, Faculty of Geodesy, Uni-
versity of Zagreb, factors of real estate valuation were
modelled and analysed, and particular functions which
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postupak koji ukljucuje kvantitativno vrednovanje kva-
litativnih osobina nekretnine. Tek uvodenjem trziSnih
Cimbenika u izra¢un moZemo govoriti o predvidanju tr-
ZiSne vrijednosti nekretnine, koja se naj¢esée i odreduje.
No vazno je napraviti razliku izmedu trZi$ne vrijednosti
i cijene. Cijena postignuta prodajom ne mora biti mjerilo
trZiSne vrijednosti nekretnine, odnosno moraju se sa-
gledati sve ¢injenice vezane uz kupoprodaju - ovisno o
uvjetima, roku, povezanosti sudionika ili nekim drugim
¢imbenicima.

Univerzalni model masovne procjene vrijednosti
nekretnina na teritoriju jedne drzave mora biti funkci-
onalan, prakti¢no primjenljiv, konzistentan i prilagod-
ljiv stvarnim uvjetima i trendovima trzista nekretnina,
te mora prepoznavati relevantne ¢imbenike koji utje¢u
na cijenu nekretnine u svakoj prostornoj jedinici. Sagle-
davanje utjecaja sredine na vrijednost nekretnine u njoj,
kao i opisivanje dane sredine dovoljnim brojem atributa
u funkciji utvrdivanja veze izmedu vrijednosti tih atri-
buta i prosje¢ne cijene nekretnina te prostorne jedinice,
jedan je od vaznih zadataka u modeliranju masovne
procjene nekretnina.

Opisujuéi sredine skupom atributa, a koristeéi se
poznatim podatcima o prosje¢nim cijenama nekretnina
u njima, moze se formirati baza poznatih slucajeva -
,baza znanja* koja ¢e posluZiti kao etalon za formiranje
cijene nekretnine bilo koje sredine koju se takoder moze
opisati skupom identi¢nih atributa. U radu se uspostav-
lja model vrednovanja prostornih jedinica, opisanih po-
modu vrijednosti atributa, automatski odredenih
prostornim analizama. Upotrebom logicke agregacije,
odnosno agregirane mjere slicnosti, usporedujuéi opi-
sanu prostornu jedinicu s predstavnicima liste poznatih
sluajeva i tretirajuéi tu rezultantu kao udaljavanje od
ishodista n-dimenzionalnog prostora, moZze se odrediti
najvjerojatnija vrijednost prosje¢nih cijena nekretnina
unutar pojedine prostorne jedinice.

2. Opéenito o metodama masovnog vrednovanja i
njihovim matematitkim osnovama

Masovno vrednovanje nekretnina, zbog sloZenog
postupka i Sirokog izbora metoda, multidisciplinaran je
postupak te se njime bave stru¢njaci iz raznih podrudja:
ekonomije, gradevine, geodezije, statistike i informatike
(Bilsen, 2008). Iako izbor metode vrednovanja umnogo-
me ovisi o stanju trziSta i prostornih podataka, domi-
nantna je upotreba viSestruke regresijske analize, kao
tradicionalno uvrijeZene i dominantne metode (Benja-
min i dr,, 2004). ViSestruka regresijska analiza u svrhu
odredivanja funkcije utjecaja razli¢itih atributa nekret-

nine na ukupnu vrijednost koristi se od 80-tih godina 20.
stolje¢a, odnosno samih podetaka razvoja informacij-
skih sustava opéenito (McCluskey i dr., 1997).

Pokusaji uvodenja sustava umjetne inteligencije u
proces masovnog vrednovanja pocinju otprilike prije
dvadesetak godina (Mora-Esperanza, 2004), a razvojem
tehnologije nastaju sustavi masovnog vrednovanja zas-
novani na umjetnim neuronskim mreZama, nelinear-
nim prediktivnim sustavima koji oponasaju procese u
bioloskom mozgu. Ono Sto razlikuje ovu metodu od os-
talih je upotreba inteligencije u procesu masovnog
vrednovanja, odnosno moguénost adaptacije sustava
kroz procese ucenja, ¢ime je omoguceno rjesavanje slo-
Zenih problema.

Uz navedene glavne metode masovnog vrednovanja
postoje i druge, manje zastupljene metode. Primjerice,
metoda ekspertnih sustava (eng. rule-based expert sys-
tems) pokuSava simulirati ekspertizu za svaku pojedi-
na¢nu nekretninu, ugradujuéi u sustav pravila odredena
od strane jednog ili viSe stru¢njaka koji se bave pojedi-
na¢nim procjenama nekretnina za neko podrudje. Izra-
¢un vrijednosti ovim sustavima vrednovanja uglavnom
je zasnovan na teoriji pribliznih skupova (eng. rough set
theory — RST), formalnoj matematickoj metodi za redu-
ciranje dimenzionalnosti skupova podataka ili teoriji
neizrazitih skupova (eng. fuzzy set theory) (McCluskey,
1999, Kauko i d'Amato, 2008).

Broj kriterija na osnovi kojih se mogu opisati ili
vrednovati nekretnine veoma je velik, a svima je svrha
da reprezentiraju njihove gradevinske, ekonomske,
drustvene, ekoloske i druge aspekte. Namecle se pitanje
kako formirati konzistentan, efikasan i univerzalno pri-
mjenljiv model masovne procjene vrijednosti nekretni-
na, a da se sve bitne poloZajne karakteristike u njemu
mogu prepoznati i satuvati, uzimajuéi u obzir u kojem se
rasponu vrednovane karakteristike mogu kretati unutar
svih prostornih jedinica u jednoj drzavi. S druge strane,
jedan od ozbiljnih ograni¢avajuih ¢imbenika koji utje¢u
na formiranje modela masovne procjene je ¢injenica da
trZiSte nekretnina postoji isto onoliko koliko postoje i
nekretnine, odnosno svijest o vlasniStvu na njima. Trzi-
Ste nepogresivo definira vrijednost koriste¢i se svim ka-
rakteristikama koje bilo kojim dijelom utjecu na trzisnu
vrijednost.

