
NeuroQuantology | May 2021 | Volume 19 | Issue 5 | Page 298-302 | doi: 10.48047/nq.2021.19.5.NQ21075 
Aditya Agnihotri et al/ Designing a Set of Complexity Measures for Meta-Learning Based Instance Selection 
 
 
 
 

            eISSN1303-5150                                                                                                                                 www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

 
 

Designing a Set of Complexity Measures for 
Meta-Learning Based Instance Selection 

 
Aditya Agnihotri 

Department of Comp. Sc. & Info. Tech., Graphic Era Hill University, Dehradun, 

Uttarakhand India 248002 

 
Abstract 

A pre-processing method for data mining and machine learning is instance selection. The fundamental issue is 

that earlier methods still have trouble creating quality samples for classifier training. In this work, the system 

updates the specification of a few measures that were created for instance selection based on meta-learning. 

Moreover, the system Three sets of measurements, 59 databases, 16 instance selection techniques, two 

classifiers, and eight regression learners acting as meta-learners were all employed in an experimental research 

to compare the two. The findings imply that our metrics outperform those often employed by academics who 

used a meta-learning-based viewpoint perspective to approach instance selection. Compared to other papers 

used as benchmarks, this one offers learners more pertinent material. Based on the data that c-measures offer, 

the algorithm split them into three groups: overlap in property values, class separation, Manifold density, 

topology, and geometry. New criteria for dealing with meta-learning in IS are established by the approach 

employed in this work to construct the meta-data together with performance assessment. The system suggests 

an alternative strategy to the conventional one, in which the top candidate technique is chosen using a trained 

meta-classifier. Regression meta-learners that had been trained to forecast each potential method's performance 

were employed in this instance. Such an approach offers additional flexibility for handling variable weight 

allocations to the objectives in multi-objective problems, such as IS. 
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1. INTRODUCTION 

A pre-processing method for data mining and 

machine learning is instance selection. The 

fundamental issue is that earlier methods still have 

trouble creating quality samples for classifier 

training. It is commonly acknowledged that the 

empirical performance of classifiers heavily 

depends on the information at hand. It might be 

challenging to predict which classifier would 

perform best for a particular task or to establish 

realistic expectations for classification 

performance. The accuracy of a group of classifiers 

on a limited number of issues is presented in 

traditional experimental investigations without 

consideration of why one classifier performs better 

than another. Researchers have recently attempted 

to define data complexity and link it to classifier 

effectiveness. 

It has been discovered that data redundancy as well 

as noise prevent data mining with machine learning 

systems from successfully completing their tasks. 

In recent decades, practitioners have consistently 

worked to create efficient pre-processing methods. 

A pre-processing method called instance selection 

(IS) chooses a reliable subset of the initial training 

set for supervised learning. As a consequence, IS 

offers two advantages: lowering the cost of 

learning in relation to the cost of computing plus 

assisting students in creating effective classifiers? 

The inefficiency of the produced samples for 

learning any classifier, however, continues to be a 

problem for the earlier stated IS approaches. 

Instance-Based Learning, for instance, frequently 

employs the Condensed Nearest Neighbor rule and 

the Editing Nearest Neighbor rule (ENN) (IBL).  

In this research, we focus on the usefulness of IS to 

support induction algorithms in learning successful 

classifiers if a training set reduction is made 

feasible. This is due to the fact that extracting a 

useful sample from the initial training batch, 

particularly on a multi-class domain, is not a simple 

problem. Instance selection's goal is to determine, 

with the least amount of information loss possible, 

which instances (examples, patterns) from a big 

dataset should be chosen as the dataset's overall 

representatives. The accuracy of the model 

shouldn't be noticeably inferior when a machine 

learning technique is used on the condensed dataset 

than when the technique is used on the full dataset. 
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When working with extremely big datasets, it is 

frequently feasible to try to shrink the dataset, even 

if, If a representative sample of cases was selected, 

the patterns observed in the data would frequently 

still be present. Also, it is typically the case that the 

reduced dataset is lesser noisy than the initial 

dataset presented the appropriate examples are 

chosen, leading to better generalisation 

effectiveness of classifiers developed using the 

smaller dataset. The goal of instance selection is to 

select a representative subset of instances in order 

to greatly reduce the size of the new dataset 

without compromising the accuracy of a particular 

classification algorithm and to eliminate noisy data 

that might otherwise degrade the performance of 

classification algorithms. 

