














within the activation map are classified into categories, such as “tree” or “dog.” A CNN is
trained on a large data set and uses backpropagation to update the weights and biases of

A machine learning algo- . image identification. Backpropagation is an algorithm used to train artificial neural net- A
fithm that trains artificial works by error correction through calculating the difference between the input provided .
neural neworks by adjust and the output it produced. With enough data and computing power, CNNs can achieve

ing weights to reduce

p— superhuman performance on many visual tasks,

Some popular CNN architectures are AlexNet, VGGNet, ResNet, and Inception.
These have been used to solve complex problems like identifying thousands of objects or
detecting diseases from medical scans. Popular applications are as follows.

Automotive. Image recognition will be critical for the age of driverless cars.
Until then, technology is currently improving driver and passenger safety
through features like lane line detection.

Facial recognition. Social media platforms analyze photographs and make
suggestions on identifying those people present, making it easier to tag friends
in photo albums. Face recognition is also useful in identifying a person from
surveillance camera footage.

Medical imaging. Computer vision detects anomalies in X-ray and MRI images
with better accuracy than the human eye, enabling doctors to better identify
cancerous tumors.

Retail. CNNs help drive personalized advertising and purchase recommendations.

Document analysis. This process can identify an individual’s handwriting. This
is important for crime investigation and legal actions. In addition, just as text and
audio can be converted back and forth, handwriting can be converted to text,

The early success of CNN was exemplified by its very high prediction rate, that is,
very low error rate. This success was attributed to the depth of the model, which con-
tributes to its high performance despite its computational complexity. Notably, the use ‘
of graphics processing units (GPUs) during training makes this level of performance
feasible.

LLMs are trained on immense amounts of data to make them capable of understanding
and generating natural language. LLMs can serve many different purposes, depending on
how they are trained. Common tasks are answering questions, summarizing documents,
translating languages, and completing sentences. They are designed to understand and
generate text like a human. Also like humans, they can generate coherent and contextu-
ally relevant responses, summarize text, infer from context, translate to other languages,
answer questions, and assist in creative writing or code generation tasks.

To do these tasks, billions of parameters enable them to capture intricate patterns in
language. ILI.Ms are revolutionizing applications in various fields, from chatbots and vir-
tual assistants to content generation, research assistance, and language translation. LLMs
are easily accessed through interfaces such as Open AI's Chat GPT-3 and GPT-4, Meta’s
Llama models, and Google’s BERT/RoBERTa and PaLLM models.

The training process involves the program learning to predict the next word in a sen-
tence based on the context provided by the preceding words. For example, “A dog likes
to chew on a . Note that the English language encompasses more than
100,000 words, with an average sentence consisting of about 10 words. The model pre-
dicts the next word through attributing a probability score to the numerous possibilities.
It is the training process that helps the LLM to determine the probability scores. It also 2
must learn grammar, semantics, and conceptual relationships. .

If the underlying neural network is large and has been trained on enough data, the
LLM becomes really good at predicting the next word. Fortunately, there is an abundance

144 chapter 8 Artificial intelligence and Machine Learning: Foundations


















Consider the example in Figure 8.11. A user initiates a prompt, like “How’s it going?”’
The input is transformed by encoding and decoding components to a function the Al can
understand. An appropriate response is determined, and the new content is output to the ,
user in either text, image, or code. In this case, the text is “I'm doing alright, thanks for .
asking, How are you?” Note how the form of the input is mimicked in the output. Specifi-
cally, both use contractions,

The figure is an example of a text output. However, there are three types of GenAl
outputs: text, images, and video.

The first GenAl produced text. Open Al released ChatGPT in 2022, which was a
conversational chatbot based on generative pretrained transformer models. The platform
reached 1 million users within five days. A newer version, GPT-4, was released the fol-
lowing year. It is reportedly more accurate and has advanced reasoning capabilities.
Google released its first GenAl model as Bard. Later, the revised version was renamed
Gemini. It combines natural language processing with advanced multimodal capabilities
to generate high-quality text and integrate seamlessly with Google’s suite of tools.

Al image generators take a text prompt and then turn it into a matching image. Several
popular GenAl image generators are available, including DALL-E3, Adobe Firefly, and
Generative Al by Getty. Midjourney also provides accurate text with its Al images, which
is useful for search engine discoverability. GenAl can generate very creative images.

A GenAl video generator is a tool that enables the user to generate videos from text.
The most popular one is Synthesia. It has 60 templates with 160 lifelike avatars and is
commonly used to make training videos. Other popular video generators, like Colossyan,
Hour One, D-ID, Elai, HeyGen, Runway, Pictory, Deepbrain Al, InVideo, and Fliki, have
varying degrees of realism.

Some GenAl models accept images as an input and can generate text about them, cre-
ate other images, or generate video, as shown in Figure 8.12. For example, CornelllLab’s
Merlin app will identify the bird in a photo. That is, it reads the photo and outputs text.
DALL-E can receive an image and manipulate it as requested. Programs like Canva and .
Monica will animate an uploaded photo.

What delineates GenAl and predictive machine learning? GenAl engages in more
intricate computations as it lacks a predefined model for output prediction. Instead,
GenAl scrutinizes input and explores potential patterns within the data, essentially learn-
ing from patterns inherent in unstructured data, as illustrated in Figure 8.13. In contrast
to predictive ML where the dependent variable is numeric and known, GenAl produces
non-numeric outputs, using natural language data such as Yelp restaurant reviews,
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