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Abstract. This paper introduces a new approach to estimating of missing values in data sets. The proposed method
involves the construction of an adaptive hybrid system with fuzzy-control which uses some existing methods of estimation
of missing values. The basic idea of the method is the selection of missing values in the data set groups, which show
different accuracy for individual methods, building their own hybrid models for each group and the use of fuzzy control
subsystem for selecting a suitable hybrid model.The proposed method was tested by three data sets from different subject
domains. The results of hybryd method are compared with results of four individual methods.
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1 Introduction

Missing values are a common problem in many data mining applications. There are several approaches to deal with
missing values. One of them, the most popular, is the estimate of missing value. Today there are many different meth-
ods for estimating missing values. These methods are based on different approaches and methodologies are different
computational complexity and efficiency of work. Each of these methods have advantages and disadvantages.

In the paper a new approach is being proposed. It takes advantage of the individual methods, while overcoming
failings of other, and thus get a more powerful predictive analyzer. This paper is a continuation of our studies presented
in [1].

2 Method

The proposed method consists of two stages: (1) constructing hybrid system and (2) estimating missing values. General
architecture of the hybrid method is shown in figure 1.

2.1 Hybrid Adaptive System with Neuro-Fuzzy Control

As seen in figure 1, the hybrid system consists of a set of hybrid models and control subsystem which makes a decision
on the choice of a model for each instance of coming to the input. For the hybrid system construction there were four
significantly different methods chosen (according to the accuracy on different datasets):

1. Replacing by means values. As a substitution uses the mean value calculated for all the known values of the
attribute [2].
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Fig. 1. General architecture of hybrid method.

2. Nearest neighbor method. Estimating of missing value is a weighted sum of the instances most similar to the
attributes’ known values [3].

3. EM-algorithm. The most popular statistical method of estimating missing values, described in [2].

4. Method based on auto-associative systems. One of the most interesting methods which uses neural networks and
genetic algorithms. Detailed algorithm of this method is described in [4].

Due to the construction process the hybrid system uses a part of the original dataset containing only the ”complete”
data. Some elements were removed randomly from this set to find their values used each of the four methods. Calculated
the error of each of the methods at each of the removed values.

Using one of the clustering methods on the vectors containing the error, we divide all the elements of the data set to
multiple clusters - groups of missing values. The main prospect of this stage is the usage of fuzzy clustering method, as it
allows us to assess the degree of each vector’s membership to each of the groups, which gives us an additional, valuable
information being sufficient to construct the control subsystem.

For each group of missing values are building their own hybrid model. Analysis of the results of clustering provides
information about which of the original methods should be used in each particular model. Depending on the results of
analysis, in the model we can use one of the methods, some or all of a set of methods. In th case of using more than one
method, as a tool of hybridization we uses a linear weighted model or feedforward neural network.

The final step is a configuration a control subsystem. As a tool for building control subsystem, is proposed to use
an adaptive network based fuzzy inference system (ANFIS), which has a number of advantages, including the ability to
interpret the logic of the model based on the fuzzy inference rules. In the current case, we used a modified ANFIS that is
able to work with vectors containing missing values [5].

2.2 Estimating missing values

To estimate the missing values using the built hybrid system. Instances of the original data set containing the missing data
is input to the control subsystem. Control subsystem decide the use of one of the hybrid models. The selected model is
used to estimating missing value.

3 Experiments

In this paper, to test the method used three data sets that differ in size, types of dependencies and describing different
subject domains.

Data Set 1. Results of physicochemical tests of white variants of the Portuguese ”Vinho Verde” wine [6],[7]. Number
of instances - 4898. Number of attributes - 11. Several of the attributes are correlated.

Data Set 2. Database of technological parameters of aluminum electrolytic cells from Krasnoyarsk aluminium smelter
[8]. Number of instances - 1092. Number of attributes - 10.

Data Set 3. Wisconsin Diagnostic Breast Cancer (WDBC) [6]. Number of instances - 569. Number of attributes - 32.
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The test data set was made by taking a portion of valid data was not using for the construction. Data was randomly
removed from this set. The different missing data estimating methods were applied to find the estimated values. The
predicted values were then compared with the actual data and the following two parameters were computed:

1. Accuracy - ratio between the number of missing values predicted with the required accuracy (20%) and the total
number of missing values.

