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Definition of Transformers

Transformer
Transformer models (2017) are neural networks that use a
technique called self-attention to take into account the context of
elements in a sequence, not just the elements themselves.

Benefits:

This ability makes transformers ideal for:
Analyzing sentences/paragraphs of text, and
Translating languages and understanding complex sentences.
Computer vision (image classification, object detection, vision
transformers).
Speech recognition, transcription, voice assistants.
Recommendation systems.
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Definition of Transformers

Transformer Model:

Encoders compute compute meaningful embeddings of the input.
Decoders then predict the next token in the sequence.
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Definition of Transformers

Transformer Neural Networks:
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Types of Transformer Model

Encoder-Only: (e.g., BERT).
Ideal for understanding text, classification, embeddings.

Decoder-Only: (e.g., GPT).
Task support includes text generation, conversation, creative
writing.

Encoder-Decoder: (e.g., T5).
Focus on translation, summarization and sequence tasks.
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Transformer Mechanisms

Self-Attention
In self-attention, each word looks at every other word to
understand its context and importance.

Multi-Head Attention
Multi-head attention mechanisms learn different relationships
(syntax, meaning, position).
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Transformer Models
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Transformer Models
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BERT Models
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BERT Models
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Definition of Large Language Model (LLM)

Large Language Model (LLM)
A LLM is an advanced computational model designed to
understand, generate human language, and perform a wide range
of tasks. LLMs use deep learning techniques to learn statistical
relationships between words and phrases, enabling them to perform
tasks like language translation, text summarization, and question
answering.

Examples of LLM Frameworks:
OpenAI: GPT-4, GPT 5-5.
Google: BERT and PaLM,
Meta: LLaMA.9.
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Types of LLM (by Function)

Source: LLM cheatsheet.
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LLM Workflows

Source: LLM cheatsheet.
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Top Open-Source LLMs (2025)

Source: LLM cheatsheet.
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LLM Applications

Text Processing Pipeline:
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LLM Applications

Image-to-Text Transformation:
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LLM Strengths

Strengths:
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LLM Weaknesses

Weaknesses:
No Persistent Memory.
No Reasoning Ability.
Limited Planning.
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Computational

Foundations
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Tokenization
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Tokenization
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Embeddings

Embedding
An embedding is a numerical representation of an element (e.g.,
token, sentence) that is characterized by vector x ∈ Rn.
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Token Embeddings

One-hot Encodings:
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Token Embeddings

Continuous Encodings:
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Document Embeddings
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Embedding Operations

Similarity:
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Embedding Operations

Dimension Reduction:
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Transformers
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Transformer Definition

Transformer
A transformer model uses self-attention mechanisms and a
composition of encoders and decoders to generate token-aware,
position-aware, and context-aware embeddings.
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Transformer Definition

Encoders compute compute meaningful embeddings of the input.
Decoders then predict the next token in the sequence.
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Step-by-Step Procedure

Read input.
Tokenizer (process input tokens in parallel – compute-bound).
Embedding layer.
Transformer Block (multi-head self attention; KV cache).
Linear and softmax transformations (estimate logits and
probabilities over vocabulary).
Sampling strategy (e.g., greedy, top-K tokens, sample from
cumulative probability threshold)..
Speculative decoding (speed trick).
Detokenizer (generate tokens one-by-one).
Stream output (to end user).
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Step-by-Step Procedure
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Step-by-Step Procedure
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Attention (part02)
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Multi-Head Attention
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Transformer Architecture
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Encoder/Decoder Components
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Variants (Encoder Only)

Bidirectional Encoder Repr from Transformers (BERT)
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Variants (Decoder Only)

Generative Pre-trained Transformer (GPT)
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Large Language

Models (LLMs)
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Definition
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Prompt Engineering

Prompt Engineering
Prompt Engineering is the art and science of designing, refining
and optimizing inputs (prompts) to guide generative AI models
toward producing accurate, relevant and high-quality outputs.

Importance:
Prompt engineering influences the quality, relevance and
accuracy of Generative AI outputs.
A well-crafted prompt ensures that AI comprehends the user’s
intents, a prerequisite for producing meaningful responses.
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Prompt Engineering

How it Works:
Prompt engineering acts as a bridge between human intent
and and AI understanding, transforming vague requests into
structured commands.

Common Use Cases:
Automated code generation; generate text summary; data
processing and extraction; logical reasoning.

Examples:
Write a python program to compute the factorial of a number.
Translate the following python code to Java.
Debug the Java code and explain why it throws an exception.
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Prompt Engineering

Prompting Techniques:

Zero-shot prompting: Provides the model with a direct
instruction or question without any additional context or
examples.
Few-shot prompting: Provide the model with one or more
examples of the desired input-output pairs before presenting
the actual prompt.
Chain-of-thought prompting: Encourages the model to
break down complex reasoning into a series of intermediate
steps, leading to a more comprehensive and detailed output.
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Prompting)

Standard and Chain-of-Thought Prompting:
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Prompting
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Prompting
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Prompting
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Strategies for Writing Better Prompts

Set clear goals and objectives:

Tactic: Use action verbs to specify the desired action (e.g.,
write a bulleted list item that summarizes the key findings of
the attached research paper).
Tactic: Define the desired length and format of the output
(e.g., Compose a 200-word abstract summaarizing the key
findings of the research paper.)
Tactic: Specify the target audience (e.g., Write a 400-word
essay targeting young teens concerned with global climate
warming.)