3. Modeliranje podataka testnog sustava

U prethodnim radovima na Katedri za upravljanje
prostornim informacijama Geodetskog fakulteta Sve-
ucilista u Zagrebu modelirani su i razmatrani ¢imbenici
vrednovanja nekretnina, izradene pojedine funkcije
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Fig. 1. Division of real estate characteristics (Tomi¢ 2009)

automatically calculate the influence of specific factors
were created (Matijevi¢ et al., 2006; Roi¢ et al., 2007; To-
mi¢ et al., 2010; Tomi¢, 2010). This paper deals with the
issues of multicriteria analysis and optimisation of cri-
teria of real estate valuation, with the aim of applying it
to the creation of a real estate valuation model based on
the mutual characteristics of spatial units in which real
estate elements are located. Administrative units boun-
daries were used as smallest spatial units in the process
of valuation because of the available statistical data and
practicality of updating valuation factors, although be-
cause of that comes to unnatural leaps on the boundari-
es of administrative units. Further in-depth expla-
nations of the criteria used and the normalization of
their values can be found in the doctoral dissertation A
model of spatial unit valuation as the basis for mass real estate
valuation (Kuburié, 2011).

In the simplest case, we can conclude that the issue
of mass real estate estimation can be divided into two
subsystems. The first is a model of spatial unit valuation,
i.e. a model which should include in the value of each es-
timated real estate element all external factors and mu-
tual location characteristics within a spatial unit, i.e. the
settlement in which it is located (Figure 1).

The second subsystem is responsible for real estate
valuation from the aspect of estimating its market value
within the spatial unit in which it is located - the valu-
ation of internal factors, on the basis of the relevant
characteristics that influence its value (Figure 1).The in-
tegration of these two subsystems would create a model
of mass real estate estimation, which would recognise
all the important characteristics of each real estate ele-
ment within the spatial unit concerned, and which wo-
uld result in a universally applicable, consistent mass
estimation model.

3.1. Valuation based on the principle of logical
aggregation and case based reasoning

For the defined values of factors of real estate valu-
ation, the final value for a spatial unit with an unknown
market value is determined by a system of case based
reasoning, with application of the principle of logical
aggregation.

Case based reasoning - CBR (Fig. 2) is a concept of
business intelligence in which experience or knowledge
from the past is used in the role of solving newly occur-
red problems or making decisions (Cirovié¢ and Cekié,
2002; Cirovi¢ and Plamenac, 2006). CBR methods are tec-
hniques are known since the 80s of the 20th century
(Aamodt and Plaza, 1994). In its simplest form, CBR can
be defined as a concept which solves new problems
using the solutions of old problems and creating new
knowledge on the basis of choice, adaptation and chec-
king in relation to the existing cases. If the same pro-
blem in the same context is being solved twice (all
parameters being the same or “sufficiently” similar), the
solution which solves the problem in a better way is sto-
red.

A problem is structured in the form of known cases
of spatial units and average prices of real estate within
them, and standardized attribute values organized into
a knowledge base. Input parameters of the model are
standardized attribute values of spatial units for which
an average price of real estate is to be predicted/estima-
ted. The model then finds in the knowledge base the
most similar spatial unit or more of them based on the
defined criterion, and predicts an average price of real
estate based on the most similar price from the
knowledge base.
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Slika 1. Podjela karakteristika nekretnina (Tomi¢ 2009)

koje automatski racunaju utjecaj pojedinih ¢imbenika
(Matijevi¢ i dr., 2006; Roi¢ i dr., 2007; Tomi¢ i dr., 2010,
Tomi¢, 2010). Ovaj rad bavi se problematikom viSekrite-
rijske analize i optimizacije kriterija vrednovanja ne-
kretnina, u svrhu primjene u izradi modela vred-
novanja nekretnina prema zajednitkim karakte-
ristikama pojedinih prostornih jedinica u kojima se
nekretnine nalaze. lako zbog toga dolazi do neprirod-
nih skokova na granicama pojedinih opéina, kao naj-
manje prostorne jedinice vrednovanja odabrane su
granice administrativnih prostornih jedinica - opéine,
zbog dostupnih statistickih podataka, a i prakti¢nosti i
primjenjivosti sustava prilikom aZuriranja podataka o
Cimbenicima vrednovanja. Detaljnija obja$njenja kori-
Stenih kriterija i normiranlizacije njihovih vrijednosti
mogu se pronadi u doktorskoj disertaciji Model vredno-
vanja prostornih jedinica kao osnova masovne procjene vri-
jednosti nekretnina (Kuburi¢, 2011).

U najjednostavnijem slucaju moze se zakljuiti kako
bi se problem masovne procjene vrijednosti nekretnina
mogao rastaviti na dva podsustava. Prvi bi bio model
vrednovanja prostornih jedinica, odnosno model koji bi
u vrijednost svake procijenjene nekretnine trebao
ukljuciti sve eksterne ¢imbenike i zajednicka poloZajna
obiljeZja unutar neke prostorne jedinice, odnosno nase-
lja u kome se ona nalazi (slika 1).

Drugi podsustav bio bi zaduZen za vrednovanje ne-
kretnina s aspekta procjene njezine trZisne vrijednosti
unutar prostorne jedinice u kojoj se nalazi - vrednova-
nje internih ¢imbenika, na osnovi relevantnih karakte-
ristika koje utjeCu na njezinu vrijednost (slika 1).
Integracijom tih dvaju podsustava mogao bi se stvoriti
model masovne procjene vrijednosti nekretnina koji bi
prepoznavao sve bitne karakteristike svake pojedine

nekretnine u predmetnoj prostornoj jedinici, a koji bi za
rezultat imao univerzalno primjenljiv i konzistentan
model masovne procjene.

3.1. Vrednovanje zasnovano na principu logicke
agregacije i zaklju€ivanja na osnovi slucaja

Za odredene vrijednosti ¢imbenika vrednovanja ne-
kretnina, konac¢na vrijednost za prostornu jedinicu s
nepoznatom trzi$nom cijenom, vrijednost je odredena
pomodu sustava zaklju€ivanja na osnovi slucaja uz pri-
mjenu principa logicke agregacije.

