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Outline

• Augmenting LLMs

• Prompt and Context Engineering 

• Retrieval-Augmented Generation (RAG)

• Agentic AI workflow

• Evals

• Multi-agent Workflow
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Augmenting LLMs

Why do we need to augment LLMs? 

What are the challenges of using a pre-trained model like ChatGPT 5.2? 
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Augmenting LLMs

What are the challenges of using a pre-trained model like ChatGPT 5.2? 

Lack of domain knowledge. 
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Augmenting LLMs

What are the challenges of using a pre-trained model like ChatGPT 5.2? 

LLM is not up to date. 
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Augmenting LLMs

Why do we need to augment LLMs? 

Model / Family Token Limit Approx. Pages Real-World Equivalent

GPT-3.5-class ~4,000 tokens ~6 pages
Short essays, meetings 
notes

GPT-4 (standard) ~8,000 tokens ~12 pages
Full research papers, 
reports

GPT-4.1 / Improved 
versions

~16,000 tokens ~25 pages
Long reports, short book 
chapters

GPT-4 Turbo XL / 32k 
variants

~32,000 tokens ~45–50 pages Academic thesis chapter

GPT-4 Turbo 128k ~128,000 tokens ~180–200 pages Entire textbook section

Claude 100k+ ~100,000 tokens ~140–160 pages Multi-chapter books

Long-context models 
(Gemini Ultra / 1M 
tokens)

~1,000,000 tokens ~1,400–1,500 pages
Encyclopedia, full 
technical manuals
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Augmenting LLMs

Context window (working memory) is limited

 Attention mechanism 

 Models struggle to “remember” information in large contexts

Why do we need to augment LLMs? 
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Augmenting LLMs

Context window (working memory) is limited

 Attention mechanism 

 Models struggle to “remember” information in large contexts

Why do we need to augment LLMs? 

Bing, Sydney, and Yiting are having 
lunch at Phoebes
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Two dimensions to 
enhance your LLM: 
model and context 
optimization
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Prompt and Context Engineering

Basic Prompt Design Principles
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Prompt and Context Engineering

Basic Prompt Design Principles

How to make it 
even better? 
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Prompt and Context Engineering

Basic Prompt Design Principles
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Prompt and Context Engineering

Prompt Templates

A prompt template is a pre-defined 
structure 

with placeholders for dynamic inputs. 

Example: "Summarize the following 
text for 

[audience] in [format]: [text]." 

Here, [audience], [format], and [text] 
are placeholders.
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Prompt and Context Engineering

Zero shot vs. 

Few shot prompting
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Prompt and Context Engineering

Zero shot vs. 

Few shot prompting



23

Prompt and Context Engineering

Chain complex prompts for 
improved performance
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Prompt and Context Engineering

Chain complex prompts for 
improved performance
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Prompt and Context Engineering

Chain complex prompts for 
improved performance
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Testing your prompts

https://www.workera.ai/
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LLM as Judges

Zheng, L., Chiang, W.L., Sheng, Y., Zhuang, S., Wu, Z., Zhuang, Y., Lin, Z., Li, Z., Li, D., Xing, 

E. and Zhang, H., 2023. Judging llm-as-a-judge with mt-bench and chatbot arena. Advances in 

neural information processing systems, 36, pp.46595-46623.
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Motivation
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Motivation

How RAG Solves These Problems

Integrates external knowledge sources 

(e.g., databases, documents, APIs).

Ensures answers are more accurate, up-

to-date, and grounded. 

More developer control. Allows for 

targeted customization without retraining 

the model
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Question Answering with RAG Example

1
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Question Answering with RAG Example

Can you think about an RAG example in the mechanical engineering field? 
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Gao, Y., et al. Retrieval-augmented generation for large language models: A survey. arXiv preprint arXiv:2312.10997, 2(1).
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Recap

Augmenting LLMs with:

Better Prompts: Crafting clearer instructions 
for better results. 

Chains: Combining multiple LLM calls to 
tackle complex workflows. 

Retrieval: Expanding context by integrating 
specific knowledge.
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Agentic AI workflow

Definition: 

Andrew Ng: “An agentic AI 

workflow is a process uses where 

an LLM-based application 

executes multiple steps to 

complete a task.”

Query: “What is your 

refund policy?” 

Response (via 

RAG): "Refunds are 

available within 30 

days of purchase."
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Agentic AI workflow

Definition: 

Andrew Ng: “An agentic AI 

workflow is a process uses where 

an LLM-based application 

executes multiple steps to 

complete a task.”

Query: “What is your 

refund policy?” 

Response (via 

RAG): "Refunds are 

available within 30 

days of purchase."

Query: “Can I get a 

refund for my order?” 

Response (via AI 

Agent): 

- The agent retrieves 

refund policy using 

RAG. 

- The agent asks: "Can 

you provide your order 

number?” 

- It queries an API to 

check the order details.

