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Abstract—This paper examines recent advances in the area of machine learning. Machine
learning has emerged as a novel approach to producing fresh, precise decisions in the
processing of massive amounts of data. In the next applications, where a huge amount of
learning data must be analyzed in order to produce a judgement, the learning technique will
become increasingly important. The field of automation was creating new interfaces and
solutions for precise and effective mining in a variety of applications, including retrieval of
information, medical applications, military surveillance, privacy and authentication concerns,
astronomy data processing, etc. The development of machine learning techniques using
different learning approaches, including the biological system, classification approach, and
decision approach, are discussed in this study. In order to produce an approach that relies on
training and validation, a machine learning strategy is employed, which involves learning
specifics like descriptive characteristics and various predictive analytic algorithms in order to
develop the best match option. While there have been many advances in the field of machine
learning that have resulted in faster and more accurate learning systems, there is still room for
development in the monitoring element. The limitations of machine learning are twofold: while
intricacy and information extraction must be kept to a minimum, a higher level of accuracy is
required. This study described the evolution and limitations of the current machine learning
approaches.

Index Terms— Dimensional Reduction Reinforcement Learning, Boosting, Predictive modeling
Ensemble Learning, Instance learning, Regression Modeling.

|. INTRODUCTION

A crucial challenge in many automation applications is the retrieval of data from a huge dataset. The need to
automate the current approach drives up the effort put into machine learning for current and upcoming
applications. The field of machine learning has recently seen advancements in deep learning [1], Bayesian
modelling [2], non-parametric processing [3], etc. The demand for novel machine learning approaches, where a
significant signaling request and data accessing, has increased due to the increase in the number of data in the
registered data base. New methods to speed up and streamline the process have been prioritized as machine
learning has advanced. The dissemination of data is no longer restricted to a single site thanks to the
development of new architectures and network configurations, but rather to maintain a vast. Data delivery units
are dispersed throughout a large network and communicate with one another. New topologies have emerged
throughout the evolution, including heterogeneous networks [6, 4], distributed computing [5], and cloud
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computing [4]. Machine Learning (ML) techniques, which were created as a learning system in the data
interface, have significantly improved the services provided and the performance of the data, but they are limited
by high computing overhead, false decisions made under semantically uncertain circumstances, and higher
latency issues in data exchange [7].
As a replacement for the human learning system, machine learning has been developed. The method anticipates
the observation and bases decisions on prior knowledge. A machine learning system's main component is the
collection and processing of data. Data updating, which can be done online or offline, is crucial to the
development of machine learning systems. The approach of machine learning is created based on domain-
specific learning models in numerous applications.
The creation of a learning system based on input observation is extremely hard because the observation is always
changing throughout time. This method has trouble coming to a decision in a situation with a wide range of
input. A big concern is the impact of security and the importance of data. The new learning methodologies that
are being developed are centred on a dynamic environment. The current methods of machine learning [8] are
divided into three categories:

1. supervised,

2. unsupervised, and

3. semi-supervised learning.
The categorization of the existing learning system is presented in figure 1 below.
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Figure 1- Machine learning hierarchy

Unsupervised learning does not adhere to any set patterns for data types, whereas supervised learning leverages a
preexisting knowledge dataset to inform its choice. A combination of supervised and unsupervised methods is
used in the semi-supervised [9] technique. The machine learning unit is created as a unit for training, testing, and
categorization. Training is developed using either a supervised model or an unsupervised model. The clustering
technique and decision logic are used to create the classification model. A supervised or unsupervised strategy is
used to construct the training process in a machine learning approach.

Supervised technique: Based on the training data, this strategy employs a linear model of prediction for a given
goal. Examples of supervised learning approaches include linear modelling [10], SVM, random forest [11],
decision tree approach [12], etc. One way to learning that is frequently used in machine learning is supervised
learning. In this method, the input and output variables are mapped, with the result being a linear function of the
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input. The goal of the supervised learning strategy is to accurately map the input to the output for the optimal
decision prediction.

b) Unsupervised approach: This strategy is based on prediction, the reduction of prediction error, and cluster
formation for decision-making. For the purpose of predicting rules and obtaining the pertinent data needed to
derive an output, an unsupervised technique has been created. This method was created using clustering and
association rules [13,14], where the rules are derived to specify the association of training data to input data. The
K-Mean approach [15], the Apriorie approach [16], and others are frequently used approaches for unsupervised
learning.