Zaklju¢ivanje na osnovi slu¢aja - ZOS (eng. case based
reasoning - CBR), (slika 2) je koncept poslovne inteligen-
cije u kojem se primjenjuju iskustva odnosno znanja iz
proslosti u funkciji rjeSavanja novonastalih problema
odnosno donosenja odluka (Cirovié i Ceki¢, 2002; Cirovi¢
i Plamenac, 2006;), a osnovni principi poznati su iz 1980-
ih (Aamodt i Plaza, 1994). U najjednostavnijem obliku
ZOS se moze definirati kao koncept koji rjeSava nove
probleme pomocu rjeSenja starih problema i stvaranjem
novog znanja na osnovi izbora, prilagodbe i provjere u
odnosu na postojece slucajeve. Ako se dva puta rjeSava
isti problem u istom kontekstu (svi parametri su isti ili
"dovoljno" sli¢ni), pamti se rjeSenje koje na bolji nacin
rjeSava problem.,

Problem je strukturiran u obliku poznatih slucajeva
prostornih jedinica i prosje¢nih cijena nekretnina u ok-
viru njih i normiranih vrijednosti atributa organiziranih
u bazu znanja. Ulazni parametri modela su normirane
vrijednosti atributa prostornih jedinica ¢ija se prosje¢na
cijena nekretnina Zeli predvidjeti/procijeniti. Model za-
tim pronalazi u bazi znanja najsli¢niju prostornu jedini-
cuili vi$e njih na osnovi definiranoga kriterija i predvida
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Fig. 2. Alife cycle of CBR (case based reasoning) (Watson and Marir, 1994)

3.1.1. Logical aggregation of value of partial
similarities of spatial units

The aggregation of quantitative measures into one
single measure (measure of similarity), is at face value
inadequate for application in the proposed model, the-
refore it is necessary to define aggregation as a logical or
pseudological operation. The interpolative realisation of
Boolean algebra (IBA) includes all logical functions and
all interpolation operators - operators of generalised
products, and this paper uses arithmetical operators for
the purpose of interpolation - minimum functions and
regular sums.

The proposed model, on the basis of measuring the
similarity between a case (spatial unit) for which an
average real estate price is being defined and a repre-
sentative from the known case base, anticipates the
most probable average price value. The measure of si-
milarity is a type of assessment function which expre-
sses an abstract concept in a numerical value, ie.
ascribes value to a set of pairs, so that greater value re-
flects greater similarity - such a value is an aggregate,
composite figure. Similarity as a complex figure can be
expressed in a single value which is obtained through
the aggregation of partial similarity measures (for each
of the criteria selected).

The knowledge base is represented by a matrix 0
composed of the existing spatial units - prototypes for
which the average prices of real estate within them are
known. The cases are composed of a set of attributes, the
values of which carry information about the problem,
and of an appropriate average price which carries infor-

mation about the resolution to the problem. Each pro-

totype O; represents a case - vector which consists of

standardised attribute values a; € [0,1], average real es-

tate price ¢/, and case index j. Attributes are defined as:
30,Va/, ie(1,..k)

To determine an average price in a spatial unit 0,, it
is necessary to standardise attribute values in the same
way as in the knowledge base. Then, a definition of the
measure of similarity uJ/ with the prototypes from the
knowledge base is carried out. The measure of similarity
is an aggregate figure. It is obtained as a result of the ag-
gregation of particular (partial) measures of similarity
for each criterion.

A partial similarity measure is in fact a measure of
logical equivalency. The mathematical model proposed
in this paper (explained in more depth in Kuburi¢, 2011)
is premised on the principle of case based reasoning,
whereby a combination of the logical and Euclidean (L2)
norm was used for aggregation. The average value of re-
al estate prices within a spatial unit is determined on the
basis of the aggregate measure of similarity between the
spatial unit for which the value is sought and a repre-
sentative from the known case base - the known ele-
ment. The aggregate similarity measure is the
integration of particular - partial similarity measures
for each of the attributes which describe all cases, and in
this case, the partial similarity measure also represents a
measure of logical equivalency. An appropriate operator
of the aggregation of value of similarity measure is:

b =(a! < a)® =[(a/ Na?)U(cal Nca?)] =

=1-aj —af +2a} ®a;, ®:=min,

|
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Slika 2. Zivotni ciklus Z0S-a (zakljugivanje na osnovi sluéaja) (Watson i Marir, 1994)

prosje¢nu cijenu nekretnina na osnovi cijene najsli¢nije
iz baze znanja.

3.1.1. Logicka agregacija vrijednosti parcijalnih
slicnosti prostornih jedinica

Agregacija kvantitativnih mjera u jednu jedinstvenu,
mijeru sli¢nosti, na trivijalan nacin je neadekvatna za
primjenu u predloZzenom modelu, te je potrebno odre-
diti agregaciju kao logi¢ku odnosno pseudologicku ope-
raciju. Interpolacijska realizacija Booleove algebre (IBA)
ukljucuje sve logicke funkcije i sve interpolacijske ope-
ratore - operatore generaliziranih proizvoda, a upo-
trebljavani su aritmeticki operatori za interpolacijsku
namjenu - minimum funkcija i obi¢ni zbroj.

PredloZeni model na osnovi mjere sli¢nosti izmedu
slu¢aja (prostorne jedinice) za koji se odreduje prosje¢na
vrijednost cijene nekretnina i predstavnika iz baze poz-
natih slucajeva anticipira najvjerojatniju vrijednost
prosjecne cijene. Mjera sli¢nosti je vrsta funkcije ocje-
njivanja koja preslikava apstraktni koncept u numericku
vrijednost, tj. pridruzuje vrijednost nizu parova, s ide-
jom da vela vrijednost oznacava vecu sli¢nost - takva
vrijednost je agregirana, kompozitna veli¢ina. Sli¢nost
kao sloZena veli¢ina moZe biti izraZena preko jedinstve-
ne vrijednosti koja se dobije agregacijom parcijalnih
mjera sli¢nosti (po svakom od odabranih kriterija).

Bazu znanja predstavlja matrica O koju ¢ine postoje-
¢e prostorne jedinice — prototipovi za koje su poznate
prosjecne cijene nekretnina u njima. Slucajevi se sastoje
od skupa atributa Cije su vrijednosti nositeljii informaci-
je o problemu i odgovarajuée prosjecne cijene koja je

nositelj informacije o rjeSenju problema. Svaki prototip
0, predstavlja slucaj - vektor koji ¢ine normirane vrijed-
nosti atributa a; [0,1] prosje¢na cijena nekretnina c/,
te indeks slucaja j. Atributi su definirani kao:

30,Va/, ie(1,..k).

Za odredivanje prosjecne cijene u nekoj prostornoj
jedinici O, potrebno je normirati vrijednosti atributa na
isti nacin kao $to je uéinjeno u bazi znanja. Zatim se
odreduje mjera sli¢nosti uJ s prototipovima iz baze zna-
nja. Mjera sli¢nosti je agregirana veli¢ina. Dobije se kao
rezultat agregacije pojedinacnih (parcijalnih) mjera
sliénosti po svakom od pojedinacnih kriterija.

