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APPLICATION OF ROUGH SET THEORY TO ESTABLISH
THE AMOUNT OF WASTE IN HOUSEHOLDS IN RURAL AREAS
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Abstract: The method based on rough set theory (RST) wad ums¢he study to establish the rate of mass
accumulation of waste in households in rural are@aich are characterised by different economic syjre case of
which traditional statistical analyses are usubbydy reliable. The following indicators availatiethe General
Statistical Office’s statistics were used in thalgsis: population density, income level, main seuof income,
economic type of the municipality, area of agriatdl land, age of the buildings and participatibgaseous fuels

in meeting heat demands. The method shown shotildenconsidered as a competition for statisticahods, but

it could complement them, especially in cases witheme are few objects to analyse, the more so pmites
useful in cases where input data are general, tiggend uncertain. As has been shown in the stitly,such
data and a small number of objects, the relatik@ ef estimation was 13% on average.
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Introduction

Municipal waste is waste generated by householslsyell as waste that does not
contain hazardous waste coming from other wastdymers, which are similar in nature
and composition to waste generated in householdsefal rules of waste management
system within the European Union were set out énftamework Directive no 2008/98/WE
[1] on waste. The Directive obliges EU Member State provide recovery or disposal of
waste without endangering human health and harntiveg environment. The main
objective, as far as waste management is conceised, prevent and minimise waste
production, recover, dispose and re-use the wastevadl as provide environmentally
friendly storage of unused waste.

In 2014, in the whole European Union, 392 Tg (T&C¥ g) of municipal waste was
generated, which corresponds to 77Xpersoryear)’. The amount of accumulated waste
in particular countries ranged from 52 to 1594 kersoryear)™ [2].

The amount of produced municipal waste in a giveintry depends on many factors,
the most important of which are: the standardwhg and population as well the scope and
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intensity of goods consumption. The type of geratataste depends on the type of area in
which the waste is generated, population densitidimgs type, the presence of public use
facilities, the presence and size of retail outldtse type of industry or services
and other [3].

The amount of produced waste in Poland changesragiglly. Until 2004 the volume
of collected waste was decreasing, which to sontenéxould have been caused by mass
emigration of people connected with Poland’'s adoesso the European Union and
opening of labour markets, but also with the oceee of pathological phenomena such
as: creation of illegal waste dumps, not showingte/an registers kept by entrepreneurs
dealing with waste collection to avoid paying fdes using the environment as well as
managing waste by households on their own - oftgainat the requirements of
environment protection. According to the GeneraltiStical Office’s data, in 2015 [4] in
Poland 10.3 Tg of municipal waste was generated,ichwhcorresponds to
283 kg(persoryear)™. Figure 1 shows the amount of municipal waste gead and
collected in 2015.
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Fig. 1. Mass accumulation of municipal waste getieerand collected in 2015 [5]

The greatest amounts of municipal waste in 201%. (E) were produced in the
following voivodeships: Lower Silesian, Silesiandadasovian and Pomerania (more than
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330 kg(persoryear)?). The smallest amounts of waste were producedwiietSkrzyskie
and Lublin Voivodeships (160-180 ¥gersoryear)™).

The rate of mass household waste accumulatiors@sd#dpendant on the place where
waste is produced. Literature sources give differealues of waste accumulation
coefficient, which is shown in the following Talle

Table 1
Rates of mass household waste accumulation degeadithe place of waste production [5, 6]
Specification [kg(personyear) ] [kg-(personyear)™]
big cities (> 100 thousand inhabitants) 220-400 .885
small and me(_jlum t_owns (10-50 thousand 180-330 346.2
inhabitants)
rural areas 90-110 233.9

The above data prove that a city dweller produd@s &y more waste than a rural
dweller (calculated per year). Such a differencdhi@ level of waste production results
from higher consumption in the cities and highemdard of living of their inhabitants.
Moreover, in the rural areas many food productsefnom people’s own farming, whereas
city inhabitants buy all such products, which dstaising packaging and generating
packaging waste. What is more, the majority of orgavaste is further used by rural
inhabitants. Participation of municipal waste geated in rural areas is between 21%
(General Statistical Office 2014) and 29% (Eurog@it4). Municipal waste in rural areas
is produced mainly in households which produce ##%mixed municipal waste (in the
cities this participation is 70%). Mixed waste atreproduced by an average household in
Poland is approximately 160 ¥gersonyear)™. This rate is 89 k¢personyear)*in case of
rural areas. Lower rate of waste accumulation caeth#o the cities is among other the
consequence of the following circumstances:

a) a part of municipal waste stream is recovered byplgeon their own €g. home
composting). What is more, a part of the wasteastres managed illegally;

b) not all waste management companies have the plitysiifi checking the weight of
dustcarts entering the facilities;

c) the weight of received waste is often under-rembite order to pay lower storage

fees [7].

