Structured Outputs

&
Reliable Al

When Al Needs Contracts, Not Suggestions

Week 8: Machine Learning for Smarter Innovation

From Unpredictable Chaos to Production-Ready Systems



Today's Journey: Problem -; Method -; Solution

Act 1: The Challenge

The unpredictability problem
Why production systems need structure
Integration challenges

Current state

Act 2: Naive Approach

Better prompts seem obvious
How prompt engineering works
Initial success (builds hope)

Failure pattern emerges

Act 3: The Breakthrough
® Human introspection
® Structure-first hypothesis
® The 3-layer architecture
® Real implementation

® Qualitative improvement

Act 4: Synthesis
® Production architecture
® Universal principles
® Modern applications

® Workshop preview

From unpredictable outputs to production-ready Al systems
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unpredictability_problem.pdf




Why Production Systems Need Structure

What Production Systems Expect:
Consistent formats; Parseable structure (JSON, XML, CSV); Type-validated
fields; Required fields present; Predictable error modes

Examples:

Database: INSERT requires exact schema; API: Endpoints expect specific
JSON keys; Dashboard: Charts need consistent data types; Workflow: Next
step depends on field presence

What Unstructured Al Delivers:
Variable text formats; Inconsistent field names; Mixed data types; Optional
fields randomly omitted; Unpredictable failures

Real Consequences:
Database rejections (schema mismatch); API failures (missing required fields);
Broken automations (can't parse response); Manual intervention needed

Production systems are contracts - they expect specific structures, not creative variations
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The Current State: Where Al Works and Where It Breaks

Where Al Excels:

Flexible, Creative Tasks:
Writing assistance; Brainstorming ideas; Explaining concepts; Summarizing
content; Translation

Why It Works:
Output variability acceptable; Human review expected; Creativity valued; No
strict format requirements

Where Al Breaks:

Structured Data Extraction:
Form filling from documents; Invoice data extraction; Product catalog
normalization; Customer data parsing; System-to-system integration

Why It Fails:
Output must be parseable; Fields must match schema; Types must be
validated; No human in every loop

The Gap: Prototypes work in demos, fail in production when integrated with real systems

The challenge: Transform creative, flexible Al into reliable, structured data pipelines
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How Prompt Engineering Works: Five Common Techniques

The Techniques:

1. Detailed Instructions: Specify exactly what to extract; List all required
fields; Describe desired format

2. Few-Shot Examples: Show 3-5 example outputs; Demonstrate desired
format; lllustrate edge cases

3. Role-Playing: "You are an expert data analyst...”; Sets context and
expectations; Encourages professional output

The Techniques (continued):

4. Step-by-Step Guidance: Break task into steps; " First identify..., then
extract...”; Chain of thought reasoning

5. Format Specification: " Return as JSON with keys...”; Describe field types;
Request specific structure

When It Helps:
Simple, clean inputs; Standard formats; Well-structured source data; Few edge
cases

Prompt engineering improves quality through clearer communication - but is it enough for production?
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The Key Question: How Do YOU Ensure Data Consistency?

Before we design a solution, observe your own behavior:

Scenario 1: Filling a Form Scenario 2: Creating a Spreadsheet
You're entering customer data into a database: You're standardizing product data:
First: Check what fields are required First: Define column headers (schema)
Then: Enter data matching field types Then: Enter data in correct columns
Validate: Form rejects if types don't match Validate: Check types, ranges, required fields
Fix: Correct errors before submitting Enforce: Use data validation rules
Key observation: You validate against a schema before Key observation: You define structure first, then fill it
submission

The Pattern

Humans ensure consistency by:

1. Defining schema/structure FIRST
2. Validating data against that structure
3. Rejecting invalid entries
4. Fixing errors before proceeding

Human introspection reveals the solution: Structure-first, validate-always, reject-invalid approach
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The Solution in Plain English: What It Does and Why It Works

What It Does (3 Steps):

1. Define Contract
List fields, types, required markers - like a database table definition

2. Send to Al with Contract
Al must return data matching contract; API-level enforcement, not
just prompt

3. Validate and Recover
Check fields present, verify types, retry on failure, log errors

Why It Works:

