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Abstract: Given their escalating number and variety, combating malware is becoming increasingly
strenuous. Machine learning techniques are often used in the literature to automatically discover
the models and patterns behind such challenges and create solutions that can maintain the rapid
pace at which malware evolves. This article compares various tree-based ensemble learning methods
that have been proposed in the analysis of PE malware. A tree-based ensemble is an unconventional
learning paradigm that constructs and combines a collection of base learners (e.g., decision trees), as
opposed to the conventional learning paradigm, which aims to construct individual learners from
training data. Several tree-based ensemble techniques, such as random forest, XGBoost, CatBoost,
GBM, and LightGBM, are taken into consideration and are appraised using different performance
measures, such as accuracy, MCC, precision, recall, AUC, and F1. In addition, the experiment
includes many public datasets, such as BODMAS, Kaggle, and CIC-MalMem-2022, to demonstrate
the generalizability of the classifiers in a variety of contexts. Based on the test findings, all tree-based
ensembles performed well, and performance differences between algorithms are not statistically
significant, particularly when their respective hyperparameters are appropriately configured. The
proposed tree-based ensemble techniques also outperformed other, similar PE malware detectors
that have been published in recent years.

Keywords: portable executable malware; tree-based ensemble; performance comparison; statistical
significance test

1. Introduction

Malware (e.g., malicious software) is commonly recognized as one of the most potent
cyber threats and hazards to modern computer systems [1,2]. It is an overarching word that
refers to any code that potentially has a destructive, harmful effect [3]. On the basis of their
behavior and execution processes, malicious softwares are categorized as worms, viruses,
Trojan horses, rootkits, backdoors, spyware, logic bombs, adware, and ransomware. Com-
puter systems are hacked for a variety of reasons, including the destruction of computer
resources, financial gain, the theft of private and confidential information and the use of
computing resources, as well as the inaccessibility of system services, to name a few [4].

Malware is recognized using signature-based or behavior-based methods. The signature-
based malware detection techniques are quick and effective, but obfuscated malware can
quickly circumvent them. In contrast, behavior-based methods are more resistant to obfus-
cation. Nonetheless, behavior-based methods are relatively time-intensive. Therefore, in ad-
dition to the signature-based and behavior-based malware detection techniques, numerous
fusion techniques exist that contain the benefits of both [5,6]. The goal of these fusion
strategies is to address the shortcomings of signature and behavior-based approaches.

While we work to defend ourselves from malware, cybercriminals continue to create
increasingly complex techniques to obtain and steal data and resources. Conventional
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methods (i.e., rule-based, graph-based, and entropy-based) for analyzing and detecting
malware focus on matching known malicious signatures to alleged malicious programs.
Such static solutions require a known harmful signature, rendering them unsatisfactory
against new (e.g., zero-day) attacks, and depend on end users to maintain system updates.
Attackers are aware that these methods may also be vulnerable to obfuscation, such as
code obfuscation to avoid detection against known signatures [7]. Hence, it is necessary
to update and build malware detection mechanisms that are capable of withstanding
significant attacks [8].

Machine learning offers the potential to construct malware detectors that are capable
of combating newer versions of malware, and different supervised and unsupervised-
algorithm-based machine learning methods have been reported in the literature [9–11].
More specifically, ensemble learning approaches have been utilized and achieved excellent
results in malware detection [12–17]. In most cases, ensemble learning algorithms yield
superior results as compared to individual classification algorithms, i.e., support vector
machine, decision tree, naive Bayes, and neural networks. However, although classifier
ensembles demonstrate a significant performance, the majority of these ensembles are
deployed in a restricted manner without adequate hyperparameter tuning. Moreover,
the performance of classifier ensembles is validated using a single dataset; consequently,
no generalizable results are produced.

The tree-based ensemble technique is an ensemble learning paradigm in which a
collection of base learners (e.g., decision trees or CART) are constructed and combined
from the training data [18]. For instance, random forest [19] is comprised of a large number
of individual decision trees that operate as an ensemble. It uses feature randomness
to generate an uncorrelated forest of decision trees. In a similar fashion, the gradient
boosting decision tree algorithms combine a collection of individual decision trees to form
an ensemble. However, unlike random forest, the decision trees in gradient boosting are
constructed serially (e.g., additively). Gradient boosting decision tree algorithms have
recently been proposed and have demonstrated remarkable results in many domains, such
as protein–protein interaction prediction [20], neutronic calculation [21], human activity
recognition [22], etc. However, their performance in classifying and detecting malware
remains questionable. This motivated us to employ ensembles of tree-based algorithms to
classify PE malware. This paper makes the following contributions to the current literature.

(a) Fine-tuned tree-based classifier ensembles, i.e., random forest [19], XGBoost [23],
CatBoost [24], GBM [25], and LightGBM [26], to detect PE malware are employed.

(b) The performance differences between classifier ensembles over the most recent
datasets, i.e., BODMAS [27], Kaggle, and CIC-MalMem-2022 [28] are benchmarked
using statistical significance tests. This study is among the first to utilize the most
recent malware BODMAS and CIC-MalMem-2022 datasets. On the BODMAS and
CIC-Malmem-2022 datasets, our proposed approaches outperform other baselines
with a 99.96% and 100% accuracy rate, respectively.

(c) An in-depth exploratory analysis of each malware dataset is presented to better
understand the characteristics of each malware dataset. The analysis includes a
feature correlation analysis and t-SNE visualization of pairs of samples’ similarities.

The remainder of the paper is structured as follows. An overview of PE malware
detection based on classifier ensembles is provided in Section 2. Next, we present the
background of tree-based classifier ensembles and datasets in Section 3. Section 4 discusses
the experimental results, and in the end, Section 5 concludes the paper.

2. Related Work

Ucci et al. [7], Maniriho et al. [10] provide the machine learning taxonomy for malware
analysis, while [11] present an overview of malware analysis in CPS and IoT. Malware
analysis can be accomplished via either static or dynamic analysis, or a mix of the two,
depending on how the information extraction procedure is carried out. Approaches based
on static analysis evaluate the content of samples without necessitating their execution,
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whereas dynamic analysis examines the behavior of samples by executing them. This study
analyzes a static analysis of PE files, since it can yield a plethora of useful information,
e.g., the compiler and symbols used.

Meanwhile, machine learning techniques were largely employed in malware detec-
tion [29,30]. Malware samples were examined and the extracted features are used to train
the classification algorithm. An overview of the machine learning techniques used for the
classification of malware is provided in the following. We particularly explore malware
detectors that employ at least one ensemble learning technique. Mills et al. [17], Vadrevu
et al. [31], Uppal et al. [32], Kwon et al. [33] utilized random forest for malware detection
based on PE file characteristics and networks. Furthermore, Mao et al. [34], Wüchner
et al. [35], Ahmadi et al. [36] developed a random forest classifier to detect malware us-
ing various features, such as system calls, file system, and Windows registry. Amer and
Zelinka [13] proposed an ensemble learning strategy to address the shortcomings of the
existing commercial signature-based techniques. The proposed technique was able to focus
on the most salient features of malware PE files by lowering the dimensionality of the
data. Dener et al. [37] and Azmee et al. [38] compared the use of various machine learning
algorithms to detect PE malware and showed that XGBoost and logistic regression were the
best-performing methods.

Liu et al. [39] employed data visualization and adversarial training on ML-based
detectors to effectively detect the various types of malware and their variants in order to
address the current issues in malware detection, such as the consideration of attacks from
adversarial examples and the massive growth in malware variants. In [40], a deep feature
extraction technique for malware analysis was addressed in light of the current progress in
deep learning. Deep features were obtained from a CNN and were fed to an SVM classifier
for malware classification. Moreover, a CNN ensemble for malware classification was
proposed in [15,16]. The proposed architecture was constructed in a stacked fashion, with a
machine learning algorithm providing the final classification. A meta-classifier was selected
after various machine learning algorithms were analyzed and evaluated. Most recently, [41]
proposed a CNN-based feature extraction and a channel-attention module to reduce the
information loss in the process of feature image generation of malware samples. Specific
deep learning architectures, such as a deep belief network and transformer-based classifier,
were also considered when classifying Android [42,43] and PE malware [44], respectively.
Table 1 presents a summary of the existing malware detectors described in the literature.

Table 1. Summarization of the existing PE malware detectors.

Study Algorithm(s) Data Set Validation
Technique

Best Result

Mills et al. [17] RF Private 7-CV -
Vadrevu et al. [31] RF Private CV and Hold-

out
TPR: 90%, FPR: 0.1%

Uppal et al. [32] NB, DT, RF, and SVM Private 10-CV Accuracy: 98.5%
Kwon et al. [33] RF Private 10-CV TPR: 98.0%, FPR: 2.00%, F1:

98.0%, AUC: 99.8%
Mao et al. [34] RF Private Repeated hold-

out
TPR: 99.88%, FPR: 0.1%

Wüchner et al. [35] RF Malicia 10-CV DR: 98.01%, FPR: 0.48%
Ahmadi et al. [36] XGBoost Kaggle 5-CV Accuracy: 98.62%
Amer and Zelinka [13] RF and extra trees Kaggle Hold-out Accuracy: 99.8%, FPR: 0.2%
Liu et al. [39] CNN and autoencoder MS BIG and Ember 10-CV Accuracy: 96.25%
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Table 1. Cont.

Study Algorithm(s) Data Set Validation
Technique

Best Result

Asam et al. [40] CNN and SVM MalImg Hold-out Accuracy: 98.61%, precision:
96.27%, recall: 96.30%, F1:
96.32%

Azeez et al. [15] 1D CNN and Extra
trees

Kaggle 10-CV Accuracy: 100%, precision:
100%, recall: 100%, F1: 100%

Damaševičius et al. [16] Stacked CNN ClaMP 10-CV Accuracy: 99.9%, precision:
99.9%, recall: 99.8%, F1: 99.9%

Hou et al. [42] DBN Comodo cloud 10-CV Accuracy; 96.66%
Hou et al. [43] DBN and SAEs Comodo cloud 10-CV Accuracy: 96.66%
Azmee et al. [38] XGBoost Kaggle 10-CV Accuracy: 98.6%, AUC: 0.99,

TPR: 99.0%, FPR: 3.7%
Jingwei et al. [41] CNN MS BIG and BODMAS 10-CV (MS BIG) accuracy: 99.40%,

(BODMAS) accuracy: 99.26%
Lu et al. [44] Transformer BODMAS and MS BIG Hold-out (MS BIG) accuracy: 98.17%, F1:

98.14%, (BODMAS)
accuracy:96.96%, F1: 96.96%

Dener et al. [37] Logistic regression CIC-MalMem-2022 Repeated hold-
out

Accuracy: 99.97%

3. Materials and Methods

This study evaluates the performance of ensembles of tree-based classifiers in detecting
PE malware. Figure 1 depicts the stages involved in our comparative analysis. Several
tree-based ensemble approaches are trained on three distinct PE malware training datasets
in order to generate classification models. The performance of classification models is
then determined by validating them on a testing dataset. Finally, a two-step statistical
significance test is then utilized to evaluate the performance benchmarks. In the following
section, we provide a brief summary of the malware datasets and tree-based classifier
ensembles utilized in this study.

Figure 1. Performance comparison methodology of tree-based ensembles for PE malware detection.
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3.1. Datasets

One of the most problematic aspects of using machine learning to solve malware
detection problems is producing a realistic feature set from a large variety of unidentified
portable executable samples. In essence, the dataset used to train machine learning models
determines their level of sophistication. Hence, developing a solid, labeled dataset that
represents all analyzed samples is more helpful for malware detection. In light of this, we
utilize more recent public datasets that depict the characteristics and attack behaviors of
contemporary malware:

(a) BODMAS [27]
The dataset contains 57,293 malicious and 77,142 benign samples (134,435 in total).
The malware samples were arbitrarily picked each month from the internal malware
database of a security company. The data were collected between 29 August 2019 and
30 September 2020. The benign samples were gathered between 1 January 2007 and 30
September 2020. In order to reflect benign PE binary distribution in real-world traffic,
the database of the security company is also processed for benign samples. In addition,
SHA-256 hash, the actual PE binary, and a pre-extracted feature vector were given
for each malicious sample, whereas only SHA-256 hash and the pre-extracted feature
vector were provided for each benign sample. BODMAS is comprised of 2381 input
feature vectors and 1 class label feature, of which 0 is labeled as benign and 1 is labeled
as malicious.

(b) Kaggle (https://tinyurl.com/22z7u898, access on 25 August 2022)
The dataset was developed using a Python library called pe f ile (https://tinyurl.
com/w75zewvr, accessed on 25 August 2022), which is a multi-platform module
used to parse and work with PE files. Kaggle dataset contains 14,599 malicious and
5012 benign samples (19,611 in total). The dataset is comprised of 78 input features,
denoting PE header files and one class label attribute.

(c) CIC-MalMem-2022 [28]
Unlike the two above-mentioned datasets, CIC-MalMem-2022 is an obfuscated mal-
ware dataset that is intended to evaluate memory-based obfuscated malware detection
algorithms. The dataset was designed to mimic a realistic scenario as accurately as
possible using reowned malware. Obfuscated malware comprises malicious software
that conceals itself to escape detection and eradication. The dataset consists of an
equal ratio of malicious and benign memory dumps (58,596 samples in total). In addi-
tion, CIC-MalMem-2022 is made up of 56 features that serve as inputs for machine
learning algorithms.

3.2. Tree-Based Ensemble Learning

The tree-based ensemble is a non-ordinary learning paradigm that constructs and
combines a set of base learners (e.g., decision trees or CART) as opposed to the common-
place learning paradigm that attempts to construct individual learners from training data.
Normally, an ensemble is formed in two processes, i.e., by first producing the base learners
and then integrating them. For a decent ensemble, it is commonly considered that the
base learners must be as accurate and diversified as possible [18]. This study considers
four tree-based ensemble learning algorithms. It is worth mentioning that tuning the
hyperparamters for each algorithm is carried out using random search approach [45].

(a) Random forest [19]
As its name implies, a random forest is a tree-based ensemble in which each tree is
dependent on a set of random variables. The original formulation of random forest
algorithm provided by Breiman [19] is as follows. A random forest employs trees
hj(X , Ω) as its base learners. For training data D = {(x1, y1), ..., (xα, yα)}, where
xi = (xi,1, ..., xi,p)

T represents the p predictors and yi represents the response, and a
specific manifestation ωj of Ωj, the fitted tree is given as ĥj(x, ωj, D). More precisely,
the steps involved in the random forest algorithm are described in Algorithm 1.
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Algorithm 1: A common procedure of random forest algorithm for classifica-
tion task.