Methods of estimating waste stream

The studies on municipal waste management touch tip® problem of the way of
estimating the amount of accumulated waste. Martjiors have done research on the
strength and direction of influence of differenbromic and social factors on the mass of
generated or collected waste. Statistical modedd trescribe the relationship between
socio-economic factors and waste characteristiesrast often based on the information
provided by municipalities or statistical offices-15]. Waste analyses confirm that their
weight and composition change (in time and spaepgdding on many factors. The factors
that are taken into account in statistical studasbe classified in the following way:

a) socio-economic factors;
b) individual consumption;
c) production and trade.
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The study [8] describes 45 statistical models (jshield before 2006), concerning the
relationship between the weight of generated wast# the factors that characterise the
areas where the waste was produced. Most of thedies were developed for the needs of
waste management planning on the national lev&rairban areas. Models based on these
studies are usually multi-factor. Relevant statadtdata are not available, which makes it
impossible to verify the models in other areas. l§s&s on the national [16, 17] or regional
level show general relations between the amoumtasite and population density or gross
domestic product. However, these models cannofpbéed for planning the management
of waste on lower regional levels.

The influence of individual inhabitants’ income ahe national income on the amount
of produced municipal waste is well documented bmearous research results. In countries
with higher GDP (Gross Domestic Produdtigger amounts of waste per capita are
produced.

Other factors that affect the weight of collecteabte are, according to the following:

a) the size of a given municipality (area, numbembfabitants);

b) the level of economic development;

¢) land use structure;

d) the system of waste collection;

e) the level of ecological awareness of the local caomity.

In the research aimed at determining the direciah strength of influence of different
features characterising municipalities (or regioms)the weight and composition of waste
generated within them, apart from the above-meatofactors, also the following were
taken into consideration:

a) population density - where the authors [11, 12, df8}e, that weight and quality of
collected waste is strictly connected with popuolatiensity;

b) household size - the average number of peopleglivira house/flat [8, 11, 12];

c) urbanisation level - the number of newly built §lakindergartens, etc. [8, 10, 18];

d) buildings type and heating system - in the rurgaarand small towns, where the
majority of buildings are detached houses (equippitd furnaces for solid fuel), the
weight of waste should be lower (compared to urlaa@as), whereas the main
component of the waste should be ash. In multifiaimiiildings type (in big cities),
where there is no possibility of burning wasteumfces, neither of feeding livestock,
the main component of waste should be biodegradedatgons [8, 10, 11, 17];

e) other technical and sanitary equipment of buildifigg;

f) administrative, functional and economic type of tienicipality [8];

g) saturation of technical infrastructure facilitieslensity of road, sewage, water supply
networks, including the number of sewage connestiett. [8];

h) affluence (,standard of living”) and inhabitantffektyle - according to the affluence
of inhabitants measured with GDP is one of the nmgtortant factors affecting the
amount of generated municipal waste. The greatersdtiety’s affluence the bigger
the volume of generated waste.

i)  municipality’s income from taxes calculated per angbitant [19];

j) eating habits and health indicators, such as l#fesmnd infant mortality, as well as the
age structure of population - in [5] it was statbdt the smallest amount of waste is
generated in retired people’s households, whilecthraposition of waste is the most
diverse in young society;

k) tradition and people’s habits [5, 12];
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[) social factors - the education level, including pleo with higher education,
feminisation rate, birth rate, the rate of migratattractiveness, as well as the number
of pharmacies or libraries per 1000 people [8,121,18];

m) the number of unemployed people, the level andgtra of employment - in the study
[11] it was stated that houses/flats of people eygd in industrial sectors of economy
produced more waste than those of people emplayegtrvices, which might have
been the result of a higher rate of selective wasléection in the latter group of
households;

n) tourism - the number of accommodation places, bBptglesthouses, etc. [5];