The categorization of machine learning approaches and the methodology used in the classification process are
shown in Figure 2.
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Figure 2 — Classification and methods in machine learning

The steps in supervised learning include selecting the training data set, assembling a training data set, selecting
the learning function, and setting up the learning algorithm to verify the algorithm's accuracy using a variety of
test cases. It is a challenging task for unsupervised learning to work with irregular data patterns. In this method,
binary and multi-class classifications are used to develop the classifications [17]. It is a binary classification if
the classification algorithm's prediction yields two target classes. A multiclass classification strategy is used if
the predicate values produce more than two results.

I1. MODELING OF LEARNING SYSTEM

Based on the decision criteria and previous learning knowledge, a learning system is created. Information that
has been trained is the learning data that has been updated in the database. The learning data is processed during
the testing phase and stored in a distant location, like a server. The machine learning system operates in two
phases: the training phase and the testing phase [18]. In this method, the training phase establishes a connection
with the testing input to provide a classification judgment. Below are the areas where supervised learning
systems are frequently utilized.

1)Decision tree modeling: This method is used to model various learned pieces of data in a database [19].
Decision trees are created during the categorization process, where the nodes and branches of the tree serve as
representations. The categorization qualities are represented by the nodes in the tree, and the decision-making
algorithm's transition to derive maximum correlation is represented by the tree's branches. Many machine
learning applications use the decision-making process.

2) Reinforcement Learning: Reinforcement learning [20] is a type of learning that improves the decision-
making process by building decisions based on occurrences. The action model serves as the foundation for the
development of the reinforcement learning model. This strategy produced a judgement based on the testing
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system's action model. Through this method, a choice is produced based on the action to be taken, and the best-
suited option is used to process the most exact retrieval. This method relies on an estimating procedure based on
trial and error. The decision system receives a test input from the test system along with the processing status
that is being shown. Here, the decision system creates the test model's operational behavior based on expected
database information based on the query input. The choice for the given input is then processed using the best
performing information. This method's learning mechanism allows for either solitary or collaborative processing
of decisions.

3. Ensemble Learning: This method of learning is the result of the processing of several learning methodologies
in an integrated manner. Making a decision involves the use of several different approaches, including the naive
Bayes technique, tree-based modelling, neural network modelling, etc. The goal of the ensemble learning
strategy is to improve decision-making accuracy by using numerous decisions to arrive at a conclusion.
Although the strategy offers a high degree of decision-making precision, it also has a significant degree of
complexity and time.

4. Boosting: This type of group learning uses information processing to reduce decision-making bias and
variance. The method uses a strong versus weaker learning model to derive the data, then classifies and boosts
the collective data that are less correlated in decision-making. The Ada Boost technique is a popular boosting
method used in machine learning applications.

Figure 3 depicts the relationship between information flow and machine learning as it relates to decision-making.
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Figure 3- Flow diagram of machine learning approach

The majority of learning systems use inductive or deductive processing. In this case, a computer program using
an inductive approach creates decisions based on the rules and patterns found in the database. This strategy
creates a subclass of observations to enhance the decision-making process by using instances from previous
processing and current knowledge. In order to generate updated information for decision-making, the deductive
process creates a decision based on the learning algorithm that was successfully applied and the existing learning
information

I11. MACHINE LEARNING ALGORITHMS

The current machine learning algorithms are categorized as shown below depending on the methodology of
learning methods used.

A. The regression method

This strategy was developed using the theory of the link between information and incorrect predictions. The
regression approach forecasts the variation of temporal variant information used for decision-making. This
method is used to anticipate price changes, temperature changes, changes in natural monitoring factors, etc. The
regression model development methodology is as follows;
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Linear regression.
Logistic method
Stepwise method
Multivariate approach
Least square method

VVYVYVYY

B. The instance learning strategy

This method was created as a learning strategy based on the present instance and decision-making strategy for
training, and it derives the test model from the learning principles and input data. The principal strategies
employed in this method include;

» Locally weighted approach

»  Self organized mapping approach

» k-Nearest Neighbor (KNN) approach
» vector quantization approach

C. Decision tree based approach

This method was created based on the categorizing of data into smaller subsets and the formation of a tree-like
relationship in the decision-making process. The attributes are arranged into sets and linked together as branches
in this strategy, which is designed as a node and branch modeling. The most popular techniques are;

»  Chi squared approach

» Decision stump approach

» Regression tree approach

» Conditional decision tree modeling

D. Bayesian Approach

In order to produce and quantify the information based on the Bayesian approach, this method is built as a
probabilistic modeling. The Bayesian approach's most frequently applied strategy is;

