Chapter 1: From Prompts to Context: Building the Semantic
Blueprint

From prompts to contexts

Level 1: The Basic Prompt
(Zero Context)

Level 2: The Better Context
(Linear Context)

Level 3: The Good Context

(Goal-oriented Context)

Level 4: The Advanced Context
(Role-based Context)

Level 5: The Semantic Blueprint




1. User Input: Call visualizee_srl()
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e ™
2. Data Structuring: Assemble
SRL Dictionary
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3. Hand-off to Plotting Engine
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4. Canvas Setup: Create Matplotlub Canvas
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5. Dynamic Positioning:
Calculate Node Positions

!

6. Drawing the Stemma:
Draw Nodes & Arrows
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7. Final Display: Show Plot
- /

l




The Semantic Blueprint (Stemma Visualization)

Agent (ARG Patient (ARRecipient Temporal (ARGM-TMP)

S

[the new project] [to the board |n the mornlng

The Semantic Blueprint (Stemma Vlsuallzatlon)

resolved
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Agent (ARGO) Patient (ARCLocation (ARGM-LOC)
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[the backend team] [the critical bug |n the payment gateway ]

The Semantic Blueprint (Stemma Visualization)

deployed

Agent (ARGO) Patient (ARCManner (ARGM-MNR)
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[Maria’s team] [the new dashboard [ahead of schedule




Meeting Analysis Context-Chaining Flowchart
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Chapter 2: Building a Multi-Agent System with MCP

Multi-agent system
Orchestrator
an

MCP Protocol MCP Protocol

MCP Protocol Task Assignment (MCP)
Task Assigrment (MCP) ~ [-Results/Progress
Update (MCP)

o -- j
Researcher i ' Writer i
Agent J i Agent ]




Multi-Agent Al System Flowchart

Researcher Agent
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call_lim(research_query)
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The Orchestrator
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User input

(Orchestrator) Goal Received:
“Create a blog post about the benefits
of the Mediterranean diet”

Task Delegation [Orchestrator]

Researcher Agent Activated
Research summary created

for “Mediterranean Diet”

Ovutput & Handoff (Researcher
to Summarize)

Emphasizes fruits, vegetables...
Emphasizes fruits, vegetables...
Associated with lower risk...
Benefits are linked to high intake.

Final Output (workflow complete)

Researcher Agent

(Orchestrator) Task 1: Research
Delegating to Researcher agent

Task Delegation [Orchestrator]

Task 2: Write
Delegating to Writer agent

Writer Agent Activated
Write content
Blog post drafted

Confirmation
Writing complete

Mediterranean Magic: A Delicious Way o Boost the Heart, Brain, and Longevity
The Mediterranean-style plate celebrates colorful fruits and

vegetables...

... Start today with a drizzle and a colorful plate.




The Evolution of Al Architecture:

Models to Systems

Stage 1: The Model Stage 2: The Agent

Stage 3: The System (MAS)




Chapter 3: Building the Context-Aware Multi-Agent System

Complete Dual RAG MAS Architecture

Phase 1: Data Preparation (RAG Ingestion) Phase 2: Runtime Execution (MAS)

Knowledge Data Context Data
(Raw Text) (Semantic Blueprints) User Goal
Orchestrator
— (Analyzes Goal)

Chunk Text Extract Description
(for Intent)

intent_guery topx_query
unks Descriptbns

Embedding Model Agent: Librarian Agent: Researcher

Blueprint Facts
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Fact /
En¥geddings

Pinecone | /
Vector Store | /

ContextLibrary
Namespace

Agent: Writer
(Generates Output)

KFinaI 6utput




RAG Data Ingestion Pipeline

Context Data Knowledge Data
(Semantic Blueprints) (Raw Text)

Extract Description

(for Intent)
\k} ‘_/Chunk/

Embedding Model

Chunk Text

Intent ctors Fact ctors

{ Pinecone Vector Store

'ContextLibrary NS KnowledgeStore NS




Flowchart for Context-Aware MAS Notebook

[User High-Level Goal]

!