0) climate factors (the temperature and precipitataon the season of the year [5].
Some of the mathematic models that explain the hteifj generated waste list also

factors directly connected with municipal waste agament [8, 13, 17]:

a) fees for waste collection and disposal calculatedgne inhabitant or per one tonne
and the frequency of waste collection;

b) the number and capacity of containers calculated gme household - furnishing
houses with small capacity containers motivates ittfe@bitants to collect waste
selectively;

c) participation of ashes and/or biodegradable wastdhe mixed municipal waste
stream;

d) participation of waste from infrastructural fagéi in the total weight of municipal
waste;

e) percentage of municipality’s/city’s inhabitants eo&d under waste collection system;

f) participation of waste collected selectively;

g) level of contamination in selectively collected vegs

h) participation of households composting organic wast
Each of the above-mentioned factors has a certdlnence on the weight and

composition of produced waste, which may be desdrilwith linear or logarithmic

relationships. The authors showed in [15] the si&tl influence of some factors on waste
production in European countries and cities chofemthe study. The analysis of

correlation between the studied factors showed ttatnumber of indicators should be
limited to GDP, one of the social factors and tht rof employment in particular sectors.

Statistical models developed and described in fi€basis of data from 55 European cities

of high and low level of prosperity explain 65%:tbé variance.

In study [11] the authors analysed more than 3G@catdrs describing 509 Austrian
municipalities. They applied 3 indicators for degmhg the formula (model explaining
74% of variability):

a) average size of a household [people];

b) participation of households equipped with furnfaresolid fuels [%];

C) participation in taxes comprising national budgetome personal income tax
[€-(persoryear) Y.

The approaches to analysing the rate of mass adatiomuof waste, presented in the
chosen literature, use mainly statistical methadshe form of linear regression models
[5, 6], multiple regression [20] and artificial mauinetworks [7].

Regressive analyses are usually time-consuming @rel can rarely estimate in
a precise way this indicator in small areas - egfigcrural, due to the lack of data,
inaccuracy and their uncertainty. With regard t® délhove, the authors of the study suggest
the procedure of estimating the rate of mass ackation of mixed municipal waste in
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households with the use of rough set theory (R®Mhjch is created for the analysis of
imprecise, general and uncertain data.

Rough set theory

Rough set theory created by Polish computer sestedtizislaw Pawlak [21] is used in
the study of imprecision, generality and uncertaiint the process of data analysis. The
suggested method is a fine theoretical base farrgplproblems concerning intelligent
decision making systems. It is concentrated onignog huge sets of data with necessary
formulae, rules and information. Rough sets arel @sea methodology in the process of
discovering knowledge in databases, which is uguall iterative and interactive process
(with many decisions made by a user). This theergrie of the methods of knowledge
representation [22, 23] which creates a platforneftective inference.

RST is one of the fastest developing fields offiaiél intelligence due to the fact that
it is an important tool in data mining process. R§& certain theory of knowledge (theory
of information systems) and serves as a tool fecdeing uncertain, imprecise knowledge,
for modelling approximation and decision makingteyss as well as systems of feature and
classification recognition. The results of thearaltistudy within RST regard logics, set
theory, knowledge representation, data filterinfgoathmic problems connected with
information systems. Although developed a shortetiago, rough set theory is used in
a number of new fields of study. Nowadays it isdugeth in medicine, pharmacology,
economics, banking, chemistry, sociology, acousticguistics, general engineering as
well as in diagnostics of machines, geography, lam@hagement and environmental
engineering - publications of results can be foumigr alia, in [23-27].

Methodology of inference with the use of Rough Séieory includes only the
gualitative nature of objects characteristics.sltai certain hindrance and limitation with
regard to the application of methods based onicksassumptions of RST to the attributes
of objects which are described with regard to theuorence of features in a quantitative
form, e.g. population density, gross domestic product indexparticipation of a given
feature in the whole. Changing them into qualigafierm is not a big problem, but it causes
a major loss of information accuracy. In this castggrating rough sets with fuzzy sets in
the form of application of valued tolerance relatioVTR, proved helpful [28]. It allowed
the introduction of greater flexibility in data nmig to rough set theory and the possibility
to analyse observations expressed in a quantitédirra. Classic assumption of RST is
based on the indiscernibility relation concept gsexise equivalence relation, which is the
objects will only then be indiscernible when thegvé similar attributes (system 0-1).
Introduction of valued tolerance relation to RSTowbk determination of the upper and
lower approximation of a set with a different lewedlindiscernibility relation [28]. Owing
to this solution, one can compare two sets of dathachieve a result in the 0...1 range,
which constitutes the level of indiscernibility a&ibn. This range is a membership function
derived from the assumptions of the fuzzy set thedhe closer the result to 1, the more
similar are the objects (indiscernible) with regtodhe analysed attribute, and the closer it
is to 0, the more discernible they are [28].

