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The papers presented in this Volume 2 constitute a collection of contributions, 
both of a foundational and applied type, by both well-known experts and young 
researchers in various fields of broadly perceived intelligent systems. 
It may be viewed as a result of fruitful discussions held during the Eighth 
International Workshop on Intuitionistic Fuzzy Sets and Generalized Nets 
(IWIFSGN-2009) organized in Warsaw on October 16, 2009 by the Systems 
Research Institute, Polish Academy of Sciences, in Warsaw, Poland, Centre for 
Biomedical Engineering, Bulgarian Academy of Sciences in Sofia, Bulgaria, 
and WIT ? Warsaw School of Information Technology in Warsaw, Poland, and 
co-organized by: the Matej Bel University, Banska Bistrica, Slovakia, 
Universidad Publica de Navarra, Pamplona, Spain, Universidade de Tras-Os-
Montes e Alto Douro, Vila Real, Portugal, and the University of Westminster, 
Harrow, UK:

http://www.ibspan.waw.pl/ifs2009 

The Eighth International Workshop on Intuitionistic Fuzzy Sets and 
Generalized Nets (IWIFSGN-2009) has been meant to commence a new series 
of scientific events primarily focused on new developments in foundations and 
applications of intuitionistic fuzzy sets and generalized nets pioneered by 
Professor Krassimir T. Atanassov. Moreover, other topics related to broadly 
perceived representation and processing of uncertain and imprecise 
information and intelligent systems are discussed.

We hope that a collection of main contributions presented at the Workshop, 
completed with many papers by leading experts who have not been able to 
participate, will provide a source of much needed information on recent trends 
in the topics considered.
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On time series envelopes for classification problems 
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Abstract 

In this paper we developed a technique of an envelopes approximation of 
time series, and an application of the envelopes for solving a classification 
problem of time series. Next, we introduced upper and lower envelopes 
as well as a way to compress them by a neural network. Obtained in such 
a way essential attributes were used to generate rules for time series clas-
sification. The obtained rules can classify the testing example with 100 % 
accuracy. 
Keywords: time series, machine learning from examples, times series en-
velopes, essential attributes, heteroassociation, decision rules. 

1 Introduction 

In e.g. medicine, finance, industry, climate and so on there are considered time 
series, and we can face a classification problem of them. In literature one can 
fined some specialized algorithms dealing with such kind of problems, e.g. in-
cluding decision trees (Rodriguez, Alonso [14]), neural networks (Nanopoulos, 
Alcock, Manolopoulos [1]), Bayesian classifiers (Wu, Chang [18]), etc.  

Additionally we can observe an increasing interest in time series data min-
ing e.g. in Xi et al. [19]). 

In Krawczak and Szkatuła ([6]) it was shown that machine learning me-
thods from examples creating decision rules of “IF … THEN …” type can be 
used for solving time series classification problems. Representation of class 
descriptions in the form of rules was considered more legible than other repre-
sentations.  
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In this paper we considered a problem of time series classification on 
a base of an aggregated time series representation.  

In this case we recalled the concept of time series envelopes and then intro-
duced upper and lower envelopes of time series. In fact the upper and lower 
envelopes are piecewise approximations of time series envelopes. Next, we 
introduced aggregated forms of the upper and lower envelopes approximations 
of time series. The use of heteroassociative memory allowed us to obtain an 
essential attributes for time series representation. At the end decision rules of 
“IF … THEN …” type was generated to classify time series. For the calculation 
the Irvine University time series data benchmarks were used. 

2 The concept of envelopes 

Let us consider the following time series 
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Similarly, we introduce m-step lower envelopes denoted by{ } m
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The representation of the above envelopes idea can be visualized as attempt 

to piecewise constant approximations of the original time series. 
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Figure 1: 4-step upper and lower envelopes for the first 20 values 
of an exemplary time series 

 
 
The main aim to introduce the envelopes is to reduce the dimensionality of 

the original time series. Namely, a given time series of arbitrary length K can be 

reduced to a string of arbitrary length ⎥⎦
⎥

⎢⎣
⎢

m
K

, where m denotes a number of se-

quent time series values.  
For m-step upper envelopes denoted by  
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m succeeding equal values are treated as a one single value, and in result a new 
time series is obtained 
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in the following way 
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In the case of the reduced lower envelopes  
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the procedure is similar. 
 

