
Gradient Descent In Machine Learning
An applied science d3c1cdd1c8 == Overview == d3c1cdd1c8 == History == d3c1cdd1c8

Gradient descent Gradient descent is generally Gradient descent is a method for unconstrained mathematical optimization. Gradient descent is
particularly useful in machine learning and artificial intelligence for minimizing the cost or loss function. It is a first-order iterative algorithm for
minimizing a differentiable multivariate function d3c1cdd1c8

Machine learning techniques are mostly designed to work on specific problem sets, under the assumption that the training and test data are
generated from the same statistical distribution (IID). However, this assumption is often violated in practical high-stake applications, where users may
intentionally supply fabricated data that violates the statistical assumption. d3c1cdd1c8 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.
d3c1cdd1c8 A branch of artificial intelligence d3c1cdd1c8 At the MIT Spam Conference in January 2004, John Graham-Cumming showed that a
machine-learning spam filters could be used to defeat another machine-learning spam filter by automatically learning which words to add to a spam
email to get the email classified as not spam. d3c1cdd1c8

Differentially private stochastic gradient descent Differentially private stochastic gradient descent (DP-SGD) is an algorithmic technique for learning
and a refined analysis of privacy costs within the Differentially private stochastic gradient descent (DP-SGD) is an algorithmic technique for learning
and a refined analysis of privacy costs within the framework of differential privacy. Stronger privacy requires more noise or larger privacy budgets,
which can reduce model accuracy. DP-SGD was introduced by Abadi et al. at the 2016 ACM Conference on Computer and Communications Security,
where it addresses a fundamental challenge—the privacy-utility trade-off d3c1cdd1c8

Outline of machine learning Stochastic gradient descent Structured kNN Support vector machine T-distributed stochastic neighbor embedding
Temporal difference learning Wake-sleep The following outline is provided as an overview of, and topical guide to, machine learning: d3c1cdd1c8

Gradient descent should not be confused with local search algorithms, although both are iterative methods for optimization. d3c1cdd1c8 The main
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difference... d3c1cdd1c8 Federated learning aims at training a machine learning algorithm, for instance deep neural networks, on multiple local
datasets contained in local nodes without explicitly exchanging data samples. The general principle consists in training local models on local data
samples and exchanging parameters (e.g. the weights and biases of a deep neural network) between these local nodes at some frequency to
generate a global model shared by all nodes. d3c1cdd1c8

Learning rate In the adaptive control literature, the learning rate is commonly referred to as gain. Since it influences to what extent newly acquired
information overrides old information, it metaphorically represents the speed at which a machine learning model "learns". 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 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 d3c1cdd1c8

A simple extension of gradient descent, stochastic gradient descent... d3c1cdd1c8 A subfield of soft computing d3c1cdd1c8 A branch of science
d3c1cdd1c8

Gradient boosting As with other boosting methods, a gradient-boosted trees model is built in stages, but it generalizes the other methods by allowing
optimization of an arbitrary differentiable loss function. Gradient boosting is a machine learning technique based on boosting in a functional space,
where the target is pseudo-residuals instead of residuals as Gradient boosting is a machine learning technique based on boosting in a functional
space, where the target is pseudo-residuals instead of residuals as in traditional boosting. e. , models that make very few assumptions about the data,
which are typically simple decision trees. It gives a prediction model in the form of an ensemble of weak prediction models, i. When a decision tree is
the weak learner, the resulting algorithm is called gradient-boosted trees; it usually outperforms random forest d3c1cdd1c8

In 2004, Nilesh Dalvi and others noted that linear classifiers used in spam filters could be defeated by simple "evasion attacks" as spammers inserted
"good words" into their spam emails. (Around 2007, some spammers added random noise to fuzz words within "image spam" in order... d3c1cdd1c8
== How can machine learning be categorized? == d3c1cdd1c8

LightGBM The development focus is on performance and scalability. short for Light Gradient-Boosting Machine, is a free and open-source distributed
gradient-boosting framework for machine learning, originally developed LightGBM, short for Light Gradient-Boosting Machine, is a free and open-
source distributed gradient-boosting framework for machine learning, originally developed by Microsoft. It is based on decision tree algorithms and
used for ranking, classification and other machine learning tasks d3c1cdd1c8

A subfield of computer science d3c1cdd1c8
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Adversarial machine learning Machine learning techniques Adversarial machine learning is the study of the attacks on machine learning algorithms,
and of the defenses against such attacks. Adversarial machine learning is the study of the attacks on machine learning algorithms, and of the
defenses against such attacks d3c1cdd1c8