Aim of the study

The aim of the study is to introduce new methodetlasn rough set theory (RST) to
determine the rate of mass accumulation of wasita fiouseholds in rural areas. This new



Application of rough set theory to establish theoant of waste in households in rural areas 317

method of estimating the amount of waste in rurahg, based on RST, will allow the use
of a quick, relatively easy procedure to deterntheerate of mass accumulation in the rural
municipalities and rural areas of urban and ruralnicipalities, where the statistical
analyses are usually of little reliability. The gegted procedure uses the assumptions of
rough set theory in the application of valued tatexe relation (VTR), to analyse data
which is presented in a quantitative form (contursjo This method, and it has to be clearly
expressed, does not constitute a competition &tistital methods, but it was created as an
alternative possibility of choosing the procedwethe estimation of the amount of waste.

Area of study

The calculations were made on the basis of Mald&pol%ivodeship’s statistical data
[4]. In the analysed area, 1001 thousand Mg wagng¢ed, which constitutes 7.8% of the
waste stream on a national scale. The indicatoresgmg the amount of waste produced
per one inhabitant was 236-Kgersoryear)™* for Malopolska Voivodeship and it was only
slightly lower than the national average, 283 kg(personyear)™. An average household
in Malopolska produces 200 ¥gersoryear)”, while in the rural areas it is an average of
approximately 65 kgpersoryear)™. There are 168 rural and urban and rural munities
in the analysed area. The characteristic featutdalbpolska Voivodeship’sural areas is
a wide range of the rate of mass accumulation ofechimunicipal waste produced by
households. It varies between 20 and 230(pkgsonyear)’. Also morphological
composition of waste collected in the rural areasadt the same in different households
which is the result of different population densibuildings type, functional type of the
municipality, income level, participation of agritural land or forests in the land
management structure and the amount of ash prodndkd process of burning solid fuels
in households’ boilers and furnaces.

Rural municipalities differ from one another as &&reconomic types are concerned.
The literature on the subject features severalsiflagtions of rural areas, which group
Malopolska’'s municipalities on the basis of thaioromic types and functional structure of
cities and municipalities [29].

Calculation results

The application of rough set theory was presentedthe example of the set of
60 randomly chosen rural municipalities and ruraba of urban and rural municipalities of
Malopolska Voivodeship. The number of objects witliie set was chosen in a way to
enable the level of confidence of 95%. On the basikterature data, the municipalities
within the rural areas of Malopolska Voivodeshiprevdivided into three types - suburban,
tourist and agricultural municipalities [29]. Thehe municipalities chosen for the analysis
were divided into two subsets: the training setofimation system) containing 40 objects
and the test set comprising of 20 objects.

Objects within the training set were presentechnform of a decision table (Table 2)
where the features characterising the municipalitt®ndition attributes) were marked with
symbols ¢;-¢c;, and the rate of mass accumulation of waste insdloeids, which is
a decision attribute was marked witlsymbol.
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Table 2
Information system (decision table)

Municipality/ Condition attributes Decision attribute
object number G c, Cs Cs Cs Co c; d

1 146 1.92 0.565 0.35 3 0.52 397 52.4

2 151 2.59 0.561 0.37 3 0.69 239 38.7

15 387 1.48 0.595 0.59 1 0.19 664 118.5

40 142 1.58 0.523 0.44 2 0.5 358 119.2

Source: own study on the basis of General Statidiifice’s data

For the aforementioned attributes, domains wereerdehed according to the
following assumptions:
c. - population density [people - kff
C, - average area of agricultural land [ha],
cs - building’s age rate (established as a weightéithraetic mean of the number of
buildings from different periods of timee. before 1944, 1945-1970, 1971-1988,
1989-2002, 2003-2012),
c, - participation of buildings heated with natural gas,

Cs - Mmunicipality type (1 - suburban, 2 - tourist, &gricultural),

Cs - participation of households deriving income fragricultural activity,

c; - income rate (municipalities’ own income - paation in taxes comprising national
budget income personal income tax [PLN- (person)ygar

d - the rate of mass accumulation of waste in theskbolds [kg- (person- yed;)

The values of particular attributes were estabtisba the basis of statistical data
included in the Regional Data Bank of General Stial Office and General Agricultural
Census available on the General Statistical Offieebsite [4].

