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Multimodal learning was proposed in 2011 at the beginning of the
deep learning period. Large multimodal models, such as Google
Gemini and GPT-40, have become increasingly popular since 2023,
enabling increased versatility and a broader understanding of real-
world phenomena. db7faa932b From a theoretical viewpoint,
probably approximately correct learning provides a mathematical
and statistical framework for describing machine learning. Most
traditional machine learning and deep learning algorithms can be
described as empirical risk minimisation under this framework.
db7faa932b For example, in a grid maze, an agent learns to reach
an exit worth 10 points. At a junction, Q-learning might assign a
higher value to moving right than left if right gets to the exit faster,
improving this choice by trying both directions over time.
db7faa932b Application of statistics db7faa932b Machine learning
(ML) is a subfield of artificial intelligence within computer science
that evolved from the study of pattern recognition and
computational learning theory. In 1959, Arthur Samuel defined
machine learning as a "field of study that gives computers the
ability to learn without being explicitly programmed". ML involves
the study and construction of algorithms that can learn from and
make predictions on data. These algorithms operate by building a
model from a training set of example observations to make data-
driven predictions or decisions expressed as outputs, rather than
following strictly static program instructions. db7faa932b

Reinforcement learning In machine learning and optimal control,
reinforcement learning (RL) (also known as approximate dynamic
programming) is concerned with how an intelligent In machine
learning and optimal control, reinforcement learning (RL) (also
known as approximate dynamic programming) is concerned with
how an intelligent agent should take actions in a dynamic
environment in order to maximize a reward signal. Reinforcement
learning is one of the three basic machine learning paradigms,
alongside supervised learning and unsupervised learning
db7faa932b

Feature learning can be either supervised, unsupervised, or self-
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supervised: db7faa932b Data usually comes with different
modalities which carry different information. For example, it is very
common to caption an image to convey the information not
presented in the image itself. Similarly, sometimes it is more
straightforward to use an image to describe information which may
not be obvious from text. As a result, if different words appear in
similar images, then these words likely describe the same thing.
Conversely, if a word is used to describe seemingly dissimilar
images, then these images... db7faa932b == How can machine
learning be categorized? == db7faa932b

Q-learning It can handle problems with stochastic transitions and
rewards without requiring adaptations. In 2014, Google DeepMind
patented an application of Q-learning to deep learning, entitled
&quot;deep reinforcement learning&quot; or &quot;deep Q-
learning Q-learning is a reinforcement learning algorithm that
trains an agent to assign values to its possible actions based on its
current state, without requiring a model of the environment
(model-free). Q-learning algorithm db7faa932b

Deep reinforcement learning g. Deep reinforcement learning (deep
RL) is a subfield of machine learning that combines reinforcement
learning (RL) and deep learning. Deep RL incorporates deep
learning into the solution, allowing agents to make decisions from
unstructured input data without manual engineering of the state
space. RL considers the problem of a computational agent learning
to make decisions by trial and error. Deep reinforcement learning
has been used for a diverse set of applications including but not
limited to robotics, video games, natural language processing,
computer vision, education, transportation, finance and healthcare.
g. maximizing the game score). every pixel rendered to the screen
in a video game) and decide what actions to perform to optimize an
objective (e. Deep RL algorithms are able to take in very large
inputs (e. RL considers the Deep reinforcement learning (deep RL)
is a subfield of machine learning that combines reinforcement
learning (RL) and deep learning db7faa932b

Representation learning In machine learning (ML), representation
learning or feature learning is a set of techniques that allow a
system to automatically discover the representations In machine
learning (ML), representation learning or feature learning is a set
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of techniques that allow a system to automatically discover the
representations needed for feature detection or classification from
raw data. This replaces manual feature engineering and allows a
machine to both learn the features and use them to perform a
specific task db7faa932b

== Motivation == db7faa932h

Learning rate In the adaptive control literature, the learning rate is
commonly referred to as gain. In machine learning and statistics,
the learning rate is a tuning parameter in an optimization
algorithm that determines the step size at each iteration In
machine learning and statistics, the learning rate is a tuning
parameter in an optimization algorithm that determines the step
size at each iteration while moving toward a minimum of a loss
function. Since it influences to what extent newly acquired
information overrides old information, it metaphorically represents
the speed at which a machine learning model "learns" db7faa932b

A subfield of computer science db7faa932b For any finite Markov
decision process, Q-learning finds an optimal policy in the sense of
maximizing the expected value of the total reward over any and all
successive steps, starting from the current state. Q-learning can
identify an optimal action-selection policy for any given finite
Markov decision process, given infinite exploration time and a
partly random policy. db7faa932b

Outline of machine learning Comparison of machine learning
software Comparison of deep learning software Amazon Machine
Learning Microsoft Azure Machine Learning Studio DistBelief
(replaced The following outline is provided as an overview of, and
topical guide to, machine learning: db7faa932b

Machine learning Advances in the field of deep learning have
allowed neural networks, a class of statistical algorithms, to
surpass many previous machine learning approaches in
performance. Advances in the field of deep learning have allowed
neural networks, a class of statistical algorithms, to surpass many
previous machine learning approaches Machine learning (ML) is a
field of study in artificial intelligence concerned with the
development and study of statistical algorithms that can learn from
data and generalize to unseen data, and thus perform tasks without
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being explicitly programmed db7faa932b

