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Abstract - In the last few years, machine learning and data mining have become popular topics among the research 
community. Deep learning is an emerging area of machine learning (ML) research. In deep learning, input is given, 
while processing iteration continues until output reached an acceptable level of accuracy. Deep Learning can create a 
more accurate model from the large quality of unlabeled and unstructured data (Big Data). The advantage of deep 
learning concerning supervised learning is it’s faster and more accurate. In this paper, we present a comprehensive 
review of deep learning models and open source tools used in deep learning applications. 
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I. INTRODUCTION 

Now a day’s Deep learning is getting more and more attention, defiantly for good reason. It’s achieving 
unprecedented levels of accuracy. Deep learning is a subset of machine learning where a model learns to perform 
classification from images, text, or sound. Deep learning is usually implemented using neural network 
architecture. Traditional neural networks contain only 2 or 3 layers; while deep networks can have multiple layers 
maybe hundreds of layers. Due to which advanced tools and techniques have dramatically improved deep learning 
algorithms. 

1.1 An overview of Deep Learning 

Deep learning includes statistics and predictive modeling. In traditional machine learning, the learning process is 
supervised, and the programmer has to be extremely specific when telling the computer what types of things it 
should be looking for to decide if an image contains a particular object or does not contain an object. This is a 
tedious process called feature extraction, and the accuracy depends entirely upon the programmer's ability to 
accurately define a feature set for an object. The benefits of deep learning are the program builds the feature set by 
itself without any supervision. Unsupervised learning is faster, as well most of the time it’s more accurate. Why 
Deep? It refers to the total number of layers (more layers). 

1.2Deep Learning Terminology and Definitions 

Deep neural networks are inspired by biological nervous systems. It consists of an input layer, a number of hidden 
layers, and an output layer. The layers are interconnected with each other through nodes, called neurons, where 
every hidden layer uses the output of the previouslyhidden layer as an input. 
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Fig. 1.1 Basic Deep Learning Model Approach 

Deep learning is a processthat employs deep neural network architectures, which are particular types of machine 
learning algorithms. Deep neural networks are neural networks with one hidden layer minimum or more than one 
hidden layer. Deep learning refers to a process, which employs deep neural network architectures, which are 
specific types of machine learning algorithms. 

II. DEEP LEARNING MODELS 

In Deep learning,there are algorithms that train machines by learning from examples.In a neural network lot of 
artificial neurons (nodes) are there which is structured like the human.These nodes are placed next to each other in 
the following three layers: 

1) The input layer  
2) The hidden layer or Layers  
3) The output layer 
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Fig. 2.1 Simple Neural Network 
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2.1 Convolutional Neural Networks (CNNs) 

CNN's have multiple layers that process and extract features from raw data. CNN features a convolution layer that 
has several filters to perform the convolution operation. CNN's have a ReLU layer to perform operations on 
elements. The output may be a rectified feature map[1]. 

  Input Image                                                            Class in which image fits  

 

Fig:2.2 Convolutional Neural Networks 

2.1.1. Pooling Laye: The rectified feature map next feeds into a pooling layer. Pooling may be a down-sampling 
operation that reduces the size of the feature map. The pooling layer then converts the resulting two-dimensional 
arrays from the pooled feature map into one , long, continuous, linear vector by flattening it. 

2.1.2 Fully Connected Layer: A fully connected layer forms when the flattened matrix from the pooling layer is 
fed as an input, which classifies and identifies the images.  

2.2 Long Short Term Memory Networks (LSTMs) 

LSTMs are type of Recurrent Neural Network (RNN) which can learn and memorize long-term dependencies. 
Recalling previous stage data for long periods is actually the default behavior. LSTMs remember information over 
time. LSTM are useful in time-series prediction as they remember previous inputs. LSTMs are specifically used 
for speech recognition, music composition, and pharmaceutical development[2].     

 

Input Gate  Output Gate 

 
      

Forget Gate 
 

Fig2.3: Long Short Term Memory Networks 

Forget parts not in use of the previous state. Update the cell-state with newer values. The outputs from the LSTM 
to be fed as inputs to the current phase. As the output from the LSTM becomes an input to the ongoing phase and 
can memorize previous inputs due to its internal memory unique carecteristic. 

2.3 Recurrent Neural Networks (RNNs) 

RNNs are commonly used for image captioning, time-series analysis, natural-language processing, handwriting 
recognition, and machine translation.In RNN the output at time t-1 feeds into the input at time t. Similarly, the 
output at time t feeds into the input at time t+1.NNs can process inputs of any size. And also the model size does 
not increase with the input size[3]. 

                    RNN output  
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Fig 2.4 : Recurrent Neural Networks 
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2.4 Generative Adversarial Networks (GANs) 

GAN comprises two components: a generator learns to generate fake data, a discriminator, learns from that false 
information.GANis used to improve astronomical images and simulate gravitational lensing for dark-matter 
research. For developing video games GANs are used to increase theresolution to provide real effect,GANs 
generate realistic images and cartoon characters[4]. 

