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Professional Certificate in Artificial Intelligence for Biochemical Product Development

Artificial Intelligence Fundamentals

Artificial Intelligence basics involve a range of key terms and vocabulary that are essential for understanding
the fundamentals of Al, particularly in the context of biochemical product development. One of the primary
concepts in Al is machine learning, which refers to the ability of a system to learn from data and improve its
performance over time. This is achieved through the use of algorithms that enable the system to identify
patterns and make predictions or decisions based on that data.

In the context of biochemical product development, machine learning can be applied to a range of tasks,
such as predicting the structure of proteins, identifying potential leads for new drugs, and optimizing the
conditions for fermentation and other bioprocesses. For example, a neural network can be trained on a
dataset of protein sequences and their corresponding structures, allowing it to predict the structure of new
proteins based on their sequence. This can be a powerful tool for drug discovery, as it can help researchers
to identify potential targets for new therapies.

Another important concept in Al is deep learning, which refers to a type of machine learning that uses
neural networks with multiple layers to analyze data. Deep learning has been particularly successful in
image and speech recognition, and has also been applied to a range of other tasks, including natural
language processing and time series forecasting. In biochemical product development, deep learning can
be used to analyze images of cells and tissues, allowing researchers to identify patterns and features that
may not be visible to the naked eye.

Supervised learning is a type of machine learning where the system is trained on a labeled dataset, where
each example is associated with a target output. The goal of supervised learning is to learn a model that can
make predictions on new, unseen data. In biochemical product development, supervised learning can be
used to predict the activity of a new compound based on its structure. For example, a model can be trained
on a dataset of compounds with known activities, and then used to predict the activity of new compounds.

Unsupervised learning, on the other hand, involves training a system on an unlabeled dataset, where the
goal is to identify patterns or structure in the data. In biochemical product development, unsupervised
learning can be used to identify clusters of similar compounds, or to reduce the dimensionality of a large
dataset. For example, a technique called principal component analysis (PCA) can be used to reduce the
dimensionality of a dataset, allowing researchers to visualize and understand the relationships between
different variables.

Reinforcement learning is a type of machine learning where the system learns by interacting with an
environment and receiving rewards or penalties for its actions. In biochemical product development,
reinforcement learning can be used to optimize the conditions for bioprocesses, such as fermentation or
purification. For example, a system can be trained to adjust the temperature and pH of a fermentation
vessel in order to maximize the yield of a desired product.
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Neural networks are a type of machine learning model that are inspired by the structure and function of the
human brain. They consist of layers of interconnected nodes or neurons, which process and transmit
information. In biochemical product development, neural networks can be used to predict the activity of a
new compound, or to identify patterns in a dataset. For example, a convolutional neural network (CNN) can
be used to analyze images of cells and tissues, allowing researchers to identify features and patterns that
may not be visible to the naked eye.

Genetic algorithms are a type of optimization technique that are inspired by the process of natural
selection. They involve generating a population of candidate solutions, and then selecting and breeding the
fittest candidates to produce a new generation of solutions. In biochemical product development, genetic
algorithms can be used to optimize the conditions for bioprocesses, such as fermentation or purification.
For example, a genetic algorithm can be used to optimize the temperature and pH of a fermentation vessel
in order to maximize the yield of a desired product.

Clustering is a type of unsupervised learning technique that involves grouping similar objects or data points
into clusters. In biochemical product development, clustering can be used to identify patterns in a dataset,
such as the expression levels of different genes. For example, a technique called k-means clustering can be
used to group a set of compounds into clusters based on their structural similarity.

Dimensionality reduction is a type of technique that involves reducing the number of features or variables
in a dataset. In biochemical product development, dimensionality reduction can be used to visualize and
understand the relationships between different variables.

Regression is a type of supervised learning technique that involves predicting a continuous output variable
based on one or more input variables. In biochemical product development, regression can be used to
predict the activity of a new compound based on its structure.