Training:
Require: Original training set D = {(x1, y1), (x2, y2), ..., (xα, yα)},
with xi = (xi,1, ..., xi,p)

T

1. for j = 1 to J
2. Perform a bootstrap sample Dj of size α from D .
3. Using binary recursive partitioning, fit a tree on Dj.
4. end for

Testing:
Require: An instance to be classified x.
1. f̂ (x) = arg maxy ∑J

j=1 I(ĥj(x) = y)

where ĥj(x) denotes the response variable at x using the j-th tree.

We use a fast random forest implementation called ranger [46], available in R, which
is suitable for high-dimensional data such as ours. The list of random forest’s hyper-
parameters for each malware dataset is provided in Table 2. We set the search space
for each hyperparameter tuning is as follows. Number of trees = {50, 100, 250, 500,
750, 1000}, split rule = {‘gini’,‘extratrees’}, minimum node size = {1, 2, ..., 10}, mtry
= number of features × {0.05, 0.15, 0.25, 0.333, 0.4}, sample fraction = {0.5, 0.63, 0.8},
and replace = {TRUE, FALSE}.

Table 2. The final learning parameters of random forest used for each dataset after performing a
random search.

Hyperparameter BODMAS Kaggle CIC-MalMem-2022

Number of trees 100 1000 500
Split rule ‘gini’ ‘gini’ ‘extratrees’
Minimum node size 4 8 6
mtry 119 30 18
Sample fraction 0.63 0.80 0.63
replace FALSE FALSE TRUE

(b) Gradient Boosting Decision Trees
In this paper, we also considered various tree-based boosting ensemble approaches for
malware detection, such as XGBoost [23], CatBoost [24], GBM [25], and LightGBM [26].
As a rule, GBDT ensembles are a linear additive model, where a tree-based classifier
(e.g., CART) was utilized as their base model. Let D = {(xi, yi)|i ∈ {1, ..., α}, xi ∈
R

η , yi ∈ R} denote the malware dataset comprising η features and α samples. Consid-
ering a collection of j trees, the prediction output y(x̂)j for an input x is obtained by
calculating the predictions from each tree y(x̂)j, as shown in the following formula.

y(x̂)j =
j

∑
i=1

fi(x) (1)

where fi represents the output of the i-th regression tree of the j−tree ensemble.
GBDTs minimize a regularized objective function Objt in order to create the (j + 1)-th
tree, as follows.

min{Obj( f )t} = min{Ω( f )t + Θ( f )t} (2)

where Ω( f )t represents loss function and Θ( f )t is a regularization function to control
over-fitting. The loss function Ω( f )t measures the difference between the prediction
ŷi and the target yi. On the other hand, the regularization function is defined as
Θ( f )t = γT + 1

2 λ ‖ w ‖2, where T and w indicate the number of leaves and leaf
weights in the tree, respectively.
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(i) XGBoost [23]
XGBoost is a scalable end-to-end tree-boosting strategy that generates a large
number of sequentially trained trees. Each succeeding tree corrects the er-
rors made by the preceding one, resulting in an efficient classification model.
Through sparsity-aware metrics and multi-threading approaches, XGBoost
not only addresses the algorithm’s overfitting problem, but also boosts the
speed of most real-world computational tasks. This study utilizes two differ-
ent XGBoost implementations, such as native implementation in R [47] and
H2O [48]. We set the search space of native XGBoost’s hyperparameters are
as follows. Maximum depth = {2, 3, ..., 24}, eta = {0, 0.1, 0.2, ..., 1.0}, subsample
= {0.5, 0.6, 0.7, 0.8}, and column sample by tree = {0.5, 0.6, 0.7, 0.8, 0.9}. More-
over, we set the search space of XGBoost’s hyperparameters implemented
in H2O are as follows. Maximum depth = {1, 3, 5, ..., 29}, sample rate = {0.2,
0.3, ..., 1}, column sample rate = {0.2, 0.21, 0.22, ..., 1}, column sample rate per
tree = {0.2, 0.21, 0.22, ...,1}, and minimum rows = {0, 1, ..., log2× number of
rows-1}. The final learning parameters for both XGBoost implementations
are presented in Table 3.

Table 3. The final learning parameters of XGBoost used for each dataset after performing a random
search.

Hyperparameter BODMAS Kaggle CIC-MalMem-2022

Native

Maximum depth 11 19 19
eta 0.2 0.3 0.1
Subsample 0.6 0.8 0.6
Column sample by tree 0.7 0.5 0.6

H2O

Maximum depth 24 23 26
Sample rate 0.52 0.94 0.99
Column sample rate 0.42 0.62 0.6
Column sample rate per tree 0.6 0.25 0.5
Minimum rows 2 2 2

(ii) CatBoost [24]
CatBoost is built with symmetric decision trees. It is acknowledged as a classi-
fication algorithm that is capable of producing an excellent performance and
ten times the prediction speed of methods that do not employ symmetric de-
cision trees. CatBoost, unlike other GBDT algorithms, is able to accommodate
gradient bias and prediction shift to increase the accuracy of predictions and
generalization ability of large datasets. In addition, CatBoost is comprised
of two essential algorithms: ordered boosting, which estimates leaf values
during tree structure selection to avoid overfitting, and a unique technique
for handling categorical data throughout the training process. An implemen-
tation of CatBoost in R is employed in this paper, whereas the search space of
each hyperparameter is considered as follows. Depth = {1, 2, ..., 10}, learning
rate = {0.03, 0.001, 0.01, 0.1, 0.2, 0.3}, l2 leaf regularization = {3, 1, 5, 10, 100},
border count = {32, 5, 10, 20, 50, 100, 200}, and boosting type = {“Ordered”,
“Plain”}. The final learning parameters of CatBoost for each malware dataset
are given in Table 4.
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Table 4. The final learning parameters of CatBoost used for each dataset after performing a random
search.

Hyperparameter BODMAS Kaggle CIC-MalMem-2022

Depth 10 4 2
Learning rate 0.2 0.2 0.2
L2 leaf regularization 5 3 5
Border count 100 100 50
Boosting type “Plain” “Plain” “Ordered”

(iii) Gradient boosting machine [25]
GBM is the first implementation of GBDT to utilize a forward learning tech-
nique. Trees are generated in a sequential manner, with future trees being
dependent on the results of the preceding trees. Formally, GBM is achieved by
iteratively constructing a collection of functions f 0, f 1, ..., f t, given a loss func-
tion Ω(yi, f t). We can optimize our estimates of yi by discovering another
function f t+1 = f t + ht+1(x), such that ht+1 reduces the estimated value
of the loss function. In this study, we adopt GBM implementation in H2O,
whereas the hyperparameters’ search space is specified as follows. Maximum
depth = {1, 3, 5, ..., 29}, sample rate = {0.2, 0.3, ..., 1}, column sample rate per
tree = {0.2, 0.21, 0.22, ..., 1}, column sample rate change per level = {0.9, 0.91,
..., 1.1}, number of bins = 2{4,5,...,10}, and minimum rows = {0, 1, ..., log2×
number of rows-1}. Table 5 shows a list of all the final GBM hyperparameters
that were used on each malware dataset.

Table 5. The final learning parameters of GBM used for each dataset after performing random search.

Hyperparameter BODMAS Kaggle CIC-MalMem-2022

Maximum depth 24 25 27
Sample rate 0.52 0.44 0.72
Column sample rate per tree 0.42 0.64 0.61
Column sample rate change per level 1.02 1.04 0.92
Number of bins 64 512 1024
Minimum rows 2 2 8

(iv) LightGBM [26]
LightGBM is an inexpensive gradient boosting tree implementations that
employs histogram and leaf-wise techniques to increase both processing
power and prediction precision. The histogram method is used to combine
features that are incompatible with each another. Before generating a n-width
histogram, the core idea is to discretize continuous features into n integers.
Based on the discretized values of the histogram, the training data are scanned
to locate the decision tree. The histogram method considerably reduces the
runtime complexity. In addition, in LightGBM, the leaf with the greatest split-
ting gain was found and then divided using a leaf-by-leaf strategy. Leaf-wise
optimization may result in overfitting and a deeper decision tree. To ensure
great efficiency and prevent overfitting, LightGBM includes a maximum
depth constraint to leaf-wise. In this study, we employed a LightGBM imple-
mentation in R with the following hyperparameter search space; Maximum
bin = {100, 255}, maximum depth = {1, 2, ..., 15}, number of leaves = 2({1,2,...,15},
minimum data in leaf = {100, 200, ..., 1000}, learning rate = {0.01, 0.3, 0.01},
lambda l1 = {0, 10, 20, ..., 100}, lambda l2 = {0, 10, 20, ..., 100}, feature fraction
= {0.5, 0.9}, bagging fraction = {0.5, 0.9}, path smooth = {1 × 10−8, 1 × 10−3},
and minimum gain to split = {0, 1, 2, ..., 15}. Table 6 contains the list of all
final LightGBM hyperparameters used for each malware dataset.
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Table 6. The final learning parameters of LightGBM used for each dataset after performing random
search.

Hyperparameter BODMAS Kaggle CIC-MalMem-2022

Maximum bin 100 100 255
Maximum depth 10 9 3
Number of leaves 8192 8 512
Minimum data in leaf 1000 800 700
Learning rate 0.29 0.27 0.07
Lambda l1 40 0 0
Lambda l2 90 20 90
Feature fraction 0.5 0.9 0.9
Bagging fraction 0.5 0.5 0.5
Path smooth 0.001 1 × 10−8 0.001
Minimum gain to split 2 15 11

4. Result and Discussion

This section analyzes and discusses the results of the tree-based classifier ensembles
applied to malware classification. The results of exploratory analysis are presented first,
followed by a performance comparison between the tree-based ensemble models.

4.1. Exploratory Analysis

We first provide a correlation analysis between multiple variables in each malware
dataset. Figure 2 shows the correlation coefficient score matrix measured by Pearson
correlation. Correlation analysis is useful to understand the relationship between variables
in a dataset, since the Good input features of a dataset should have a high correlation
with target features, but should be uncorrelated with each other. Figure 2 confirms that
both BODMAS and Kaggle datasets have fewer uncorrelated features than CIC-MalMem-
2022. Hence, to mitigate the curse of dimesionality, it is strongly recommended to employ
feature selection before employing a machine learning method on CIC-MalMem-2022.
Highly correlated features have a negligible effect on the output prediction but raise the
computational cost.

(a) (b)

(c)
Figure 2. Feature correlation analysis of each malware dataset: (a) BODMAS, (b) Kaggle, and (c)
CIC-MalMem-2022.
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In addition, we ran a t-SNE algorithm [49] with a learning rate = 5000 and perplexity
= 100. The t-SNE is an approach that converts a set of high-dimensional points to two
dimensions in such a way that, ideally, close neighbors remain close and far points remain
far. Figure 3 provides a spatial representation of the dataset in two dimensions. The t-SNE
provides a pliable border between the local and global data structures. It also estimates
the size of each datapoint’s local neighborhood based on the local density of the data
by requiring each conditional probability distribution to have the same perplexity (e.g.,
Gaussian kernel). Furthermore, Figure 3 demonstrates that both BODMAS and Kaggle
datasets are highly imbalanced as compared with CIC-MalMem-2022.

(a) (b)

(c)
Figure 3. Two-dimensional visualization of instance pairs using t-SNE technique of each malware
dataset: (a) BODMAS, (b) Kaggle, and (c) CIC-MalMem-2022.

4.2. Comparison Analysis

In the experiment, we employed a k cross-validation technique (k = 10), where the
final performance outcome for each tree-ensemble model is the mean of the ten folds.
The performance of each model was measured based on six performance metrics, such
as accuracy, MCC, precision, recall, AUC, and F1. These metrics are chosen to provide
more accurate estimates of the behavior of the classifier ensembles under the experiment.
Especially, Chicco et al. [50] have shown that MCC is more informative than accuracy
and F1, which yield reliable estimates when used to balanced datasets, but misleading
outcomes when applied to imbalanced data sets. For a binary classification problem,
the outcome of a tree-based classifier ensemble is typically derived from a contigency

matrix, T =

(
TP FN
FP TN

)
, where TP is true positive, FN is false negative, FP is false

positive, and TN is true negative. Let ξ+ = TP + FN and ξ− = TN + FP be the number
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of samples labeled as malware and non-malware, respectively. Hence, the performance
metrics used in this study can be calculated as follows.

Accuracy =
TP + TN
ξ+ + ξ−

(3)

MCC =
TP × TN − FP × FN

((TP + FP)× ξ− × (TN + FN)× ξ+)1/2 (4)

Precision =
TP

TP + FP
(5)

Recall =
TP
ξ+

(6)

AUC =
∫ 1

0
Recall × FP

ξ−
d

FP
ξ−

=
∫ 1

0
Recall ×

(
FP
ξ−

)−1

(x))dx (7)

F1 =
2TP

2TP + FP + FN
(8)

Figure 4 presents the performance score of each algorithm on each dataset. Overall,
considering MCC as a performance indicator, LightGBM is the worst-performing algorithm,
while XGBoost (native) is the best-performing on BODMAS and Kaggle datasets, followed
by GBM (H2O). Interestingly, random forest has also performed well on the remaining
dataset. Using accuracy as a performance metric, it is also apparent that there are modest
performance disparities amongst algorithms (e.g., all algorithms achieve 100% accuracy).
Consequently, our results support the findings stated by [50]. In Table 7, we provide
the performance average of each algorithm over various datasets and demonstrate that
XGBoost (native) is superior to any competitors on the board in terms of accuracy, MCC,
and precision metrics. On the other hand, when recall, AUC, and F1 metrics are utilized,
GBM (H2O) shows a superior performance.

Figure 4. Performance comparison of various tree-based ensemble models on different datasets,
i.e., (a) BODMAS, (b) Kaggle, and (c) CIC-MalMem-2022.

Table 7. Performance average of each ensemble technique over various malware datasets.