GANs work as below: The discriminator learns to distinguish between the generator’s fake data and the real 

sample data.During training, the generator produces fake data, and the discriminator quickly identifies and 

learns it's false.The GAN sends the output to the generator and the discriminator to update the model. 

Below is a diagram of how GANs operate: 

 Real Image Classification                                                                                                      
Real or Fake 

 Random Image 

Fig 2.5 Generative Adversarial Networks 

2. 5 Radial Basis Function Networks (RBFNs) 

RBFNs are special sorts of feed forward neural networks which uses radial basis functions as activation functions. 
RBFNs have an input vector that feeds to the input layer. They have a layer of RBF neurons. The function finds 
the weighted sum of the inputs, and therefore the output layer has one node per category or class of knowledge . 
The neurons within the hidden layer contain the Gaussian transfer functions, which have outputs that are inversely 
proportional to the space from the neuron's center. The network's output is a linear combination of the input’s 
radial-basis functions and the neuron’s parameters[5]. 

 Output1 

 

  Output2 

 

Input Vector    Input layer        Hidden layer         Weighted Sum 

 Fig 2.6 Radial Basis Function Networks 

2.6. Multilayer Perceptron’s 

These are feed forward neural networks with multiple layers of perceptrons with activation functions. MLPs 
contains an input layer and an output layer fully connected with one another .the amount of input and output 
layers is that the same but may have multiple hidden layers. 
MLPs feed the info to the input layer of the network. MLPs compute the input with the weights that exist 
between the input layer and therefore the hidden layers. MLPs use activation functions to work out which 
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nodes to fireside or activate. MLPs train the model to know the correlation and learn the dependencies between 
the independent and therefore the target variables from a training data set[6]. 

 
Fig. 2.7 Multilayer Perceptrons 

2.7. Self Organizing Maps (SOMs)  

Data visualization attempts to unravel the matter that humans cannot easily visualize i.e. high-dimensional data. 
SOMs are designed to help users to understand this high-dimensional information. SOMs initialize weights for 
every node and choose a vector randomly from the training data. SOMs examine every node to find which 
weights is the most likely input vector. The closer node is named the Best Matching Unit (BMU).  

2.8 Deep Belief Networks (DBNs) 

DBNs are generative models with multiple layers of stochastic, latent variables. The latent variables have binary 
values either 1 or 0 and are often called hidden units.DBNs are a stack of Boltzmann Machines with connections 
between the layers, and each RBM layer communicates with both the previous and next layers. Deep Belief 
Networks (DBNs) are used for image-recognition, video-recognition, and motion-capture data. Greedy learning 
algorithms which uses layer-by-layer approach for learning the top-down, generative weights train DBNs. [8]. 

 

Fig.2.8: Deep Belief Networksarchitecture 

2.9. Restricted Boltzmann Machines (RBMs) 

RBMs are stochastic neural networks which will learn from a probability distribution over a group of inputs. This 
deep learning algorithm is employed for dimensionality reduction, classification, regression, collaborative 
filtering, feature learning, and topic modeling. RBMs constitute the building blocks of DBNs[9]. 

RBMs contain two layers : 
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• Visible units 

• Hidden units 

Layer 1                          Layer 3 Activation Function 

 

 

 

 

 

Visible Layer     Hidden layer  

Fig 2.9 Restricted Boltzmann Machines  

Each visible unit is connected to all hidden units. RBMs have a bias unit that is connected to all the visible units 
and the hidden units, and they have no output nodes. 

2.10. Autoencoders 

Autoencoders are a type of feedforward neural network where the input and output are identical. They are trained 
neural networks that replicate the data from the input layer to the output layer. Autoencoders are used discovery, 
prediction, and image processing [10]. 

 

 

 

 

Fig 2.10 Autoencoders 

 

III. OPEN SOURCE TOOLS USED IN MACHINE LEARNING DEEP LEARNING 
 

Scikit-learn is for machine learning development in python. It provides a library for the Python programming 
language.It helps in data mining and data analysis.It provides models and algorithms for classification, regression, 
clustering, dimensional reduction, model selection, and pre-processing[12].Easily understandable documentation 
is provided.Parameters for any specific algorithm can be changed while calling objects.It’s free to use[11].  

PyTorch is a Torch based, Python machine learning library. The torch is a Lua based computing framework, 
scripting language, and machine learning library.It helps in building neural networks through Autograd Module.It 
provides a variety of optimization algorithms for building neural networks.PyTorch can be used on cloud 
platforms.It provides distributed training[13]. 

Input Output Encoder Decoder 
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TensorFlow provides a JavaScript library that helps in machine learning. APIs will help you to build and train the 
models. Existing models can be run with the help of TensorFlow.js which is a model converter.It helps in the 
neural network.It can be used in two ways, i.e. by script tags or by installing through NPM.It can even help for 
human pose estimation[13]. 

