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Introduction to Recurrent Nets
v' Recurrent nets, also known as recurrent neural networks (RNNs), are a type of artificial neural network designed to

process sequential data.

v Unlike traditional feedforward neural networks, which process input data in a single pass, recurrent nets have the ability
to maintain an internal state or memory that allows them to process sequences of data.

v This makes recurrent nets particularly well-suited for tasks such as natural language processing, speech recognition, and
time series analysis, where the order of the data is important.

v’ By using feedback connections, recurrent nets can take into account previous inputs and use them to influence the
processing of subsequent inputs.

v This ability to capture temporal dependencies allows recurrent nets to model complex patterns and relationships in

sequential data.
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Recurrent Neural Network (RNN)

Purpose of Recurrent Nets:

Recurrent nets are a type of neural network designed to process sequential data. They are particularly useful for tasks such as

natural language processing, speech recognition, and time series analysis.
Processing Sequential Data:

One of the key strengths of recurrent nets is their ability to process sequential data. Unlike traditional feedforward neural
networks, which treat each input independently, recurrent nets can take into account the order and context of the data. This
makes them well-suited for tasks that involve analyzing sequences, such as predicting the next word in a sentence or

forecasting future values in a time series.
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' Recurrent Neural Network (RNN)

Architecture and Functionality

v Recurrent Neural Networks (RNNs) are a type of artificial neural network that are designed to process sequential data by
retaining information from past inputs.

v Unlike feedforward neural networks, which process data in a single direction, RNNs have connections between neurons
that form a directed cycle. This allows them to maintain an internal state, or memory, that can capture dependencies and

patterns in the sequential data.
v" RNNs are particularly useful for tasks such as natural language processing, speech recognition, and time series analysis,

where the order and context of the data are important.
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Retaining Information from Past Inputs

v" One of the key features of RNNs is their ability to retain information from past inputs,
which allows them to capture long-term dependencies in sequential data.

v Each neuron in an RNN has a hidden state that serves as its memory. This hidden state is
updated at each time step based on the current input and the previous hidden state.

v' By incorporating information from previous time steps, RNNs can learn to make
predictions or generate output that depends on the entire input sequence, rather than

just the current input.
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Architecture

v Long Short-Term Memory (LSTM) is a type of recurrent neural network (RNN) that addresses the vanishing
gradient problem.

v" LSTM has a unique architecture that includes memory cells, input gates, forget gates, and output gates.

v" The memory cells allow LSTM to store and access information over long periods of time.

v" The input gates control the flow of information into the memory cells.

v' The forget gates determine which information to discard from the memory cells.

v" The output gates regulate the flow of information from the memory cells to the next time step or output layer.

Recurrent and Recursive Nets / Unit - 4 / DS / Priyanga S / AP / MCA / SNSCT



2 Long Short-Term Memory (LSTM)

LdTTFITY IO S

Advantages

v' LSTM is capable of learning long-term dependencies in sequential data, making it suitable for tasks such as speech
recognition, language translation, and sentiment analysis.

v LSTM addresses the vanishing gradient problem, which is a common issue in training traditional RNNs.

v' The memory cells in LSTM allow it to retain information over long sequences, enabling it to capture and utilize
important context.

v" LSTM can handle both short-term and long-term dependencies, making it more powerful and flexible than traditional

RNNs.
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v' The gated recurrent unit (GRU) is a type of recurrent neural network (RNN) that addresses the vanishing gradient
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problem. It was introduced by Kyunghyun Cho, et al. in 2014 as an alternative to the long short-term memory (LSTM)
model. GRU is designed to capture long-term dependencies in sequential data while being computationally efficient.

v The architecture of a GRU consists of a reset gate and an update gate. These gates control the flow of information within
the network, allowing it to selectively retain or discard information at each time step. This gating mechanism enables
GRU to effectively handle long sequences and mitigate the vanishing gradient problem.

v' Compared to the LSTM model, GRU has a simpler architecture with fewer gates. This simplicity makes GRU easier to
understand and implement, and it also reduces the computational cost. GRU has been shown to perform well on various

tasks, including natural language processing, speech recognition, and time series prediction.
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Gated Recurrent Units (GRU) Architecture

Component

Input

Reset Gate

Update Gate

Hidden State

Description

The Input at each time step.

Controls the amount of past information to forget.

Controls the amount of new information to Incorporate.

