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Large Language

Models (LLMs)
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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.

LLM Process
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.
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Popular LLMs

Popular LLMs:
GPT-4 and GPT-4o (OpenAI): Advanced multimodal
reasoning and dialogue capabilities.
Gemini 1.5 (Google DeepMind): Long-context reasoning,
capable of handling 1M+ tokens.
Claude 3 (Anthropic): Safety-focused, strong at reasoning and
summarization.
LLaMA 3 (Meta): Open-weight model, popular in research.
Mistral 7B / Mixtral (Mistral AI): Efficient open-source
alternatives for developers.
BERT (Google/Facebook): Strong embedding for NLP.

Source: Geeksforgeeks.org
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LLM Type and Purpose

Source: LLM cheatsheet.
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LLM Hardware Requirements
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LLM Hardware Requirements
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LLM Applications

Applications:
Code Generation: Generate accurate code based on user
instructions for specific tasks.
Debugging and Documentation: Assist in identifying code
errors, suggesting fixes and even automating project
documentation.
Question Answering: Ask both casual and complex
questions, receiving detailed, context-aware responses.
Language Translation and Correction: Translate across
many languages (often dozens to 100+).
Prompt-Based Versatility: Craft creative prompts. LLMs
excel in one-shot and zero-shot learning scenarios.

Source: Geeksforgeeks.org
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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:
Can perform new tasks using zero-shot and few-shot learning
without retraining
Efficiently process and understand large amounts of text data
Adapt easily to specific domains through fine-tuning
Automate repetitive language-based tasks, reducing human
effort
Work effectively across multiple domains like healthcare,
education and business

Source: Geeksforgeeks.org
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LLM Limitations

Limitations:
No Persistent memory; no Reasoning ability; limited planning.
Require very high computational resources, making them
expensive to train.
Training can take a long time, often weeks or months
Depend on large amounts of high-quality and unbiased data
Consume significant energy, contributing to environmental
impact
Can introduce bias and misinformation, raising ethical
concerns

Source: Geeksforgeeks.org
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Computational

Foundations
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Tokenization

Tokenization
Tokenization is the process of breaking raw text into smaller pieces
called tokens. Tokens are then mapped onto integer IDs using a
fixed vocabulary so that AI can understand them.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Tokenization

Tokens vs Characters vs Words:
chars: too short, no semantics.
words: too many, can’t handle new ones.
tokens: subwords are a practical compromise.

Every model has a tokenizer; vocab size ≈ 30k – 200k.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Tokenization Artifacts (What can go wrong?)
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Tokenization Artifacts (What can go wrong?)



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Tokenization

Example:
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Text Embedding
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Text-Position Embedding
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Vector Store and Vector Database

Vector Stores and Vector Database
Vector databases store, index, and retrieve vector embeddings for
fast similarity search at scale.

Key Components:

Embeddings: Convert sources (text, images, audio) into
high-dimensional dense vectors of numbers, designed to
capture core meaning.
Similarity Search: Use a similarity metric to find the most
similar vectors to the query embedding.
Metadata: Store vectors along with metadata to enable
filtering and better context for retrieval.
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Vector Store and Vector Database

Key Components:

Indexing: Build an index (i.e., math shortcuts) to enable fast
approximate nearest neighbor search..
Retrieval: Retrieve the top K nearest vectors and their
associated metadata based on specifics of a query.
Filtering: Apply metadata filters (e.g., source, date,
category) to narrow down search results.
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Vector Store and Vector Database
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Vector Store and Vector Database

Example:
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Similarity Search
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Similarity Search

Example:
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Probability Estimation and Sampling
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Working with Large

Language Models (LLMs)
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LLM Overview

LLM Overview
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LLM Overview

Transformers in LLMs
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LLM Core Workflow Patterns

LLM Workflows
Use predetermined logic, routing and conditional checks to ensure
system consistency and reliability.
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LLM Core Workflow Patterns

Prompt Chaining:
Passes the output of one LLM call directly into the next in a
linear sequence (e.g., generate, critique, refine).

Routing:
Examines unstructured user input and directs it to the most
appropriate predefined handler or specialized model.

Parallelization:
Splits a task to process multiple sub-components.