The reduced envelopes are visualized in Figure 2. 
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Figure 2: Aggregated 4-step upper and lower envelopes 
for the first 20 values of an exemplary time series 

 

3 Essentials attributes generation 

This section is devoted to compression of information about the class of time 
series involved in aggregated upper or lower envelopes. 

For example, let the considered a time series or a part of it is described by  
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then after the compression it is represented by q essentials attributes 
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where q<<m. It is assumed that using the vector y one can reconstruct the vec-
tor x  as the following vector  
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with some accuracy. Here, for obtaining the essential attributes we used the 
heteroassociation memory implemented by feed-forward neural networks. The 
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used neural network consists of two layers with one hidden layer, see (Krawc-
zak, Szkatuła [6]). 

In this we obtained an additional reduction of time series compare to the 
original one.  

The real values of the essential attributes must be replaced by symbolic 
values. In order to do such replacement the ranges of the essential attributes are 
divided into some number of elements. Each element for any essential attribute 
is named by a different digital number, see (Krawczak, Szkatuła [6]). 

After obtaining the symbolic values of the essential attributes values we can 
start to generate the rules of the following form  
 

IF some conditions are satisfied  
THEN the time series belongs to a proper class 

 
The rules must guarantee some requirements, namely they should describe 

“all” or “almost all” examples which belong to the considered class as well as 
they should not describe “all” or “almost all” examples which do not belong to 
the considered class, additionally they should have minimal length in the sense 
of a number of conditions, and so on.  

The decision rules created in such a way can after be used to classify other 
examples (time series) for which the class is not known. 

4 Computational example 

In order to verify the proposed hybrid system concept the data base available on 
the Irvine University of California was used (Alcock, Manolopoulos [1]): 
 

http://kdd.ics.uci.edu/databases/synthetic_control/synthetic_control.data.html 
 
The data base contains artificial 600 time series, each consists of 60 values. 

The time series belongs to one of six class labeled by A, B, C, D, E, F. Series 1-
100 belong to the lass A, 101-200 to the lass B, and so on, and 501-600 to the 
lass F. 

For our purpose we chose three classes: 
 

class 1: series B (25 learning examples) 
class 2: series F (25 learning examples) 
class 3: series A (25 learning examples) 

 
 Figure 3 shows exemplary time series (10 for each class). 
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Class A: normal 
 
 
 
 
 
 
 
Class B: cycle 
 
 
 
 

 

 
 
Class F: downward shift 
 
 

 
Figure 3: Examples of three time series class 

 
Our aim is to generate a set of decision rules for the three considered 

classes that could be used for classification of other not classified examples 
before. 

We considered the following time series (showed in Figure 4): the first 25 
examples belong to the class 1, the next 25 examples belong to the class 2 and 
the rest 25 examples to the class 3. Each time series has 60 values, as follows 
 

{ } [ ]TK
Kk

kk nxnxnxnx )(,...),(),()( 211 ==
= , 60=K  for 75,,2,1 K=n  
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Figure 4: Time series belong to the class 1, 2 and 3 

 
For each considered times series, 75,,2,1 K=n , each of length equal to 60 

the 4-step upper envelope was constructed. 
Next, the obtained upper envelopes were aggregated, and in this way we 

obtained [ ]TGGG nxnxnx )(,...),(),( 1521 , 75,,2,1 K=n , see Figure 5. 
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Figure 5: The aggregated 4-step upper envelopes of time series 

belonging to the class 1, 2 and 3 
 
In order to compress the time series a two layer feed forward neural net-

work was applied. The network has 15 inputs and 15 outputs, and 5 neurons 
within the hidden layer. All neurons have a sigmoidal activation functions. 
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The neurons within the hidden layer create the essential attributes describ-
ing the aggregated upper envelopes and in results the original time series. The 
Java Neural Networks Simulator was used to find the essential attributes. The 
picture below shows the screen of the JNNS and the learning parameters on it. 