Parcijalna mjera sli¢nosti je zapravo mjera logicke
ekvivalencije. Matematicki model predloZen u ovom ra-
du (detaljnije obja$njen u Kuburié, 2011) koncipiran je
na principu zaklju¢ivanja na osnovi slu¢aja, pri éemu je
za agregaciju upotrijebljena kombinacija logicke i Euk-
lidske (L2) norme. Prosjena vrijednost cijena nekretni-
na u jednoj prostornoj jedinici odreduje se na osnovi
agregirane mjere sli¢nosti izmedu prostorne jedinice za
koju se vrijednost traZi i predstavnika iz baze poznatih
sluCajeva - znanja. Agregirana mjera sli¢nosti je inte-
gracija pojedinanih - parcijalnih mjera slicnosti po
svakom od atributa koji opisuju sve slucajeve, a parcijal-
na mjera sli¢nosti i u ovom je slu¢aju mjera logicke ekvi-
valentnosti.  Odgovaraju¢i ~ operator  agregacije
vrijednosti mjere sli¢nosti prikazan je izrazom:

o o , .
W =(a} = a)® =@/ Na})U(ca) Nca))]°-
=1-a/ —a’+2a/ ®a’, ®:=min.

Ukupna - agregirana mjera sli¢nosti moZe se pri-
kazati kao to¢ka (04) u n-dimenzionalnom realnom
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The total - aggregate similarity measure can be re-
presented as a point (0/) in an n-dimensional real vector
space, where the distance of a rectangular projection of
the point from the source for each axis is equal to the
distance of partial similarity measures for each criteri-
on. Using the Euclidean norm as an aggregation opera-
tor of similarity measure, a measure of the distance of
the point (0J) from the source is determined in the fol-

lowing way:
rj = |: i'(:1 p’ijz :| ’

where k is the number of criteria.

In the proposed model, the possibility also remains
of ascribing weight coefficients to each of the squares of
the partial similarity measure p1/. Then the distance is
defined as:

N | =

1

. .2 e

J_ ko 2
r —[ i=1 M Wi:| )

where:

k

Lw, =1, w;20,i=1,.k,

Then the value of total similarity measure equals the
value of logical negation of the distance:

pl =(=r)®=1-1/,

The most similar 0; €0 prototype to 0, is the one
with the greatest value of similarity measure w, whereas
for the greatest value of similarity measure, a case with
the smallest distance between the points is taken. Ac-
cording to the proposed model, for each new case (spa-
tial unit) to be valuated, a known case should be found in
the knowledge base to which it is the most similar.
However, the question arises as to which similarity me-
asure would be the borderline case for which it can be
said that a known case from the knowledge base can
serve to predict the average real estate price in the esti-
mated case. Within the proposed model, the value of
minimum total similarity measure is defined at 0.8, and
the principle is kept according to which, on the basis of
total similarity measure, it is not the most similar case
which is sought in the knowledge base, but in determi-
ning average real estate price values, all known cases
within an estimated spatial unit are used, which along
with the estimated one have the total measure of simi-
larity greater or equal to the defined limit value.

The estimated average real estate price value within
the spatial unit being estimated is not only the regular
arithmetic mean of the average price values of known
cases from the knowledge base, for which a measure of
similarity to the estimated one is greater than or equal
to the limit value, but it is also proportional to it. A sys-

tem-defined predicted value may be calculated accor-
ding to the formula:
(n;—0.8)
o

. o n .
overallPrice = z i, price;

where: © = z (1 —0.8).

In this expression, n is the number of cases from the
knowledge base for which the total measure of simila-
rity to the estimated case is greater than or equal to the
limit value.

4. Modelling Influence on Real Estate Value
within Spatial Units

It is accepted in practice that there are four main in-
fluences which significantly affect real estate value:
= Social
= Economic
* Environmental
* National and political.

Within the function of creating a mass estimation
model, the criteria of spatial unit valuation, in line with
the four main influences on real estate value, are divided
into four basic groups that can be modelled and their
values determined, and these are the natural, social and
economic characteristics and the corrective factor.

The basic concept for establishing this model is the
valuation of all criteria for each spatial unit, which as a
result of estimation gives a characteristic number nor-
malized in a 0 - 1 interval, practically representing a cri-
terion of spatial unit valuation, which is in correlation
with the average value of all real estate in the spatial unit
concerned. Each group of characteristics contains seve-
ral individual criteria and subcriteria, the values of which
are also normalised within each group in a 0 - 1 interval.
The valuation is split into several levels, normalisation is
carried out at each, following the “from the bottom up”
principle - from the lower level which has a lesser on the
final value, to the higher level, which is obtained by ad-
ding up the defined values at lower levels, until a charac-
teristic number is obtained for one spatial unit.

5. Spatial Units of Valuation

It is necessary to define the maximum spatial fra-
mework within which the previously determined cha-
racteristics have a unique influence on real estate in
their environment. In response to this requirement, a
measure must be found between the actual characteris-
tics of the environment and the requirements for prac-
tical application of the model at the level of the Republic
of Serbia as a whole. Taking into consideration both

|
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vektorskom prostoru, gdje je udaljenost pravokutne
projekcije tocke od ishodista po svakoj od osi jednaka
vrijednosti parcijalnih mjera sli¢nosti po svakom od kri-
terija. Upotrebom Euklidske norme kao operatora agre-
gacije mjere sli¢nosti zapravo se odreduje mjera udalje-
nosti tocke (0) od ishodista na sljecllec’i nacin:

j_ k22
r—[ i:l“ij| )

gdje je k broj kriterija.

U predloZzenom modelu takoder ostaje moguénost
dodjele tezinskih koeficijenata svakom od kvadrata par-
cijalne mjere sli¢nosti p/. Tada je razmak definiran s;

1

rl :[ f=1 Hijzwi}E
gdje je:
Kow =1, w,>0,i=1,.k,
Tada je vrijednost ukupne mjere slicnosti jednaka
vrijednosti logicke negacije razmaka:

i =(=r)®=1-rJ.

Najslicniji prototip O; €0 sa 0, je onaj s najvecom
vrijednosti mjere sli¢nosti u/, dok se za najve¢u vrijed-
nost mjere sli¢nosti uzima slucaj gdje je razmak tocaka
najmanji. Po predloZzenome modelu za svaki novi slucaj
(prostornu jedinicu) koji se vrednuje, iz baze znanja ée
se pronadi poznati slucaj s kojim je on najsli¢niji. Medu-
tim, postavlja se pitanje koja je mjera sli¢nosti grani¢ni
slucaj za koji se moze re¢i da poznati slucaj iz baze zna-
nja moze posluZiti za anticipaciju prosje¢ne vrijednosti
cijene nekretnina slu¢aja koji se ocjenjuje. U predloze-
nome modelu, odredena je vrijednost minimalne ukup-
ne mjere sli¢nosti 0,8, te je zadrzan princip po kojem se
na osnovi ukupne mjere sli¢nosti ne trazi najsli¢niji slu-
Caj iz baze znanja, nego se u odredivanju prosjecne vri-
jednosti cijena nekretnina u procjenjivanoj prostornoj
jedinici, koriste svi poznati slu¢ajevi koji s ocjenjivanim
imaju ukupnu mjeru sli¢nosti vecu ili jednaku zadanoj
grani¢noj vrijednosti.