- It confirms: "Your 

order qualifies for a 

refund. The amount 

will be processed in 3–

5 business days."
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Agentic AI workflow
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Agentic AI workflow

Paradigm shift
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Agentic AI workflow

Enterprise workflows are likely to change to rely more on agentic AI 
workflows.

Deterministic 
approach

Agentic AI 
workflow
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Agentic AI workflow

Travel 
Booking AI 

Agent 

Prompts

Context 
Management 

Tools

“Act like a travel agent….”

Core Memory 

Archival Memory

Flight Search API

Hotel Booking API 

Car Rental API

Weather API 

Payment Processing API
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Agentic AI workflow

Flight Search API

What It Does: Retrieves available flights based on origin, 

destination, date, and preferences (e.g., airline, price).

How It Functions:

 • Accepts input parameters like location, date, and 

budget. 

• Returns flight options, including departure time, duration, 

and cost.

When to Use: 

• Use when the user requests flight information or 

compares options (e.g., "Find flights from New York to Paris 

on December 15th.").
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Agentic AI workflow

Flight Search API

What It Does: Retrieves available flights based on origin, 

destination, date, and preferences (e.g., airline, price).

How It Functions:

 • Accepts input parameters like location, date, and 

budget. 

• Returns flight options, including departure time, duration, 

and cost.

When to Use: 

• Use when the user requests flight information or 

compares options (e.g., "Find flights from New York to Paris 

on December 15th.").

Degrees of Autonomy 

Less autonomous: Hard-coded steps and tools 

Semi-autonomous: Hard-coded tools, agent can decide 

what to use and when 

More autonomous: Agent decides the steps and can create 

tools
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Agentic AI workflow

With API

An AI travel agent today might connect directly to, say, 

the Amadeus or Skyscanner API:

That’s a one-off, vendor-specific integration. 

• The model (or developer) must know the Amadeus API 

spec.

 • If tomorrow you switch to Skyscanner, you rewrite that 

integration.

 • The model can’t reason abstractly about the concept of 

“searching flights.”
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Agentic AI workflow

With API

An AI travel agent today might connect directly to, say, 

the Amadeus or Skyscanner API:

That’s a one-off, vendor-specific integration. 

• The model (or developer) must know the Amadeus API 

spec.

 • If tomorrow you switch to Skyscanner, you rewrite that 

integration.

 • The model can’t reason abstractly about the concept of 

“searching flights.”

With MCP

The same travel agent could instead talk 

to a Flight MCP server, which exposes a 

standardized interface to any underlying 

flight provider. For example, the model 

might send this structured request 

through MCP:

{ "action": "search_flights", 

"parameters": { "origin": 

"SFO", "destination": "CDG", 

"date": “2025-11-20"

The MCP server handles translating that 

into the correct Amadeus, Skyscanner, or 

internal travel API calls and returns 

results in a consistent format.

Now the model doesn’t need to know 

which provider it’s using, it just knows 

the “Flight Search” schema defined by 

MCP
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Agentic AI workflow

Separate into different 
steps/slides 
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Agentic AI workflow
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Evals

Case Study

Your product manager asks you to build an AI agent for customer support. 
Where do you start?

Example User Prompt: “I need to change my shipping address for order 
A127. I moved to 325 Mission Street.”

Where will you start? 
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Evals

Case Study

Example User Prompt: “I need to change my shipping address for 

order A127. I moved to 325 Mission Street.” 

Step 1: Task Decomposition

1. Extract key info (intent, entities, order ID)

2. Retrieve customer record 

3. Check policy (e.g., can we update address?) 

4. Draft response email 

5. Send email
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Evals

Case Study

Your product manager asks you to build an AI agent for customer support. 
Where do you start?

Separate into 
different slides 
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Evals

Case Study

Your product manager asks you to build an AI agent for customer support. Where do you 
start?

Step 3: How would you know if it works? (Evals) (Assuming you have traces in place)
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Multi-agent workflows

Example: Smart Home Automation
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Multi-agent workflows

Example: Smart Home Automation

Climate Control Agent: Adjusts heating, cooling, and 

ventilation based on preferences or weather conditions.

Lighting Agent: Manages indoor and outdoor lights, 

including brightness, color, and schedules. 

Security Agent: Monitors cameras, locks doors, and 

alerts users to unusual activity.

Energy Management Agent: Optimizes energy usage by 

turning off unused devices or switching to eco-modes. 

Entertainment Agent: Controls TVs, speakers, and other 

media devices based on user requests. 

Notification Agent: Alerts users about system updates, 

energy savings, or security events.

Orchestrator Agent: Ensures smooth coordination 

between specialized agents, managing workflows, 

dependencies, and conflicts.
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Multi-agent workflows

Example: Smart Home Automation
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Multi-agent workflows

Example: Smart Home Automation
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Questions

bidong@syr.edu
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