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... d3c1cdd1c8 The idea is to take repeated steps in the opposite direction of the gradient (or approximate gradient) of the function at the current
point, because this is the direction of steepest descent. Conversely, stepping in the direction of the gradient will lead to a trajectory that maximizes
that function; the procedure is then known as gradient ascent. d3c1cdd1c8 Gradient descent is generally attributed to Augustin-Louis Cauchy, who
first suggested it in 1847. Jacques Hadamard independently proposed a similar method in 1907. Its convergence properties for non-linear optimization
problems were first studied by Haskell Curry in 1944, with the method becoming increasingly well-studied and used in the following decades.
d3c1cdd1c8 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.
d3c1cdd1c8 Online machine learning algorithms find applications in a wide variety of fields such as sponsored search to maximize ad revenue,
portfolio optimization, shortest path prediction (with stochastic weights, e.g. traffic on roads for a maps application), spam filtering, real-time fraud
detection, dynamic... d3c1cdd1c8 The LightGBM framework supports different algorithms including GBT, GBDT, GBRT, GBM, MART and RF. LightGBM
has many of XGBoost's advantages, including sparse optimization, parallel training, multiple loss functions, regularization, bagging, and early
stopping. A major difference between the two lies in the construction of trees. LightGBM does not grow a tree level-wise — row by row — as most
other implementations do. Instead it grows trees leaf-wise. It will choose the leaf with max delta loss to grow. Besides, LightGBM does not use the
widely used sorted-based decision tree learning algorithm, which searches the best split point on sorted feature values, as XGBoost or other
implementations do. Instead, LightGBM implements a highly optimized histogram-based decision tree learning algorithm, which yields great
advantages on both efficiency... d3c1cdd1c8 DP-SGD has become a de facto standard for privacy-preserving learning from large datasets. It is used in
domains with sensitive data, including healthcare and cybersecurity. DP-SGD has been shown to demonstrate that deep neural networks with non-
convex objectives can be trained under a modest privacy budget, at a manageable cost in software complexity and model quality. A non-convex
objective is one that may have multiple local minima, making optimization more challenging than with convex objectives. Existing approaches require
large privacy budgets to train and incur high overheads in computational resources. A privacy budget refers to the total amount of privacy loss
allowed over the entire training process. d3c1cdd1c8 An academic discipline d3c1cdd1c8

Stochastic gradient descent differentiable or subdifferentiable). It can be regarded as a stochastic approximation of gradient descent optimization,
since it replaces the actual gradient (calculated from the entire data set) by an estimate thereof (calculated from a randomly selected subset of the
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data). Especially in high-dimensional optimization problems this reduces the very high computational burden, achieving faster iterations in exchange
for a lower convergence rate. Both statistical estimation and machine learning consider the Stochastic gradient descent (often abbreviated SGD) is an
iterative method for optimizing an objective function with suitable smoothness properties (e. g. stochastic gradient descent has become an important
optimization method in machine learning d3c1cdd1c8

DP-SGD follows the... d3c1cdd1c8 == Definition == d3c1cdd1c8 == Background == d3c1cdd1c8 Application of statistics d3c1cdd1c8 The latter two
papers introduced the view of boosting algorithms... d3c1cdd1c8 The idea of gradient boosting originated in the observation by Leo Breiman that
boosting can be interpreted as an optimization algorithm on a suitable cost function. Explicit regression gradient boosting algorithms were
subsequently developed, by Jerome H. Friedman, (in 1999 and later in 2001) simultaneously with the more general functional gradient boosting
perspective of Llew Mason, Jonathan Baxter, Peter Bartlett and Marcus Frean. d3c1cdd1c8

Online machine learning Online learning is a common technique used in areas of machine learning where it is computationally infeasible to train over
the entire dataset, requiring the need of out-of-core algorithms. , prediction of prices in the financial international markets. It is also used in situations
where it is necessary for the algorithm to dynamically adapt to new patterns in the data, or when the data itself is generated as a function of time, e.
obtain optimized out-of-core versions of machine learning algorithms, for example, stochastic gradient descent. g. Online learning algorithms may be
prone to catastrophic interference, a problem that can be addressed by incremental learning approaches. When combined with backpropagation, this
In computer science, online machine learning is a method of machine learning in which data becomes available in a sequential order and is used to
update the best predictor for future data at each step, as opposed to batch learning techniques which generate the best predictor by learning on the
entire training data set at once d3c1cdd1c8

Gradient descent is particularly useful in machine learning and artificial intelligence for minimizing the cost or loss function. d3c1cdd1c8 == History
== d3c1cdd1c8 The basic idea behind stochastic approximation can be traced back to the Robbins–Monro algorithm of the 1950s. Today, stochastic
gradient descent has become an important optimization method in machine learning. d3c1cdd1c8 Most common attacks in adversarial machine
learning include evasion attacks, data poisoning attacks, Byzantine attacks and model extraction. d3c1cdd1c8 Federated learning is generally
concerned with and motivated by issues such as data privacy, data minimization, and data access rights. Its applications involve a variety of research
areas including defence, telecommunications, the Internet of things, and pharmaceuticals. d3c1cdd1c8

Federated learning Because client data is decentralized, data samples held by each client may not be independently and identically distributed. A
defining characteristic of federated learning is data heterogeneity. Federated learning (also known as collaborative learning) is a machine learning
technique in a setting where multiple entities (often called clients) collaboratively Federated learning (also known as collaborative learning) is a
machine learning technique in a setting where multiple entities (often called clients) collaboratively train a model while keeping their data
decentralized, rather than centrally stored d3c1cdd1c8
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