Classification is a type of supervised learning technique that involves predicting a categorical output
variable based on one or more input variables. In biochemical product development, classification can be
used to predict the class of a new compound, such as whether it is active or inactive. For example, a model
can be trained on a dataset of compounds with known classes, and then used to predict the class of new
compounds.

Feature engineering is the process of selecting and transforming raw data into features that are more
suitable for modeling. In biochemical product development, feature engineering can be used to select the
most relevant features from a dataset, such as the structure of a compound or the conditions of a
bioprocess. For example, a technique called feature selection can be used to identify the most important
features in a dataset, and then use those features to train a model.

Model evaluation is the process of assessing the performance of a model on a test dataset. In biochemical
product development, model evaluation can be used to assess the performance of a model in predicting
the activity of a new compound, or the yield of a bioprocess. For example, a metric called accuracy can be
used to evaluate the performance of a classification model, while a metric called mean squared error can be
used to evaluate the performance of a regression model.
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Hyperparameter tuning is the process of adjusting the parameters of a model to optimize its performance.
In biochemical product development, hyperparameter tuning can be used to adjust the parameters of a
neural network, such as the number of layers or the learning rate. For example, a technique called grid
search can be used to find the optimal values of a set of hyperparameters, and then use those values to
train a model.

Transfer learning is a type of machine learning where a model is trained on one task and then applied to
another task. In biochemical product development, transfer learning can be used to apply a model trained
on one dataset to another dataset, such as applying a model trained on a dataset of compounds to a
dataset of proteins.

Ensemble methods are a type of machine learning technique that involves combining the predictions of
multiple models. In biochemical product development, ensemble methods can be used to combine the
predictions of multiple models, such as combining the predictions of a neural network and a decision tree.
For example, a technique called bagging can be used to combine the predictions of multiple models, and
then use those predictions to make a final prediction.

Imbalanced datasets are datasets where the number of samples in one class is significantly larger than the
number of samples in another class. In biochemical product development, imbalanced datasets can be a
challenge, as they can make it difficult to train a model that is accurate and fair. For example, a dataset of
compounds with known activities may have many more inactive compounds than active compounds, which
can make it difficult to train a model that can accurately predict the activity of new compounds.

Noise in datasets can also be a challenge in biochemical product development, as it can make it difficult to
train a model that is accurate and robust. For example, a dataset of compounds with known activities may
have noisy or missing values, which can make it difficult to train a model that can accurately predict the
activity of new compounds.

Overfitting is a type of problem that can occur when a model is too complex and has too many parameters.
In biochemical product development, overfitting can be a challenge, as it can make it difficult to train a

model that is accurate and generalizable. For example, a neural network with too many layers or parameters
may overfit the training data, which can make it difficult to make accurate predictions on new, unseen data.

Regularization techniques are a type of method that can be used to prevent overfitting, such as L1 and L2
regularization. In biochemical product development, regularization techniques can be used to add a penalty
term to the loss function of a model, which can help to prevent overfitting and improve the generalizability
of the model.

Batch normalization is a type of technique that can be used to normalize the input data to a model, which
can help to improve the stability and speed of training. In biochemical product development, batch
normalization can be used to normalize the input data to a neural network, which can help to improve the
accuracy and robustness of the model.

Dropout is a type of technique that can be used to prevent overfitting, by randomly dropping out units
during training. In biochemical product development, dropout can be used to prevent overfitting in a neural
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network, by randomly dropping out units during training, which can help to improve the generalizability of
the model.

Gradient descent is a type of optimization algorithm that can be used to train a model, by iteratively
updating the parameters of the model to minimize the loss function. In biochemical product development,
gradient descent can be used to train a neural network, by iteratively updating the parameters of the
network to minimize the loss function, which can help to improve the accuracy and robustness of the
model.

Backpropagation is a type of algorithm that can be used to train a neural network, by iteratively updating
the parameters of the network to minimize the loss function. In biochemical product development,
backpropagation can be used to train a neural network, by iteratively updating the parameters of the
network to minimize the loss function, which can help to improve the accuracy and robustness of the
model.