Wekathese machine learning algorithms help in data mining.Weka can be used for data preparation, 
classification,and regression,clustering, visualization, andassociation rules mining.Provides online courses for 
training.Easy to understand algorithms[14]. 
 

KNIME is a tool for data analytics, reporting, and integration platform. Using the data pipelining concept, 
combines different components for machine learning and data mining.It can integrate the code of programming 
languages like C, C++, R, Python, Java, JavaScript, etc.It can be used for business intelligence, financial data 
analysis, and CRM.It can work as a SAS alternative.It is easy to deploy and install.It’s Difficult to build 
complicated models using KNIME.It has limited visualization and exporting capabilities[15]. 

Google Colab is a cloud service which supports Python. It will help in building the machine learning applications 
using the libraries of PyTorch, Keras, TensorFlow, and OpenCV. It helps in machine learning education.Assists in 
machine learning research.Can be used from your googledrive[16]. 

Apache Mahout helps mathematicians, statisticians, and data scientists for executing their algorithms.It provides 
algorithms for Pre-processors, Regression, Clustering, Recommenders, and Distributed Linear Algebra.Java 
libraries are included for common math operations.It follows Distributed linear algebra framework.It works for 
large data sets.Simple .Extensible.Needs more helpful documentation.Some algorithms are missing[17]. 

Accord.NetAccord.Net provides machine learning libraries for image and audio processing.Provides algorithms 
for Numerical linear algebra.Numerical optimizationStatistics,Artificial Neural networks.Image, audio, & signal 
processing.It also provides support for graph plotting & visualization libraries.Libraries are made available from 
the source code and also through executable installer &NuGet package manager.It supports only. Net supported 
languages[18]. 

ShogunShogun provides various algorithms and data structures for machine learning. These machine learning 
libraries are used for research and education.It provides support vector machines for regression and 
classification.It helps in implementing Hidden Markov models.It offers support for many languages like – Python, 
Octave, R, Ruby, Java, Scala, and Lua.Pros:It can process large data-sets.Easy to use.Provides good customer 
support.Offers good features and functionalities[19]. 

Keras.ioKeras is an API for neural networks. It helps in doing quick research and is written in 

Python.Features:It can be used for easy and fast prototyping.It supports convolution networks.It assists 

recurrent networks.It supports a combination of two networks.It can be run on the CPU and GPU.Pros:User-

friendlyModularExtensible. Cons:To use Keras, you must need TensorFlow, Theano, or CNTK[20]. 

 

Machine Learning Tools 
Platform Written in language Algorithms or 

Features 
Scikit Learn Linux, Mac OS, 

Windows 
Python, Cython, C, 
C++ 

Classification 
Regression 
Clustering 
Preprocessing 
Model Selection 
Dimensionality 
reduction. 

PyTorch Linux, Mac OS, 
Windows 

Python, C++, 
CUDA 

Autograd Module 
Optim Module 
nn Module 

TensorFlow Linux, Mac OS, Python, C++, Provides a library for 
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Windows CUDA dataflow 
programming. 

Weka Linux, Mac OS, 
Windows 

Java Data preparation 
Classification 
Regression 
Clustering 
Visualization 
Association rules 
mining 

KNIME Linux, Mac OS, 
Windows 

Java Can work with large 
data volume. 
Supports text mining 
& image mining 
through plugins 

Colab Cloud Service  Supports libraries of 
PyTorch, Keras, 
TensorFlow, and 
OpenCV 

Apache Mahout Cross-platform Java 
Scala 

Preprocessors 
Regression 
Clustering 
Recommenders 
Distributed Linear 
Algebra. 

Accors.Net Cross-platform C# Classification 
Regression 
Distribution 
Clustering 
Hypothesis Tests & 
Kernel Methods 
Image, Audio & 
Signal. & Vision 

Shogun Windows 
Linux 
UNIX 
Mac OS 

C++ Regression 
Classification 
Clustering 
Support vector 
machines. 
Dimensionality 
reduction 
Online learning etc. 

Keras.io Cross-platform Python API for neural 
networks 

Table 3.1: Open Source tools used in machine Learning/deep learning  

IV. CONCLUSION 

Deep learning is indeed a fast growing application of machine learning. , it is important to note that the hierarchy 
of layers and the supervision in learning are key factors to develop a successful application regarding deep 
learning. The main value of deep learning relies on the optimization of existing applications in machine learning, 
due to its innovativeness on the hierarchical layer processing. Deep learning is a contemporary and exciting 
subject of advancement in artificial intelligence. 

As per the study selection of the tool depends on the requirement for the algorithm, expertise level of the user. As 
these libraries are free to use they are regularly updated. Tensor Flow is more popular in machine learning, but it 
has a learning curve. Scikit-learn and PyTorch are also popular tools for machine learning and both support 
Python programming language. Keras.io and Tensor Flow are good for neural networks. For researchers, this 
study will help in selecting tools and Architecture.    
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