Orchestrator-Worker:
Employs a central coordinator LLM to break a complex goal
into subtasks, delegates them to specialized workers, and
synthesizes the final result.
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Prompt

Engineering
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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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Prompt Engineering

Prompt Overview:
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Prompt Engineering

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.)
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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.)



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

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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Context

Engineering
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Context Engineering

Context Engineering
Context Engineering is the practice of designing and managing
dynamic systems that supply large language models (LLMs) or
agents with the most relevant information, instructions and tools
at right time.

Prompt vs Context vs Memory Engineering:
Prompt engineering focusses on how a single text string or
query is phrased.
Context engineering encompasses everything the model sees
during runtime before generating a response.
Memory engineering covers the mechanisms by which an AI
agent acquires, represents, stores, updates, retrieves, uses and
forgets information over time.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Prompt vs RAG vs Context Engineering
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Components of the Context Stack

System Instructions:
Clear behavioral guidelines, guardrails and role definition.

User Input:
The current prompt, question, or task assigned by the user.

Short-term State/History:
Recent conversation turns, scratchpads, and active working
memory.

Long-term Memory and RAG:
Retrieved external documents, database lookups, and past
user preferences.
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Components of the Context Stack

Tools Definition:
Available APIs, functions, and action spaces the model can
execute.

Output Formatting:
Explicit rules governing the structure of the model’s response.
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Strategies in Context Management

Writing:
Allowing agents to save intermediate notes or state outside
the primary context window.

Selection:
Dynamically pull in relevant tools or facts via RAG.

Compression:
Prune irrelevants tokens, summary history, or filtering verbose
outputs.

Isolation:
Partition context across multiple sub-agents or sandboxed
environments to prevent distraction.
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Context Engineering

Example:
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Retrieval Augmented

Generation (RAG)
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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.
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Retrieval Augmented Generation (RAG)
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Retrieval Augmented Generation (RAG)
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RAG Embeddings
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RAG Standard Approach



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

RAG Enterprise Requirements
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Graph RAG

Graph RAG
Knowledge graph retrieval method that represents entities as nodes
and relationships as edges.
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Graph RAG

Procedure:
Build a graph structure (nodes and edges).
Use graph traversal techniques.
Feed structured multi-step knowledge to the LLM.

Benefits:
Explicit representation of relationships between concepts.
Multi-step reasoning ideal for complex queries.
Works well for structured and semi-structured data.

Challenges:
Requires structured graph data (e.g., RDF, Neo4j).
More difficult to implement than traditional RAG.
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Traditional RAG vs Graph RAG

Source: Ali S.M., “Traditional RAG vs Graph RAG”, medium.com, February, 2025.
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Traditional RAG vs Graph RAG

Use Traditional RAG:
Data is text-based and loosely related (independent).
Problem domain only requires simple similarity-based retrieval.
You need scalable, easy-to-implement retrieval.

Use Graph RAG:
Data involves complex relationships among entities.
Problem domain requires multi-step reasoning.

Hybrid approaches are possible: use vector search for quick
lookups, then graph reasoning for deeper insights.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

LLM-as-a-Judge
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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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LLM-as-a-Judge

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

Single-Turn LLM-as-a-Judge

Multi-Turn LLM-as-a-Judge
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LLM-as-a-Judge

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

Binary LLM-as-a-Judge
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LLM-as-a-Judge

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

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

Weaknesses of LLM as a Judge:
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Working with

LangChain
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Working with LangChain

LangChain
LangChain (2022) is a framework that makes it easier to build
applications using large language models (LLMs) by connecting
them with data, tools and APIs.

Philosophy and Software Overview:
Rather than treat LLMs as standalone services, LangChain’s
philosophy centers on composability and modularity.
Provides a full stack for application development: build with a
composable framework, run with LangGraph platform.
The core framework is open source. Additional enterprise
features are commercially available.
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Working with LangChain

Challenge 1. Context Window Limitations:
Every LLM has a fixed context window – the max no tokens it
can process at once – typically, 2k to 128k tokens.
Practical challenges, e.g., long documents must be chunked to
fit within the context window.

Challenge 2. Limited Tool Orchestration:
Modern LLMs may lack the tools to organize and execute
complex workflows.

Challenge 3. Task Coordination:
Complex workflows require structured control mechanisms.