The next step of the procedure of creating a datisiaking model according to RST
was establishing decision rules. 40 decision rgk®s be determined from Table 2, the
number equal to the analysed objects, which willlbermined in the following manner:

1. if (¢, = 146) and ¢ = 1.92) and ¢ = 0.565) andd; = 0.35) and ¢ = 3) and

(cs = 0.52) and§; = 392) thend = 52.4);

2. if (cg = 151) and ¢ = 2.59) and §; = 0.561) and ¢; = 0.37) and ¢; = 3) and

(cs = 0.69) and§; = 239) thend = 38.7);

3... 39;
40. if (c; = 142) and ¢ = 1.58) and ¢ = 0.523) and ¢ = 0.44) and ¢ = 2) and

(cs = 0.5) and¢; = 358) thend = 38.7).

General assumptions of RST prove correct mainljherassumption that all attributes
are qualitative data. Adopting attributes in a oanmius way (necessary for determining the
rate of waste accumulation), in the further analyse use of VTR was presumed. Another
stage of the procedure of creating a decision ngakindel to determine the rate of waste
accumulation is calculating tHecoefficient from the model of valued tolerance tiela,
which is represented by formula [28]:

_ max(0,min((c; (x),¢, (¥) +k = max(c; (9., () "

R, (x,y) ”




Application of rough set theory to establish theoant of waste in households in rural areas 31¢

where R(xy) is the relation between two sets with a membeprshinction [0, 1];
Gi(x),G(y) - variable of the analysed obje&t; coefficient taken as a standard deviation in
the set of a given attribute of the analysed object

Table 3 showsk-coefficient determined on the basis of standandadien calculated
for each of the attributes from Table 2.

Table 3
Determinedk-coefficient
Attribute Cy Cy C3 Cy Cs Co C; d
k 78.18 1.54 0.072 0.201 0.79Y 0.173 199.1 30.6

Having calculated thk-coefficient, one can determine matrices for eatfibate from
Table 2 (decision), containing the results of cltad valued tolerance relation.

Next, on the basis of the aforementioned matrigdsutated for condition attributes
c1-c; the matrix of sums for individual objects (Tablg Was created, according to the
assumption:

R (,p) = max 3R (x, p)j @)

where: R - valued tolerance relatiorx - attribute of the considered objegt;- attribute
belonging to the conditional part of the considededision rulen - number of the object
attributes in the conditional part of the decisiale.

The next stage is establishing abstraction classesgiven indiscernibility relation. In
the presented analysis, due to the introductioraffed tolerance relation, it was necessary
to modify the general assumptions of the procedfiestablishing indiscernibility relation
in rough set theory. This study assumes that iediscle objects are such, whose sum
deriving from the matrices of valued tolerance tiefes (formula (2)) is 70% of the
maximum value. This value was adopted arbitrarilyg, the assumption that maximum
similarity (indiscernibility) for all condition atibutes is 7 (as there are 7 condition
attributes) due to the uncertainty of data and bsedhe majority of condition attributes is
in a form of continuous recording (hence thereraetwo identical municipalities) it was
assumed that the level of similarity will be suifiat.

According to the aforementioned assumptions, tHviing classes of abstraction
(indiscernibility) were established for conditiottréoutes, including at the beginning, for
the purpose of simplification and greater clarig0- decision classes (the number equal to
the number of objects), investigating the similadf each object from Table 3 with every
other object. Then, the reduction of indiscernipilclasses of condition attributes was
carried out due to the repeatability of objectssirtcessive initial decision classes. The
above-mentioned procedure allowed the reductioth@finitial number of indiscernibility
classes from 40 to 36. The results are given iner4b

The next step of the above-mentioned procedure dedsrmining indiscernibility
classes for the decision attribute. The establigiedraction classes are given in Table 5,
including the results from the matrices of valueltitance relations. Due to the occurrence
of maximum similarity at level 1, the sufficientvid of similarity on level above 0.8 was
assumed (meaning that the similarity was assumdewah above 80%) [28]. Adoption of
the mentioned similarity coefficient on level of%80can be accounted for with a very high
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diversity of the rate of waste accumulation in $fi@anunicipalities and the attribute’s

continuity of record.