 

        
 

The outputs of the hidden layer were multiplied by 1000 (Figure 6), and the 
nominalization of the essential attributes was arranged in the way shown in 
Table 1. 
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Figure 6:  Value of essential attributes describing the time series belong to the 

class 1, 2 and 3 
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Table1: The nominalization of the essential attributes 

Essential attributes value section Nominal value 
    > 0 and <= 100 1 
> 100 and <= 200 2 
> 200 and <= 300 3 
> 300 and <= 400 4 
> 400 and <= 500 5 
> 500 and <= 600 6 
> 600 and <= 700 7 
> 700 and <= 800 8 
> 800 and <= 900 9 

  > 900 and <= 1000 10 
 
Each example is represented by values of the attributes, in our case the es-

sential attributes. 
Now, the compressed and nominalized time series can now be treated 

as learning data for generation of decision rules in the following form  
 

IF some conditions are satisfied  
THEN the time series belongs to a proper class 

 
The rules can be formed by applying various algorithms of machine learn-

ing from examples. Due to our experience, the problem was calculated with the 
Integer Programming method developed by Szkatuła [15, 16] and Kacprzyk and 
Szkatuła [3, 4, 5].  

In our case, the conditional part of the rules was containing the conjunction 
of conditions related to the subset of the essential attributes. 

The process of generating the decision rules based on the set examples un-
der the assumption that for each class the examples have some common proper-
ties which distinguished them from another class.   

An examples of the minimal set of rules obtained are shown below; number 
of described examples through rule is given for each case. 

 
 IF (a3=8) ∧  (a5=3)   THEN  class B=   (12) 
IF a4=5)     THEN  class B=   (8) 
IF (a2=1)     THEN  class B=   (5) 
IF (a3=6)   THEN  class B=   (3) 
IF (a5=2)    THEN  class B=   (3) 
IF (a3=9) ∧  (a5=3)  THEN  class B=   (2) 
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IF (a5=6)   THEN  class F=              (9) 
IF (a5=9)   THEN  class F=     (7) 
IF (a5=8)   THEN  class F=     (6) 
IF (a5=7)   THEN  class F=     (3) 
 IF (a2=2) ∧  (a3=7) ∧  (a4=6)   THEN  class A=  (17) 
IF (a1=2) ∧  (a5=3)     THEN  class A=  (6) 
IF (a2=3) ∧  (a5=4)    THEN  class A=  (4) 

 
The generated decision rules correctly classified 100% time series belong 

to the class 1, 2 and 3. 

5. Conclusions 

In this paper we introduced a concept of upper and lower envelopes of time 
series. Next, such envelopes were aggregated, it allowed to reduce dimensional-
ity of time series compare to original ones. Applying a simply feedforward 
neural network we could select essential attributes for the envelopes as well as 
indirectly for the considered time series.  

At the end we generated a set of rules to classify exemplary time series. 
The approach requires much afford to prepare the original data in a accessible 
way for getting the envelopes as well as the normalization and the nominaliza-
tion for getting the rules.  

The computational example shows that the assumptions about the concep-
tion were proper and good. There was possible to reduce length of time series 
and lose much information. Even so there was conserve information about the 
time series characteristics. The accuracy of testing the procedure was 100 %. 
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Appendix  

The task of machine learning from examples can be formulated as follows: 
we have a finite set of examples U, called the learning set, and a finite set of 
attributes }...,,{ 1 KaaA = . The set }...,,,{ ,2,1, jj Ljjja vvvV =  is a domain of the 

attribute ja , Kj ...,,1= , where jL  denotes number of values of the j-th 

attribute. 
ja

Kj
VV

...,,1=
= U . VAUf →×:  is a function such that 

jaj
n Vaef ∈),(  

for every Aa j ∈  and Uen ∈ , Nn ...,,2,1= .  