2. Mean Error were calculated as the square root of the sum of squared errors divided by the number of missing
values.

3.1 Some steps of construction of hybrid systems

For the classification of the instances of the data sets were used the Fuzzy C-Means algorithm with Xie-Beni index for
assessing the optimal number of groups [9]. The results of classification is presented in table 1. For all data sets were
obtained 5 groups of elements, but the distribution of elements in groups is significantly different. For two data sets has
been found in the same group with a small number of items, but a strong membership to this group. Interpretation of the
content of each of the groups with respect to the accuracy of the methods presented in the table 1.

Tab. 1. The distribution of elements in groups of missing values.
Group Interpretation Data Set 1 Data Set 2 Data Set 3

1 All methods - good 28,8% 3,0% 18,6%
2 All methods - bad 8,2% 13,8% 14,5%
3 Method 2 - very good, all other - good or bad 16,6% 30,3% 0,4%
4 Method 4 - good, all other - bad 27,7% 15,9% 24,8%
5 Method 2 and 3 - good, all other - very bad 18,7% 36,9% 41,0%

Using the clustering results to determine the architecture of models. For group 2, 3 and 4 we used only one method
(see table 2). For groups 3 and 4 we choose the method with the best accuracy, for group 2 we used the method with the
lowest computational complexity, accuracy of which is not too superior to other methods. For groups with a small number
of items we decided not to build the models, and use the most appropriate of the other four.

For groups 1 and 5, we have built and trained the hybrid models in the form of weighted linear models or feed-forward
neural networks.

Tab. 2. The architecture of hybrid models
Group Data Set 1 Data Set 2 Data Set 3

1 FFNN (All methods) - Linear (All methods)
2 Method 1 Method 2 Method 1
3 Method 2 Method 2 -
4 Method 4 Method 4 Method 4
5 FFNN (Methods 2 and 3) FFNN (Methods 2 and 3) Linear (Methods 2 and 3)

We are building an ANFIS, the input of which is a instance of the data set, the output is degree of membership of this
instance to each of the groups. Recognition results by the rule of ”winner takes all” are presented in the table 3 under ”1
winner”.

When testing the control subsystem, we found that for some instances of the control sample, which were not correctly
recognized, the highest values were observed at the two outputs of the control subsystem. This means that the subsystem
could not choose a unique model and offered us a choice of two models. Recognition results by the rule of ”one of the top
two” are presented in the table 3 under ”2 winners”.

3.2 Results

Table 4 show the performance of various methods. As we see, for all datasets hybrid method have an accuracy of greater
than 90% and errors less then all of original methods.
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Tab. 3. Number of correctly recognized examples
Data Set 1 Data Set 2 Data Set 3

Group ”1 winner” ”2 winners” ”1 winner” ”2 winners” ”1 winner” ”2 winners”
1 67,2% 84,6% - - 70,0% 80,0%
2 77,5% 83,8% 65,5% 68,9% 52,9% 52,9%
3 90,2% 93,3% 56,9% 72,3% - -
4 78,1% 94,1% 60,0% 77,1% 77,8% 85,2%
5 93,1% 94,2% 58,9% 78,9% 86,0% 88,0%

Tab. 4. Accuracy and mean error for different estimating methods.
Data Set 1 Data Set 2 Data Set 3

Method Accuracy Mean Error Accuracy Mean Error Accuracy Mean Error
Method 1 63,1% 26,4% 33,5% 39,3% 51,7% 28,1%
Method 2 70,1% 21,7% 73,5% 18,1% 52,5% 23,7%
Method 3 80,2% 22,1% 68,8% 24,8% 81,0% 14,4%
Method 4 76,8% 23,7% 59,5% 23,1% 82,8% 12,7%

Hybrid method 95,4% 13,2% 90,7% 14,7% 97,4% 9,4%

4 Conclusion

This study allows us to estimate the ability of adaptive neuro-fuzzy hybrid method to deal with missing values. Conducted
analysis of the main steps revealed a number of difficulties, nevertheless experimental results show that proposed method
is the useful tool for reconstructing missing values. For ongoing research, one of direction is in-depth study of each step
of constructing and the selection of the most appropriate tools and options. Another direction is expansion of the number
of methods which used in the hybrid system.
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