When a classifier is trained using data-S, instance 

mining (IS) is a preprocessing job that transforms 

data-S into equivalent to the input's vector space 

collection of examples (T). The classifier's 

performance may even be improved by this data 

reduction, which reduces the amount of time 

needed to train it. As databases expand in size, 

many machine learning algorithms find it 

challenging to produce findings in an acceptable 

amount of time, making IS increasingly valuable. 

The necessity to build IS solutions that consider the 

settings in which they are implemented has been 

brought up by a number of writers. 

Their strategies are based on the correlation 

between various IS heuristics' performance results 

and the results of various data-complexity 

measurements. These papers invented a novel 

meta-learning-based approach to information 

systems. One of the many potential strategies for 

applying meta-learning in IS is to study how a 

variety of IS methods perform when applied to 

various categorization issues, then use that 

information to select and apply the method that is 

most appropriate for the current situation at hand. 

Based on this methodology, the authors suggest a 

framework for developing IS approaches. Our 

emphasis within this strategy is the creation of 

meta-attributes. A meta-attribute is a function that 

converts databases into a codomain (usually R) 

such that the image of the database contains details 

about a particular feature. 

On this basis, a coordinate system with each axis 

representing a meta-attribute may be created from a 

database. A meta-instance in meta-learning is a 

collection of a database's associated meta-attribute 

values for a vector, and a meta-database is a 

collection of them. Several writers refer to these 

meta-attributes as complexity measurements (c-

measures), therefore we'll use that name going 

forward. The majority of the papers mentioned 

above employed complexity-measures intended for 

meta-learning issues unrelated to IS. No matter if 

they are acceptable in the meta-learning setting for 

IS, however, remains to be shown. The c-measures 

described in this study, which were created for IS 

based on meta-learning, have had their definitions 

revised. Moreover, as part of a research 

investigation encompassing 59 datasets, 16 IS 

techniques, two classifiers, along with eight 

regression learners utilised as meta-learners, We 

contrast them with the most popular c-measures for 

the IS scenario. 

 

2. LITERATURE SURVEY 

The definition of a few metrics that were created 

for meta-learning-based instance selection is 

revised in this research, and they are evaluated in 

an experimental investigation. The findings imply 

that we use measurements that are more successful 

and cost-effective than others frequently employed 

by academics who have approached instance 

selection from a meta-learning viewpoint. The 

necessity to create IS solutions that consider the 

particulars of the settings in which they are 

implemented has been brought up by a number of 

writers. The evolution of meta-attributes—

functions that translate databases into a coordinate 

system—is covered in this study. In comparison to 

those produced using the benchmark c-measures, A 

more precise meta-learning was made possible by 

the meta-databases created utilising the new c-

measures and had faster computing times. There 

are several clustering techniques, however 

conventional methods do not take use of the class 

information that is present in supervised learning 

issues. A developing area called supervised 

clustering focuses on finding clusters with some 

supervision [1]. 

Despite being one of the most well-liked 

supervised classification techniques, the Nearest 

Neighbor classifier's practical application has been 

constrained by the amount of storage space and 

processing power it requires. A prototype selection 

technique, which can boost classification accuracy, 

can be used to get around these disadvantages. 