Ensemble Algorithms Accuracy MCC Precision Recall AUC F1

CatBoost 0.9940 0.9851 0.9943 0.9856 0.9988 0.9899
XGBoost (native) 0.9968 0.9922 0.9975 0.9923 0.9994 0.9949
LightGBM 0.9927 0.9823 0.9945 0.9828 0.9977 0.9885
Random forest 0.9961 0.9906 0.9959 0.9921 0.9994 0.9940
GBM (H2O) 0.9967 0.9920 0.9964 0.9978 0.9995 0.9971
XGBoost (H2O) 0.9960 0.9902 0.9956 0.9977 0.9994 0.9967
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This section includes a two-step statistical significance test using Quade omnibus test
and Quade post-hoc test [51] to better comprehend the performance difference between
tree-based ensemble models. Using a significant threshold α = 0.05 and MCC as a perfor-
mance indicator, the Quade omnibus test demonstrates that at least one classifier performs
differently than others (p-value = 0.01725). Since we found significance in the previous
test, we then applied the Quade post-hoc test to determine the pairwise performance
difference between classifiers. Here, we considered XGBoost (native) as a control classifier
for comparison with the remaining algorithms. Table 8 depicts the p-value of the pairwise
comparison. It is clear that the performance differences between XGBoost and the other
algorithms are not statistically significant (p-value > 0.05).

Table 8. The p-value of Quade post-hoc, in which XGBoost (native) is used as a control algorithm.

CatBoost XGBoost
(Native)

LightGBM Random Forest GBM (H2O) GBM (H2O)

0.250153 - 0.125201 0.7014781 0.6092802 0.8983268

To demonstrate the efficacy of tree-based ensemble models for malware detection, we
compared our performance findings to those of previous studies for each dataset. Table 9
denotes the performance comparisons in terms of several performance measures, such
as accuracy, precision, recall, and F1. Please note that the comparison is conducted as
objectively as possible, given that the prior experiment may have been conducted under
different settings, such as validation techniques and the number of training and testing
samples. Nevertheless, this study shows that the top-performing tree-based ensemble
examined for each dataset outperforms prior research, with a comparable result. More
precisely, GBM (H2O), XGBoost (native), and random forest are the best performers on the
Kaggle, BODMAS, and CIC-MalMem-2022 datasets, respectively, which also outperform
other state-of-the-art malware detection techniques available in the recent literature.

Table 9. Performance comparisons over existing studies. The best performance value on each dataset
is shown in bold.

Study Accuracy (%) Precision (%) Recall (%) F1 (%)

Kaggle

Hou et al. [42] 93.68 93.96 93.36 93.68
Hou et al. [43] 96.66 96.55 96.76 96.66
Azmee et al. [38] 98.60 96.30 99.00 -
This study (GBM (H2O)) 99.39 99.27 99.92 99.59
BODMAS

Jingwei et al. [41] 99.29 98.07 98.26 94.23
Lu et al. [44] 96.96 - - 96.96
This study (XGBoost (native)) 99.96 99.65 99.81 99.73
CIC-MalMem-2022

Dener et al. [37] 99.97 99.98 99.97 99.97
This study (Random forest) 100.00 100.00 99.99 100.00

5. Conclusions

This article examined tree-based ensemble learning algorithms that analyze PE mal-
ware. Several tree-based ensemble techniques, including random forest, XGBoost, CatBoost,
GBM, and LightGBM, were assessed based on a number of performance criteria, such as
accuracy, MCC, precision, recall, AUC, and F1. In addition, we incorporated cutting-edge
malware datasets to comprehend the most recent attack trends. This work contributed
to the prior research in several ways, including by providing a statistical comparison of
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fine-tuned tree-based ensemble models utilizing several malware datasets. Furthermore,
this article can be expanded in a number of ways, including by looking at the explainability
of tree-based ensemble models and signature-based malware classification. Furthermore,
a deep neural network model for tabular data, such as TabNet [52], has been underexplored
in this application domain, providing a new direction for future research. Finally, it is
anticipated that tree-based PE malware detection will be deployed in various real-world
settings, such as in host, network, and cloud-based malware detection components.

Author Contributions: Conceptualization, M.H.L.L. and B.A.T.; methodology, B.A.T.; validation,
M.H.L.L.; investigation, M.H.L.L.; writing—original draft preparation, M.H.L.L.; writing—review
and editing, M.H.L.L. and B.A.T.; visualization, B.A.T.; supervision, B.A.T. All authors have read and
agreed to the published version of the manuscript.

Funding: Not applicable.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript,
or in the decision to publish the results.

List of Acronyms

AUC Area Under ROC Curve.
CART Classification and Regression Tree.
CNN Convolutional Neural Network.
CPS Cyber-Physical Systems.
CV Cross Validation.
DBN Deep Belief Network.
DR Detection Rate.
DT Decision Tree.
FPR False Positive Rate.
GBDT Gradient Boosting Decision Tree.
GBM Gradient Boosting Machine.
IoT Internet of Things.
MCC Matthews Correlation Coefficient.
NB Naive Bayes.
PE Portable Executable.
RF Random Forest.
SAEs Stacked AutoEncoders.
SVM Support Vector Machine.
t-SNE t-Stochastic Neighbor Embedding.
TPR True Positive Rate.

References

1. Kleidermacher, D.; Kleidermacher, M. Embedded Systems Security: Practical Methods for Safe and Secure Software and Systems
Development; Elsevier: Amsterdam, The Netherlands, 2012.

2. Xhafa, F. Autonomous and Connected Heavy Vehicle Technology; Academic Press: Cambridge, MA, USA, 2022.
3. Smith, D.J.; Simpson, K.G. Safety Critical Systems Handbook; Elsevier: Amsterdam, The Netherlands, 2010.
4. Damodaran, A.; Troia, F.D.; Visaggio, C.A.; Austin, T.H.; Stamp, M. A comparison of static, dynamic, and hybrid analysis for

malware detection. J. Comput. Virol. Hacking Tech. 2017, 13, 1–12.
5. Mahdavifar, S.; Ghorbani, A.A. Application of deep learning to cybersecurity: A survey. Neurocomputing 2019, 347, 149–176.
6. Zhang, W.; Wang, H.; He, H.; Liu, P. DAMBA: Detecting android malware by ORGB analysis. IEEE Trans. Reliab. 2020, 69, 55–69.
7. Ucci, D.; Aniello, L.; Baldoni, R. Survey of machine learning techniques for malware analysis. Comput. Secur. 2019, 81, 123–147.



Algorithms 2022, 15, 332 14 of 15

8. Milosevic, J.; Malek, M.; Ferrante, A. Time, accuracy and power consumption tradeoff in mobile malware detection systems.
Comput. Secur. 2019, 82, 314–328.

9. Zhang, H.; Xiao, X.; Mercaldo, F.; Ni, S.; Martinelli, F.; Sangaiah, A.K. Classification of ransomware families with machine
learning based onN-gram of opcodes. Future Gener. Comput. Syst. 2019, 90, 211–221.

10. Maniriho, P.; Mahmood, A.N.; Chowdhury, M.J.M. A study on malicious software behaviour analysis and detection techniques:
Taxonomy, current trends and challenges. Future Gener. Comput. Syst. 2022, 130, 1–18. https://doi.org/10.1016/j.future.2021.11.030.

11. Montes, F.; Bermejo, J.; Sanchez, L.; Bermejo, J.; Sicilia, J.A. Detecting Malware in Cyberphysical Systems Using Machine Learning:
A Survey. KSII Trans. Internet Inf. Syst. (TIIS) 2021, 15, 1119–1139.

12. Singh, J.; Singh, J. Detection of malicious software by analyzing the behavioral artifacts using machine learning algorithms. Inf.
Softw. Technol. 2020, 121, 106273.

13. Amer, E.; Zelinka, I. An ensemble-based malware detection model using minimum feature set. Mendel 2019, 25, 1–10.
14. Atluri, V. Malware Classification of Portable Executables using Tree-Based Ensemble Machine Learning. In Proceedings of the

2019 SoutheastCon, Huntsville, AL, USA, 11–14 April 2019; pp. 1–6. https://doi.org/10.1109/SoutheastCon42311.2019.9020524.
15. Azeez, N.A.; Odufuwa, O.E.; Misra, S.; Oluranti, J.; Damaševičius, R. Windows PE Malware Detection Using Ensemble Learning.
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Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Reconfiguration Problems (/journal/algorithms/special_issues/Reconfiguration_Problems)

Prof. Gagan Agrawal
Website (https://www.augusta.edu/ccs/faculty.php)

School of Computer and Cyber Sciences, Augusta University, 100 Grace Hopper Lane, RV-1606 Augusta, GA 30901, USA
Interests: high performance computing (including runtime systems and programming frameworks, applications, resilience, and performance modeling); distributed machine
learning; edge/fog computing.
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Data Mining in Multi-Core, Many-Core and Cloud Era (/journal/algorithms/special_issues/data-mining)

Prof. Dr. Tatsuya Akutsu
Website (http://www.bic.kyoto-u.ac.jp/takutsu/members/takutsu/)

Bioinformatics Center, Institute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan
Interests: computational biology; string and tree algorithms; complex networks
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Biological Networks (/journal/algorithms/special_issues/biological_networks)
Special Issue in Algorithms: Biological Networks II (/journal/algorithms/special_issues/Biological_Networks_II)

Dr. Patrizia Beraldi
Website (http://www.unical.it/portale/strutture/dipartimenti_240/dimeg/persone/cv/cv_BERALDI_Patrizia_170629.pdf)

Department of Mechanical, Energy and Management Engineering (DIMEG), University of Calabria, Via P. Bucci, Rende (CS), Italy
Interests: stochastic programming
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Stochastic Optimization: Algorithms and Applications (/journal/algorithms/special_issues/stochastic_programming)

Prof. Dr. Francesco Bergadano
Website (http://www.di.unito.it/~fpb/)

Department of Computer Science, University of Torino, Via Pessinetto 12, 10149 Torino, Italy
Interests: cybersecurity; identity and access management; security analytics
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Security Applications of Machine Learning (/journal/algorithms/special_issues/machine_learning_security)
Special Issue in Algorithms: AI for Cybersecurity: Robust models for Authentication, Threat and Anomaly Detection (/journal/algorithms/special_issues
/AI_Cybersecurity_Model)
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Prof. Dr. Jean-charles Billaut
Website (https://cv.archives-ouvertes.fr/jean-charles-billaut) SciProfiles (https://sciprofiles.com/profile/1949296)

LIFAT, University of Tours, 37200 Tours, France
Interests: approximation algorithms; combinatorial optimization, mathematical programming, operations research, discrete mathematics and graph theory; iterative methods
and algorithms; metaheuristics and matheuristics; production planning, scheduling, transport, and timetabling

Prof. Dr. Vittorio Bilò
Website (https://sites.google.com/site/vittoriobilo/) SciProfiles (https://sciprofiles.com/profile/1244596)

Department of Mathematics and Physics “Ennio De Giorgi”, University of Salento, Lecce, Italy
Interests: algorithmic game theory; computational social choice; computational complexity and design of efficient algorithms; interconnection networks
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithmic Game Theory 2020 (/journal/algorithms/special_issues/algorithm_game_theory)

Prof. Dr. Christian Blum
Website (https://www.iiia.csic.es/~christian.blum/) SciProfiles (https://sciprofiles.com/profile/1223293)

Artificial Intelligence Research Institute (IIIA), Spanish National Research Council (CSIC), Campus of the UAB, 08193 Bellaterra-Catalonia, Spain
Interests: swarm intelligence; optimization; metaheuristics; hybrid algorithms
Special Issues, Collections and Topics in MDPI journals
Special Issue in Information: Recent Developments in Swarm Intelligence (/journal/information/special_issues/swarm-intelligence)

Prof. Dr. Dongbo Bu
Website (http://bioinfo.ict.ac.cn/~dbu/)

Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China
Interests: algorithm design and analysis, including ai-aided algorithms for combinatorial optimization, and bioinformatics (especially on protein structure prediction, glycan
identificaiton using mass spectrome

Prof. Dr. Costas Busch
Website (https://www.researchgate.net/profile/Costas-Busch)

School of Computer and Cyber Sciences, Augusta University, Augusta, GA 30912, USA
Interests: distributed algorithms and data structures; communication algorithms; wireless and sensor networks; algorithmic game theory
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Sensor Algorithms (/journal/algorithms/special_issues/sensor_algorithms)
Special Issue in Sensors: Sensor Algorithms (/journal/sensors/special_issues/sensors-algorithms)

Dr. Xingjuan Cai
 ( https://recognition.webofscience.com/awards/highly-cited/2021/ ) Website (https://yjjg.tyust.edu.cn/info/1133/1231.htm)

SciProfiles (https://sciprofiles.com/profile/639446)
Complex System and Computational Intelligence Laboratory, TaiYuan University of Science and Technology, Taiyuan 030024, China
Interests: feature extraction; feedforward neural nets; image classification; invasive software; learning (artificial intelligence)
Special Issues, Collections and Topics in MDPI journals
Topical Collection in Algorithms: Featured Reviews of Algorithms (/journal/algorithms/special_issues/featured_review_algorithms)

Prof. Xiaoqiang Cai
Website (https://www.se.cuhk.edu.hk/people/academic-staff/prof-cai-xiaoqiang/)

Department of Systems Engineering and Engineering Management, The Chinese University of Hong Kong, Shatin, NT, Hong Kong, China
Interests: scheduling; logistics and supply chain management; portfolio optimization

Prof. Dr. Junwei Cao
Website (http://www.mit.edu/~caoj)

Beijing National Research Center for Information Science and Technology, Tsinghua University, Beijing 100084, China
Interests: distributed computing; scheduling and optimization; energy Internet; gravitational waves
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: State-of-the-Art Algorithms and Their Applications in China (/journal/algorithms/special_issues/Algorithms_China)

Dr. Bruno Carpentieri
Website (http://www.unisa.it/docenti/brunocarpentieri/index)

Dipartimento di Informatica ed Applicazioni, "Renato M.Capocelli", Universita' di Salerno, Via Ponte Don Melillo, 84084 Fisciano (SA), Italy
Interests: data compression; information theory; algorithms; parallel computing
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Data Compression, Communication and Processing (/journal/algorithms/special_issues/CCP2011)
Special Issue in Algorithms: Data Compression, Communication Processing and Security 2016 (/journal/algorithms/special_issues/processing_security_2016)
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Dr. Mauro Castelli
Website (https://www.novaims.unl.pt/magic/index.php/component/k2/item/186-mauro-castelli-bio.html) SciProfiles (https://sciprofiles.com/profile/318300)