Procijenjena prosjecna vrijednost cijena nekretnina
u prostornoj jedinici koja se procjenjuje nije samo obic-
na aritmeticka sredina vrijednosti prosjecnih cijena
poznatih slucajeva iz baze znanja, ¢ija je mjera sli¢nosti s
ocjenjivanom vela ili jednaka grani¢noj vrijednosti, ne-
g0 je ona s njom proporcionalna. Sustavom odredena
predvidena vrijednost izracunana je prema formuli:

ukupnaCijena = Z i, Cijena; (=08 )
)
dje je:
o o= 3 -08).

U izrazu je n broj slucajeva iz baze znanja Cija je
ukupna mjera sli¢nosti s ocjenjivanim slu¢ajem veca ili
jednaka grani¢noj vrijednosti.

4. Modeliranje utjecaja na vrijednost nekretnina
unutar prostornih jedinica

U praksi je prihvaleno kako postoje Cetiri glavna
utjecaja koji bitno utjetu na vrijednost nekretnine:
= drustveni
» ekonomski
= utjecaji okoline
= drZavni i politi¢ki.

U funkciji kreiranja modela masovne procjene krite-
riji vrednovanja prostornih jedinica, sukladno ¢etirima
glavnim utjecajima na vrijednost nekretnine, svrstani
su u Cetiri osnovne grupe koje se mogu modelirati i
odrediti njihove vrijednosti, i to: prirodne, drustvene i
privredne karakteristike te korektivni ¢imbenik.

Osnovni je koncept uspostavljanja ovog modela
vrednovanje svih kriterija za svaku prostornu jedinicu
Cime se kao rezultat procjene dobije karakteristi¢an broj
normiran u intervalu od 0 do 1, koji ¢e prakti¢no pred-
stavljati kriterij vrednovanja prostornih jedinica, koji je
u korelaciji s prosje¢nom vrijednosti svih nekretnina u
predmetnoj prostornoj jedinici. Svaka grupa karakteris-
tika u sebi sadrZi viSe pojedinih kriterija i podkriterija
Cije se vrijednosti takoder normiraju unutar svake grupe
u intervalu od 0 do 1. Vrednovanje se rastavlja na neko-
liko razina pri ¢emu se svaka od njih normira, i to po
principu ,,odozdo prema gore* - od niZe razine koja ma-
nje utjeCe na kona¢nu vrijednost do vise razine koja se
dobiva zbrajanjem odredenih vrijednosti na niZim razi-
nama, sve dok se za jednu prostornu jedinicu ne dobije
karakteristi¢an broj.

5. Prostorne jedinice vrednovanja

Potrebno je definirati maksimalni prostorni okvir u
kojem prethodno odredene karakteristike imaju jedins-
tven utjecaj na nekretnine u svom okruZenju. Odgova-
rajuéi tom zahtjevu treba naéi mjeru izmedu stvarnih
karakteristika jedne sredine i zahtjeva za prakti¢nom
primjenom samog modela na razini cijele Republike Sr-
bije. Uzimajuéi u obzir oba ova aspekta, za potrebe rada
testno podrucje Republike Srbije prostorno je podijelje-
no prema administrativnim granicama politickih opéi-
na. Kriterij za izbor reprezentativnih opéina u okviru
istrazivanja bio je napraviti pravilnu prostornu podjelu,
kako bi dobiveni model bio u $to ve¢oj korelaciji i sa svim
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Table 1. Valuated characteristics of spatial units

Tablica 1. Vrednovane karakteristike prostornih jedinica

1. Prirodne karakteristike

2. Drustvene
karakteristike

3. Privredne karakteristike

cimbenik
corrective

4, Korektivni

Natural characteristics

Social
characteristics

Economic characteristics

factor

1 1 Ekologki aspekt / Ecological aspect

1.3
Geostrateski
poloZaj:
Geostrategic
position:

3.1 Visina prosjegnih prihoda / Average income

1.3.1
Prometni koridori
Traffic corridors

Lal
Susjedne zemlje
Neighbouring countries

1.3.3

Prirodna bogatstva
Natural resources

2.1 Gustoca naseljenosti / Population density
2.2 PriraStaj stanovnitva / Birth rate

3.3 Proracunski prihod / Budget income

1.2 Udaljenost od glavnog grada / Distance from the capital
1.3.1.1 Autocesta / Highway

1.3.1.2 Putnicka zracna luka /
Passenger airport

1 3.1.3 Plovna rueka! Navlgable river
1314 fteezruEka pruga / Railway line

| 13.1.5 Magistralna cesta / Main road

1.3.2.1 Granica / Border

1.3.2.2 Bilateralni odnosi /

Bilateral relations

' | 1.3.23 Clanstvo u EU / EU membership

1 3.2.4 Graniéni prijelaz {' Border cmssmg

1.3.3 1 Vodotoci / Waterways

1.3.3.2 Rudno bogatstvo /
Mining resources

1333 Energetski potencijal /

Energy potentla]
1333 LJEElIlEtaf Health spas

1.3.3.4 Sportsko-rekreativni centar /
Sport-recreational centres

| 2.3 Broj zaposlenih / Number of those in employment

2.4 Odgojno-obrazovne ustanove / Educational institutions

| 3.2 Poljoprivredni razvoj / Agricultural development

3.5 Turizam
Tourism

4.4 Broj transakcua / Number of transactions

3.5.1 Kapacitet / Capacities

3.4 Prometna infrastruktura / Traffic infrastructure

3.5.2 Kulturno-povijesno nasljede / Cultural-historical heritage

3.5.3 Sajamska tradicija / Tradition of fairs

3.5.4 Prirodne liepote / Natural lamiscape

3.5.5 Tradicionalne manlfestac:_]e / Traditional events

| 4.2 Cijena stana / Price of flats

' 4.1Broj novuizgradenih stanova / Number of newly-built flats

4.3 Stanje sustava zemljline administracije / State of land administration system
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Opéine testnog modela

Municipalities of the test model

Ostale opéine

Other municipalities

L
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Fig. 3. Spatial units included

in the test model

Slika 3. Prostorne jedinice obuhvacene
testnim modelom

regionalnim specifi¢nostima koje nisu mogle biti kvan-
titativno opisane kriterijima, a po logici stvari mogu
imati utjecaj i na formiranje visine cijena nekretnina.
Tako je u ovom radu izabrano trideset op¢ina, i to: Cetiri
gradske opéine grada Beograda, i po jedna ili dvije opéi-
ne iz svakog upravnog okruga s podrucja cijele Republi-
ke Srbije (slika 3 - brojevi prostornih jedinica prikazani
su prema tablici 2).