Nevertheless, the effectiveness of these rules 

depends on the complexity of the data, class 

overlap, class density, and accuracy or flaws in the 

TS. Using Wilson's editing, Hart's condensing, and 

merging the edited and condensed set to evaluate 

PS techniques, this study investigates the 

relationship between data complexity and 

effectiveness for the 1-NN classification. In this 

study, the primary goal is to examine the usefulness 

of a collection of complexity metrics as a tool to 

forecast whether or not the application of a certain 

PS method will produce results that are acceptable 

for a given situation. F1 can be utilised to 

distinguish between circumstances where a PS 

approach is required and those where a more 
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thorough investigation has to be taken into account 

[2]. 

This study investigates the behaviour of the 

evolutionary prototype selection technique while 

taking into account a complexity metric for 

overlapping-based categorization issues. In this 

area of research, it also examines various k values 

for the closest neighbours classifier to determine 

how they affect the outcomes of PS approaches. 

General-purpose search algorithms called 

evolutionary algorithms (EAs) take ideas from 

natural genetic populations to develop answers to 

issues. This study looks at how PS algorithms 

affect the 1-NN classifier's classification skills in a 

real data set and discovers that DROP3 achieves 

performance that is comparable to without 

employing PS. The F1 measure was used as a 

benchmark in an experimental investigation that 

utilised data sets from several domains and 

contrasted the outcomes with those of traditional 

PS methods. We can determine whether the 

application of EIS-CHC increases the classifier's 

accuracy rates using the F1 metric [3]. 

In order to investigate the link among data features, 

machine learning techniques, also the effectiveness 

of instance selection methods, this study suggests a 

meta-learning methodology. The links between the 

characteristics of the classification issue as well as 

the reducibility attained by the instance selection 

approach when combined with a variety of 

classifier algorithms are learned using experimental 

meta-data. The degree of reducibility this approach 

was able to accomplish on a dataset is the 

performance metric. Even though some of the 

algorithm performances may be described by the 

decision tree rules, self-organizing map 

visualisations showed that there are clusters of 

datasets whose performance was not easily 

explained by the chosen characteristics. One of the 

key difficulties in meta-learning is still creating 

features that accurately describe a dataset and 

reflect the variety of issue complexity [4]. 

This study suggests a meta-case-based classifier for 

choosing the optimum Case-Based Reasoning 

maintenance method (CBR). The classifier reads 

the description of a case base that needs 

preservation as well as utilises meta-cases to 

choose maintenance procedures that are almost 

perfect. It suggests two methods for examining the 

trade-off between these two goals: compute the 

Pareto front and sum the percentage of removed 

cases and the percentage correctness of the case 

base after maintenance. It also looks at how to 

select a suitable maintenance algorithm for a 

certain case base at a particular moment. The 

choices to be made while creating a decision-

support system are the most crucial information in 

this chapter. These choices include which 

terminology to use to describe the issue: regression 

or categorization and the kind of regression or 

classification system to utilise to create the 

predictions. As 60% of the original dataset was 

used to construct each query case base, they are 

now each bigger and less prone to include just 

cases belonging to the same class [5]. 

 

3. PROPOSED SYSTEM 

The suggested system suggests a planned set of 

complexity measures to address current problems. 

The system updates the definition of a few metrics 

that we previously described and that were created 

for instance selection based on meta-learning. 

Moreover, the system evaluated them in a research 

59 datasets, eight regression learners serving as 

meta-learners, two classifiers, three sets of 

measurements, 16 instance selection strategies, 

with eight regression learners are used. According 

to the results, our criteria are more effective and 

efficient than those usually used by academics who 

have tackled instance selection from a meta-

learning perspective. 

 
Fig 1: System Architecture 

 

This measurement is made using a minimal 

spanning tree, which is a graph whose vertices are 

the instances and whose edges are connected by 

edges with weights based on the distance among 

them. In this MST, N1 is the percentage of 

instances connected by an edge to the opposing 

class. Based on the data they include, the system 

divided c-measures into three groups: values of 

attributes that overlap. classes are separable. 

Manifold density, topology, and geometry. 