NOVA Information Management School (NOVA IMS), Universidade NOVA de Lisboa, Campus de Campolide, 1070-312 Lisbon, Portugal
Interests: machine learning; evolutionary computation; deep learning; pattern recognition; neuro-evolution
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Computational Intelligence and Nature-Inspired Algorithms for Real-World Data Analytics and Pattern Recognition (/journal
/algorithms/special_issues/Computational_Intelligence_and)
Special Issue in Algorithms: Computational Intelligence and Nature-Inspired Algorithms for Real-World Data Analytics and Pattern Recognition II (/journal
/algorithms/special_issues/Pattern_Recognition_II)
Special Issue in Applied Sciences: Deep Learning and Neuro-Evolution Methods in Biomedicine and Bioinformatics (/journal/applsci/special_issues
/Deep_Learning_Bioinformatics)
Special Issue in Applied Sciences: Generative Models in Artificial Intelligence and Their Applications (/journal/applsci/special_issues
/Generative_Models_Applications)
Special Issue in Entropy: Special Issue Dedicated to the 15th International Special Track on Biomedical and Bioinformatics Challenges for Computer Science
(/journal/entropy/special_issues/BBC2022)
Special Issue in Applied Sciences: Generative Models in Artificial Intelligence and Their Applications II (/journal/applsci/special_issues
/Generative_Models_Applications_II)

Dr. Ioannis Chatzigiannakis
Website (http://ichatz.me) SciProfiles (https://sciprofiles.com/profile/154454)

Department of Computer, Control & Informatics Engineering, Sapienza University of Rome, 00185 Roma, Italy
Interests: distributed computing; algorithmic engineering; software engineering
Special Issues, Collections and Topics in MDPI journals
Special Issue in Journal of Sensor and Actuator Networks: Techno-Human Collective Systems for Smart Cities Innovation (/journal/jsan/special_issues/THCSSCI)
Special Issue in Sensors: Advances in Sensors for Sustainable Smart Cities and Smart Buildings (/journal/sensors/special_issues/ASSSCB)
Special Issue in Applied Sciences: Gamification, Playfulness, and Ludicity in Intelligent Environments (/journal/applsci/special_issues/intelligent_environments)
Special Issue in Sensors: Recent Advances Technologies for Intelligent Sensing in Augmented Reality Environments (/journal/sensors/special_issues/AR_envion)
Special Issue in Future Internet: The Application of the Mobile and Pervasive Computing in the Smart City (/journal/futureinternet/special_issues/the_Smart_City)

Prof. Dr. Xiaowen Chu
Website (http://www.comp.hkbu.edu.hk/~chxw) SciProfiles (https://sciprofiles.com/profile/10873)

Department of Computer Science, Hong Kong Baptist University, Kowloon Tong, Hong Kong
Interests: parallel and distributed algorithms; peer-to-peer networks; wireless networks; network security; optical WDM networks; network coding

Prof. Dr. David Corne
Website (https://www.macs.hw.ac.uk/~dwcorne/)

Intelligent Systems Lab, School of Mathematical & Computer Sciences, Heriot-Watt University, EH14 4AS Edinburgh, UK
Interests: machine learning; artificial intelligence; knowledge representation; combinatorial optimization; graph, and network algorithms; randomized, online, and
approximation algorithms

Prof. Dr. Gianlorenzo D'Angelo
Website (http://www.gssi.it/people/professors/lectures-computer-science/item/456) SciProfiles (https://sciprofiles.com/profile/777966)

Gran Sasso Science Institute, Viale F. Crispi, 7 67100 L'Aquila, Italy
Interests: design and analysis of algorithms; approximation algorithms; scheduling; network analysis; distributed computing; and algorithm engineering

Dr. Javier Del Ser Lorente
Website1 (https://jrlab.science/member/javier-del-ser) Website2 (https://scholar.google.com/citations?user=p_wY0zUAAAAJ&hl=es)

SciProfiles (https://sciprofiles.com/profile/120897)
1. OPTIMA Area, TECNALIA, Basque Research & Technology Alliance (BRTA), 48160 Zamudio, Bizkaia, Spain
2. Communications Engineering, University of the Basque Country (UPV/EHU), 48013 Bilbao, Bizkaia, Spain
Interests: machine learning; deep learning; meta-heuristic optimization; explainable artificial intelligence; responsible artificial intelligence; stream learning
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Novel Meta-heuristic Approaches and Their Applications to Preemptive Operational Planning and Logistics in Disaster Management
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(/journal/algorithms/special_issues/disaster-management)
Special Issue in Algorithms: Clustering Algorithms (/journal/algorithms/special_issues/clustering_algorithms)
Special Issue in Algorithms: Data Analytics and Optimization for Hybrid Communication Systems (/journal/algorithms/special_issues/data_analytics)
Special Issue in Algorithms: Selected Papers from the 3rd International Conference on the Harmony Search Algorithm (ICHSA 2017) (/journal/algorithms
/special_issues/harmony_search_algorithm)

Dr. Antonio Della Cioppa
Website (https://docenti.unisa.it/004367/home)

Department of Information and Electric Engineering and Applied Mathematics, University of Salerno, 84084 Fisciano (SA), Italy
Interests: artificial intelligence; computational intelligence; evolutionary computation

Prof. Dr. Daniela di Serafino
Website (https://sites.google.com/view/danieladiserafino/)

Department of Mathematics and Applications "R. Caccioppoli", University of Naples Federico II, Complesso Univ. Monte S. Angelo, via Cintia, 80126 Naples, Italy
Interests: numerical linear algebra; nonlinear optimization; optimization in image processing and machine learning; large-scale scientific computing

Dr. Matteo Diez
Website1 (http://www.cnr.it/peoplepublic/peoplepublic/index/schedaeng/u/matteo.diez) Website2 (http://www.inm.cnr.it/people/matteo-diez)

SciProfiles (https://sciprofiles.com/profile/246805)
National Research Council-Institute of Marine Engineering (CNR-INM), Via di Vallerano 139, 00128 Rome, Italy
Interests: simulation-based design optimization in ship hydrodynamics; fluid-structure interaction and multidisciplinary design optimization; uncertainty quantification and
reliability-based robust design optimization; design space dimensionality reduction in shape optimization; dynamic metamodeling and machine learning methods; global
derivative-free bio-inspired optimization algorithms
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Methods and Applications of Uncertainty Quantification in Engineering and Science (/journal/algorithms/special_issues
/uncertainty_quant)

Prof. Dr. Maciej Drozdowski
Website (http://www.cs.put.poznan.pl/mdrozdowski/) SciProfiles (https://sciprofiles.com/profile/1796299)

Institute of Computing Science, Poznan University of Technology, Piotrowo 2, 60-965 Poznan, Poland
Interests: design and analysis of algorithms; combinatorial optimization; scheduling (esp. in parallel computer systems); computer performance evaluation; operations
research; web engineering

Prof. Dr. Bogdan Dumitrescu
Website (http://acse.pub.ro/person/bogdan-dumitrescu/)

Faculty of Automatic Control and Computers, University Politehnica of Bucharest, Bucuresti, Romania
Interests: numerical methods; signal processing; optimization; sparse representations
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Dictionary Learning Algorithms and Applications (/journal/algorithms/special_issues/dictionary_learning)

Prof. Dr. Henning Fernau *
Website (https://www.uni-trier.de/index.php?id=49861&amp;L=2) SciProfiles (https://sciprofiles.com/profile/10874)

Theoretical Computer Science, FB 4-Abteilung Informatik, Universität Trier, D-54286 Trier, Germany
Interests: complexity theory; fixed parameter algorithms; formal languages; fractal geometry; learning algorithms (machine learning) and pattern recognition
* Former Editor-in-Chief
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Selected Papers from LATA 2010 (/journal/algorithms/special_issues/lata-2010)
Special Issue in Algorithms: Selected papers from “Theorietage der Gesellschaft für Informatik” in Speyer; Invited Talks (/journal/algorithms/special_issues
/gesellschaft_f%C3%BCr_informatik)
Special Issue in Algorithms: Reconfiguration Problems (/journal/algorithms/special_issues/Reconfiguration_Problems)
Special Issue in Algorithms: Selected Algorithmic Papers From CSR 2020 (/journal/algorithms/special_issues/CSR_2020)

Prof. Dr. Cormac Flanagan

Department of Computer Science and Engineering, University of California Santa Cruz, Santa Cruz, CA 95064, USA
Interests: dynamic analysis; concurrency; information flow control
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Prof. Dr. Daniele Frigioni
Website (http://www.ing.univaq.it/personale/scheda_personale.php?codice=176)

Department of Information Engineering, Computer Science and Mathematics, University of L’Aquila, 67100 L’Aquila, Italy
Interests: algorithms and data structures; algorithm engineering; distributed algorithms; large-scale optimization
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithm Engineering: Towards Practically Efficient Solutions to Combinatorial Problems (/journal/algorithms/special_issues
/algorithm_engineering)

Dr. Serge Gaspers
Website (https://www.cse.unsw.edu.au/~sergeg/) SciProfiles (https://sciprofiles.com/profile/2227079)

School of Computer Science and Engineering, UNSW Sydney, Sydney, NSW 2052, Australia
Interests: design and analysis of algorithms; algorithmic graph theory; fixed-parameter algorithms; exponential-time algorithms; algorithmic game theory; computational
social choice; constraint satisfaction; Boolean satisfiability

Prof. Dr. Jan Friso Groote
Website (http://www.win.tue.nl/~jfg) SciProfiles (https://sciprofiles.com/profile/474502)

Department of Mathematics and Computer Science, Eindhoven University of Technology, Eindhoven, The Netherlands
Interests: formal methods; labelled transition systems; SAT solving; behavioural equivalences; model checking

Prof. Dr. Qianping Gu
Website (http://www.sfu.ca/computing/people/faculty/QianpingGu.html)

School of Computing Science, Simon Fraser University, Burnaby, BC V5A 1S6, Canada
Interests: graph algorithms; tree-/branch-decompositions of graphs; routing algorithms

Prof. Dr. Mohammad Taghi Hajiaghayi
Website (http://www.cs.umd.edu/~hajiagha/)

Computer Science Department, University of Maryland, A.V. Williams Bldg., College Park, MD 20742, USA
Interests: design and analysis of algorithms; auction design and game theory; networking and wireless network design; embeddings and its algorithmic aspects; random
structures and algorithms: algorithmic graph theory; computational complexity

Prof. Dr. Andres Iglesias Prieto
Website (https://personales.unican.es/iglesias/)

1. Department of Applied Mathematics and Computational Sciences, University of Cantabria, C.P. 39005 Santander, Spain
2. Department of Information Science, Faculty of Sciences, Toho University, 2-2-1 Miyama, 274-8510 Funabashi, Japan
Interests: swarm intelligence and swarm robotics; bio-inspired optimisation; computer graphics; geometric modelling
Special Issues, Collections and Topics in MDPI journals
Special Issue in Symmetry: Advances in Computer Graphics, Geometric Modeling, and Virtual and Augmented Reality (/journal/symmetry/special_issues
/Advances_Computer_Graphics_Geometric_Modeling_Virtual_Augmented_Reality)
Special Issue in Applied Sciences: Applied Artificial Intelligence (AI) (/journal/applsci/special_issues/Applied_Artificial_Intelligence_AI)
Special Issue in Mathematics: Computer Graphics, Image Processing and Artificial Intelligence (/journal/mathematics/special_issues/CGIAI)

Prof. Dr. Ravi Janardan
Website (http://www-users.cs.umn.edu/~janardan/) SciProfiles (https://sciprofiles.com/profile/2292181)

Department of Computer Science and Engineering, University of Minnesota, Minneapolis, MN 55455, USA
Interests: computational geometry; graph algorithms; approximation algorithms; data structures; spatiotemporal query processing; computer-aided design and manufacture

Prof. Dr. Klaus Jansen
Website (https://www.algo.informatik.uni-kiel.de/de/team/klaus-jansen)

Institute for Computer Science, Kiel University, Kiel, Germany
Interests: algorithms; data structures; parallel computing; scheduling; graph theory

Dr. Colin Johnson
Website (https://www.nottingham.ac.uk/computerscience/people/colin.johnson) SciProfiles (https://sciprofiles.com/profile/202150)

School of Computer Science, University of Nottingham, Nottingham NG8 1BB, UK
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Interests: artificial intelligence; bio-inspired computation; evolutionary computation; neural networks; computational arts; computer music
Special Issues, Collections and Topics in MDPI journals
Special Issue in Entropy: Artificial Intelligence and Complexity in Art, Music, Games and Design (/journal/entropy/special_issues/ai_complexity)
Special Issue in Entropy: Artificial Intelligence and Complexity in Art, Music, Games and Design II (/journal/entropy/special_issues/ai_complexity_II)
Special Issue in Algorithms: Algorithms for Real-World Complex Engineering Optimization Problems (/journal/algorithms/special_issues
/algorithms_engineering_optimization)

Dr. Joanna Józefowska
Website (http://www.cs.put.poznan.pl/jjozefowska/) SciProfiles (https://sciprofiles.com/profile/1023069)

Laboratory of Operations Research and Artificial Intelligence, Institute of Computing Science, Pozna  University of Technology, 60-195 Pozna , Poland
Interests: algorithms and complexity; combinatorial optimization; graph and network algorithms; operations research; artificial intelligence
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithms for complex network and its applications (/journal/algorithms/special_issues/complex_network)

Prof. Dr. Angel A. Juan
Website (https://ajuanp.wordpress.com/) SciProfiles (https://sciprofiles.com/profile/189152)

IN3 - Department of Computer Science, Multimedia & Telecommunication, Universitat Oberta de Catalunya, 08018 Barcelona, Spain
Interests: heuristics; metaheuristics; simulation; simheuristics; biased randomization; agile optimization; learnheuristics
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Simulation-Optimization in Logistics, Transportation, and SCM (/journal/algorithms/special_issues/Simulation_Optimization)
Special Issue in Energies: Advanced Technologies in Smart Cities (/journal/energies/special_issues/advanced_smart_cities)
Special Issue in Algorithms: Applications of Data Analytics, Simulation-Optimization, and Machine Learning in Services: From Sustainable Transportation and
Supply Chains to Smart Cities, Health Care and Finance (/journal/algorithms/special_issues/WSC21)
Special Issue in Data: Joint Issue: Applications of Data Analytics, Simulation-Optimization, and Machine Learning in Services: from Sustainable Transportation
and Supply Chains to Smart Cities, Health Care and Finance (/journal/data/special_issues/jointWSC21)
Topics: Numerical Methods and Computer Simulations in Energy Analysis (/topics/numerical_methods)

Prof. Dr. Imed Kacem
Website (https://orcid.org/0000-0001-6649-7257)

LCOMS, Université de Lorraine, 57000 Metz, France
Interests: scheduling; approximation algorithms; combinatorial optimization

Dr. Alexis Kaporis
Website (http://www.icsd.aegean.gr/group/data.php?usrnm=kaporisa)