9.1. Vrednovanije karakteristika

Sukladno prethodno navedenim glavnim utjecajima
na vrijednost nekretnina, odabrane su karakteristike
koje moZemo smatrati zajedni¢kim svim nekretninama
unutar jedne prostorne jedinice, te je predloZeno nor-
miranje njihova utjecaja na vrijednost. Sustav se koristi
ekspertnim misljenjima za dodjeljivanje teZina vrijed-
nostima ¢imbenika.

3
BoOIs M 45 4m 78
| NN, T NN — —

km
[
4
4
13 2 |3
17
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I8
20
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73 25
24 26

i

Vrednovane karakteristike prostornih jedinica podi-
jeljene su u Cetiri grupe (tablica 1): prirodne karakteris-
tike, drustvene karakteristike, privredne karakteristike i
korektivni ¢imbenik. Prirodne karakteristike obuhvaca-
ju vrednovanje ekoloskog aspekta, udaljenosti od glav-
noga grada, te utvrdivanje povoljnosti geostrateskog
poloZaja pojedine prostorne jedinice unutar drZave. Ne-
ki kriteriji obuhvacaju i podkriterije na koje se glavni
kriteriji razlazu, a u svrhu boljeg opisa pojedine karakte-
ristike. Druga grupa karakteristika obuhvaca drustvene
karakteristike, te se sastoji od vrednovanja podatka o
gustodi naseljenosti, prirastaju stanovnistva, broju za-
poslenih te broju odgojno-obrazovnih ustanova. U trecoj
grupi nalaze se privredne karakteristike, koje vrednuju
visinu prosje¢nih prihoda, stupanj poljoprivrednog ra-
zvoja, visinu proraunskih prihoda, kvalitetu prometne
infrastrukture i turisticke pokazatelje. Uz navedene ka-
rakteristike, uveden je i korektivni ¢imbenik kojime se
kompenziraju teZine za prosjene cijene nekretnina
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= Autocesta / Highway

Opcine testnog modela
Municipalities of the test model
BN (-1km

2-10km

11- 20 km
[0 21-29Kkm
B 30 - 86 km

Ostale opcine / Other municipalities

Fig. 4. Determined distances of the
test municipalities from the highways
Slika 4. Odredene udaljenosti testnih
opc¢ina do autoceste

these aspects, for the purposes of this paper, a test area
of the Republic of Serbia was spatially divided according
to the administrative borders of political municipalities.
The criterion for selecting representative municipalities
for research was to make a proper spatial division so
that the model obtained correlated as far as possible
with all regional specifics, which could not be quantita-
tively described by criteria, but logically could have in-
fluenced the formation of real estate prices. Therefore,
in this paper, thirty municipalities were chosen: four
municipalities in the city of Belgrade, and one or two
municipalities in each administrative county, covering
the whole area of the Republic of Serbia (Figure 3 -
numbers of spatial units as displayed in Table 2).

5.1. Valuation of characteristics
In line with the previously listed main influences on

real estate value, characteristics were chosen which we-
re considered common to all real estate within one spa-

tial unit, and a standardisation of their influence on va-
lue was suggested. The system used expert opinions to
ascribe weight to the values of factors.

The valuated characteristics of spatial units were di-
vided into four groups (Table 1): natural characteristics,
social characteristics, economic characteristics, and a
corrective factor. Natural characteristics cover valuati-
on of the ecological aspect, distance from the capital
city, and a determination of the convenience of the ge-
ostrategic position of the spatial unit within the fra-
mework of the state. Some criteria were split into
subcriteria in order to describe a characteristic better.
The second group covers social characteristics, and con-
sists of valuating information on the density of the po-
pulation, the birth rate, the number of those in
employment, and the number of educational instituti-
ons. The third group covers economic characteristics
which valuate the level of the average income, the level
of agricultural development, the level of budget income,
the quality of traffic infrastructure and tourist activity
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odredene za prostorne jedinice u kojima je vei broj no-
voizgradenih stanova, prosje¢na cijena je odredena na
osnovi veCeg broja provedenih transakcija, a zbog veée
trZiSne aktivnosti aZurniji je i sustav zemljiSne adminis-
tracije. Zbog nedostupnosti potrebnih podataka, samo
prve tri skupine su koristene u procesu vrednovanja.

Podaci na osnovi kojih su odredene vrijednosti ka-
rakteristika podaci su sluzbenih drzavnih upisnika Re-
publike Srbije, odnosno rezultati projekata koje su za
podrugje cijele drZave izradile drZavne agencije (Zivko-
vié, 2008; Vukmirovié¢, 2009). Izrada testnog modela i
implementacija sustava obuhvacala je modeliranje utje-
caja svih navedenih karakteristika koje su odredene na
temelju navedenih podataka upisnika na drzavnoj razi-
ni. Kako je vedina vrijednosti vrednovanih karakteristi-
ka odredena automatski prostornim analizama (primje-
rice, odredivanje udaljenosti od autoceste - slika 4), os-
novni sloj GIS-a temeljen je na podacima registra
prostornih jedinica. Navedeno i dalje ukljucuje relativno
velik opseg rucne prilagodbe i konverzije podataka kako
bi se podaci ukljudili u GIS. Postojanje uspostavljene in-
frastrukture prostornih podataka na drzavnoj razini
umnogome bi olaksalo taj zadatak zbog jednostavnijeg
pronalaZenja i integracije podataka i s njima povezanih
metapodataka.