Orchestrator: Analyze Goal
(using LLM)

topic_fuer
\f\‘e“ S p Y

Agent: Librarian Agent: Researcher Agent: Writer

Blueprint

Search Search
&
Pinecone Pinecone LM
ContextLibrary KnowledgeStore (Synthesis & Generatio

(Orchestrator: Assemble & Send to Writer]

Final Output '




Chapter 4: Assembling the Context Engine

User's High-Level Goal

l

Context Engine (Orchestrator)

Gets capabilities
Planner

Plan

Executes steps
sequentially

=

Executor

Tracer
(Logs all steps)

-
o= [

Agent Registry
(Toolkit)

Specialist Agents

Librarian
(Procedural RAG)

Researcher
(Factual RAG)

Writer
(Generation)

Context Chaining
(Output of one step is
input to the next)

Result

Final Output

Generates
JSON Plan

LLM
(e.g., GPT-5)
/(

SynthesizefGenerate

Vector DB
(Pinecone)




Chapter 5: Hardening the Context Engine

Legend:

7.0a logging.info (Start)

. Section 7 (Execution)

D Section 6 (Engine Core)

. Section 5 (Agent Registry) 6.3b context_engine()

. Section 4 (Agents)

. Section 3 (Helpers) p!

6.1a ExecutionTrace.int__()_ ()

|

5.3 AgentRegistry.

get_capabilities_description()

6.2 planner()

l

3.1 call_lim_robust()

6.1b ExecutionTrace.log_plan()

Phase 3: Execution Loop |(For each step in plan)

5.2 AgentRegistry.
get_handler()

6.3a resolve_dependencies()

Loop
4.x agent_*()

6.1c ExecutionTrace.log_step()

6.1d ExecutionTrace finalize()

7.0b logging.info

& display() (END)

Agent’s Internal Actions

3.4 query_pinecone()

3.1 call_llm_robust()




Chapter 6: Building the Summarizer Agent for Context Reduction

Thinks

Human Architect The Blueprint Al Copilot

Designs Works




Legend:

B section 7 (Blue)
|| Section 6 (White)
. Section 5 (Purple)
. Section 4 (Green)

. Section 3 (Orange)

7.0a logging.info (Start)

6.3b context_engine()

‘

6.1a ExecutionTrace.int__()_ ()

l

5.3 AgentRegistry.
get_capabilities_description()

6.2 planner()

l

3.1 call_llm_robust()

6.1b ExecutionTrace.log_plan()

5.2 AgentRegistry.

get_handler()

6.3a resolve_dependencies()

4.x agent_*()

[NEW AGENT]
4 .x agent_summarizer)

6.1c ExecutionTrace.log_step()

6.1d ExecutionTrace finalize()

7.0b logging.info

& display() (END)

3.4 query_pinecone()

3.1 call_lim_robust()

[NEW UTILITY]
count_tokens()




Monolithic System (Brittle)

Glass Box Architecture (Agile)

Agent 1

Agent 2

Agent 3

v

|

v

Tightly-{Coupled
Logic
Engine Core
(Executor, Planner)
S
LLMA Vector DB Utilities
New LLM |, >< Rewrite! New LLM B Easy Swap!

Poor Objective

"Summarize this text."

The Art of Context Engineering

Low-Value Output

went to Jupiter.

Strong Objective

"Extract:

- parties involved

- key financial figures
- final resolution date
Exclude: boilerplate
Format: JSON"

Al Summerizer Agent

(Same Tool, Different Instructions)

Juno is a space probe that

Pl launched a while ago and
has solar panels...

It was

High-Value Output

"financials":

"parties™: [...