Both metrics are based on the formulation that 

identifies the hyperplane that minimises the total 

distances to instances that are on the incorrect side 

of the space. The system suggests a meta-learning 

framework using these and other c-measures, 

including density (D1), local neighbourhood 

volume (D2), and class density in overlap region 

(D3). The authors classified each one of them as a 

measure of manifold geometry and density. The 
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majority of the c-measures mentioned above are 

incapable of handling nominal qualities or multi-

class situations. For its applicability to real-world 

situations, which frequently exhibit some of these 

traits, this is a significant negative. 

 

 
 

Fig 2: Flow Diagram 

The fact that the characterisation of information 

points to an increase in the IS's cost technique must 

be overlooked when using metalearning to IS. As it 

is anticipated that applying IS would cut down on 

learning time for the majority of real-world 

situations, it is imperative to maintain this cost as 

low as possible. For these c-measures, there are 

significant variances in relevance. Moreover, 

instances with 15 characteristics (measures) would 

emerge from the indiscriminate usage of all the c-

measures, which may be excessive in many 

situations. LS (local set) based. We apply the 

notion of "local set" described in these 

measurements. 

Although the authors proposed that this may be one 

of its uses, this proposal has not yet been put into 

practise. Three LS-based metrics that explain data 

from various angles have been established by us. 

To make a calculation that is somewhat efficient, 

they share some computational procedures and data 

structures. Statistics and the percentage of unusual 

occurrences (ATI). The approach suggests three 

statistical metrics that are easy to calculate and 

match to data features whose impacts on data 

mining methods are widely understood. Also, the 

system includes ATI, a measure of the quantity of 

noise as well as examples located in overlapping 

regions, both of which are generally acknowledged 

as crucial elements in classifier and IS method 

performance. The following benefits of the 

suggested strategy are listed: 

 It also has the benefit of not raising the 

characterization's computing expense. 

 Moreover, since it is computed simultaneously 

with other metrics like LSCAvg, Clst, or 

IPoints, there is no processing cost associated 

with doing so. 

 For every database, the computation of the New 

measures set is quicker than that of HoBasu and 

HoBasuSmall. 

 

4. RESULTS 

This study compares several measures to an 

experimental investigation that employed three sets 

of measurements, 59 databases, 16 instance 

selection techniques, two classifiers, and eight 

regression learners acting as meta-learners. It also 

revises the definitions of some measures. The 

findings imply that our metrics are superior to those 

typically employed by researchers in terms of 

efficiency and effectiveness. The original set of c-

measures is the set that serves as the baseline 

explicitly created for characterising IS challenges, 

and they were developed to quantify the 

complexity of categorization tasks. The process for 

creating the meta-data and assessing performance 

creates new rules for dealing with meta-learning in 

IS. The system suggested an alternative strategy to 

the conventional one, in which the best candidate 

technique is chosen using a trained meta-classifier. 

Using this strategy, dealing with various 

weightings of the objectives is more flexible. 

 

 
Fig 3: Performance Analysis 
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Fig 4: Comparative Analysis 

 

5. CONCLUSION 

The new c-measures are more efficient and 

effective than those previously employed by 

scholars who approached the IS problem from a 

perspective based on meta-learning in this study, 

where the system was studied from several angles. 

This proposal represents the initial set of c-

measures that we are aware of. especially built for 

the characterisation of IS issues. It should be noted 

that the c-measures utilised serving as a guide were 

created to quantify the difficulty of categorization 

problems. This indicates that the system, for 

example, given some considerations like efficiency 

that were outside the purview of previous studies 

looking at c-measures. Our c-measures have 

another feature that makes them particularly 

appropriate in the IS scenario. 

Additionally, this paper's technique for developing 

the meta-data and assessing performance creates 

new standards for dealing with meta-learning in IS. 

The system suggested an alternative strategy to the 

conventional one, in which the best candidate 

technique is chosen using a trained meta-classifier. 

Regression meta-learners that had been trained to 

forecast each potential method's performance were 

employed in this instance. Such an approach offers 

additional flexibility for handling variable weight 

allocations to the objectives in multi-objective 

issues, like IS. 
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