Za svaku vrednovanu karakteristiku odredena je
grani¢na vrijednost za koju je pretpostavljeno kako je
utjecaj navedene karakteristike na vrijednost nekretni-
na zanemariv. Od te vrijednosti, kojoj je funkcijom dodi-
jeljena vrijednost 0, vrijednost odredenog ¢imbenika
vrednovanja linearno raste prema postavljenom uvjetu
u kojem ¢imbenik ima najve(i utjecaj. Tako je, primjeri-
ce, utjecaj blizine autoceste (slika 4) modeliran sljede-
¢om funkcijom koja svakoj prostornoj jedinici dodjeljuje
diskretnu vrijednost u intervalu od 0 do 1:

1 udaljenost[km])
30
1 udaljenost = 0km
v =1(0,1) udaljenost = (30km,0km)
0 udaljenost > 30km

6. Rezultati

Agregacijom odredenih vrijednosti vrednovanih ka-
rakteristika, dobivene su kona¢ne vrijednosti mjera
sli¢nosti iz kojih je mogude, primjenom navedene meto-
dologije, odrediti vrijednost za prostornu jedinicu poz-
natih karakteristika, a nepoznate prosjene cijene

Table 2. Defining the coefficient of dispersion in the test model
Tablica 2. Odredivanje koeficijenta disperzije testnog modela

§ o
8L B, ¥,
= .8 5o g3
SEBL O BLogE :
FEE FiEfE oo _ S
= 2. S Qo & E £ S
T : §EEivvolof
K &0 ArY 2= U & ® X
1 2 3 4 5 6 7
1 N.Beograd 1557 1636 5  1.05 0.01 0.00
2 Zemun 1323 1506 12 1.4 0.09 0.09
3 S.Venac 2347 1295 -81 0.55 0.49 0.47
4 Palilula 1339 1394 4 1.04 0.01 0.00
5 Subotica 643 648 1  1.01 0.04 0.04
6 Zrenjanin 620 562 -10 0.91 0.14 0.13
7  Kikinda 582 595 2 1.02 0.02 0.02
8 Panlevo 770 1002 23 130 0.25 0.24
9  Apatin 534 643 17 1.20 0.16 0.15
10 B.Palanka 600 647 7 1.08 0.03 0.03
11 NoviSad 1000 1229 19 1.23 0.8 0.17
12 Ruma 744 617 -21 0.83 022 021
13 Pedinci 560 644 13 115 0.10 0.10
14 Sabac 707 672 -5 0.95 0.0 0.09
15 Ub 555 669 17 1.21 0.16 0.15
16 Smederevo 560 633 11 1.13 0.08 0.08
17 V.Gradiste 586 689 15 1.18 0.3 0.12
18 Arandelovac 618 636 3 1.03 0.02 0.02
19 Jagodina 570 717 21 1.26 0.21 0.20
20 Bor 400 598 33 1.49 0.45 0.43
21 Sokobanja 850 635 -34 0.75 0.30 0.29
22 BajinaBaSta 790 602 -31 0.76 0.28 0.27
23 Ivanjica 760 612 -24 0.80 0.24 0.23
24 Raska 750 630 -19 0.84 0.21 0.20
25 KruSevac 602 564 -7 094 0.11 0.10
26 Ni§ 750 1038 28 1.38 0.34 0.32
27 Blace 500 662 24 132 028 0.27
28 Pirot 655 670 2 1.02 0.02 0.02
29 Medveda 450 668 33  1.48 0.44 0.42
30 Vranje 563 554 -2 098 0.06 0.06
X 105 Y 49
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indicators. In addition to these characteristics, a correc-
tive factor was introduced, to adjust weighting for ave-
rage real estate prices determined for spatial units with
larger numbers of newly built flats; the average price
was determined on the basis of a larger number of exe-
cuted transactions and, due to increased market activity,
the system of land administration was more up-to-date.
Due to data availability, only the first three groups of
characteristics were used in the process of valuation.

The data according to which the values of characte-
ristics were defined were from official state registries of
the Republic of Serbia, i.e. results of country-wide pro-
jects undertaken by state agencies (Zivkovi¢ 2008, Vuk-
mirovi¢ 2009). The creation of a test model and
implementation of the system included modelling the
influence of all the characteristics listed, which were
defined on the basis of registry data at the state level.
Since most values of the valuated characteristics were
defined by automatic spatial analyses (e.g. defining the
distance from a highway - Fig. 4), the basic GIS layer was
based on data from the spatial unit registry. This still in-
cluded a relatively large amount of manual adjustment
and data remodelling, in order to include it in the GIS.
The existence of an established spatial data infrastruc-
ture at the state level would significantly facilitate this
task, enabling data and linked metadata to be found and
integrated more simply.

For each valuated characteristic, a limit value was de-
fined for which it was assumed that the influence of this
characteristic on real estate value was negligible. From
this value, ascribed 0 by function, the value of the defined
valuation factor grew linearly up to the point set at
which the factor had the biggest influence. So, for exam-
ple, the influence of the proximity of a highway (Fig. 4)
was modelled by the following function which ascribes
to each spatial unit a discrete value within a 0 - 1 interval:

) 1 distance = 0km
distance[km]
v=1- (T)y v =4(0,1) distance =(30km,0km)
0 distance > 30km
6. Results

Aggregation of the determined values of valuated
characteristics resulted in the final values of similarity
measures, from which it was possible, by applying the sa-
id methodology, to define values for a spatial unit with
known characteristics, but without an average real estate
price. To examine the quality of the model-defined valu-
es, the following methodology was established: for each
municipality in the test model, the value of average real
estate prices was determined from data on similarity me-

asures and on the basis of similarity measures from other
municipalities in the test model, as though the average

price was unknown and therefore sought. Since the value

of average real estate prices was known for all municipali-
ties in the test model, it was possible to compare data ob-
tained in the model and existing data on average prices.

A quantitative comparison of these methods requ-
ires previous definition of methodology and estimation
criteria for each particular mass valuation method. In
statistics, there are two ways of displaying a standard
measure of reliability: interval of reliability, and stan-
dard deviation. In most works, alongside these statisti-
cal indicators, a coefficient of dispersion (COD) is used as
a measure of model predictive capability. The Internati-
onal Association of Assessing Officers (IAAO) defines the
coefficient of dispersion as the average absolute value of
dispersion percentage around a median-defined ratio.
The coefficient of dispersion, on the basis of a sample in
which the known values estimated by the model are also
sales values, assesses the accuracy of a predictive model
by measuring how close particular ratios of the estima-
ted value and the achieved value are around the median
of the same ratio, which is calculated by the following
expression (IAAO, 2007):

n |R i Rm|

100
COD=—)» _,—,
n Zl_l R

m
where:

COD - coefficient of dispersion

R, -assessed particular ratio of the estimated and the
achieved value

R, -median R, of the sample ratio

n  -number of real estate elements in the sample

On the basis of data from Table 2, it is possible to de-
termine a COD for the test model and it amounts to 16.4%.
According to an IAAO recommendation, a practically ap-
plicable system of mass valuation should have a COD of up
to 20%. Although this would suggest that a mass valuation
system with a smaller COD would be of better quality and
predict average prices better, a COD of less than 5% points
to the choice of unrepresentative samples, and a repeated
definition of characteristics and samples is recommen-
ded, as it is for systems with a COD greater than 20%.