I
[...1,

"resolution_date": "




AgentRegistry

1. What tools are available? " 22k

\\Librarian Researcher

%‘iter Summarizer

The Final Plan

4, 1 will cjaai‘ea plan!
t

I 2. Here isjthe manual p| 1. call: researcher( )

P anner LLM 2. call: Summarizer(...)
3. call: Librarian(...)
4., call: Writer(...)

get capabilities description()

1. AGENT: Librarian

ROLE: Retrieves Blueprints.|..
2. AGENT: Researcher

ROLE: Retrieves facts...
3. AGENT: Summarizer
ROLE: Reduces large text...
AGENT: Writer
RODBs Generates content...

3. | see the new tool!

Tangible Business Value

$ Reduced Operational Costs
Technical Achievement Lower API fees from fewer tokens.
Context
Engineer’s
Role:
—> —\ Increased Speed and Agility
Translation o . o
and Faster generation times for quicker decisions.
Articulations
56.5% Token Reduction

f Higher-Quality Outputs

High signal-to-noise ratio improves focus.




Chapter 7: High-Fidelity RAG and Defense: The NASA-Inspired
Research Assistant

Phase 0: Data Ingestion Pipeline (The "Data Management Dept.")

Source Docs High_ Fidelity Data Ingestion.ipynb Pinecone Knowledge Base
(NASA xt files) 9 (Bl T (Chunks with source metadata)
2. Add 'source’ Metadata

e L

Context Engine Workflow (The "Application LayerT)

Plan
User Goal Planner Executor

+ Calls Agent

' ™
Upgraded Researcher Agent Workflow

1. Retrieve (query_pinecone) =
Final Output
2. Sanitize (helper_sanitize_input) ”SIL::IF N g,-gr?on

3. Synthesize (call_llm_robust)




Main Application Notebook

(User's Control Deck)

Initfat* Task

Engine Core
(The Brain / Orchestrator)

~Queries ffor tools
T

| — ]

2. Exec m\

Agent Registry
(The Toolkit / Foreman)

-
Contains / Knows about

Specialist Agents
(The Workers)

0} sjoo} sapinoid

0} sjoo} sapinoid

Helper Functions
(The Foundational Utilities)

Main Application Notebook

(User's Control Deck)

execute_and_display()

Iniliate¢Task

Engine Core
(The Brain / Orchestrator)

context_engine(), planner()

resolve_dependencies(), ExecutionTrace

1. Queries for tools

2. Executes agents

4

Agent Registry

(The Toolkit / Foreperson)

get_handler(), get_capabilities_description()

Contains /|Knows about

Specialist Agents
(The Workers)

agent_researcher(), agent_librarian()
agent_writer()

safelana]

<

uo salay

0] Sj00] Sapir0ld

Helper Functions
(The Foundational Utilities)

query_pinecone(), call_llm_robust(), get_embedding()

helper_sanitize_input{)




Main Application Notebook

(User's Control Deck)

execute_and_display()

|nitiauiTask

Engine Core
(The Brain / Orchestrator)

context_engine(), planner()
resolve_dependencies(), ExecutionTrace

1. Queries for tools

2. Executes agents

-
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helper_sanitize_input()




Chapter 8: Architecting for Reality: Moderation, Latency, and
Policy-Driven Al

Source Docs
(e.q., Legal Files)

Phase 0: Data Ingestion Pipeline

Data_Ingestion.ipynb Pinecone Knowledge Base
—_— 1. Chunk Text, —_— (Chunks with
2. Add 'source' Metadata source metadata)

Context Engine Workflow with Moderation

User Goal

|

1. Pre-Flight Moderation Check

I

Planner & Executor

l Calls Agent

Agent Workflow

(e.g., Researcher, Summarizer, Wriler)

1. Retrieve 2. Sanitize 3. Synthes;j
(query_pinecone) (helper_sanitize_inpul) (call_llm_robust)
Generaled Conlent T

|

2. Post-Flight Moderation Check

|

Final Output to User

(Safe & Redacled
if needed)




Phase 0: Data Ingestion Pipeline

Source Docs Data_Ingestion.ipynb Pinecone Knowledge Base
(e.g., Legal Files) 1. Chunk Text (Chunks with source metadata)
2. Add ‘source' Metadata

