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Abstract: In the current paper is presented a generalized net model of selecting a method for
clustering. That GN-model is a subnet of the transition Zs of the GN-model "Hierarchical
generalized net model of the process of clustering”. The generalized net that is presented in the
article can be useful in analizing, managing and optimizing the process of clustering.
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1 Introduction

Let us suppose that is given a dataset with » points in a d-dimensional space and it is given the
number of desired clusters £. The task of clustering is to partitioning the dataset in k-groups.
The number of clusters isn't known at any time. It depends of the type of clustering, of the
selected method and the algorithm which is used. In the present paper are analyzed the main
methods for clustering. The most popular of them are hierarchical clustering, partitioning
clustering, density-based clustering, grid-based clustering, model-based clustering. Each of
them has own methods and algorithms that are used to group clusters. The whole process of
clustering contains tree summarized steps — training, validation and testing. The input data is
separated in three parts - training set, validation set and testing set. Previously the training set is
preprocessed which means that it will not contain missing values, outliers (noise). The training
set, the clustering method and the criteria are used to form clusters. The validation set and the
criteria are used to set the received clusters. The result of clustering is applied to testing set to
predict future values. Ordinarily the criteria are similarity and distance-based measures,
number for clusters [1, 4, 11].
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2 Generalized net model

The concept for Generalized nets is introduced in [2, 3]. There are several methods and
algorithms for knowledge discovery that are already modeled by generalized nets [5-10]. In
this paper is constructed a generalized net model of the process of selecting a method for
clustering. The GN is presented on the Fig. 1. It contains 7 transitions and 41 places.
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Figure 1. Hierarchical generalized net model of the process of selecting a method for clustering
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It can replace the transition Zg in a generalized net of the process of clustering using operator

H3. The set of transitions A is the following:

A1-{Z, 21,25 ,Z3, Z4 , Z5 , Zg , Z7},

where the transitions describe the processes:
e Zp-"input parameters";
e Z;-"hierarchical methods for clustering”;
e Z,-"partitioning methods for clustering";
e Z3-"density-based clustering™;
e Z,-"grid-based clustering";
e Zs5- " model-based clustering™;

e Zs-" other methods for clustering - fuzzy clustering, soft computing";

e Z7;-"output data".

The transition Zy has the following form:

Zo={{bs, c3, a1, are, a3, Los}, {L1, Lo, Li3, La, Ls, Ls, L7}, Ro,

v(/\( b3, C3, all), ayg, a3, L25) >1

where:
L L, L, L, L Ly L,
b Wy Wap Wy Wy Wis Wy o false
] Woy Wao Wiy Wiy Wis Wye o false
Ry= ay | Wyy Wy, Wius Wy, Wus Wye false,
tg | Wier Wio Wiz Wy Wes Wye false
Ay | Wy Wao Wys Wys Wys Wye false
Lys | Wosy Waso Was Wiey Wyes Wye Jfalse
and:

i={1,2,...,6}, where:

i = 1-"hierarchical clustering";

i = 2-"partitioning clustering";

i = 3-"density-based clustering”;

i = 4-"grid-based clustering";

i = 5-"model-based clustering™;

i = 6-"other methods for clustering™;

The predicates in the index matrix R, have the following meaning:

Ws1= Wso=Ws3=Ws4= W35 = Wsg="selected criteria for clustering of type i" (from
place b3);

W31 = Wsp = Wiz = Waa = Wis = Wi = =
clustering of type " ( from place c3) ;

Wii1= Wi1p= Wiz = Wiia = Wis = W16 = " selected data for clustering of type i";
Wig1 = Wigo = Wigsz = Wig4 = Wigs = Wigs = "there are data for validation clustering of

type i*;

"selected method and algorithm for
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Was1 = Wazo = Wazz = Waza = Wazs = Waze =" there are data for testing clustering of
type i,

Was1 = W2 =Wz =Wasas= Wass=Wue=Wys7= "it is necessary new data, criteria
or method";

The tokens from places b3, ¢3, ai1, a1, az3, Losenter in transition Zo. In places L1, Ly, Ly 3, La,
Ls, Lg, L7 enter tokens with characteristics:

"“data, criteria and method for hierarchical clustering" in place L,

"data, criteria and method for partitioning clustering" in place L,

“data, criteria and method for density-based clustering™ in place L3,

“data, criteria and method for grid-based clustering" in place L,

"data, criteria and method for model-based clustering" in place Ls,

“data, criteria and method for other methods for clustering" in place L,
“data, criteria and method for other (second) types of clustering" in place L.