Department of Information & Communication Systems Engineering, University of the Aegean, Lymberis Building, 2nd Floor, Office B5 (enter B1), Gorgiras Street, Karlovassi,
83200 Samos, Greece
Interests: randomized algorithms; threshold phenomena; algorithmic game theory; probabilistic analysis of dynamic data structures

Dr. George Karakostas
Website (http://www.cas.mcmaster.ca/~gk/) SciProfiles (https://sciprofiles.com/profile/10880)

Department of Computing and Software, Faculty of Engineering, McMaster University, 1280 Main St. West, Hamilton, ON L8S 4K1, Canada
Interests: design and mathematical analysis of algorithms; combinatorial optimization; approximation algorithms; algorithmic game theory; network algorithms
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithmic Game Theory (/journal/algorithms/special_issues/game-theory)

Prof. Dr. Marek Karpinski
Website (http://theory.cs.uni-bonn.de/~marek/)

Department of Computer Science and Hausdorff Center for Mathematics, Lab for Foundations of Computing, University of Bonn, Endenicher Allee 19C, 53115 Bonn,
Germany
Interests: algorithms; combinatorial optimization; computational complexity

Prof. Dr. Hans Kellerer
Website (https://online.uni-graz.at/kfu_online/wbForschungsportal.cbShowPortal?pPersonNr=56581)

Department of Statistics and Operations Research, University of Graz, Universitätsstraße 15, A-8010 Graz, Austria
Interests: production planning and scheduling; knapsack problems; cutting and packing; financial optimization

Prof. Dr. Ulrich Kerzel
Website (http://d-squared.eu/)

IU Internationale Hochschule GmbH, Juri-Gagarin-Ring 152, 99084 Erfurt, Germany
Interests: data science; artificial intelligence; AI in materials science; algorithmic economy
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Prof. Dr. Ivan Kisel
Website (https://www.fias.science/en/fellows/detail/kisel-ivan/)

Frankfurt Institute for Advanced Studies, 60438 Frankfurt am Main, Germany
Interests: high-performance computing, high-energy physics, artificial neural networks

Dr. Ralf Klasing
Website (https://www.labri.fr/perso/klasing/)

1. National Center for Scientic Research (CNRS), 75016 Paris, France
2. LaBRI, University of Bordeaux, 33400 Talence, France
Interests: design and analysis of algorithms; distributed and approximation algorithms; combinatorial and graph algorithms

Prof. Dr. Christian Komusiewicz
Website (https://www.uni-marburg.de/en/fb12/research-groups/algorith/christian-komusiewicz) SciProfiles (https://sciprofiles.com/profile/1583342)

Faculty of Mathematics and Computer Science, Philipps University of Marburg, 35037 Marburg, Germany
Interests: computational complexity; parameterized algorithms; algorithm engineering; dense subgraphs and clique relaxations; social and biological networks; computational
biology

Dr. Charalampos Konstantopoulos
Website (http://www.cs.unipi.gr/konstantopoulos/)

Department of Informatics, University of Piraeus, 185 34 Pireas, Greece
Interests: design and analysis of algorithms; parallel and distributed computing; mobile ad hoc networks; sensor networks
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Parallel Algorithms for Combinatorial Optimization Problems (/journal/algorithms/special_issues/parallel_algorithms)
Special Issue in Algorithms: Modeling Computing and Data Handling for Marine Transportation (/journal/algorithms/special_issues/Modeling_Computing)
Topical Collection in Algorithms: Parallel and Distributed Computing: Algorithms and Applications (/journal/algorithms/special_issues
/parallel_distributed_computing)

Dr. Spyros Kontogiannis
Website (http://www.cs.uoi.gr/~kontog/) SciProfiles (https://sciprofiles.com/profile/10882)

Computer Science & Engineering Department, University of Ioannina, P.O. Box 1186, 45110 Ioannina, Greece
Interests: algorithmic game theory; combinatorial optimization; large-scale network optimization; transport optimization; algorithm engineering; models of parallel computation

Dr. Sergey Korotov
Website (https://www.hvl.no/en/employee/?user=3611045)

Department of Computing, Mathematics and Physics, Western Norway University of Applied Sciences, P.O. Box 7030, 5020 Bergen, Norway
Interests: finite element method; mesh generation; computational geometry

Prof. Dr. Evangelos Kranakis
Website (https://www.scs.carleton.ca/~kranakis/) SciProfiles (https://sciprofiles.com/profile/10883)

School of Computer Science, Carleton University, Ottawa, ON K1S 5B6, Canada
Interests: algorithmics; distributed and computational biology; distributed and mobile agent computing; networks (ad hoc, communication, sensor, social); cryptographic and
network security
Special Issues, Collections and Topics in MDPI journals
Special Issue in Sensors: Communication, Coordination and Sensing of Networked Drones (/journal/sensors/special_issues/Networked_Drones)

Prof. Dr. Wieslaw Kubiak
Website (https://www.business.mun.ca/our-people/faculty-instructors/wieslaw-kubiak.php)

Faculty of Business Administration, Memorial University of Newfoundland, St. John's, NL A1C 5S7, Canada
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Interests: just-in-time systems; optimization and fairness; scheduling theory; supply chain analytics; artificial intelligence; algorithms and complexity; health-care engineering

Dr. Devendra Kumar
Website (https://www.bits-pilani.ac.in/pilani/dkumar/profile) SciProfiles (https://sciprofiles.com/profile/2034575)

Department of Mathematics, Birla Institute of Technology and Science, Pilani-333031, India
Interests: regular and singular perturbations; boundary value problems; delay differential equations; numerical methods; fractional order ODEs/PDEs; stability; convergence;
consistency; parameter-uniform convergence; fitted-mesh

Prof. Dr. Tak-Wah Lam
 ( https://recognition.webofsciencegroup.com/awards/highly-cited/2020/ ) Website (http://www.cs.hku.hk/~twlam)

Department of Computer Science, University of Hong Kong, Pokfulam Road, Hong Kong
Interests: online and approximation algorithms; computational biology; text indexing; data streams

Prof. Dr. Antonio Lanatà
Website (https://www.centropiaggio.unipi.it/~lanata) SciProfiles (https://sciprofiles.com/profile/95558)

Department of Information Engineering, University of Florence, Florence, Italy
Interests: biomedical signal processing; biosensors; bioelectronics; human-animal interaction; complex systems coupling; biomedical nonlinear analysis
Special Issues, Collections and Topics in MDPI journals
Special Issue in Electronics: Data Processing and Wearable Systems for Effective Human Monitoring (/journal/electronics/special_issues/dpws)
Special Issue in Animals: Biotechnology in Animals' Management, Health and Welfare (/journal/animals/special_issues/biotech_animal)
Special Issue in Bioengineering: Advances in Multivariate Physiological Signal Analysis (/journal/bioengineering/special_issues/physiological_signal)
Special Issue in Electronics: 10th Anniversary of Electronics: Hot Topics in Bioelectronics (/journal/electronics/special_issues/anniversary_bioelectronics)
Special Issue in Bioengineering: Monitoring and Analysis of Human Biosignals (/journal/bioengineering/special_issues/monitoring_analysis_human_biosignals)
Special Issue in Electronics: Feature Papers in Bioelectronics - Edition of 2022-2023 (/journal/electronics/special_issues/9H197189UA)

Prof. Dr. Giuseppe Lancia
Website (http://users.dimi.uniud.it/~giuseppe.lancia/home.html) SciProfiles (https://sciprofiles.com/profile/10885)

Dipartimento di Matematica e Informatica, University of Udine, Viale delle Scienze 206, 33100 Udine, Italy
Interests: computational molecular biology; mathematical programming; combinatorial optimization
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithmic Themes in Bioinformatics (/journal/algorithms/special_issues/Algorithmic_bioinformatics)

Prof. Dr. Michael A. Langston
Website (http://web.eecs.utk.edu/~mlangsto/)

Department of Electrical Engineering and Computer Science, Tickle College of Engineering, University of Tennessee, Knoxville, TN 37996-2250, USA
Interests: big data analytics; graph theoretical algorithms; life science applications
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Graph-Theoretical Algorithms and Hybrid/Collaborative Technologies (/journal/algorithms/special_issues/GraphTheorl_Algorithms)

Dr. Pierre Leone
Website (http://tcs.unige.ch/doku.php/user/leone) SciProfiles (https://sciprofiles.com/profile/10886)

TCS - Sensor Lab, Centre Universitaire d'Informatique, Battelle batiment A, Route de Drize 7, CH-1227 Carouge, Geneva, Switzerland
Interests: sensor networks; energy balance mechanisms; dynamical analysis; geographic routing; optimal data propagation; networks lifetime
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Sensor Network (/journal/algorithms/special_issues/sensor-network)

Prof. Dr. Eugene Levner
Website (https://www.researchgate.net/profile/Eugene_Levner)

Department of Computer Science, Holon Institute of Technology, 5810201 Holon, Israel
Interests: algorithms in IoT; artificial intelligence algorithms; healthcare big data, fuzzy systems and theory
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Fuzzy Sets and Fuzzy Logic. A Commemorative Special Issue in Honor of 100th Anniversary of the Birth of Professor Lotfi A. Zadeh,
Creator of Fuzzy Sets and Fuzzy Logic (/journal/algorithms/special_issues/FUZZY_SETSLOGIC)

Prof. Dr. Meng Liu
 ( https://recognition.webofscience.com/awards/highly-cited/2021/ ) Website (https://www.researchgate.net/profile/M-Liu)

School of Mathematical Science, Huaiyin Normal University, Huai'an 223300, China
Interests: biomathcmatics; stochastic analysis; differential equations

Dr. Wanquan Liu
Website (http://ise.sysu.edu.cn/teacher/teacher01/1389393.htm)
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School of Intelligent Systems Engineering, Sun Yat-sen University, Shenzhen, China
Interests: control systems; signal processing; artificial intelligence
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Discrete Algorithms and Discrete Problems in Machine Intelligence (/journal/algorithms/special_issues
/Discrete_Machine_Intelligence)
Special Issue in Algorithms: The Second Symposium on Machine Intelligence and Data Analytics (/journal/algorithms/special_issues/MIDA)
Special Issue in Mathematics: Advances in Machine Learning, Optimization, and Control Applications (/journal/mathematics/special_issues
/machine_learning_optimization_control_applications)
Special Issue in Algorithms: Algorithms in Complex Networks (/journal/algorithms/special_issues/algorithms_complex_networks)

Dr. Brian Logan
Website (http://www.cs.nott.ac.uk/~psabl)

Department of Information and Computing Sciences, Universiteit Utrecht, 3584 CC Utrecht, The Netherlands
Interests: artificial intelligence; multi-agent systems; verification

Prof. Dr. Sebastian Maneth
Website (http://user.informatik.uni-bremen.de/smaneth/)

Faculty of Mathematics and Computer Science, University of Bremen, Bibliothekstraße 5, 28359 Bremen, Germany
Interests: formal language theory; automata theory; data compression; computation over compressed structures

Prof. Dr. Vittorio Maniezzo
Website (https://www.unibo.it/sitoweb/vittorio.maniezzo/en)

Department of Computer Science, University of Bologna, Via Zamboni, 33, 40126 Bologna BO, Italy
Interests: heuristics; combinatorial optimization

Prof. Dr. David F. Manlove
Website (http://www.dcs.gla.ac.uk/~davidm/)

School of Computing Science, Sir Alwyn Williams Building, University of Glasgow, Glasgow G12 8QQ, UK
Interests: design and analysis of algorithms; matching problems, including stable matching; algorithmic graph theory; combinatorial optimization
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Special Issue on Matching under Preferences (/journal/algorithms/special_issues/selected_papers_2012)

Prof. Dr. Giovanni Manzini
Website (https://people.unipmn.it/manzini/)

Department of Science and Technological Innovation, University of Piemonte Orientale, 15121 Alessandria, Italy
Interests: algorithms and data structures; data compression; text searching

Dr. Fabrizio Marozzo
Website (https://scalab.dimes.unical.it/marozzo/) SciProfiles (https://sciprofiles.com/profile/1053872)

Department of Informatics, Modeling, Electronics, and Systems Engineering (DIMES), University of Calabria, 87036 Rende, Italy
Interests: big data analysis; social media analysis; cloud computing; data mining; machine learning
Special Issues, Collections and Topics in MDPI journals
Special Issue in Applied Sciences: Cloud Computing for Big Data Analysis (/journal/applsci/special_issues/Cloud_Computin_Big_Data_Analysis)
Special Issue in Algorithms: Scalable Programming Models and Algorithms for Big Data (/journal/algorithms/special_issues/Scalable_Programming_Big_Data)
Special Issue in Electronics: Advances in Machine Learning, IoT and Big Data for Sustainable Communities (/journal/electronics/special_issues/IE_2022)
Special Issue in Big Data and Cognitive Computing: Review Papers in Big Data, Cloud-Based Data Analysis and Learning Systems (/journal/BDCC/special_issues
/Review_Big_Data)
Special Issue in Future Internet: Big Data Analytics in Green Supply Chain and Social Media Influences (/journal/futureinternet/special_issues/163853G02V)

Dr. Mihaly Mezei
Website (http://icahn.mssm.edu/profiles/mihaly-mezei) SciProfiles (https://sciprofiles.com/profile/101747)

Department of Pharmacological Sciences, School of Medicine at Mount Sinai, New York, NY 10029, USA
Interests: molecular simulation; Monte Carlo methodology; macromolecular structure characterization; free-energy simulations; virtual screening
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Prof. Dr. Angelo Montanari
Website (https://users.dimi.uniud.it/~angelo.montanari/index.php)

Department of Mathematics, Computer Science, and Physics, University of Udine, 33100 Udine, Italy
Interests: logic in computer science; formal methods; databases; artificial intelligence

Prof. Dr. Sandile Motsa
Website (http://www.iciam.org/users/prof-sandile-motsa)

Department of Mathematics, University of Eswatini, M201 Eswatini, Switzerland
Interests: numerical methods and analysis; numerical algorithms; differential equations

Prof. Dr. Alfredo Navarra
Website (http://www.dmi.unipg.it/navarra/)

Dipartimento di Matematica e Informatica, Università degli Studi di Perugia, via Vanvitelli 1, I-06123 Perugia, Italy
Interests: algorithms; complexity; distributed computing; networking
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithms for Systems of Autonomous and Mobile Computational Entities (/journal/algorithms/special_issues
/Autonomous_Mobile_Computational_Entities)

Dr. Ferrante Neri
Website (http://www.cs.nott.ac.uk/~pszfn) SciProfiles (https://sciprofiles.com/profile/2016075)