» Bayesian belief network (BBN)modeling

» Naive Bayes approach

» Gaussian naive Bayesapproach

» Average one-dependent estimator (AODE)

E. Clustering Based approach

This method is created by breaking up the training data into numerous little sub clusters based on the
information's correlative feature. A classified or hierarchical database is constructed using the clustering
approach. Typical clustering-based approaches include;

» Hierarchical cluster modeling

» K-Mean approach

» Expectation maximization approach

» K-Median clustering

F. Association Rule Based learning approach

This method is based on a multidimensional database that is divided into numerous smaller clusters and linked to
a learning algorithm. The link creates a relationship between a factor of variability and the database information.
The often used association rule-based strategies are;

» Apriori Rule approach
» Eclat Approach

G. Neural Network Approach

Based on trained data, neural networks are created in relation to biological neural models. This network evolves
into a multi-layer network with data input and output interfaces. With the help of hidden layers that were created
based on kernel functions, the two layers are interconnected. Among the most popular neural network techniques
were;

» Feed forward back propagated neural network (FF)
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» Back propagation model (BP)
» Radial basis function network (RBF)

H. Deep Learning Approach

The neural networks are trained to a finer level using complicated neural networks trained with enormous
amounts of data in this improved method to neural networks. The typically employed methods are;

» Convolution neural network (CNN)

» Deep Belief Network

» Deep Boltzmann Machine (DBM)

I. Dimensional Reduction Method

A dimensionality reduction strategy is created for the training process's minimising of the feature data set. The
huge volume of feature representation generates a significant processing and storage cost. The feature vectors
that are of high significance were reduced using a dimensional reduction method. The accuracy and complexity
of the learning strategy were determined by the information vector's selectivity method. The methods for
dimensional reduction that are most frequently used include;

Sammon Mapping approach

Quadratic Discriminant Analysis (QDA)

Linear Discriminant Analysis (LDA)

Principal Component Analysis (PCA)

Partial Least Squares Regression

Mixture Discriminant Analysis (MDA)

Flexible Discriminant Analysis (FDA)

VVVVVVY

J. Ensemble based approach

This is a method of learning that is unsupervised. In order to make an accurate choice, this method combines
various learning approaches to derive sub cluster representation from the training data. The ensemble strategy
that is most widely used is;

» Bootstrapped Aggregation

» AdaBoost

» Random Forest

» Gradient Boosted Regression Trees

» Boosting

K. Machine Learning Tools

The tools were created using a learning algorithm to create a real-time learning interface for coding. The
resources and applications for coding are compatible with the tools that were built. the following are frequently
used tools for machine learning techniques:

WEKA

JSAT in Java.

scikit-learn

Panda

VVVYVY

IV. CLASSIFICATION AND DECISION RULES IN MACHINE LEARNING

The decision unit is one of the fundamental components of a machine learning system. This is a classification
unit where the system uses training data to perform a prediction analysis and classifies data in order to decide.
The choice is made based on an existing observation or a prediction of the future. This strategy is created as
either a decision model, a descriptive model, or a predictive model.

a) Predictive Unit: This strategy establishes the relationship between the feature properties of training
data. Based on the information's correlation property and the clustering criteria, the technique groups
similar pieces of information into clusters.

b) Descriptive Unit: Based on the variance in the dataset's information, this unit determines and forecasts
the relationship. According to the method, data are grouped based on the behavioral relationships
between attributes in a training database.

¢) Decision unit: This system makes decisions based on the relationships between attributes that have
been detected, and it has also established a set of rules for classifying and categorising the data in the
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training dataset[15]. Based on the decision tree modelling and method for the identification and
prediction of the outcome on several inputs or feature vectors of the dataset, the attributes were
reclassified.
Machine learning systems are constructed using learning rules that are developed during decision-making. The
rules of learning described the relationship of output to input in the classification process as well as the real-time
of training information and trained information in the dataset while training. The rule specified the hypotheses
that might be used to derive the learning system's decision model. Proportional and relational rules are the two
methods of learning rules.

a) Proportional rules: Based on the data provided and examples of establishing relational values among
various attributes during the classification process, proportional rules are built. The learning is
developed as a hypothesis for conditional relation of input to output defining correctness of the rules,
and the process is developed as an IF-THEN condition rules. A structured data collection was subjected
to the proportional criteria for classification.

b) Relational rules:Using a relational database, this approach analyses a distributed dataset in which the
data is stored in several places and a judgement is made. The relation coding is carried out using this
method, which transforms learning strategy based on reference entry mapping with other training data.
This strategy is sometimes referred to as the ILP (inductive logic programming) strategy.