The o~token entering in the net via place Lgwith initial characteristic: "method for creating
clusters - 'bottom-top' or top-bottom'".

where:

The transition Z; has the following form:

and:

Z1= ({ Ls, L, Li2, L13, L1a, L1s},{Lo, L1o, L11, L1, L13, L14, L15}, R1,
V(A(Ls, L3), Li2, L13, L1a, L1s) ),

L9 LlO Lll L12 L13 Ll4 L15
Ly | false false false false false false true
L, | false false false false false false true
Ri= L, |Whe Wipiw Wou Wy false  false  false,
L | false false false Wy, Wy false false
L, | false false false false W,,; W, false
Ly | false false false false false Wy, Wisis

W, =" k-clusters from hierarchical clustering are received ";

Wio1e = " n-points between the clusters from hierarchical clustering are received ";

W1, = "itis necessary other type of clustering ";

Wi = —(Wyp9 AWig10 AWiz11 )5

W31, = "the type of hierarchical clustering is determined - ‘agglomerative' or ‘divisive™;

Wls,ls = W13,12 ’

W1 = " the way to calculate the similarity measures is determined - 'single-linkage’,
'‘complete linkage', 'group average "';

Wisia == Wi

W, ., =" the direction of clustering is determined -'bottom-top’, ‘top-bottom™;

W15,15 = W15,14 .
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At the first activation of transition the token from place Lgentering in place L;s don't obtain
new characteristic. In the next time moment the token from place L5 generates new one that
enters in place Li4 with characteristic: “direction of clustering - 'bottom-top’, 'top-bottom'”. At
the third activation of transition the token from place L4 generates new one that enters in place
L1z with characteristic: "the way to calculate the similarity measures™. In the next time moment
the token from place Lj3generates new one that enters in place L;, with characteristic: "type of
clustering - 'agglomerative’ or 'divisive'”. In the next activation the token from place Li,
generates three new tokens that enter in places Lo, Lipand L;; with characteristics: "received
clusters from hierarchical clustering” in place Lo, "data fallen between the clusters in
hierarchical clustering " in place Lig, "output data from hierarchical clustering to choosing a
new clustering method" in place L.

The o~token entering in place Ls with initial characteristic: "given number of clusters ".
The transition Z, has the form:
Zy = {{ Lie, L2, L29, Lo1},{L17, L1s, L19, L2o, L21}, Ro,
V( L1, L2, L2g, L21) ),

where:
Ll7 L18 ng L20 LZ].
L, | false false false true false
R,= L, | false false false false true,
Ly | Wanr Wass Wase Waa Jfalse
Ly | false false  false Wy, Wy
and:

o W, =" k-clusters from partitioning clustering are received ";

e W, =" n-points between the clusters from partitioning clustering are received ";
o W, =" itisnecessary other type of clustering ;

o Wy = (Wa17 AWg 16 AWig19);

* W, , = "there is selected number for clusters".

* Waa =W

At the first activation of the transition the token entering in place L,; (from place Lig) don't
obtain new characteristic. At the second activation the token from place L,; generates new one
that enters in place Lo with characteristic: "number of clusters". In this time moment the token
from place L, enters in place Ly and generate three new tokens. They enter in places Li7, Lig
and Lig9 with characteristics: "received clusters from partitioning clustering” in place Liz,
"received data between clusters from partitioning clustering” in place Lig, "output data from
partitioning clustering for choosing other clustering method" in place L.

The transition Z; has the form:
Z3 = ({ L1, Los},{L22, Loz, Loa, Los}, R3, v( L1, Las) ),
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where:

| L22 L23 L24 L25
R,= L, | false false false true ,
L25 W25,22 W25,23 W25,24 W25, 25

and:
o Wy ="« - clusters from density-based clustering are received ";

e Wy ,3 =" n - points between the clusters from density-based clustering are received *;

o  Wys,4 =" itis necessary other type of clustering *;

i W25,25

The token entering in place Lys ( from place L;) don't obtain new characteristic. The token
from place Lys generates three new token that enter in places L, Lz and Ly with
characteristics: "received clusters from density-based clustering” in place Lay, "received data
between clusters from density-based clustering " in place Las, "output data from density-based
clustering for choosing other clustering method" in place Los.

The o-token entering in the net via place Ly with initial characteristic: "dimension”.

—~(Was,20 AWas 23 AW g5 24);

The transition Z; has the form:
Zs = ({L2e, Le, L3o, L31},{L27, Los, L29, L3o, L31}, Ra, V(A( L2s, Ls), L3o, L31) ),

where:
Ly Log Log Ly Ly
Ly | false false false false  true
Ry= Lg false  false  false  true  false
Lyy | Waoo1 Waoos Waooe Wiz false
Ly, | false  false  false Wy 39 Wiz
and:

® Wy, ="k -clusters from grid-based clustering are received ";

® Wy, =" n - points between the clusters from grid-based clustering are received ";

Wy = itis necessary other type of clustering ";

° W30,30 = —|( W30,27 A WSO,ZS/\ W30,29 A W3O,29 )

* Wy = "there is a selected number for clusters™,

o Mo = _Wazo

At the first activation of the transition the token from place Ly enters in place Lz; and don't
obtain new characteristic. At the second activation the token from place L3; generates new
token that enters in place Lo with characteristic: "selected dimension for mapping the data".