Indiscernibility classes for condition attributes

Table 4

Initial 40 indiscernibility classes

Reduced indisamibility classes

o o (o] (o]
@ 208 @ 208 @ 208 @ 208
§ 13838 % | 3338 | & (5838 & |sz:i%

v— O v— O E—e) v— O
5 |5°2°| s cog?° 5 |5°22| 5 |g¢%s°¢
k%) 5cEQ k%) 5gcEQ k%) SgEQ X0 52£09
(5] 0 o Q= (5] 0 o Q= o n 3 Q= (&) Y Q=
a o g a o g a cogl & R

[$) [&) [$) [$)

2°%g 28 22 2 2

s £ s £ s £ s £
1 1 21 21 1 1 22 22,24, 33
2 2,3,11 22 22, 24,33 2 2,3, 11 23 19, 23
3 2,3,6 23 19, 23 3 2,3,6 24 11, 22, 24) 25
4 4 24 11, 22, 24, 25 4 4 25 24, 25
5 3,5,11 25 24,25 5 3,5, 11 26 26
6 6 26 26 6 6 27 27,28, 29
7 7 27 27, 28, 29 7 7 30 30
8 8,32 28 27,28, 29 8 8,32 31 31
9 9 29 27, 28, 29 9 9 32 8,11,12, 32
10 10, 39 30 30 10 10, 39 33 11, 22, 33
11 2,5, 11 31 31 11 2,5, 11 34 34
12 12 32 8,11,12, 32 12 12 35 35
13 13,14 33 11, 22, 33 13 13,14 36 12, 36
14 13,14 34 34 15 15 37 37, 38
15 15 35 35 16 16, 39 39 10, 16, 39
16 16, 39 36 12, 36 17 17 40 40
17 17 37 37,38 18 18
18 18 38 37,38 19 23
19 23 39 10, 16, 39 20 20
20 20 40 40 21 21

Reduction of classes for the decision attribute natscarried out, as can be seen in
Table 5, due to the feature’'s continuity of recand the lack of repeatability of the
decision attribute. Thus, each of the objectsdearate indiscernibility class, and there are
40 of them.

Having determined indiscernibility classes for citiod and decision attributes it was
possible to establish representative decision rideshe analysed data set. In order to
distinguish representative rule§-approximation of the sets family was calculated

(Table 6) according to the following formulae:
*  Approximation accuracy:

ﬁc(x) -

_ card( O X)

card( O X)

®3)
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e Approximation quality:

_ card(POS. (U ))

card(O X; ) @)

y.(X)

where: O X - the number of lower approximation objects (caatity of the lower
approximation of X set)0X - the number of upper approximation objects (caaidtin of
the upper approximation of X seBOS. - the number of objects in the indiscernibilitass
of a decision attribute.

Table 5
Indiscernibility classes for condition attribute
The results of sizes of chosen objegts The results of sizes of chosen objegts
Decision clasg  indiscernible due to a decision | Decision clas§ indiscernible due to a decision
attribute attribute
1 1,5, 22, 24, 25, 30, 36 21 2,21, 25, 38, 40
2 2,14, 27, 34 22 6, 22, 27, 37
3 3, 8,10, 18, 23, 33, 39 23 13, 14, 23
4 4 24 1,5,19, 24
5 1,5, 22, 24, 25, 30, 36 25 16, 21, 27, 33, 37
6 6, 15, 21, 28, 40 26 20, 3
7 7,15, 21, 40 27 3,22, 25,27
8 3,8,10,18, 23 28 2,9,10,12,17, 20, 28, 38
9 9,6, 7,16, 31, 35, 36 29 11,12,17, 18, 29
10 10, 14, 19, 20, 30, 32, 39 30 1, 5,10, 30333,
11 11, 16, 35, 36 31 12,17, 31
12 3,8,12,13, 29, 30, 32, 39 32 32,4
13 6,10, 12, 13,18, 24 33 3, 25, 30, 33, 39
14 14, 2 34 6, 7,10, 34
15 6,7,15,17, 38, 40 35 1-8, 12, 17, 18, 35, 39
16 1,5, 16, 26 36 1-8, 10, 15, 32, 33, 36
17 9, 3,8,15,17, 29, 30, 32, 39 37 10-21, 35, 37
18 1, 5,10, 11, 13, 18, 19, 20, 30, 39 38 12-19832, 38
19 1,5,9, 18,19, 25, 38 39 21-36, 39
20 11, 20, 35, 36 40 35, 36, 40