Enforcement
Not a suggestion - API rejects non-conforming output; guaranteed
structure or explicit error

Predictable Failures
Caught immediately with specific messages; retry logic handles
failures without silent corruption

System Integration
Output always parseable; fields match schema; downstream
systems accept input

Core Principle: Contract — Generate — Validate (not Hope — Generate — Fix)

Zero-jargon: Define structure, enforce at API level, validate before accepting
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Layer 1: Schema Definition with Pydantic

Real code defining a type-safe contract:

from pydantic import BaseModel, Field

class ProductExtraction(BaseModel):
"""Schemayfor,structured, product datajextraction"""

product_name: str = Field (
description="Full, product name"

)

price: float = Field(
description="Priceyin, USD",
gt=0 # Must be positive

storage_gb: int = Field(
description="Storageycapacity in,GB",
ge=0 # Greater or equal to O

)

confidence: float = Field(
description="Extraction,confidencescore",
ge=0.0, le=1.0 # Between 0 and 1

)

What this achieves:

Tune cafetv: nrice muct he flnat ctarace muct he int
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Layers 2 & 3: Function Calling with Validation

Real code enforcing structure and validating output:

from openai import OpenAI
client = OpenAI()

# Convert Pydantic schema to JSON schema
schema = ProductExtraction.model_json_schema ()

# Layer 2: Function calling (enforcement at API level)

response = client.chat.completions.create(
model="gpt-4",
messages=[{"role": "user", "content": product_textl}],
tools=[{
"type": "function",
"function": {
"name": "extract_product",
"description": "Extractyproduct, information",
"parameters": schema
}
H
)
# Layer 3: Validation and recovery
try:
# Extract structured data
args = response.choices[0].message.tool_calls[0].function.arguments

# Validate against schema

PRSI
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Key Principles: Lessons Beyond This Specific Problem

1. Structure ; Power 3. Contracts Beat Suggestions
Smaller models with structure outperform larger models without; Prompts are suggestions (weak), schemas are contracts (strong);
architecture matters more than parameters enforcement at API level

2. Validation = Reliability

Can’t improve what you can’t measure; validation makes failures Perfect reliability is impossible; predictable failure with graceful
visible, enabling recovery degradation is acceptable

Applications: Data extraction, form automation, system integration, production Al, workflow automation

Meta-Lesson: These principles apply to ANY production Al system - transferable to your projects

Four universal principles apply beyond structured outputs to any Al reliability challenge
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When to Use Structured Outputs: Judgment Criteria

When Appropriate: When Overkill:

Production Requirements Simple Scenarios

System integration, high volume, type safety, zero-tolerance for One-time tasks, human review always required, prototyping phase,
parsing errors no downstream systems

Scale Indicators Low Volume

Hundreds+ items daily, multiple consuming systems, automated Fewer than 10 items/day, manual workflows OK, flexible formats
workflows, no human in every loop acceptable

Complexity Signals Alternatives Better

Nested structures, multiple types, conditional validation, cross-field Simple regex sufficient, templates work, requirements change
dependencies frequently

The Principle: Right tool for right job - structured outputs shine in production automation, not prototyping

Judgment criteria enable wise tool selection - match solution complexity to problem requirements
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From Chaos to Reliability: Summary & What's Next

The complete journey:

Where We Started

Al outputs unpredictable; Breaks system integrations; Prompt engineering
helps on simple cases; Fails on complex real-world data; Not
production-ready

The Breakthrough
Schema defines contract; Function calling enforces structure; Validation
catches errors; Retry logic recovers from failures; Production-grade reliability

Key Takeaways

1. Reliability is Engineering: Structure, validation, recovery
2. Structure ; Power: Architecture beats parameters

3. Contracts Beat Suggestions: Enforcement at API level
4. Design for Failure: Predictable failure paths

Title: Build a Structured Output System — Goal: Production-ready data
extraction — Duration: 90 minutes hands-on — You'll Build: Complete
Pydantic schema, function calling implementation, validation & retry logic,
working production system

to production reliability

Next Session: Hands-on implementation of structured outputs for your innovation project - from prototype chaos

Complete transformation: From unpredictable chaos to production-ready Al through structure, validation, and contracts
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