The output and memory of the GRU.
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Natural Language Processing

Recurrent nets are widely used in natural language
processing tasks such as language translation,
sentiment analysis, and text generation. They excel at
capturing the sequential nature of language and can
generate context-aware predictions.

Speech Recognition

Recurrent nets are also applied in speech recognition
systems, where they can model the temporal
dependencies in speech signals. They are used to
convert spoken language into written text and have been
instrumental in the development of voice assistants and
transcription services.
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Time Series Analysis Sequence Prediction

Recurrent nets are commonly used for analyzing time Recurrent nets excel at sequence prediction tasks,
series data, such as stock prices, weather patterns, and where the goal is to predict the next element in a
sensor readings. They can capture temporal sequence given the previous elements. This is useful in
dependencies and make predictions based on historical applications such as stock market forecasting, music
data, enabling tasks such as forecasting and anomaly generation, and text completion.

detection.
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v Recursive nets are a type of neural network that

are designed to process hierarchical or tree-
structured data. Unlike traditional feedforward
neural networks, which process data in a
sequential manner, recursive nets can capture
the hierarchical relationships between different

parts of the input data.

v' The purpose of recursive nets in machine

learning is to enable the modeling and analysis
of complex, structured data. They are
particularly useful in tasks such as natural
language processing, where the input data

often has a hierarchical or tree-like structure.

Introduction to Recursive Nets

Recursive Nets in Machine Learning

Feature

Hierarchical Data Processing

Natural Language Processing

Image Analysis

Tree-Structured Data
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Description

Recursive nets are capable of processing hierarchical ot free-structured
data, allowing them to capture the relationships between different parts of
the Input.

Recursive nets are commonly used In natural language processing tasks,
such as parsing and sentiment analysis, where the input data has a
hierarchical structure.

Recursive hets can also be applied to Image analysls tasks, such as object
recoghition and segmentation, where the Input data can be represented
as a hlerarchical structure,

Recursive nets can handle various types of tree-structured data, Including
parse trees, dependency trees, and abstract syntax trees.
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Architecture and Functionality
Recursive neural networks (RvNNs) are a type of neural
network that can process tree-structured data. Unlike

traditional feed-forward neural networks, RvNNs can capture Capturing Hierarchical Relationships
hierarchical relationships and dependencies between different One of the key strengths of RvNNs is their ability
elements in the data. to capture hierarchical relationships between

elements in the data. By recursively combining
information from parent and child nodes, RvNNs

Processing Tree-Structured Data can learn to represent the data in a hierarchical
RVNNs operate by recursively applying the same neural manner. This allows them to capture complex
network function to each node in a tree structure. This allows dependencies and structural patterns that may
them to process the data in a bottom-up or top-down manner, exist in the data, making them well-suited for
capturing the relationships between parent and child nodes. By tasks involving tree-structured data such as
considering the context of each node in relation to its parent natural language processing and parsing.

and children, RvNNs can learn to extract meaningful features
and patterns from the data.
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Architecture

v" The tree-structured neural network is a type of recursive neural network that operates on tree-structured data.
It is designed to process hierarchical data, such as natural language parse trees or XML documents.

v' The architecture of a tree-structured neural network consists of two main components: the composition
function and the aggregation function.

v' The composition function takes as input the representations of the child nodes and combines them to form the
representation of the parent node. This can be done using various techniques, such as concatenation, element-
wise addition, or attention mechanisms.

v' The aggregation function takes as input the representations of the parent nodes and combines them to form the
representation of the root node. This can also be done using various techniques, such as max pooling, average

pooling, or attention mechanisms.
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The tree-structured neural network has several advantages over other types of neural

networks when dealing with hierarchical data.

v’ It can capture the structural information of the data by considering the hierarchical
relationships between the nodes.

v" It can handle variable-sized inputs, as the size of the tree can vary depending on the
complexity of the data.

v’ It can exploit the compositional nature of the data, allowing it to capture complex

relationships between substructures.
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Natural Language Processing

Recursive nets are widely used in natural language
processing tasks, such as text classification, sentiment
analysis, and machine translation. They can effectively
capture the hierarchical structure of language and
generate meaningful representations of text.

Syntax Parsing

Recursive nets are also applied in syntax parsing, where
they can analyze the syntactic structure of sentences
and generate parse trees. This enables accurate
understanding of sentence meaning and facilitates
various natural language processing tasks.
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