COL Laboratory, School of Computer Science, University of Nottingham, Nottingham NG8 1BB, UK
Interests: algorithmics; hybrid heuristic-exact optimisation; memetic computing; differential evolution; membrane computing
Special Issues, Collections and Topics in MDPI journals
Special Issue in Mathematics: Evolutionary Computation for Deep Learning and Machine Learning (/journal/mathematics/special_issues
/evolutionary_computation_deep_learning_machine_learning)

Prof. Joachim Niehren
Website (http://researchers.lille.inria.fr/~niehren/) SciProfiles (https://sciprofiles.com/profile/221355)

Inria, 59 000 Lille, France
Interests: tree automata; database theory; logic; programming languages; reaction networks; systems biology

Prof. Dr. Hirotaka Ono
Website (http://www.tcs.mi.i.nagoya-u.ac.jp/~ono/index-e.html)

Department of Mathematical Informatics, Graduate School of Informatics Nagoya University, Furocho, Chikusa-ku, Nagoya 464-8601, Japan
Interests: combinatorial optimization; algorithmic game theory; approximation; boolean functions

Prof. Dr. Constantin Paleologu
Website (http://www.comm.pub.ro/paleologu)

Department of Telecommunications, University Politehnica of Bucharest, 1-3, Iuliu Maniu Blvd., 061071 Bucharest, Romania
Interests: adaptive filters; acoustic echo cancellation; sparse systems
Special Issues, Collections and Topics in MDPI journals
Special Issue in Electronics: Efficient Algorithms and Architectures for DSP Applications (/journal/electronics/special_issues/DSP_Applications)
Special Issue in Symmetry: New Approaches for System Identification Problems (/journal/symmetry/special_issues
/New_Approaches_System_Identification_Problems)

Prof. Dr. Gopal Pandurangan
Website (https://sites.google.com/site/gopalpandurangan/)

Department of Computer Science, University of Houston, Houston, TX 77204, USA
Interests: algorithms; networks; distributed computing; Big Data
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Distributed Algorithms and Applications (/journal/algorithms/special_issues/Distributed_Algorithms)

Dr. Marina Papatriantafilou
Website (https://www.chalmers.se/en/staff/Pages/ptrianta.aspx)

Department of Computer Science and Engineering, Chalmers University of Technology, S-412 96 Göteborg, Sweden
Interests: distributed and parallel algorithms; data-streaming; applications of these in Cyber-Physical systems/Internet-of-Things; fine-grain synchronization
Special Issues, Collections and Topics in MDPI journals
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Special Issue in Algorithms: Parallel and Distributed Algorithms for Demanding Data Analysis and Applications (/journal/algorithms/special_issues
/Parallel_Distributed_Algorithms)

Prof. Dr. Vangelis Th. Paschos
Website (https://www.lamsade.dauphine.fr/~paschos/) SciProfiles (https://sciprofiles.com/profile/761149)

Université Paris-Dauphine, PSL Research University, CNRS, UMR 7243 LAMSADE, 75016 Paris, France
Interests: complexity theory; worst-case complexity of exact algorithms for NP-hard problems; approximation of NP-hard optimization problems; polynomial approximability;
moderately exponential; subexponential and parameterized approximation; algorithmics in dynamic environments
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithmics in Dynamic Environments (/journal/algorithms/special_issues/Algorithmics_Dynamic_Environments)
Topical Collection in Algorithms: Feature Paper in Algorithms and Complexity Theory (/journal/algorithms/special_issues
/approximation_algorithms_complexity_theory)

Prof. Dr. Maurizio Patrignani
Website (https://compunet.ing.uniroma3.it/#!/people/titto)

Department of Engineering, Roma Tre University, Via della Vasca Navale, 79, 00146 Rome, Italy
Interests: algorithm engineering; graph drawing; network visualization; computer networks
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Graph Drawing and Experimental Algorithms (/journal/algorithms/special_issues/graph_drawing)
Special Issue in Algorithms: Extreme Algorithmics: Analysis of Huge, Noisy, and Dynamic Networked Data (/journal/algorithms/special_issues
/Extreme_Algorithmics)

Prof. Dr. Ulrich Pferschy
Website (https://online.uni-graz.at/kfu_online/wbForschungsportal.cbShowPortal?pPersonNr=57960)

Department of Operations and Information Systems, University of Graz, Universitaetsstrasse 15/E3, 8010 Graz, Austria
Interests: combinatorial optimization; approximation algorithms; metaheuristics; knapsack problems

Dr. Carla Piazza
Website (http://www.dimi.uniud.it/piazza)

Department of Mathematics, Informatics, and Physics, University of Udine, Via delle Scienze, 206, 33100 Udine UD, Italy
Interests: systems biology; hybrid automata; model checking; information flow security
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Bisimulation and Simulation Algorithms (/journal/algorithms/special_issues/Bisimulation_Simulation_Algorithms)

Dr. Ali Pinar
Website (https://sites.google.com/view/alipinar/home) SciProfiles (https://sciprofiles.com/profile/2258203)

Sandia National Laboratories, Livermore, CA 94550, USA
Interests: graph mining; data mining; cyber analytics; network science; sparse matrix computations

Dr. Alberto Pinto
Website (http://www.liaad.up.pt/area/aapinto)

Mathematics Department, Faculty of Sciences, University of Porto, Praça de Gomes Teixeira, 4099-002 Porto, Portugal
Interests: dynamics; game theory; applications of mathematics to biological and social sciences
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Feature Papers in Algorithms for Multidisciplinary Applications (/journal/algorithms/special_issues
/FP_Algorithms_Multidisciplinary_Applications)

Prof. Dr. Evaggelia Pitoura
Website (http://www.cs.uoi.gr/~pitoura/)

Computer Science and Engineering Department, University of Ioannina, GR-45110 Ioannina, Greece
Interests: data management; data graphs; social networks

Dr. Alberto Policriti
Website (http://www.dimi.uniud.it/policriti)
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Department of Mathematics, Computer Science and Physics, via delle Scienze 206, 33100 Udine, Italy
Interests: algorithms for bioinformatics and computational biology; logic decision algorithms; algorithms and data-structures for compressed computation
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithmic Themes in Bioinformatics (/journal/algorithms/special_issues/Algorithmic_bioinformatics)
Special Issue in Algorithms: Bisimulation and Simulation Algorithms (/journal/algorithms/special_issues/Bisimulation_Simulation_Algorithms)
Special Issue in Algorithms: Algorithms and Data-Structures for Compressed Computation (/journal/algorithms/special_issues/Compressed_Computation)

Prof. Dr. Abraham P. Punnen
Website (http://www.sfu.ca/~apunnen/)

Department of Mathematics, Simon Fraser University Surrey, Surrey, BC V3T 0A3, Canada
Interests: discrete optimization and operations research applications

Prof. Dr. Francesco Quaglia
Website (https://francescoquaglia.github.io/)

Dipartimento di Ingegneria Civile e Ingegneria Informatica, Universita' di Roma Tor Vergata, I-00133 Roma, Italy
Interests: parallel and distributed computing; operating systems; HPC; dependable systems; cyber-security

Dr. Mircea-Bogdan Radac
Website (https://www.mbradac.info/) SciProfiles (https://sciprofiles.com/profile/204032)

Department of Automation and Applied Informatica, Politehnica University of Timisoara, 300223 Timisoara, Romania
Interests: learning systems; control systems and algorithms; data-driven control; model-free control; iterative learning; approximate dynamic programming and reinforcement
learning; neuro-fuzzy systems; machine learning; neural networks; optimization

Prof. Dr. Günther Raidl
Website (https://www.ac.tuwien.ac.at/people/raidl/) SciProfiles (https://sciprofiles.com/profile/1526996)

Technische Universität Wien, Institute of Logic and Computation, Favoritenstraße 9-11, E192-01, Stiege 2, 4. Stock, A-1040 Wien, Austria
Interests: combinatorial optimization; metaheuristics; evolutionary computation; integer linear programming; network design; graphs; algorithms; data structures; transport
logistics; cutting and packing; bioinformatic

Prof. Dr. Sergio Rajsbaum
Website (http://www.matem.unam.mx/~rajsbaum) SciProfiles (https://sciprofiles.com/profile/777998)

Instituto de Matemáticas, Universidad Nacional Autónoma de México, Circuito Exterior, Ciudad Universitaria, 04510 Coyoacán, México
Interests: distributed computing; distributed algorithms and lower; bounds; fault-tolerant computing; communication algorithms in networks; shared-memory and multi-core
computing

Prof. Dr. Frances Rosamond
Website (https://www.uib.no/en/persons/Frances.Rosamond#uib-tabs-research)

Department of Informatics, University of Bergen, Postboks 7803, 5020 Bergen, Norway
Interests: kernelization, parameterized algorithms, parameterized complexity
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: New Frontiers in Parameterized Complexity and Algorithms (/journal/algorithms/special_issues/Parameterized_Complexity)

Prof. Dr. Conor Ryan
Website (https://www.ul.ie/hri/person/hri-member/prof-conor-ryan) SciProfiles (https://sciprofiles.com/profile/2095172)

Department of Computer Science and Information Systems, University of Limerick, V94 T9PX Limerick, Ireland
Interests: automatic programming; evolutionary computation; grammatical evolution; flash memory; genetic programming

Dr. Ilya Safro
Website (https://people.cs.clemson.edu/~isafro/index.html) SciProfiles (https://sciprofiles.com/profile/810937)

School of Computing, Clemson University, Clemson, SC 29631, USA
Interests: quantum algorithms; machine learning; data mining; graph algorithms; network science; hypothesis generation; text mining; combinatorial scientific computing;
multiscale methods; complex systems
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Prof. Dr. Francisco Saldanha da Gama
Website (https://ciencias.ulisboa.pt/en/perfil/faconceicao)

Department of Statistics and Operations Research, University of Lisbon, 1749-016 Lisbon, Portugal
Interests: stochastic mixed-integer optimization; location theory; project scheduling

Prof. Dr. Arun Kumar Sangaiah
 ( https://recognition.webofscience.com/awards/highly-cited/2021/ ) Website (https://orcid.org/0000-0002-0229-2460)

SciProfiles (https://sciprofiles.com/profile/758733)
National Yunlin University of Science and Technology, Taiwan and Vellore Institute of Technology, Tamil Nadu 632014, India
Interests: wireless sensor networks; Internet of Things; edge computing; computational intelligence
Special Issues, Collections and Topics in MDPI journals
Special Issue in Remote Sensing: Intelligence Computing Paradigms with Remote Sensing Networks in Water Hydrology (/journal/remotesensing/special_issues
/water_Computational)
Special Issue in Applied Sciences: Cognitive Computing with Big Data System over Secure Internet of Things (/journal/applsci/special_issues
/cognitive_computing)
Special Issue in Electronics: AI Enabled Communication on IoT Edge Computing (/journal/electronics/special_issues/ai_lot_computing)
Special Issue in Sustainability: Edge Artificial Intelligence in Future Sustainable Computing Systems (/journal/sustainability/special_issues
/Sustainable_Edge_Artificial_Intelligence)
Special Issue in Sustainability: IoT and Computational Intelligence Applications in Digital and Sustainable Transitions (/journal/sustainability/special_issues
/1H0L275A4V)
Special Issue in Algorithms: AI-Based Algorithms in IoT-Edge Computing (/journal/algorithms/special_issues/6ZC2YWL45C)
Topical Collection in Algorithms: Featured Reviews of Algorithms (/journal/algorithms/special_issues/featured_review_algorithms)

Prof. Dr. Günter Schmidt
Website (https://www.uni-saarland.de/lehrstuhl/schmidt/group/groupleader.html)

Department of Operations Research and Business Informatics, Saarland University, 66123 Saarbrücken, Germany
Interests: combinatorial optimization; scheduling; conversion and trading

Prof. Dr. Marc Sevaux
Website (http://www-labsticc.univ-ubs.fr/~sevaux/) SciProfiles (https://sciprofiles.com/profile/765943)

Lab-STICC, University of South Brittany, F56321 Lorient, France
Interests: design of heuristics and metaheuristics; mathematical programming; matheuristics; routing problems; optimization in electronic design; wireless sensor networks;
scheduling
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Algorithms for Wireless Sensor Networks (/journal/algorithms/special_issues/wireless_sensor_networks)
Special Issue in Sustainability: Optimization in Logistics and Mobility Using Metaheuristics (/journal/sustainability/special_issues
/Optimization_Logistics_Mobility_Metaheuristics)
Special Issue in Algorithms: Reconfigurable Production Systems (/journal/algorithms/special_issues/reconfig_systems)

Prof. Dr. Yuri N. Sotskov
Website (https://orcid.org/0000-0002-9971-6169) SciProfiles (https://sciprofiles.com/profile/399282)

United Institute of Informatics Problems, National Academy of Sciences of Belarus, Surganova Street 6, 220012 Minsk, Belarus.
Interests: discrete optimization; scheduling; complexity; graph theory; stability analysis; uncertainty
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Optimization Techniques, Algorithms, Applications for Cloud and Edge/Fog Computing Environments (/journal/algorithms
/special_issues/Optimization_Algorithms_EFC)

Prof. Dr. Alberto Marchetti Spaccamela
Website (http://www.dis.uniroma1.it/~alberto/) SciProfiles (https://sciprofiles.com/profile/10893)

Dipartimento di Ingegneria informatica automatica e gestionale, Via Ariosto 25, 00185 Roma, Italy
Interests: on-line algorithms; approximation algorithms; graphs algorithms; network algorithms; wireless ad hoc and sensor networks

Prof. Dr. Doug Steinley
Website (https://psychology.missouri.edu/people/steinley)

Department of Psychological Sciences, University of Missouri, Columbia, 210 McAlester Hall, Columbia, MO 65211, USA
Interests: cluster analysis; mixture modelling; exploratory data analysis
Special Issues, Collections and Topics in MDPI journals
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Special Issue in Algorithms: Clustering Algorithms and Their Applications (/journal/algorithms/special_issues/Clustering_Algorithms_Applications)

Dr. Wing-Kin Sung
Website (https://www.comp.nus.edu.sg/cs/bio/ksung/)

School of Computing, National University of Singapore, Singapore 117417, Singapore
Interests: algorithm; bioinformatics

Prof. Dr. Kenji Suzuki
Website (http://suzukilab.first.iir.titech.ac.jp) SciProfiles (https://sciprofiles.com/profile/1069667)