Regression or predictive modelling is the foundation of the most popular machine learning models in the
categorization process.

1. Regression Modeling This strategy was established using a mathematical definition of the output to input for
decision-making. The regression modeling strategies employed include;

1. Linear model:This method creates a linear relationship between the input value and the prediction
value. The output of this method varies linearly with changes in the input data. The output (y) is
produced by deriving the input (xrelative )'s linear function, where y=f (x).

2. Logistic model:The decision has a chance of detecting success or failure in this two-level decision
model. This system uses a binary variable for the value.

3. Stepwise model:This methodology is applied when there are several variables. This strategy makes
step-by-step predictions about the optimal fit value. With this strategy, a maximum prediction is made
with the fewest possible indicators.

4. Ridge Model: When the information from the trained dataset is correlative in nature, this method is
useful in decision-making. In order to derive the decision from the learning dataset, this model makes
use of the multi correlation property.

2. Predictive modeling
In order to predict the class among different class values, this modelling is utilised. In this method, the prediction
is tied to a particular class attribute. Typical prediction models include;

1. Support vector machine: This method is used to build relationships between complicated patterns in
the dataset and to categorise them. Based on a learning strategy, often known as a learning machine,
they carry out and identify the greatest match value.

2. Naive Bayes approach: This strategy is employed in situations where the predictors are strong. With
this method, the estimation is carried out using the Bayes conditional probability.

3. K-Nearest Neighbor Approach: Based on both positive and negative values in the dataset, the
technique creates a mechanism for statistically predicting pattern identification.

4. Random forest Approach: This is an ensemble-style approach where a tree-based modeling-based
decision is made. A prediction judgement is made using this method based on the out-of-the-bag
mistake. This method carries out categorization based on a subset of dataset's variables.

V. RECENT DEVELOPMENTS AND FUTURE PERSPECTIVE IN MACHINE LEARNING

Numerous advancements have been made recently in the process of refining the unsupervised learning
technique. The presentation of a self-organizing neural architecture for active perception. The multimodal fusion
approach serves as the foundation for the unsupervised learning approach. The method is a tree-based
methodology that maps various modalities among the dataset's properties. The suggested architecture separates
the data collection into manageable tiny groups of information and carries out sub learning using various
learning models. Here, each cluster is processed independently, and a multimodality approach to redundancy
reduction is suggested. This strategy minimises repeated entries during the learning phase, boosting the
effectiveness of the learning process.However, because the system is designed on a linear scale, past observation
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is not taken into account when mapping data. This restricts the grouping decision to the most recent observation,
decreasing efficiency. A characteristic-based method is described in order to develop unsupervised learning and
increase its learning effectiveness in the context of online learning. Based on the user characteristic of updating
and the mining process mode, this technique established an adaptive learning approach. This method reads user
access log files and creates a characteristic value for user updating. An efficient learning representation that
represents the user characteristic is created using an adaptive e-learning classification, which is described.The
adaptive E-learning framework is created by observing the learning methodology to enhance the learning process
by giving updated data. It is described how to identify the best learning approach based on the characteristics of
the current learners and how to use online custom mining and machine learning techniques. In order to determine
the learning circumstances and identify the learners' patterns, the log file was pre-processed using the web
custom mining method.

The user-developed attribute, however, is mapped as a solitary observation in the learning process. This caused
observational learning to be isolated and misclassified as a result. To achieve the highest level of classification
accuracy, a vital system operation in the classification process is to accurately cluster the information. In
quantum information-based coding, the clustering method is proposed. The quantum machine learning
methodology serves as the foundation for the clustering process. In order to achieve faster convergence in
decision-making, a g-mean approach developed by a k-mean approachis provided.Although the data clustering
does not validate the information gain in cluster formation, this clustering approach created a higher precession
in the clustering process. Table 1 provides a review of prior advancements in machine learning techniques along
with applications, benefits, and system limitations.