Each example Uen ∈  is described by K attributes }...,,{ 1 KaaA = , and is 
represented by 

 

 )],([
1 j

n
j

K

j

n aefae =∧=
=

      (A1) 

 
where ,),( ),(, njtjj

n vaef = and 
janjtj Vv ∈),(, .  

Function ),( j
n aef  denotes that the attribute ja  taking on a value ),(, njtjv  

for example ne .  
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The index ),( njt  for }...,,2,1{ Kj∈  and }...,,2,1{ Nn∈  specifies which 
value of the j-th attribute is used in the n-th example. 

An example ne  in (A1) is composed of K ”attribute-value” pairs (selec-
tors), denoted ][ ),(, njtjjj vas == .  

Conjunction of l K≤  ”attribute-value” pairs, i.e. 
 
 I

jIj
Cs =∧

∈
       (A2) 

 
where }...,,1{ KI ⊆ , lIcard =)(  is called a complex.  

A complex IC  covers an example ne  if all the conditions on attributes giv-
en as j- th selectors are covered by (equal to) the values of the respective 
attributes in the example, Ij∈∀ .  

Suppose that we have a decision attribute da , where ∅=∩ Aad }{  and 
}...,,,{ ,2,1, dd Lddda vvvV =  is a domain of the attribute da .  

We can perform the partition of the entire set of examples into the disjoint 
classes with respect to the values taken by this attribute. The elements of the set 
A are referred to as conditional attributes. We assume that the number and cha-
racter of attributes are sufficient for the correct split of examples belonging to 
different classes. 

Thus, we have the sets }...,,1:{
, dv LlY
ld

= , where 

}),(:{ ,, lddv vaefUeY
ld

=∈= , 
dald Vv ∈∀ ,  and UYY

dLdd vv =∪∪
,1,

... , 

∅=∩
jdid vv YY

,,
 for ji ≠ .  

Thus, the decision attribute splits the set of examples into the non-empty, 
disjoint and exhaustive subsets, that we call the decision classes. 

The sets of the learning examples determined in this manner along with 
their division into classes, are the starting point in the process of machine learn-
ing, which is supposed to lead to the descriptions of the classes considered.  

The process of formation of a class description on the basis of the set 
of examples having certain common properties, which distinguish a given class 
from the other ones, is characterized by the adopted language of data represen-
tation and the applied algorithm of machine learning.  

These descriptions can be represented either in the form of rules of “IF cer-
tain conditions are fulfilled THEN membership in a definite class takes place” 
type; or in the form of decision trees; or in the form of the appropriately se-
lected connection weights in neural networks and their structure.  
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Representation of class descriptions in the form of rules is considered more 
legible than other representations, and so in this paper classes are modeled in 
the form of rules.  

In our case, the conditional part of the rules will contain the conjunction of 
conditions related to the subset of attributes selected for the description of the 
examples. 

An implication kR : →kIC [ ldd va ,= ], }...,,1{ dLl∈  is called the k-th ele-
mentary rule for the class 

ldvY
,

, where ][ ),(, kjtjjIj

I vaC
k

k =∧=
∈

 is description of 

example in terms of condition attributes kj Ija ∈, , }...,,1{ KIk ⊆  and this ex-

ample belongs to class 
ldvY

,
. 

The rules, mentioned above, can be formed by applying various algorithms 
of machine learning from examples.  

Due to our experience, the problem was calculated with the method devel-
oped by Szkatuła and Kacprzyk [3, 4, 5, 15, 16], which creates the rules succes-
sively for each class. Each rule satisfies weakened requirements, i.e. must cor-
rectly describe “all” or “almost all” the examples belonging to a class and do 
not describe “all” or “almost all” of the examples not belonging to this class. 
They should have minimum „length” (e.g. in terms of the number of conditions 
forming them).  
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