Artificial Intelligence in Biomedical Imaging Lab (AIBI Lab), Laboratory for Future Interdisciplinary Research of Science and Technology, Institute of Innovative Research,
Tokyo Institute of Technology, Tokyo 152-8550, Japan
Interests: deep learning; machine learning; computer-aided diagnosis; medical imaging
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Machine Learning for Medical Imaging (/journal/algorithms/special_issues/machine-learning-for-medical-imaging)
Special Issue in Algorithms: Machine Learning for Medical Imaging 2012 (/journal/algorithms/special_issues/medical_imaging_2012)
Special Issue in Journal of Imaging: Image and Video Processing in Medicine (/journal/jimaging/special_issues/Processing_in_Medicine)
Special Issue in Diagnostics: Computer-Aided Diagnosis and Characterization of Diseases (/journal/diagnostics/special_issues/CAD)
Special Issue in AI: Frontiers in Artificial Intelligence (/journal/ai/special_issues/frontiers_ai)
Special Issue in AI: Feature Papers for AI (/journal/ai/special_issues/Feature_Papers_AI)
Special Issue in International Journal of Environmental Research and Public Health: Intelligent Systems for One Digital Health (/journal/ijerph/special_issues
/AI_Digital_Health)

Prof. Dr. El-ghazali Talbi
Website (http://www.lifl.fr/~talbi/)

Computer Sciences, University of Lille 1, 59000 Lille, France
Interests: optimization; heuristics; combinatorial optimization
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Optimization Algorithms and Applications (/journal/algorithms/special_issues/Optimization_Algorithms)
Special Issue in Algorithms: Optimization Algorithms and Applications at OLA 2021 (/journal/algorithms/special_issues/OLA_2021)

Dr. Matthias Templ
Website (https://www.zhaw.ch/de/ueber-uns/person/teml/) SciProfiles (https://sciprofiles.com/profile/537265)

Institute for Data Analysis and Process Design, Zurich University of Applied Sciences, 8400 Winterthur, Switzerland
Interests: computational statistics; official statistics; compositional data analysis; robust statistics; statistical modelling
Special Issues, Collections and Topics in MDPI journals
Special Issue in Algorithms: Statistical Disclosure Control for Microdata (/journal/algorithms/special_issues/statistical_disclosure_control)

Prof. Dr. Akemi Galvez Tomida
Website (https://web.unican.es/departamentos/macc/miembros-del-departamento/personal-docente-e-investigador/profesor?p=DD0AFBF485CD7495&a=2017)

SciProfiles (https://sciprofiles.com/profile/249659)
1. Department of Applied Mathematics and Computational Sciences, University of Cantabria, C.P. 39005 Santander, Spain
2. Department of Information Science, Faculty of Sciences, Toho University, 2-2-1 Miyama, Funabashi 274-8510, Japan
Interests: artificial Intelligence; soft computing for optimization; evolutionary computation; computational intelligence
Special Issues, Collections and Topics in MDPI journals
Special Issue in Symmetry: Advances in Computer Graphics, Geometric Modeling, and Virtual and Augmented Reality (/journal/symmetry/special_issues
/Advances_Computer_Graphics_Geometric_Modeling_Virtual_Augmented_Reality)
Special Issue in Applied Sciences: Applied Artificial Intelligence (AI) (/journal/applsci/special_issues/Applied_Artificial_Intelligence_AI)
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Algorithms, Volume 15, Issue 9 (September 2022) – 38 articles
Cover Story (view full-size image (/files/uploaded/covers/algorithms/big_cover-algorithms-v15-i9.png)): In configuration design, the task is to
compose a system out of a set of predefined, modular building blocks. Product configuration systems implement reasoning techniques to model and
explore the resulting solution spaces. Among others, the formulation of constraint satisfaction problems (CSP) is state of the art and the background in
many proprietary configuration engine software packages. Configuration design tasks can also be implemented in computer-aided design (CAD)
systems as these contain different techniques for knowledge-based product modeling, but the literature reports only little about modeling examples or
training materials. This article is aimed at bridging this gap and presents a step-by-step implementation guide for CSP-based CAD configurators on the
example of Autodesk Inventor. View this paper (https://www.mdpi.com/1999-4893/15/9/318)
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Viewed by 319

Abstract Machine learning classification algorithms, such as decision trees and random forests, are commonly used in many applications. Clients who want to classify their
data send them to a server that performs their inference using a trained model. The client must trust the server [...] Read more.
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Tree-Based Classifier Ensembles for PE Malware Analysis: A Performance Revisit (/1999-4893/15/9/332)
by Maya Hilda Lestari Louk (https://sciprofiles.com/profile/1948671) and Bayu Adhi Tama (https://sciprofiles.com/profile/828102)
Algorithms 2022, 15(9), 332; https://doi.org/10.3390/a15090332 (https://doi.org/10.3390/a15090332) - 17 Sep 2022
Viewed by 248

Abstract Given their escalating number and variety, combating malware is becoming increasingly strenuous. Machine learning techniques are often used in the literature to
automatically discover the models and patterns behind such challenges and create solutions that can maintain the rapid pace at which malware [...] Read more.
(This article belongs to the Special Issue AI for Cybersecurity: Robust models for Authentication, Threat and Anomaly Detection ( /journal/algorithms/special_issues
/AI_Cybersecurity_Model ))
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Abstract The current template-matching algorithm can match the target workpiece but cannot give the position and orientation of the irregular workpiece. Aiming at this
problem, this paper proposes a template-matching algorithm for irregular workpieces based on the contour phase difference. By this, one can [...] Read more.
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Abstract Recent super-resolution imaging technologies enable tracing chromatin conformation with nanometer-scale precision at the single-cell level. They revealed, for
example, that human chromosomes fold into a complex three-dimensional structure within the cell nucleus that is essential to establish biological activities, such as the
regulation [...] Read more.
(This article belongs to the Special Issue Algorithms for Biomedical Image Analysis and Processing ( /journal/algorithms/special_issues
/biomedical_image_analysis_processing ))
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Abstract The massive nature of modern university programming courses increases the burden on academic workers. The Digital Teaching Assistant (DTA) system addresses
this issue by automating unique programming exercise generation and checking, and provides means for analyzing programs received from students by the end [...] Read
more.
(This article belongs to the Special Issue Mathematical Models and Their Applications III ( /journal/algorithms/special_issues/mathematical_models_applications_III
))
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by Thilo Reich (https://sciprofiles.com/profile/2385011),

David Hulbert (https://sciprofiles.com/profile/author/dXJ3bDZGWWJUZm94QW4wNk9va1Z0KzVkeWd0U2ZEQmJPKy9yQ01XWVdScz0=) and
Marcin Budka (https://sciprofiles.com/profile/6456)

Algorithms 2022, 15(9), 328; https://doi.org/10.3390/a15090328 (https://doi.org/10.3390/a15090328) - 14 Sep 2022
Viewed by 236

Abstract This study presents a working concept of a model architecture allowing to leverage the state of an entire transport network to make estimated arrival time (ETA) and
next-step location predictions. To this end, a combination of an attention mechanism with a dynamically changing [...] Read more.
(This article belongs to the Special Issue Machine Learning for Time Series Analysis ( /journal/algorithms/special_issues/machine_learning_time_series ))
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Infrared Image Deblurring Based on Lp-Pseudo-Norm and High-Order Overlapping Group Sparsity Regularization (/1999-4893/15/9/327)
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Algorithms 2022, 15(9), 327; https://doi.org/10.3390/a15090327 (https://doi.org/10.3390/a15090327) - 14 Sep 2022
Viewed by 196

Abstract A traditional total variation (TV) model for infrared image deblurring amid salt-and-pepper noise produces a severe staircase effect. A TV model with low-order
overlapping group sparsity (LOGS) suppresses this effect; however, it considers only the prior information of the low-order gradient of the [...] Read more.

 Show Figures
(/algorithms/algorithms-15-00327/article_deploy/html/images/algorithms-15-00327-g001-550.jpg) (/algorithms/algorithms-15-00327/article_deploy/html/images

/algorithms-15-00327-g002-550.jpg) (/algorithms/algorithms-15-00327/article_deploy/html/images/algorithms-15-00327-g003-550.jpg) (/algorithms/algorithms-

15-00327/article_deploy/html/images/algorithms-15-00327-g004-550.jpg) (/algorithms/algorithms-15-00327/article_deploy/html/images/algorithms-15-00327-

g005-550.jpg) (/algorithms/algorithms-15-00327/article_deploy/html/images/algorithms-15-00327-g006-550.jpg) (/algorithms/algorithms-15-00327/article_deploy

/html/images/algorithms-15-00327-g007-550.jpg)

Open Access Article

Autonomous Intersection Management by Using Reinforcement Learning (/1999-4893/15/9/326)
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Viewed by 185

Abstract Developing a safer and more effective intersection-control system is essential given the trends of rising populations and vehicle numbers. Additionally, as vehicle
communication and self-driving technologies evolve, we may create a more intelligent control system to reduce traffic accidents. We recommend deep reinforcement [...]
Read more.
(This article belongs to the Special Issue Neural Network for Traffic Forecasting ( /journal/algorithms/special_issues/Traffic_Forecasting ))
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Guang Lin (https://sciprofiles.com/profile/152288)
Algorithms 2022, 15(9), 325; https://doi.org/10.3390/a15090325 (https://doi.org/10.3390/a15090325) - 12 Sep 2022
Viewed by 271

Abstract The Deep Operator Network (DeepONet) framework is a different class of neural network architecture that one trains to learn nonlinear operators, i.e., mappings
between infinite-dimensional spaces. Traditionally, DeepONets are trained using a centralized strategy that requires transferring the training data to a centralized [...] Read
more.
(This article belongs to the Special Issue Gradient Methods for Optimization ( /journal/algorithms/special_issues/Gradient_Methods ))
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Anatoly Yagola (https://sciprofiles.com/profile/486994)
Algorithms 2022, 15(9), 324; https://doi.org/10.3390/a15090324 (https://doi.org/10.3390/a15090324) - 09 Sep 2022
Viewed by 400

Abstract This paper discusses a method for taking into account rounding errors when constructing a stopping criterion for the iterative process in gradient minimization
methods. The main aim of this work was to develop methods for improving the quality of the solutions for real [...] Read more.
(This article belongs to the Special Issue Gradient Methods for Optimization ( /journal/algorithms/special_issues/Gradient_Methods ))
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Viewed by 279

Abstract Stochastic algorithms are at the core of machine learning and artificial intelligence [...] Full article (/1999-4893/15/9/323)
(This article belongs to the Special Issue Stochastic Algorithms and Their Applications ( /journal/algorithms/special_issues/stochastic_algorithms ))

Open Access Article

Projection onto the Set of Rank-Constrained Structured Matrices for Reduced-Order Controller Design (/1999-4893/15/9/322)
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Noboru Sebe (https://sciprofiles.com/profile/2357457)
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Viewed by 222

Abstract In this paper, we propose an efficient numerical computation method of reduced-order controller design for linear time-invariant systems. The design problem is
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described by linear matrix inequalities (LMIs) with a rank constraint on a structured matrix, due to which the problem is non-convex. [...] Read more.
(This article belongs to the Special Issue Computational Methods and Optimization for Numerical Analysis ( /journal/algorithms/special_issues
/optimization_numerical_analysis ))
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by Chan Hee Park (https://sciprofiles.com/profile/2393427) and Young Dae Ko (https://sciprofiles.com/profile/240583)
Algorithms 2022, 15(9), 321; https://doi.org/10.3390/a15090321 (https://doi.org/10.3390/a15090321) - 09 Sep 2022
Viewed by 264

Abstract The Korean government implemented a 52-h workweek policy for employees’ welfare. Consequently, companies face workforce availability reduction with the same
number of employees. That is, labor-dependent companies suffer from workforce shortage. To handle the workforce shortage, they increase irregular employees who are paid
[...] Read more.
(This article belongs to the Special Issue Scheduling: Algorithms and Applications ( /journal/algorithms/special_issues/Scheduling_Algorithms_Applications ))
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Abstract We propose a new method of adaptive piecewise approximation based on Sinc points for ordinary differential equations. The adaptive method is a piecewise
collocation method which utilizes Poly-Sinc interpolation to reach a preset level of accuracy for the approximation. Our work extends the [...] Read more.
(This article belongs to the Special Issue Computational Methods and Optimization for Numerical Analysis ( /journal/algorithms/special_issues
/optimization_numerical_analysis ))
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Viewed by 249

Abstract Regularized sparse learning with the -norm is important in many areas, including statistical learning and signal processing. Iterative hard thresholding (IHT)
methods are the state-of-the-art for nonconvex-constrained sparse learning due to their capability of recovering true support and scalability with large [...] Read more.
(This article belongs to the Special Issue Gradient Methods for Optimization ( /journal/algorithms/special_issues/Gradient_Methods ))

 Show Figures

0

ssssssssssssssssssssssssssscricricrcrcrcrcrcricrcrcrccrcricrcrcrcrcriccrcricricricriicccrcriicccrcccrccccccccc bedbebebbbbebbbbbbbbbbbbbbbebbbbbbbbbee bybyyyyy
hhhhis issssssiss artartartartartartartartartrtrttartrttttrtrrrrtrtrrrrrrrtrtttrttticlicliclcllcclliclicliclicllllicliciclliclee e e ee eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

 (/)

 (/toggle_desktop_layout_cookie)

Algorithms | September 2022 - Browse Articles https://www.mdpi.com/1999-4893/15/9

6 of 15 9/27/2022, 10:26 AM



 (/1999-4893/15/9/318/pdf?version=1663643246)

 (/1999-4893/15/9/317/pdf?version=1663754754)

 (/1999-4893/15/9/316/pdf?version=1662518455)

 (/1999-4893/15/9/315/pdf?version=1662098433)

(/algorithms/algorithms-15-00319/article_deploy/html/images/algorithms-15-00319-g001-550.jpg) (/algorithms/algorithms-15-00319/article_deploy/html/images

/algorithms-15-00319-g002-550.jpg) (/algorithms/algorithms-15-00319/article_deploy/html/images/algorithms-15-00319-g003-550.jpg) (/algorithms/algorithms-

15-00319/article_deploy/html/images/algorithms-15-00319-g004-550.jpg) (/algorithms/algorithms-15-00319/article_deploy/html/images/algorithms-15-00319-

g005-550.jpg) (/algorithms/algorithms-15-00319/article_deploy/html/images/algorithms-15-00319-g006-550.jpg)