A new processing interface for data retrieval in widely distributed domains that offers high security, reliability,
throughput, low resource consumption, accuracy, and integrity of data using an advanced machine learning
approach that is to be quicker and more accurate in processing is being developed in light of previous
developments and the limitations described. Utilizing the input characteristics and learning system feedback
could reduce the learning and updating overhead. This approach would speed up learning. reduce overhead, and
shorten the time between data transfers. Each observational piece of data that is used for learning during the
machine learning updating process is randomly stored. This update causes a significant increase in search
overhead during decision-making, which delays allocation. For dynamic input updation throughout the learning
process[19], a new data semantic strategy based on input updating rate, characteristic of input fluctuation, and
maximization of expectation parameter may be produced. Better decision performance may result from
improving the clustering strategy. For the best clustering in machine learning, a brand-new method based on
information gain can be suggested.

VI. CONCLUSION

The development of novel machine learning approaches has become necessary as a result of machine learning's
progress and use in practical applications. This study provides an overview of various historical modeling and
operational approaches for machine learning. An overview of the evolution of the machine learning operation
units is provided by the machine learning system's process and functioning model. The limits of the current
approach and its applications lead to the conclusion that new machine learning methodologies are required. The
technique of working methods for classification, clustering, and decision-making in a machine learning system
was provided in this research. In relation to ML algorithms, an effort is made to describe the operational
framework and methodologies of Classification, Regression, and Clustering. The most recent advancements and
the outlook for machine learning system development are described.

TABLE |: APPROACHES OF MACHINE LEARNING ADVANTAGES AND LIMITATION

Method Application Advantages Limitations
Being adaptive, the network | Overfitting is a problem that
adjusts to the decision-making | requires a lot of computational
Operational testing for | process according to the input | work. The established rules are

Neural Network (NN) Method

commercial use
Large-system
analysis

apps for risk management and
data security

projections for the market and
sales, etc.

functional

and trained data provided to the
network.

Self-organizing:  During the
learning phase, the method
builds and  modifies the
representation of the data based
on the input received.

Usage in practise: This method

used to determine  the
relationship between input and
output, which could result in a
misleading mapping in a
dynamic  environment.  The
magnitude of the data provided
for learning, which must be
substantial in order to make
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was created and is put to use in
numerous real-world
applications that demonstrate the
value of adapting to change
throughout the course of time.

appropriate decisions,
determines the accuracy of this
network.

Case Based Reasoning
(CBR) Approach

An automated support desk

interface.
software  application  effort
estimation.
Making decisions with

knowledge-based applications

No specialised learning system
is needed for this system. It
employs a prediction model and
handling procedure for case
failures. The system requires
very little maintenance.

The learning and decision-
making interface is challenging.
Because the case facts are
specific to the application, they
have a low  prediction
restriction.

Classification and Regression
Trees (CART) Approach

Utilised in the financial sector

for client relationship
management.
effort accuracy with the

COCOMO model

This non-parametric technique
clusters the data based on a
thorough  search  of all
conceivable operations.  This
method has the potential to
handle the learning process'
missing variables. It is an
automatic learning system that
has the ability to forecast several
metrics.

This is an innovative strategy,
and the degree of coding
complexity varies depending on
the application.

Less expert analysis for
evaluation is used in this
strategy.

With this method, enormous,
unstable decision trees would
result, and the clusters would be
created using just one variation.

Rule based coding

Utilized in the lending and
accounting systems.
Transformer protection is used
in electrical applications.

used for categorising
mechanical devices

The rules are well specified and
the input interface is
straightforward.

For categorization performance
to be improved, the rules must
be precise. It is challenging to
estimate rules in dynamic
conditions, and the system must
deal with complex rules.

Adaptive Coding

Used to scientific studies of
biological evolution, for
example.

used for processing genetic data.
used in different economic
process tools.

This strategy requires less
processing and yields accurate
answers based on convergence.
The strategy is predicated on the
principles of fittest survival.

The amount of computing
resources needed is substantial.
In order to arrive at a decision,
the process requires extensive
processing time. For many
different genetic processing
combinations, the choice is
comparatively similar.

REFERENCE

[1] Nguyen, G., Dlugolinsky, S., Bobak, M. et al. Machine Learning and Deep Learning frameworks and libraries for large-
scale data mining: a survey. Artiflntell Rev52, 77-124 (2019).

[2] Klein, Aaron, Stefan Falkner, Simon Bartels, Philipp Hennig, and Frank Hutter. "Fast bayesian optimization of machine
learning hyperparameters on large datasets.” In Artificial Intelligence and Statistics, pp. 528-536. PMLR, 2017.

[3] Feng, Jean, Brian Williamson, Noah Simon, and Marco Carone. "Nonparametric variable importance using an
augmented neural network with multi-task learning." In International Conference on Machine Learning, pp. 1496-1505.

2018.