Source: Generative AI with LangChain, Chapter 1.
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Working with LangChain

Benefit 1. Composable Workflows:
The LangChain Expression Language (LCEL) provides for
complex tasks to be broken down into modular components,
which can be assembled and reconfigured.
Composability enables systematic reasoning through
orchestration of multiple processing steps.

Benefit 2. Integration Ecosystem:
Abstract interfaces for all generative AI components (LLMs,
embeddings, vector databases, document loaders, search
engines.
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Working with LangChain

Benefit 3. Memory and State Management
Driven by need for persistent context across interactions.
Maintain conversation history and application state.

Benefit 4. Unified Model Access:
Consistent interfaces to diverse languages and embedding
models.
Support for seamless switching among providers while
maintaining application logic.

Source: Generative AI with LangChain, Chapter 1.
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Working with LangChain
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Working with LangChain

Support for Application Development:
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Working with LangChain

Key Components:
Chains: Sequence of steps where each step can use an LLM,
process data or call tools. Multi-step chains combine actions.
Prompt Management: Uses templates to simplify design
and mangement of prompts.
Agents: LLM driven components that decide which actions
to take, such as calling tools or APIs.
Vector Database: Stores data as vectors to enable similarity
search, helping retrieve relevant information for tasks like
document search and RAG.
Models: Supports LLMs like OpenAI and Hugging Face.
Memory Management: Maintains context from past
interactions, enabling better responses in conversations/tasks.
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Working with LangChain

LangChain Use Cases:

1 Question and Answer with RAG
2 Chatbots and Conversational Agents.
3 Query Analysis.
4 Knowledge Graphs.
5 Code Generation and Programming Assistance.
6 Summerization.
7 Interacting with APIs.
8 Multi-Agent Systems.
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Working with LangChain

LangChain Workflow: Enables RAG by combining document
processing, vector storage, and LLMs to generate accurate, context
aware responses.
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Working with LangChain

Step-by-step Procedure:

1 Document Processing: Split pdf documents into chunks for
efficiency of processing.

2 Create Embeddings: Each chunk is converted into
embeddings that capture its semantic meaning.

3 Vector Store: These embeddings are stored in a vector
database, creating a searchable knowledge base.

4 User Query: The process starts when a user submits a
question or request as input.

For example, a user might ask, “What’s the weather like
today?” This query serves as the input to the LangChain
pipeline.
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Working with LangChain

1 Vector Representation: Once the query is received,
LangChain converts it into a vector representation using
embeddings.

2 Similarity Search: This vector is compared with vectors
stored in a database to find the most relevant matches based
on meaning.

3 Fetch Relevant Information: The system retrieves the most
relevant data or context from the vector database to support
the response.

4 Generate a Response: The retrieved context is passed to a
language model, which processes it and generates a
meaningful answer.
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Working with LangChain

Prompts and Prompt Templates
Prompts are the foundation of LLM interaction. Prompt templates
are reusable formats for instructing LLMs using placeholders to
insert variable information.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Working with LangChain

Building Chains and Agents
Chains connect multiple steps of a solution procedure into
workflows. Agents make decisions to build task-oriented multi-step
AI applications.



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

Working with LangChain

Memory
Memory makes applications more human-like by retaining context
across coversations.
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Working with LangChain

Indexes
Indexing is the proces of organizing documents in a vector database
such that the language model can quickly find and use them.
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Working with LangChain

Vector Stores
Vector stores are specialized databases that store embeddings and
provide fast similarity search.
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Applications
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LLM Applications
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LangChain Applications
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LLM Hardware Requirements



Large Language Models (LLMs) Computational Foundations Working with Large Language Models (LLMs) Working with LangChain and LangGraph Applications Appendix A: Cheatsheets Appendix B: Anthropic Claude

LLM Formulae Explained
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LLM Formulae Explained
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LLM GenAI Formulae
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LLM GenAI Formulae
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LLM Tokenization
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LLM Vector Databases
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LLM Prompt Engineering
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LLM Prompt Engineering
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LLM Prompt Engineering
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LLM Context Engineering
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LLM Context is all you need
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LLM RAG Implementation
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LLM RAG Architectures
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LLM RAG vs Agentic RAG
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LLM RAG Project Structure
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LangChain Concepts
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LangChain Prompt Concepts
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LangGraph Concepts
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