Activation functions are a type of function that can be used to introduce non-linearity into a neural network,
which can help to improve the capacity and expressiveness of the model. In biochemical product
development, activation functions can be used to introduce non-linearity into a neural network, such as the
relu or sigmoid function, which can help to improve the accuracy and robustness of the model.

Optimization algorithms are a type of algorithm that can be used to train a model, by iteratively updating
the parameters of the model to minimize the loss function. In biochemical product development,
optimization algorithms can be used to train a neural network, such as the adam or sgd algorithm, which
can help to improve the accuracy and robustness of the model.

Loss functions are a type of function that can be used to evaluate the performance of a model, by
measuring the difference between the predicted output and the actual output. In biochemical product
development, loss functions can be used to evaluate the performance of a neural network, such as the
mean squared error or the cross-entropy loss, which can help to improve the accuracy and robustness of
the model.

Metric functions are a type of function that can be used to evaluate the performance of a model, by
measuring the accuracy or error of the model. In biochemical product development, metric functions can be
used to evaluate the performance of a neural network, such as the accuracy or the precision of the model,
which can help to improve the accuracy and robustness of the model.

Validation is a type of process that can be used to evaluate the performance of a model, by testing the
model on a validation dataset. In biochemical product development, validation can be used to evaluate the
performance of a neural network, by testing the network on a validation dataset, which can help to improve
the accuracy and robustness of the model.

Hyperparameter tuning is a type of process that can be used to optimize the parameters of a model, by
searching for the best combination of hyperparameters that results in the best performance. In biochemical
product development, hyperparameter tuning can be used to optimize the parameters of a neural network,
such as the number of layers or the learning rate, which can help to improve the accuracy and robustness of
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the model.

Model selection is a type of process that can be used to select the best model for a given task, by
comparing the performance of different models on a validation dataset. In biochemical product
development, model selection can be used to select the best model for a given task, such as selecting the
best neural network architecture for a given problem, which can help to improve the accuracy and
robustness of the model.

Ensemble learning is a type of technique that can be used to combine the predictions of multiple models,
by training multiple models on the same dataset and then combining their predictions. In biochemical
product development, ensemble learning can be used to combine the predictions of multiple models, such
as combining the predictions of multiple neural networks, which can help to improve the accuracy and
robustness of the model.

Transfer learning is a type of technique that can be used to apply a model trained on one task to another
task, by fine-tuning the model on the new task. In biochemical product development, transfer learning can
be used to apply a model trained on one dataset to another dataset, such as applying a model trained on a
dataset of compounds to a dataset of proteins, which can help to improve the accuracy and robustness of
the model.

Domain adaptation is a type of technique that can be used to adapt a model trained on one domain to
another domain, by fine-tuning the model on the new domain. In biochemical product development,
domain adaptation can be used to adapt a model trained on one dataset to another dataset, such as
adapting a model trained on a dataset of compounds to a dataset of proteins, which can help to improve
the accuracy and robustness of the model.

Semi-supervised learning is a type of technique that can be used to train a model on a dataset that contains
both labeled and unlabeled samples. In biochemical product development, semi-supervised learning can be
used to train a model on a dataset that contains both labeled and unlabeled compounds, which can help to
improve the accuracy and robustness of the model.

Unsupervised learning is a type of technique that can be used to train a model on a dataset that contains
no labeled samples. In biochemical product development, unsupervised learning can be used to train a
model on a dataset that contains no labeled compounds, such as clustering or dimensionality reduction,
which can help to improve the understanding of the data and identify patterns and structure in the data.

Reinforcement learning is a type of technique that can be used to train a model to make decisions in an
environment, by receiving rewards or penalties for its actions. In biochemical product development,
reinforcement learning can be used to train a model to make decisions in a bioprocess, such as optimizing
the conditions for fermentation or purification, which can help to improve the efficiency and productivity of
the process.