[4] Abdelaziz, Ahmed, Mohamed Elhoseny, Ahmed S. Salama, and A. M. Riad. "A machine learning model for improving

healthcare services on cloud computing environment." Measurement 119 (2018): 117-128.

[5] Li, Songze, Mohammad Ali Maddah-Ali, and A. Salman Avestimehr. "Compressed coded distributed computing.” In
2018 IEEE International Symposium on Information Theory (ISIT), pp. 2032-2036. IEEE, 2018.
[6] Dong, Yuxiao, Ziniu Hu, Kuansan Wang, Yizhou Sun, and Jie Tang. "Heterogeneous Network Representation

Learning." IJCAI, 2020.

[7] Bitar, Rawad, Parimal Parag, and Salim El Rouayheb. "Minimizing latency for secure distributed computing.” In 2017

IEEE International Symposium on Information Theory (ISIT), pp. 2900-2904. IEEE, 2017.

[8] L’heureux, Alexandra, Katarina Grolinger, Hany F. Elyamany, and Miriam AM Capretz. “"Machine learning with big
data: Challenges and approaches.” IEEE Access 5 (2017): 7776-7797.
[9] Huo, Haoyan, ZiginRong, Olga Kononova, Wenhao Sun, Tiago Botari, Tanjin He, VaheTshitoyan, and GerbrandCeder.
""Semi-supervised machine-learning classification of materials synthesis procedures.” npj Computational Materials 5, no.

1 (2019): 1-7.

[10] Ribeiro, Marco Tulio, Sameer Singh, and Carlos Guestrin. *Model-agnostic interpretability of machine learning." arXiv
preprint arXiv:1606.05386 (2016).
[11] Pranckevigius, Tomas, and VirginijusMarcinkevi¢ius. "Comparison of naive bayes, random forest, decision tree, support
vector machines, and logistic regression classifiers for text reviews classification." Baltic Journal of Modern Computing

5, no. 2 (2017): 221.

1649




[12] Liu, Han, MihaelaCocea, and Weili Ding. "Decision tree learning based feature evaluation and selection for image
classification." In 2017 International Conference on Machine Learning and Cybernetics (ICMLC), vol. 2, pp. 569-574.
IEEE, 2017.

[13] Elankavi, R., R. Kalaiprasath, and Dr R. Udayakumar. "A fast clustering algorithm for high-dimensional data."
International Journal Of Civil Engineering And Technology (ljciet) 8, no. 5 (2017): 1220-1227.

[14] Abdel-Basset, Mohamed, Mai Mohamed, FlorentinSmarandache, and Victor Chang. "Neutrosophic association rule
mining algorithm for big data analysis." Symmetry 10, no. 4 (2018): 106.

[15] Bansal, Arpit, Mayur Sharma, and ShaliniGoel. "Improved k-mean clustering algorithm for prediction analysis using
classification technique in data mining." International Journal of Computer Applications 157, no. 6 (2017): 0975-8887.

[16] Krishna, Bhukya, and GeetanjaliAmarawat. "Data mining in frequent pattern matching using improved apriori
algorithm." In Emerging technologies in data mining and information security, pp. 699-709. Springer, Singapore, 2019.

[17] Hosenie, Zafiirah, Robert J. Lyon, Benjamin W. Stappers, and ArrykrishnaMootoovaloo. "Comparing Multiclass,
Binary, and Hierarchical Machine Learning Classification schemes for variable stars." Monthly Notices of the Royal
Astronomical Society 488, no. 4 (2019): 4858-4872.

[18] Ayala, Daniel, Inma Hernandez, David Ruiz, and Miguel Toro. "TAPON: A two-phase machine learning approach for
semantic labelling." Knowledge-Based Systems 163 (2019): 931-943.

[19] Luna, José Marcio, Efstathios D. Gennatas, Lyle H. Ungar, Eric Eaton, Eric S. Diffenderfer, Shane T. Jensen, Charles B.
Simone, Jerome H. Friedman, Timothy D. Solberg, and Gilmer Valdes. "Building more accurate decision trees with the
additive tree." Proceedings of the National Academy of Sciences 116, no. 40 (2019): 19887-19893.

[20] Liang, Eric, Richard Liaw, Robert Nishihara, Philipp Moritz, Roy Fox, Ken Goldberg, Joseph Gonzalez, Michael
Jordan, and lon Stoica. "RLIlib: Abstractions for distributed reinforcement learning." In International Conference on
Machine Learning, pp. 3053-3062. 2018.

1650