At the third activation the token from place L3z, generates three new tokens that enters in
places Lj7, Lagand Lag with characteristics: "received clusters from grid-based clustering " in
place Ly7, " received data between clusters from grid-based clustering " in place Log, "output
data from grid-based clustering for choosing other clustering method" in place Lys.
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The transition Zs has the form:
Zs = {{ Ls, Lss},{L32, L33, L3a, L35}, Rs, V(Ls, L3g) ),

where:
| L3 L33 Ly Las
Ry = Lg false  false  false  true ,
L3s | Wiszo Wiszzs Wasaa Wasgs
and:

W3 = K - clusters from model-based clustering are received";

Wsas = n - points between the clusters from grid-based clustering are received ";

o " it is necessary other type of clustering ™;

W35,34

° W35,35 = _|( W35,32/\W35,33/\W35,34).

At the first activation of the transition the token from place enters in place Lss and don't
obtain new characteristic. At the second activation of the transition the token from place Lss
generates three new tokens that enter in places Lsp, Lszand Lss with characteristics: "received
clusters from model-based clustering " in place Lz, "received data between clusters from
model-based clustering " in place Lss, "output data from model-based clustering for choosing
other clustering method" in place Lsa.

The o~token enters the net via place L3 with initial characteristic: "other parameters”.

The transition Zs has the form:
Ze = ({ Lss, La, Lao, Lar},{L37, L3s, L3g, Lao, La1}, Rs,
V(A( Lsg, La), Lag, La1) ),

where:
L37 L38 L39 L40 L41
Ly | false false false false true
R,= L, | false false false true false,
Lo | Wizt Wizs Wise Wiw Jalse
Ly | false false false W, W,u
and:

Wis = K - Clusters from clustering of other method are received ";

Wias = 1 - points between the clusters from clustering of other method are received *;
Wi = ILiS necessary other type of clustering *;

Waoao = —(Wao 1 ANWaozs A Wao39)

Wa40 = "there are selected parameters™;

Wiar = Waao

At the first activation of the transition the token from place Lsg entering in place L4 and
don't obtain new characteristic. At the second activation of the transition the token from place
L41 generates new one with characteristic: "selected other parameters".

The token entering in place L4 (from place Lg) don't obtain new characteristic. At the third
activation of the transition the token from place La; generates three new tokens that enters in
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places Lsg, Lsgand Lo With characteristics: "received clusters from other method for clustering
"in place Lsg, "received data between clusters from other method for clustering " in place Lsg,
"it is necessary other type of clustering " in place Lao.

The transition Z7 has the form:
Z7=<{ L2z, L23, L24, L17, L1g, L19, L9, L10, L11, L37, L3g, L39, L32, L33, L34, L27, L2g, L29, L7},
{ais, ae, a1z, bs, cs, ass}, Ry,
V( L2z, L23, L24, L17, L1g, L19, Lo, L1o, L11, L37, L3g, L39, L2, L33, L3a, L27, L2g, L2g, L7)>,

where:
s e y b Cs e
L, |W,.s false false false false false
Ly, | false Wy, false false false false
L,, | false false false false false W, q
L, | Wy, false false false false false
Lg | false Wy, false false false false
Ly | false false false false false Wy,q
L, Weis false false false false false
L, | false Wy, false false false false
R - L, | false false false false false W,
A Wy s false false false false false’
Ly | false Wy, false false false false
Ly | false false false false false Wi,
Ly, | Wy false false false false false
Ly | false Wy, false false false false
Ly, | false false false false false W,
L, | Wy, false false false false false
Ly | false Wy, false false false false
L,y | false false false false false W, 4
L, | false false W,,, W,s W,, false
and:

® Wayis = Wizas = Wois = Wagas = Wapas = Wypis = "Wagzr ="K - clusters from clustering

of type i are received ";
© Wyie = Wigis = Wigse = Wagis = Wasis = Wagis = 1 - points between the clusters from

clustering of type i are received ";
o Wyig = Wigig = Winig = Wagig = Wayis = W s =" itis necessary other type of clustering *;

e W,, ="itis necessary new data for clustering ";
e W,; ="itisnecessary new criteria for clustering ";

e W,, ="itisnecessary new method for clustering ".
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The tokens in the transition have different marks but we suppose that they are a-tokens
(because data, criteria and clustering method entering in the subnet like one token). The tokens
that enter in places ais, ais, ais have the following characteristics: "received clusters of type i ”
in place as, "received n - points between the clusters from clustering of type i " in place ais and
" need to select other type of clustering” in place asg.

The tokens that enter in places ai7, bs, cg don't obtain new characteristics, respectively:
"needs of new data " in place ai7, "needs of new criteria " in place bs, " needs of a new method
for clustering" in place cs.

3 Conclusion

In the presented paper is constructed a generalized net model of the process of selecting a
method for clustering. The model describes the different types of clustering. The constructed
generalized net is a subnet of the transition Zg of the generalized net of the process of
clustering. Each one of the transitions 71, Z,, Zs, Z4, Zs, Zs in the generalized net can be
replaced with subnet again by applying the hierarchical operator Hs. These subnets the authors
will construct in the future works.
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