Imitation learning is a type of technique that can be used to train a model to mimic the behavior of an
expert, by learning from demonstrations or examples. In biochemical product development, imitation
learning can be used to train a model to mimic the behavior of an expert in a bioprocess, such as
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optimizing the conditions for fermentation or purification, which can help to improve the efficiency and
productivity of the process.

Inverse reinforcement learning is a type of technique that can be used to train a model to learn the reward
function of an environment, by observing the behavior of an agent in the environment. In biochemical
product development, inverse reinforcement learning can be used to train a model to learn the reward
function of a bioprocess, such as optimizing the conditions for fermentation or purification, which can help
to improve the efficiency and productivity of the process.

Multi-agent learning is a type of technique that can be used to train multiple models to work together in an
environment, by learning from each other and adapting to the environment. In biochemical product
development, multi-agent learning can be used to train multiple models to work together in a bioprocess,
such as optimizing the conditions for fermentation or purification, which can help to improve the efficiency
and productivity of the process.

Game theory is a type of technique that can be used to analyze and optimize the behavior of multiple
agents in an environment, by modeling the interactions and strategies of the agents. In biochemical product
development, game theory can be used to analyze and optimize the behavior of multiple models in a
bioprocess, such as optimizing the conditions for fermentation or purification, which can help to improve
the efficiency and productivity of the process.

Evolutionary computation is a type of technique that can be used to optimize the parameters of a model, by
using principles of natural evolution and selection. In biochemical product development, evolutionary
computation can be used to optimize the parameters of a model, such as the structure of a compound or
the conditions of a bioprocess, which can help to improve the efficiency and productivity of the process.

Swarm intelligence is a type of technique that can be used to optimize the parameters of a model, by using
principles of swarm behavior and collective intelligence. In biochemical product development, swarm
intelligence can be used to optimize the parameters of a model, such as the structure of a compound or the
conditions of a bioprocess, which can help to improve the efficiency and productivity of the process.

Artificial life is a type of technique that can be used to simulate and model the behavior of living systems,
by using principles of biology and artificial intelligence. In biochemical product development, artificial life
can be used to simulate and model the behavior of living systems, such as the behavior of cells and
organisms, which can help to improve the understanding of the systems and identify patterns and structure
in the data.

Bioinformatics is a type of technique that can be used to analyze and model the behavior of biological
systems, by using principles of computer science and biology. In biochemical product development,
bioinformatics can be used to analyze and model the behavior of biological systems, such as the behavior
of cells and organisms, which can help to improve the understanding of the systems and identify patterns
and structure in the data.

Systems biology is a type of technique that can be used to analyze and model the behavior of complex
biological systems, by using principles of biology and mathematics. In biochemical product development,
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systems biology can be used to analyze and model the behavior of complex biological systems, such as the
behavior of cells and organisms, which can help to improve the understanding of the systems and identify
patterns and structure in the data.

Chemoinformatics is a type of technique that can be used to analyze and model the behavior of chemical
compounds, by using principles of chemistry and computer science. In biochemical product development,
chemoinformatics can be used to analyze and model the behavior of chemical compounds, such as the
behavior of drugs and proteins, which can help to improve the understanding of the compounds and
identify patterns and structure in the data.

Pharmacogenomics is a type of technique that can be used to analyze and model the behavior of genes and
proteins in relation to drugs and diseases, by using principles of genetics and pharmacology. In biochemical
product development, pharmacogenomics can be used to analyze and model the behavior of genes and
proteins in relation to drugs and diseases, which can help to improve the understanding of the relationships
between the genes, proteins, and compounds, and identify patterns and structure in the data.

Toxicology is a type of technique that can be used to analyze and model the behavior of compounds in
relation to their toxicity and safety, by using principles of biology and chemistry. In biochemical product
development, toxicology can be used to analyze and model the behavior of compounds in relation to their
toxicity and safety, which can help to improve the understanding of the compounds and identify patterns
and structure in the data.