In the course of calculations, certain modificatioh the general assumptions of
decision rules on the basis ofaccurate sets was made, according to [24]. Duthdo
continuity of attributes and application of VTR,chudecision rules were adopted, whose
approximation quality and accuracy was higher thamhus it was assumed that decision
rules are correct if they have at least one elenmetite lower approximation of a set. The
number of lower approximation object®)(was determined.e. the set of objects, for
whom it was possible to assign, on the basis oflitiom attributes, an accurate value, as
well as the number of upper approximation obje@} thus also those objects whose
condition attributes did not always lead to the satacision. The results of the analyses are
given in Table 6, rejected rules are written indotyipe. For the establishment of the rate of
mass accumulation of waste of the objects set (cmpadities) 35 decision making
procedures were used, with the following numberg, 4-10, 12-22, 24-26, 28-31, 33-40.

Applying valued tolerance relation (VTR), the autlethecked to which of the chosen
decision rules the analysed municipality has tigadst level of membership (Table 7).
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Table 6
C-approximation of the classification of sets af thdecision attribute family
c 2] 2]
g 228 5.8 5 8. e .
) 830 RS 88 28 5 S
£ 0 ocEge T c Sc (O >3
¢ 5 °833 5.9 59 = £E
S E S B 5 g G 3% SE
2 =5 = o E o £ O = o =
2c Legew €% £ % §a -
3] %] 5o 53 O e O o
8 E2§ 25 2a < <
z- T 3

1 7 2 11 0.18 0.29
2 4 1 9 0.11 0.25
3 7 0 14 0.00 0.00
4 1 1 1 1.00 1.00
5 7 2 9 0.22 0.29
6 5 4 7 0.57 0.80
7 4 4 4 1.00 1.00
8 5 1 10 0.10 0.20
9 7 5 9 0.56 0.71
10 7 1 13 0.08 0.14
11 4 0 11 0.00 0.00
12 8 1 17 0.06 0.13
13 6 2 13 0.15 0.33
14 2 1 3 0.33 0.50
15 6 5 7 0.71 0.83
16 4 2 7 0.29 0.50
17 9 3 17 0.18 0.33
18 10 4 17 0.24 0.40
19 7 3 10 0.30 0.43
20 4 2 10 0.20 0.50
21 5 2 9 0.22 0.40
22 4 1 9 0.11 0.25
23 3 0 4 0.00 0.00
24 4 1 9 0.11 0.25
25 5 1 11 0.09 0.20
26 2 2 2 1.00 1.00
27 4 0 10 0.00 0.00
28 8 3 16 0.19 0.38
29 5 2 13 0.15 0.40
30 6 2 9 0.22 0.33
31 3 2 5 0.40 0.67
32 2 0 2 0.00 0.00
33 5 1 12 0.08 0.20
34 4 2 5 0.40 0.50
35 13 7 18 0.39 0.54
36 13 5 17 0.29 0.38
37 14 5 23 0.22 0.36
38 21 7 26 0.27 0.33
39 17 6 23 0.26 0.35
40 3 2 4 0.50 0.67

Having distinguished representative decision rikes author determined the rate of
mass accumulation of waste. For this purpose thacipalities from the test set (Table 8)
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were used. The estimation procedure was present@s @xemplary municipality, marked
with number 11 in the test set.

Table 7
Choosing the appropriate decision rule
Decision rule Level of membership in condition attribute Sum
number G C Cs Cs Cs Cs Cr
1 0.00 0.91 0.22 0.14 0.00 0.00 0.33 1.60
15 0.00 0.62 0.64 0.67 1.00 1.00 0.3 4.23
40 0.00 0.69 0.00 0.59 0.00 0.00 0.14 143

Table 7 shows that the rule which is the most sintib the attributes in the estimated
municipality is rule no 15. Thus, the value of tlate of mass waste accumulation should

equal 118.5 kg- (person-yearjobject no 15 Table 2). According to the GenetatiStical
Office data the actual value of this rate in 201aswl11.9 kg:(person-year)the
discrepancy between the actual and estimated \mdingy 6.6 kg. Approximation error of
the estimation is 5.6%.