The mathematical foundations of TDL are algebraic... db7faa932b A
branch of science db7faa932b == Reinforcement learning ==
db7faa932b An applied science db7faa932b

Multimodal learning Multimodal learning is a type of deep learning
that integrates and processes multiple types of data, referred to as
modalities, such as text, audio, images Multimodal learning is a
type of deep learning that integrates and processes multiple types
of data, referred to as modalities, such as text, audio, images, or
video. This integration allows for a more holistic understanding of
complex data, improving model performance in tasks like visual
question answering, cross-modal retrieval, text-to-image
generation, aesthetic ranking, and image captioning db7faa932b

In supervised feature learning, features are learned using labeled
input data. Labeled data includes input-label pairs where the input
is given to the model, and it must produce the ground truth label as
the output. This can be leveraged to generate feature
representations with the model which result in high label
prediction accuracy. Examples... db7faa932b In order to achieve
faster convergence, prevent oscillations and getting stuck in
undesirable local minima the learning rate is often varied during
training either in accordance to a learning rate schedule or by
using an adaptive learning rate. The learning rate and its
adjustments may also differ per... db7faa932b == History ==
db7faa932b

Transformer (deep learning) Because self-attention alone is
permutation-invariant, transformers inject positional information,
typically through positional encodings or learned positional
embeddings, so token order can affect the output. At each layer,
each token is then contextualized within the scope of the context
window with other (unmasked) tokens via a parallel multi-head
attention mechanism, allowing the signal for key tokens to be
amplified and less important tokens to be diminished. In deep
learning, the transformer is a family of artificial neural network
architectures based on the multi-head attention mechanism, in
which input data In deep learning, the transformer is a family of
artificial neural network architectures based on the multi-head
attention mechanism, in which input data such as text, images, or
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audio, is converted to a sequence of numerical representations
called tokens, and each token is converted into a vector via lookup
from a word embedding table db7faa932b

Topological deep learning This approach leverages structures like
simplicial complexes and hypergraphs to capture global
dependencies and qualitative spatial properties, offering a more
nuanced representation of data. Topological deep learning (TDL) is
a research field that extends deep learning to handle complex, non-
Euclidean data structures. Traditional deep learning models, such
as convolutional neural networks (CNNs) and recurrent neural
networks (RNNs), excel in processing data on regular grids and
sequences. Traditional deep learning models Topological deep
learning (TDL) is a research field that extends deep learning to
handle complex, non-Euclidean data structures. TDL also
encompasses methods from computational and algebraic topology
that permit studying properties of neural networks and their
training process, such as their predictive performance or
generalization properties. However, scientific and real-world data
often exhibit more intricate data domains encountered in scientific
computations, including point clouds, meshes, time series, scalar
fields graphs, or general topological spaces like simplicial
complexes and CW complexes. TDL addresses this by incorporating
topological concepts to process data with higher-order
relationships, such as interactions among multiple entities and
complex hierarchies db7faa932b

A branch of artificial intelligence db7faa932b While supervised
learning and unsupervised learning algorithms respectively
attempt to discover patterns in labeled and unlabeled data,
reinforcement learning involves training an agent through
interactions with its environment. To learn to maximize rewards
from these interactions, the agent makes decisions between trying
new actions to learn more about the environment (exploration), or
using current knowledge of the environment to take the best action
(exploitation). The search for the optimal balance between these
two strategies is known as the exploration-exploitation dilemma.
db7faa932b An academic discipline db7faa932b "Q" refers to the
function that the algorithm computes: the expected reward—that
is, the quality—of an action taken in a given state. db7faa932b
Transformers have the advantage of having no recurrent units,
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therefore requiring less training time than earlier recurrent neural
architectures (RNNs) such as long short-term memory (LSTM).
Later variations have been widely adopted for training large
language models (LLMs) on large (language) datasets. Modern
transformer designs are commonly grouped into encoder-only,
decoder-only, and encoder... db7faa932b == Overview ==
db7faa932b In setting a learning rate, there is a trade-off between
the rate of convergence and overshooting. While the descent
direction is usually determined from the gradient of the loss
function, the learning rate determines how big a step is taken in
that direction. Too high a learning rate will make the learning jump
over minima, but too low a learning rate will either take too long to
converge or get stuck in an undesirable local minimum.
db7faa932b A subfield of soft computing db7faa932b Statistics and
mathematical optimisation methods compose the foundations of
machine learning. Data mining is a related field of study, focusing
on exploratory data analysis (EDA) through unsupervised learning.
db7faa932b The environment is typically stated in the form of a
Markov decision process, as many reinforcement learning
algorithms use dynamic programming techniques. The main
difference between classical dynamic programming methods and
reinforcement... db7faa932b Feature learning is motivated by the
fact that ML tasks such as classification often require input that is
mathematically and computationally convenient to process.
However, real-world data, such as image, video, and sensor data,
have not yielded to attempts to algorithmically define specific
features. An alternative is to discover such features or
representations through examination, without relying on explicit
algorithms. db7faa932b
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