Regulatory affairs is a type of technique that can be used to ensure that products and processes meet the
requirements of regulatory agencies, by using principles of law and regulation. In biochemical product
development, regulatory affairs can be used to ensure that products and processes meet the requirements
of regulatory agencies, such as the FDA, which can help to improve the safety and efficacy of the products
and processes.

Intellectual property is a type of technique that can be used to protect the rights of inventors and creators,

by using principles of law and patent law. In biochemical product development, intellectual property can be
used to protect the rights of inventors and creators, such as patenting new compounds or processes, which
can help to improve the incentives for innovation and investment in research and development.

Bioethics is a type of technique that can be used to analyze and model the behavior of biological systems in
relation to ethics and moral principles, by using principles of philosophy and biology. In biochemical
product development, bioethics can be used to analyze and model the behavior of biological systems in
relation to ethics and moral principles, which can help to improve the understanding of the implications of
new technologies and products on society and the environment.

Nanotechnology is a type of technique that can be used to analyze and model the behavior of materials
and systems at the nanoscale, by using principles of physics and chemistry. In biochemical product
development, nanotechnology can be used to analyze and model the behavior of materials and systems at
the nanoscale, which can help to improve the understanding of the behavior of biological systems and
identify patterns and structure in the data.
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Systems engineering is a type of technique that can be used to analyze and model the behavior of complex
systems, by using principles of engineering and mathematics. In biochemical product development, systems
engineering can be used to analyze and model the behavior of complex systems, such as the behavior of
cells and organisms, which can help to improve the understanding of the systems and identify patterns and
structure in the data.

Computational biology is a type of technique that can be used to analyze and model the behavior of
biological systems, by using principles of computer science and biology. In biochemical product
development, computational biology can be used to analyze and model the behavior of biological systems,
such as the behavior of cells and organisms, which can help to improve the understanding of the systems
and identify patterns and structure in the data.

Mathematical modeling is a type of technique that can be used to analyze and model the behavior of
complex systems, by using principles of mathematics and engineering. In biochemical product
development, mathematical modeling can be used to analyze and model the behavior of complex systems,
such as the behavior of cells and organisms, which can help to improve the understanding of the systems
and identify patterns and structure in the data.

Statistical analysis is a type of technique that can be used to analyze and model the behavior of data, by
using principles of statistics and probability. In biochemical product development, statistical analysis can be
used to analyze and model the behavior of data, such as the behavior of compounds and proteins, which
can help to improve the understanding of the data and identify patterns and structure in the data.

Data mining is a type of technique that can be used to analyze and model the behavior of large datasets, by
using principles of computer science and statistics. In biochemical product development, data mining can
be used to analyze and model the behavior of large datasets, such as the behavior of compounds and
proteins, which can help to improve the understanding of the data and identify patterns and structure in the
data.

Machine learning is a type of technique that can be used to analyze and model the behavior of data, by
using principles of computer science and statistics. In biochemical product development, machine learning
can be used to analyze and model the behavior of data, such as the behavior of compounds and proteins,
which can help to improve the understanding of the data and identify patterns and structure in the data.

Artificial intelligence is a type of technique that can be used to analyze and model the behavior of complex
systems, by using principles of computer science and mathematics. In biochemical product development,
artificial intelligence can be used to analyze and model the behavior of complex systems, such as the
behavior of cells and organisms, which can help to improve the understanding of the systems and identify
patterns and structure in the data.

Biochemical engineering is a type of technique that can be used to analyze and model the behavior of
biological systems, by using principles of engineering and biology. In biochemical product development,
biochemical engineering can be used to analyze and model the behavior of biological systems, such as the
behavior of cells and organisms, which can help to improve the understanding of the systems and identify

Read online: https://learnuni.com/guides/27291884/artificial- LearnUNI - 22 Jul 2026
intelligence-fundamentals



GUIDE

LearnUNI

LEARNING SHOULD BE FREE

patterns and structure in the data.

Chemical engineering is a type of technique that can be used to analyze and model the behavior of
chemical systems, by using principles of engineering and chemistry.
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