7. Conclusion

The proposed model presupposes the use of data
from the land administration system, as well as other
official data registries of the Republic of Serbia, e.g. the
Institute of Geodesy Geodetic Institute for Statistics, the
Revenue Administration, etc, the transparent structure

|
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nekretnina. Kako bi se ispitala kvaliteta modelom odre-
denih vrijednosti, utvrdena je sljede¢a metodologija: za
svaku opéinu testnog modela odredena je vrijednost
prosjecne cijene nekretnina iz podataka o mjeri sli¢nosti
i na temelju mjera sli¢nosti ostalih opéina testnog mo-
dela, kao da je nepoznata i trazi se vrijednost prosjecne
cijene. Kako je vrijednost prosjecne cijene nekretnina
poznata za sve opéine testnog modela, mogucle je uspo-
rediti podatke dobivene modelom i postojeée podatke
prosjecne cijene.

Kvantitativna usporedba navedenih metoda zahtije-
va prethodno definiranje metodologije i kriterija ocjene
svake pojedinaéne metode masovnog vrednovanja. U
statistici, dva su nacina prikazivanja uobi¢ajene mjere
pouzdanosti: intervalom pouzdanosti i standardnim
odstupanjem. U ve(ini radova, uz navedene statisticke
pokazatelje, kao mjera predikcijske sposobnosti modela,
upotrebljava se koeficijent disperzije (eng. coefficient of
dispersion - COD). Medunarodna udruga procjenitelja -
IAAO (eng. International Association of Assessing Officers)
definira koeficijent disperzije kao prosje¢nu apsolutnu
vrijednost postotka disperzije oko medijanom odrede-
nog omjera. Koeficijent disperzije, na osnovi uzorka u
kojem su poznate vrijednosti procijenjene modelom i
prodajne vrijednosti, ocjenjuje tocnost prediktivnog
modela kroz mjeru koliko su blizu pojedinacni omjeri
procijenjene vrijednosti i postignute vrijednosti oko
medijana istog omjera, a ra¢una se po sljede¢em izrazu
(IAAO, 2007):

100 IR, —R,|
cop=—>3'n _m
n Z i=1 Rm
gdje su:
COD - koeficijent disperzije
R, - procijenjeni pojedinacni omjer procijenjene i
postignute vrijednosti
R, -medijanR omjera uzorka
n  -broj nekretnina u uzorku.

Na osnovi podataka iz tablice 2, moguce je odrediti
COD za testni model i on iznosi 16,4%. Prema preporuci
TIAAO, prakti¢no primjenjiv sustav masovnog vrednova-
nja trebao bi imati COD do 20%. Iako iz navedenog proiz-

lazi kako bi sustav masovnog vrednovanja s manjim
COD-om trebao biti kvalitetniji i bolje predvidati pro-
sjecne cijene, COD manji od 5% upucuje na odabir nere-
prezentativnog uzorka, te preporuuje ponovno
odredivanje karakteristika i uzorka, jednako kao i za
sustave s COD-om ve¢im od 20%.

7. Zakljutak

PredloZzenim modelom predvidena je uporaba poda-
taka sustava zemljiSne administracije, kao i drugih sluz-
benih upisnika podataka Republike Srbije, primjerice
Republickoga geodetskog zavoda, Republickog zavoda
za statistiku, Uprave prihoda i sl., a ¢ija transparentna
struktura i metodoloska osnova jam¢i konzistentnu
kvalitetu i pouzdanost podataka.

Kori$teni pristup omogucava da se rezultat uporabe
modela ne ¢uva kao odredeni i pohranjeni ,,offline* po-
datak, nego da se svaki put kada je takav podatak potre-
ban, on generira po predloZenoj metodologiji, a na bazi
stvarnih - aZurnih podataka iz navedenih izvora, upo-
trebom tehnologije sustava za upravljanje prostornim
bazama podataka. Takvom strukturom modela i predlo-
Zenim izvorima podataka osiguralo bi se da model bude
azuran i aktualan u realnom vremenu. Prije navedeno-
ga, potrebno je zadovoljiti sve postavljene preduvjete, a
to su distribuirane baze podataka sluzbenih upisnika
podataka o nekretninama, te ostalih ¢imbenika potreb-
nih u postupku masovnog vrednovanja.

Tako je za testno podrudje izabrana Republika Srbija,
model je po logici svoje strukture univerzalno primjenljiv
i na drugim podrudjima eventualne primjene, uz zadovo-
lienje preduvjeta prethodnog restrukturiranja kriterija
odnosno atributa koji se u njemu upotrebljavaju.

Iz rezultata dobivenih testnim modelom moguce je
zakljuciti kako predloZeni model relativno dobre rezul-
tate daje kada se zakljucivanje donosi na osnovi inter-
polacija, a $to je i logi¢no, ekstrapolacija daje lose
rezultate - $to je vidljivo, primjerice, na procijenjenoj
vrijednosti opéina Savski Venac i Bor. Taj problem mora
se rijesiti ukljuéivanjem opéina s pretpostavljenom
maksimalnom i minimalnom prosje¢nom vrijednosti
nekretnina u popis poznatih slu¢ajeva, kako bi se cijena
za sve prostorne jedinice odredivala interpolacijom.
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and methodological base of which guarantee consistent Although the Republic of Serbia was chosen as the test
quality and reliability of data. area, the logic of the model structure makes it universally ap-
The approach used enables the result of the model  plicable in other areas, after meeting the prerequisites of pre-
usage to be kept not as a certain type of “offline” data,but  vious restructuring of criteria, i.e. the attributes used within it.
rather each time data is needed, it is generated according From the results obtained from the test model, it can be
to the proposed methodology, on the basis of actual, up-  concluded that the proposed model yields relatively good re-
dated data from the sources, using spatial dtabase sults when conclusions are based on interpolation, which is
management system technology. This kind of model also logical; extrapolation yields bad results - as is evident
structure and the proposed data sources would ensure  from the examples of estimated values in the Savski Venac
that data is updated and actual in real time. Before that,all  and Bor municipalities. This problem must be solved by inclu-
the prerequisites must be fulfilled, which include the dis-  ding municipalities with predicted maximum and minimum
tributed databases of the official real estate data registries, —average real estate values in the list of known cases, so that the
and other factors needed in a mass valuation procedure.  price for all spatial units can be determined by interpolation.
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