Context Engine Workflow with Moderation

[ User Goal J_, 1. Pre-Flight Moderation Check ]_.[ Planner & Executor

+ Calls Agent
N

-
Agent Workflow
(e.qg., Researcher, Summarizer, Writer)
1 Retrieve (query_pinecone)
2 Sanitize (helper_sanitize_input)
3. Synthesize (call_lim_robust)
N /

Genera[% Content

s \

2. Post-Flight Moderation Check

'

Final Output to User
(Safe & Redacted if needed)




Chapter 9: Architecting for Brand and Agility: The Strategic

Marketing Engine

~

Phase 0: Data Ingestion
data_ingestion_marketing.ipynb
(Brand Guides, Product Specs)

L

—

Pinecone Knowledge Base

Contg

=

xt

Context Engine Workflow

’

L.

User Goal (e.g., “Draft Ad Copy’

o
)

’

L

-~

Pre-Flight Moderation Check

~

J

) I

-
Planner and Executor

~

»

L

Agent Workflow
1. Retrieve (Researcher)

2. Sanitize (helper_sanitize_input)

3. Synthesize (Writer)

L

[F‘ost-Flight Moderation Check)

L

[ Final Output

)

\
@isplaﬂmodemti@

Engine Core

Agent Registry

[ Pre-Flight Check ] [

planner(), context_engine()

—

get_handler()

agent_researcher
Input: Goal
Output: Cited Facts

agent_librarian
Input: Intent Query
Output: Style Blueprint

agent_writer
Input: Facts + Blueprint
Output: Final Text

query_pinecone()
(Marketing Docs)

call_llm_robust()

| |

Post-Flight Check




execute_and_display()

A 4

Engine Core
planner(), context_engine()
AN

A 4

1. agent_librarian 2. agent_researcher 3. agent_summarizer 4. agent_writer
Output: Style Blueprint Output: Cited Raw Text Output: Key Points Output: Final Summary

171 1

v vy

query_pinecone() call_lim_robust()

Activated Workflow Mindmap
Use Case 2: Product Marketing Copy Generation

<execute_and_displD

Engine Core
planner(), context_engine()

1. agent_researcher 2. agent_summarizer 3. agent_librarian 4, agent_writer

Output: Cited Specs Output: Key Benefits Output: Formal Blueprint Output: Final Description

[ query_pinecone() ] [ call_lim_robust() J




Activated Workflow Mindmap

Use Case 3: Persuasive Pitch Synthesis

chte_and_displD

Engine Core
planner(), context_engine()

1. agent_librarian 2. agent_researcher 3. agent_writer

Output: Persuasive Blueprint Output: Cited Business Value Facts Output: Final Pitch

AN

[ query_pinecone() ] [ call_lim_robust() ]




Chapter 10: The Blueprint for Production-Ready Al

Kubernetes Cluster (Cloud Infrastructure)

=)
1. Submit

L}
* 3. Pull
= -
5. Retrieve

v

Observability Stack

Logging ‘

(ELK / Splunk)

Metrics Tracing
(Prometheus) (Jaeger)




Context

Engine




Foundation: Secure Data Pipeline
(Data Poisoning & Injection Defense)







Appendix A: Context Engine Reference Guide

Phase 0: Data Ingestion Pipeline

Source Docs

(e.g, Legal Files)
2. Add ‘Source Metadata

Data_Ingestion.ipynb Pinecone Knowledge Base
1. Chunk Text (Chunks with source metadata)

Context Engine Workflow with Moderation

(e.g., Researcher, Summarizer, Writer)

1. Retrieve (query_pinecone)

2. Sanitize (helper_sanitize_input)

3. Synthesize (call_|Im_robust)

User Goal 1. Pre-Flight Moderation Check Planner & Executor
Calls Agent
g Agent Workflow h

Generated Content
v

~
2. Post-Flight Moderation Check
S

A

Final Output to User
(Safe & Redacted if needed)







