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OpenAl in PHP

How Al works in theory & how to use it in PHP

Retrieval-Augmented Generation (RAG)
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How Generative Al & LLMs Work
. Prompt Engineering
. Retrieval-Augmented Generation (RAG)

. Fine-Tuning a Model
. Agents
. Using VUMC's OpenAl APl in PHP




Key Concepts

- What is RAG?
« Two Pipelines

* Retrieval Pipeline
 Vectors & Embeddings

- Augmentation Pipeline
 Cosine Similarity

* RAG Use Cases
« Advantages
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What is RAG? e
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* Best way to supply an LLM with custom facts to add to a
system

* Retrieval: Retrieves a fact from a document
- Augmented: Changes a prompt with new fact
« Generation: Generates a hew response




RAG Example e
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« Who won the Vanderbilt-Tennessee football game in
20257

 Problem: LLM was compiled before the game was played

- Can use Wikipedia as a RAG data source to look up
- Scan documents to find answer
* Report answer




RAG Pipelines

 Generation /
Augmentation Pipeline

- Indexing / Retrievall
Pipeline

- Combine to give
contextual answer

User asks a
question.

8 Question

User R

The system searches
for relevant
information.

Indexing pipeline:

Facilitates the creation

of the knowledge base
Non
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The prompt with the user
question is augmented
with the retrieved information.

I Question + Information

etriever

The LLM responds
with a contextual answer.
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LLM

Parametric memory

The information relevant
to the input question is
fetched, or retrieved.
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Generation pipeline:
Uses the knowledge base
to generate context-aware
responses
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Knowledge base

Storage
-parametric

memory

Converter

Converts these small
pieces into a suitable format.

Extract documents and

Connects to
external sources.

parse text from
documents.

Breaks down long
pieces of text into
smaller manageable pieces.
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Retrieval/Indexing Pipeline e
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« Get data as text
e Split text into chunks
 Turn chunks into vectors

- Store vectors in optimized data store with metadata




Getting the Text

 Simplified text content + metadata
» Turn into overlapping chunks if too long

Document (page content




Vectors & Embeddings

« Convert tokens into numbers
& vectors/embeddings

- Vectors fill space (linear algebra)

- Vectors are n-dimensional (often
1500+ dimensions)

« Vectors are quickly manipulated

by GPUs (and customized processors)

2D vector space

Dog [3,3]

Bark [4,2)
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Augmentation/Generation e
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« Prompt triggers RAG consultation
» Turn input string into vector
« Compare vector to data store’'s vectors: Similarity

 Return top n results
« Combine results with prompt response




Cosine Similarity e
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» Vectors can be
analyzed by various
means to
approximate N

. ’ ) 175°
similarity: —~ TS
Cos 10=0.985 Cos 80=0.173 Cos 175 = -0.996

° COSine Similqrit Close to 1 Closeto 0 Close to -1
¢ DiStOﬂCe CipCII’t Very similar Unrelated Opposite

. [Others, less common]
 Therefore, semantic similarity instead of exact similarity!




RAG Use Cases e
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- Supplies additional facts to a model
 Fine-tuning provides tone and style

« Customize an organization’s philosophies & practices
» Provide up-to-date knowledge (e.g., medicine)
- Point to outside data sources (e.g. external website)




Advantages e
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» Directing to RAG can limit unruly hallucinations and
confabulations by the foundational model
* Reduce by 50%

« A quick way to contextualize a ChatBot

« A quick way to update information after last LLM build




Recap

What is RAG?
« Two Pipelines

Retrieval Pipeline
 Vectors & Embeddings

Augmentation Pipeline

User asks a
question.

8 Question Question + Information

User Retriever

 Cosine Similarity
RAG Use Cases
Advantages
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The prompt with the user
question is augmented
with the retrieved information.

The LLM responds
with a contextual answer.

) ——C)D
LLM

Parametric memory

Response

Generation pipeline:
Uses the knowledge base
to generate context-aware
responses
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The system searches 3 2= The information relevant
for relevant »n . to the input question is
information. -t fetched, or retrieved.

Mo
Indexing pipeline:
Facilitates the creation Knowledge base
of the knowledge base Storage
Non-parametric
memory

Connects to
external sources.

* -ak -

Source Connector

Converter

Converts these small
pieces into a suitable format.

Extract documents and

Breaks down long
parse text from pieces of text into
documents. smaller manageable pieces.

\
Extracter and
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4. Fine-Tuning a Model
5. Agents
6. Using VUMC's OpenAl APl in PHP

Next Week: Fine-Tuning & Agents
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OpenAl in PHP

How Al works in theory & how to use it in PHP

Retrieval-Augmented Generation (RAG)