Table 8
Set of test objects (test table)
. Approximation
’\tlgs?f Condition attributes Es\t/gTL?éed Avgtllaael error of _the
object estimation
[ C2 C3 Cs Cs Cs Cr X Xo J [%]
1 223 1.37| 0.673 0.59 1 0.3p 838 104.4 112.5 7.8
2 164 2.06| 0.406 0.4§ 1 0.71 338 77.2 61.6 20.2
3 117 1.68| 0.507% 0 2 0.47 272 97.4 84.0 13.8
4 178 3.74| 0541 0.23 2 0.3F 52D 90.7 87.7 3.3
5 296 1.74| 0.637 0.69 1 0.1B 87b 113.4 99.§ 12.0
6 139 1.48| 0.621 0.4 1 0.78 328 77.2 95.6 23.8
7 81 2.31| 0.557 0 3 0.41 22% 72.8 59.3 185
8 163 16.9| 0.461 0.58 3 0.48 26D 54.3 55.3 1.8
9 153 1.38| 0.538 0.15 3 0.6 317 52.4 40.4 22.9
10 63 2.36| 0.73 0 2 0.23 28% 112.0 135.7 21.2
11 300 2.06| 0.621 0.52 ] 0.19 526 118.5 111.9 5.6
12 450 1.99| 0.496 0.57 2 0.18 485 97.4 88.3 9.3
13 116 1.73| 0.52] 0 2 0.34 40P 97.4 107.] 10.0
14 97 2.73| 0.532 0.27 3 0.5 178 50.5 50.0 1.0
15 73 35| 0413 0.33 3 0.5 16p 25.6 33.0 28.9
16 141 2.78| 0.539 0.31 3 0.41 307 90.7 72.3 20.3
17 101 2.94| 0493 0.24 2 0.7p 296 112.7 106.4 5.6
18 161 1.86 0.6 0.3 3 0.37 428 52.0 40.7 21.7
19 91 211| 0591 0.28 3 0.1 41p 70.3 76.0 8.1
20 211 1.38| 0.508 0.33 1 0.5 506 77.2 73.2 5.2
Average: 13

Source: own study on the basis of General StadisBifice’s data

For the set of twenty municipalities constitutirge ttest objects, condition attributes

c1-C; were assumed, then with the application of VTR lewd membership in decision
rules were determined (as in Table 7) and the gpjate value ok indicator was chosen.
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Table 8 shows also the actual valuexghdicator, as well as the approximation error of
estimatiord.

Analysing the results contained in the test talsle can state that the weight of waste
in rural areas expressed with the rate of massnaglation of waste can be estimated quite
accurately. Approximation error of the estimatiam individual municipalities ranges
between 1 and 29%, with the average value of 1384t,Tin comparison to the methods
spoken of in chapter 2 - of estimating waste stré2@48%) can be considered a small
value and comparable with the values presentetilinfith a much smaller objects set.

Conclusions

Presented in this paper algorithm of the constonobf model for estimating the size of
waste stream in rural areas can be applied in npalites of different economic types.
According to the authors, condition attributes thate subject to the analysis characterise
rural areas in a proper way as they contain thermmdtion about population density,
income level, main income source, economic typeaanf agricultural land and also
indirectly about the scope of thermal energy usdilding’s age rate) and solid fuels
participation in meeting heat demands (the lower ghrticipation of gas for heating, the
higher the participation of solid fuels and hencerenash is produced). Unfortunately,
General Statistical Office’s data on the level ofinmicipalities lack information about
tourist facilities (rural tourism) and the numbdraccommodation places, which makes it
impossible to fully characterise the municipalitiesspecially those of a tourist profile. The
authors assume that the method shown, based oraR&Valued tolerance relation, should
not be considered as a competition for statisticathods, but it could complement them,
especially when there are few objects to analyse ntore so as it proves useful in cases
where input data are general, imprecise and urinefia has been shown in the study, with
such data and a small set of objects, the rel&tiver of estimation was 13% on average.
Nevertheless, for further research it is advisedett the method on a bigger set of data
(municipalities) gathered from several voivodeshgusas to verify the achieved results.
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