Source: Wikipedia entry for prompt engineering
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Strategies for Writing Better Prompts

Provide context and background information:

Tactic: Include relevant facts and data. (e.g., Given that
temperatures in the Tasman sea have risen 1 degree Celcius
over the past decade, describe the likelihood of long term
impacts caused by global warming.)
Tactic: Reference specific sources or documents. (e.g.,
Based on the attached document, generate a forecast for the
companies profitability over the next 18 months.)
Tactic: Define key concepts and terms. (e.g., Explain the key
ideas in quantum computing using terms suitable for a
non-technical audience.)
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Strategies for Writing Better Prompts

Use Few-Shot Prompting:

Tactic: Provide a few examples of input-output pairs. (e.g.,
input: cat, output: A small hairy animal with whiskers, input:
kiwi, output: A small flightless bird found in New Zealand.)
Tactic: Demonstrate the desired style or tone. (e.g.,
(humorous) the dignitary delivered a speech that was so dull it
could cure insomnia, (formal) the dignitary delivered a speech
that was informative and entertaining.)
Tactic: Show the desired level of detail. (e.g., (brief) The
movie was about a young boy who has lunch with an alien,
(detailed) The science fiction movie follows the adventures of
Casper, who meets and lunch with a friendly alien.)
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Strategies for Writing Better Prompts

Be Specific:

Tactic: Use precise language and avoid ambiguity. (e.g.,
Write a persuasive essay arguing for regulated approaches to
sustainability.)
Tactic: Whenever possible, quantify the requests. (e.g., Write
a poem with 14 lines.)
Tactic: Break down complex tasks into simpler tasks. (e.g.,
Instead of saying develop a meeting plan, say: 1. Identify the
target audience, 2 Develop key marketing messages, 3 Select
appropriate marketing channels.)



Definition of Transformers and Large Language Models (LLMs) Computational Foundations Transformers Large Language Models Advanced LLM Techniques Transformer Applications LLM Applications

Strategies for Writing Better Prompts

Iterate and Experiment:

Tactic: Try a variey of phrasings and keywords. (e.g.,
Rephrase the prompt using a variety of synonyms or alternate
sentence structures.)
Tactic: Adjust the level of detail and specificity. (e.g., Add or
remove information to fine-tune the output.)
Tactic: Experiment with different response lengths. (e.g.,
Experiment with short/long output lengths to find the desired
balance.)
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Strategies for Writing Better Prompts

Leverage CoT Prompting:

Tactic: Encourage multi-step reasoning. (e.g., Solve the
problem step-by-step.)
Tactic: Ask the model to explain its reasoning strategy. (e.g.,
Explain the thought process in determining the sentiment
review of a movie, for example, the acting was superb, but the
plot too predictable.)
Tactic: Guide the model through a logical sequence of
thought. (e.g., To classify the e-mail as spam, consider the
following: 1. Is the sender known?, 2. Does the subject line
contain suspicious words?, 3. Is the e-mail offerring something
too good to be true?)
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Advanced

LLM Techniques
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Technique 1: LLM-as-a-Judge

LLM-as-a-Judge
LLM-as-a-Judge is an evaluation framework where a
high-performing language model (e.g., GPT 5.5) assesses the
outputs of other LLMs or AI Agents based on specific criteria.

The approach aims to replace manual scoring by humans with
automated scoring against user-defined evaluation criteria.
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Technique 1: LLM-as-a-Judge

Evaluation Metrics/Criteria:
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Technique 1: LLM-as-a-Judge

Evaluation Criteria:

Answer Relevancy: Did the response actually address the
user’s request?
Helpfulness: Was the answer genuinely useful? Or just pretty
sentences, no substance?
Faithfulness: Did it stick to the facts? Or did it wander into
hallucinations?
Bias: Was the answer balanced, or did some skew creep in?
Correctness: Was the answer accurate start to finish?
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Technique 1: LLM-as-a-Judge

Single-Turn LLM-as-a-Judge

Multi-Turn LLM-as-a-Judge
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Technique 1: LLM-as-a-Judge

Single-Output LLM as a Judge:
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Technique 1: LLM-as-a-Judge

Binary LLM-as-a-Judge
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Technique 1: LLM-as-a-Judge

Multi-Turn Dialogues between a User and two AI Assistants:
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Technique 1: LLM-as-a-Judge

G-Eval Algorithm:
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Technique 1: LLM-as-a-Judge

Weaknesses of LLM as a Judge:
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Technique 2: Retrieval Augmented Generation (RAG)

Retrieval Augmented Generation
Given a knowledge base and a question, a retriever fetches the
most relevant documents, then augments the prompt with the
information before generating the output.



Definition of Transformers and Large Language Models (LLMs) Computational Foundations Transformers Large Language Models Advanced LLM Techniques Transformer Applications LLM Applications

Retrieval Augmented Generation (RAG)
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Retrieval Augmented Generation (RAG)
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Retrieval Augmented Generation (RAG)
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Transformer

Applications
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LLM

Applications
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