Open Access Article

Joining Constraint Satisfaction Problems and Configurable CAD Product Models: A Step-by-Step Implementation Guide (/1999-4893/15/9/318)
by Paul Christoph Gembarski (https://sciprofiles.com/profile/105649)
Algorithms 2022, 15(9), 318; https://doi.org/10.3390/a15090318 (https://doi.org/10.3390/a15090318) - 06 Sep 2022
Viewed by 262

Abstract In configuration design, the task is to compose a system out of a set of predefined, modu-lar building blocks assembled by defined interfaces. Product configuration
systems, both with or without integration of geometric models, implement reasoning techniques to model and explore the resulting [...] Read more.
(This article belongs to the Special Issue Combinatorial Designs: Theory and Applications ( /journal/algorithms/special_issues/Combinatorial_Designs ))
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Open Access Article

Improved Slime Mold Algorithm with Dynamic Quantum Rotation Gate and Opposition-Based Learning for Global Optimization and Engineering Design Problems
(/1999-4893/15/9/317)
by Yunyang Zhang (https://sciprofiles.com/profile/2327883), Shiyu Du (https://sciprofiles.com/profile/1436900) and

Quan Zhang (https://sciprofiles.com/profile/2192547)
Algorithms 2022, 15(9), 317; https://doi.org/10.3390/a15090317 (https://doi.org/10.3390/a15090317) - 04 Sep 2022
Viewed by 298

Abstract The slime mold algorithm (SMA) is a swarm-based metaheuristic algorithm inspired by the natural oscillatory patterns of slime molds. Compared with other
algorithms, the SMA is competitive but still suffers from unbalanced development and exploration and the tendency to fall into local optima. [...] Read more.
(This article belongs to the Section Evolutionary Algorithms and Machine Learning (/journal/algorithms/sections/evolutionary_algorithms_and_machine_learning))
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Sustainable Risk Identification Using Formal Ontologies (/1999-4893/15/9/316)
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Oded Margalit (https://sciprofiles.com/profile/2397279)
Algorithms 2022, 15(9), 316; https://doi.org/10.3390/a15090316 (https://doi.org/10.3390/a15090316) - 02 Sep 2022
Viewed by 354

Abstract The cyber threat landscape is highly dynamic, posing a significant risk to the operations of systems and organisations. An organisation should, therefore,
continuously monitor for new threats and properly contextualise them to identify and manage the resulting risks. Risk identification is typically performed [...] Read more.
(This article belongs to the Special Issue AI for Cybersecurity: Robust models for Authentication, Threat and Anomaly Detection ( /journal/algorithms/special_issues
/AI_Cybersecurity_Model ))
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Algorithms 2022, 15(9), 315; https://doi.org/10.3390/a15090315 (https://doi.org/10.3390/a15090315) - 02 Sep 2022
Viewed by 443

Abstract Hyperparameters in machine learning (ML) have received a fair amount of attention, and hyperparameter tuning has come to be regarded as an important step in
the ML pipeline. However, just how useful is said tuning? While smaller-scale experiments have been previously conducted, herein [...] Read more.
(This article belongs to the Special Issue Algorithms for Natural Computing Models ( /journal/algorithms/special_issues/Natural_Models ))
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CVE2ATT&CK: BERT-Based Mapping of CVEs to MITRE ATT&CK Techniques (/1999-4893/15/9/314)
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Algorithms 2022, 15(9), 314; https://doi.org/10.3390/a15090314 (https://doi.org/10.3390/a15090314) - 31 Aug 2022
Viewed by 369

Abstract Since cyber-attacks are ever-increasing in number, intensity, and variety, a strong need for a global, standardized cyber-security knowledge database has emerged
as a means to prevent and fight cybercrime. Attempts already exist in this regard. The Common Vulnerabilities and Exposures (CVE) list documents [...] Read more.
(This article belongs to the Special Issue AI for Cybersecurity: Robust models for Authentication, Threat and Anomaly Detection ( /journal/algorithms/special_issues
/AI_Cybersecurity_Model ))
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Open Access Review

Artificial Intelligence for Cell Segmentation, Event Detection, and Tracking for Label-Free Microscopy Imaging (/1999-4893/15/9/313)
by Lucia Maddalena (https://sciprofiles.com/profile/422781), Laura Antonelli (https://sciprofiles.com/profile/537267),
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,

Aroj Hada (https://sciprofiles.com/profile/2403590) and Mario Rosario Guarracino (https://sciprofiles.com/profile/430442)
Algorithms 2022, 15(9), 313; https://doi.org/10.3390/a15090313 (https://doi.org/10.3390/a15090313) - 31 Aug 2022
Viewed by 433

Abstract Background: Time-lapse microscopy imaging is a key approach for an increasing number of biological and biomedical studies to observe the dynamic behavior of
cells over time which helps quantify important data, such as the number of cells and their sizes, shapes, and dynamic [...] Read more.
(This article belongs to the Special Issue Algorithms for Biomedical Image Analysis and Processing ( /journal/algorithms/special_issues
/biomedical_image_analysis_processing ))
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Images Segmentation Based on Cutting the Graph into Communities (/1999-4893/15/9/312)
by Sergey V. Belim (https://sciprofiles.com/profile/1832379) and Svetlana Yu. Belim (https://sciprofiles.com/profile/2328947)
Algorithms 2022, 15(9), 312; https://doi.org/10.3390/a15090312 (https://doi.org/10.3390/a15090312) - 30 Aug 2022
Viewed by 280

Abstract This article considers the problem of image segmentation based on its representation as an undirected weighted graph. Image segmentation is equivalent to
partitioning a graph into communities. The image segment corresponds to each community. The growing area algorithm search communities on the graph. [...] Read more.
(This article belongs to the Collection Feature Papers in Combinatorial Optimization, Graph, and Network Algorithms ( /journal/algorithms/topical_collections
/feature_paper_graph_network ))
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by Fatima Antarou Ba (https://sciprofiles.com/profile/2373452) and Michael Quellmalz (https://sciprofiles.com/profile/2404963)
Algorithms 2022, 15(9), 311; https://doi.org/10.3390/a15090311 (https://doi.org/10.3390/a15090311) - 30 Aug 2022
Viewed by 253

Abstract We consider the numerical solution of the discrete multi-marginal optimal transport (MOT) by means of the Sinkhorn algorithm. In general, the Sinkhorn algorithm
suffers from the curse of dimensionality with respect to the number of marginals. If the MOT cost function decouples according [...] Read more.
(This article belongs to the Section Randomized, Online, and Approximation Algorithms (/journal/algorithms/sections
/randomized_online_approximation_algorithms))

 Show Figures
(/algorithms/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-g001-550.jpg) (/algorithms/algorithms-15-00311/article_deploy/html/images

/algorithms-15-00311-g002-550.jpg) (/algorithms/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-g003-550.jpg) (/algorithms/algorithms-

15-00311/article_deploy/html/images/algorithms-15-00311-g004-550.jpg) (/algorithms/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-

g005-550.jpg) (/algorithms/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-g006-550.jpg) (/algorithms/algorithms-15-00311/article_deploy

/html/images/algorithms-15-00311-g007-550.jpg) (/algorithms/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-g008-550.jpg) (/algorithms

/algorithms-15-00311/article_deploy/html/images/algorithms-15-00311-g009-550.jpg)

Open Access Article

Implicit A-Stable Peer Triplets for ODE Constrained Optimal Control Problems (/1999-4893/15/9/310)
by Jens Lang (https://sciprofiles.com/profile/2031775) and Bernhard A. Schmitt (https://sciprofiles.com/profile/2055732)
Algorithms 2022, 15(9), 310; https://doi.org/10.3390/a15090310 (https://doi.org/10.3390/a15090310) - 29 Aug 2022
Viewed by 233

Abstract This paper is concerned with the construction and convergence analysis of novel implicit Peer triplets of two-step nature with four stages for nonlinear ODE
constrained optimal control problems. We combine the property of superconvergence of some standard Peer method for inner grid points [...] Read more.
(This article belongs to the Section Analysis of Algorithms and Complexity Theory (/journal/algorithms/sections/algorithms_analysis_complexity_theory))
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Integrated Industrial Reference Architecture for Smart Healthcare in Internet of Things: A Systematic Investigation (/1999-4893/15/9/309)
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Soumya Ranjan Nayak (https://sciprofiles.com/profile/1536998),
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Algorithms 2022, 15(9), 309; https://doi.org/10.3390/a15090309 (https://doi.org/10.3390/a15090309) - 29 Aug 2022
Viewed by 290

Abstract Internet of Things (IoT) is one of the efflorescing technologies of recent years with splendid real-time applications in the fields of healthcare, agriculture,
transportation, industry, and environmental monitoring. In addition to the dominant applications and services of IoT, many challenges exist. As there [...] Read more.
(This article belongs to the Special Issue Deep Learning for Internet of Things ( /journal/algorithms/special_issues/Deep_Computation ))
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F. M. Javed Mehedi Shamrat (https://sciprofiles.com/profile/1757506), Md. Robiul Hasan (https://sciprofiles.com/profile/2408243),
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Pronab Ghosh (https://sciprofiles.com/profile/2020558),
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Sobhy M. Ibrahim (https://sciprofiles.com/profile/27403)

Algorithms 2022, 15(9), 308; https://doi.org/10.3390/a15090308 (https://doi.org/10.3390/a15090308) - 29 Aug 2022
Viewed by 425

Abstract Chronic kidney disease (CKD) is one of the most life-threatening disorders. To improve survivability, early discovery and good management are encouraged. In this
paper, CKD was diagnosed using multiple optimized neural networks against traditional neural networks on the UCI machine learning dataset, to [...] Read more.
(This article belongs to the Special Issue Artificial Intelligence Algorithms for Medicine ( /journal/algorithms/special_issues
/artificial_intellighence_algorithms_medicine ))
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Algorithms 2022, 15(9), 307; https://doi.org/10.3390/a15090307 (https://doi.org/10.3390/a15090307) - 28 Aug 2022
Viewed by 405

Abstract Traffic parameter characteristics in congested road networks are explored based on traffic flow theory, and observed variables are transformed to a uniform format.
The Gaussian mixture model is used to reconstruct route trajectories based on data regarding travel routes containing only the origin [...] Read more.

 Show Figures
(/algorithms/algorithms-15-00307/article_deploy/html/images/algorithms-15-00307-g001-550.jpg) (/algorithms/algorithms-15-00307/article_deploy/html/images

/algorithms-15-00307-g002-550.jpg) (/algorithms/algorithms-15-00307/article_deploy/html/images/algorithms-15-00307-g003-550.jpg) (/algorithms/algorithms-

15-00307/article_deploy/html/images/algorithms-15-00307-g004-550.jpg) (/algorithms/algorithms-15-00307/article_deploy/html/images/algorithms-15-00307-

g005-550.jpg) (/algorithms/algorithms-15-00307/article_deploy/html/images/algorithms-15-00307-g006-550.jpg) (/algorithms/algorithms-15-00307/article_deploy

/html/images/algorithms-15-00307-g007-550.jpg)

Open Access Article
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by Hongbing Li (https://sciprofiles.com/profile/592090) and Qunfei Zhang (https://sciprofiles.com/profile/2320915)
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Viewed by 271

Abstract Transmitting orthogonal waveforms are the basis for giving full play to the advantages of MIMO radar imaging technology, but the commonly used waveforms with
the same frequency cannot meet the orthogonality requirement, resulting in serious coupling noise in traditional imaging methods and affecting [...] Read more.
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Viewed by 318

Abstract The provision of information encourages people to visit cultural sites more often. Exploiting the great potential of using smartphone cameras and egocentric vision,
we describe the development of a robust artwork recognition algorithm to assist users when visiting an art space. The algorithm [...] Read more.
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Abstract The computation of correspondences between shapes is a principal task in shape analysis. In this work, we consider correspondences constructed by a numerical
solution of partial differential equations (PDEs). The underlying model of interest is thereby the classic wave equation, since this may [...] Read more.
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Abstract Are algorithms sexist? This is a question that has been frequently appearing in the mass media, and the debate has typically been far from a scientific analysis. This
paper aims at answering the question using a hybrid social and technical perspective. First a [...] Read more.
(This article belongs to the Special Issue Interpretability, Accountability and Robustness in Machine Learning ( /journal/algorithms/special_issues
/Interpretability_Accountability_Robustness ))
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Abstract Boolean structural measures were introduced to explain the high performance of conflict-driven clause-learning (CDCL) SAT solvers on industrial SAT instances.
Those considered in this study include measures related to backbones and backdoors: backbone size, backbone frequency, and backdoor size. A key area of [...] Read
more.
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Abstract A new bio-inspired method for optimizing the objective function on a parallelepiped set of admissible solutions is proposed. It uses a model of the behavior of tomtits
during the search for food. This algorithm combines some techniques for finding the extremum of the [...] Read more.
(This article belongs to the Collection Feature Paper in Metaheuristic Algorithms and Applications ( /journal/algorithms/topical_collections/3SH1XR3I0D ))
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Abstract Given the importance of identifying key performance points in organizations, this research intends to determine the most critical intra- and extra-organizational
elements in assessing the performance of firms using the European Company Survey (ECS) 2019 framework. The ECS 2019 survey data were used [...] Read more.
(This article belongs to the Special Issue Bio-Inspired Algorithms ( /journal/algorithms/special_issues/bio_inspired_algo ))
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Abstract Artificial intelligence (AI) algorithms can provide actionable insights for clinical decision-making and managing chronic diseases. The treatment and management of
complex chronic diseases, such as diabetes, stands to benefit from novel AI algorithms analyzing the frequent real-time streaming data and the occasional medical [...] Read
more.
(This article belongs to the Special Issue Artificial Intelligence Algorithms for Medicine ( /journal/algorithms/special_issues
/artificial_intellighence_algorithms_medicine ))
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Abstract The primary function of hybrid direct current circuit breakers (HCBs) is to quickly interrupt fault currents to protect high-voltage direct current (HVDC) systems. To
enhance the reliability and stability of HVDC systems, optimal design of HCBs is required to minimize the peak fault [...] Read more.
(This article belongs to the Special Issue Optimization and Coordination Algorithms for Energy Management Systems ( /journal/algorithms/special_issues
/Algorithm_Energy_Management ))
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Viewed by 384

Abstract This work addresses the problem of determining the number of components from sequential spectroscopic data analyzed by non-negative matrix factorization
without separability assumption (SepFree NMF). These data are stored in a matrix M of dimension “measured times” versus “measured wavenumbers” and can be [...] Read
more.
(This article belongs to the Special Issue Algorithms for Non-negative Matrix Factorisation ( /journal/algorithms/special_issues/Non_Negative_Matrix_Factorisation
))
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