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Model Comparison Report: Story 2.2 Implementation

Analysis

Date: 2025-10-30 Story: 2.2 - Python Worker Content Extraction for Web Articles Evaluated Models: Claude (v1 & v2),

Gemini, Codex

Executive Summary

This report evaluates four LLM-generated implementations of Story 2.2 (Python Worker Content Extraction for Web

Articles) across multiple quality dimensions. The implementations were produced by three different Al models
(Claude, Gemini, Codex) using the BMAD Method workflow, with Claude tested twice under different product owner

review conditions.

Key Findings:

« Codex demonstrated superior architectural sophistication with dependency injection patterns and

comprehensive error handling

« Claude v2 (with reasoning requirement) produced cleaner code with fewer QA revisions than Claude v1

« Gemini generated the most QA documentation but required more corrections
« Claude v1 added the most code (4138 lines) but with higher complexity

« Allimplementations successfully met functional requirements but differed significantly in architectural

approach

Critical Architectural Divergence:

« Storage Strategy: Claude v1 & Gemini used PostgreSQL BYTEA columns for content; Codex & Claude v2 used

MinlO object storage

Database Responsibility: Codex & Claude v1 had workers update DB directly; Claude v2 delegated DB updates
to APl server

Error Handling: Codex implemented the most sophisticated error handling with custom exception hierarchies

1. Model Comparison: Claude vs Gemini vs Codex

1.1 Quality Rubric Scores

. Claude .
Rubric ] Gemini Codex Notes
v
Documentation Codex: comprehensive docstrings with examples; Claude v1:
. 8/10 7/10 9/10 oo . .
Quality good inline docs; Gemini: adequate but less detailed
. Codex: best coverage & organization; Claude v1: good fixtures;
Test Quality 8/10 7/10 9/10 o .
Gemini: fewer test scenarios
Code Codex: clear class structure, dependency injection; Claude v1:
» 7/10 6/10 9/10 o :
Readability procedural but clear; Gemini: less organized
Code Codex: excellent separation of concerns, easy to extend; Claude
6/10 6/10 9/10

Sustainability

v1 & Gemini: moderate coupling
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Rubric ‘(,Z:aude Gemini Codex Notes

Architecture Codex: best practices (DI, singleton services, object storage);

Quality /10 6/10 510 Claude v1: solid but simpler; Gemini: functional but basic

overall Score 72/10 6.4/10 9.0/10 Eroadciijsemonstrates significantly stronger engineering
1.2 Statistical Comparison

Metric Claudevl Gemini Codex Analysis

Lines Added 4,138 1,930 2,338 Claude v1 significantly more verbose

Lines Deleted 80 398 655 Codex made more structural changes

Net Change +4,058 +1,532  +1,683 Claude v1 added 2.4x more code than Gemini

Files Modified 34 35 29 Similar scope across implementations

Test Files 8 11 8 Gemini added most test coverage

Documentation Files 6 10 4 Gemini produced extensive QA docs

QA Fix Commits 8 10 8 Gemini required most corrections

Total Commits 21 30 20 Gemini had most iterative development

Code-to-Test Ratio 3.2:1 2.1:1 2.8:1 Gemini had best test density

1.3 Key Observations
Claude v1

Strengths:

« Comprehensive error logging with structured fields

o Custom exception classes (ArticleDownloadError, ArticleParseError)

» Good use of dataclasses for type safety

« Async/await patterns properly implemented with

Weaknesses:

« Repository pattern adds unnecessary abstraction layer for this use case

Code Sample - Content Extractor:

async def extract_web_article
"""Extract content from web article URL using newspaper4k."""
logger.info("Starting article extraction", extra={"url": url, "timeout":

timeout})

article = Article(url)

Direct database pool access creates tight coupling
Largest codebase (potential over-engineering)
Stored protobuf in PostgreSQL BYTEA (less scalable than object storage)

-> ArticleData:
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article.config.browser_user_agent = 'Squirrel/1.0'
article.config.request_timeout = timeout

try:
await asyncio.to_thread(article.download)
except ArticleException as e:
logger.error("Article download failed", extra={"url": url, "error":
str(e)}, exc_info=e)
raise ArticleDownloadError(f"Failed to download article: {e}") from e

Gemini
Strengths:

« Extensive QA documentation (NFR, risk, test-design, trace assessments)
« Separate models package with ArticleData model

« Generated protobuf Python code

» Good test coverage (6 Python test files)

Weaknesses:
o Takes as parameter (suggests pre-fetching, architectural oddity)
e Uses (not production-ready)

e Returns dict converted to model (extra transformation step)
 Less sophisticated error handling (returns None on any failure)
e Usessnake case (inconsistent with API convention)

Code Sample - Content Extractor:

async def extract_article_content(
url: str, paper_id: UUID, html_content: str, timeout: int = 10
) -> ArticleData | None:
"""Fetches a web article and extracts content using newspaper4k."""
try:
article = Article(url)
await asyncio.to_thread(article.download, input_html=html_content)
await asyncio.to_thread(article.parse)

if not article.text:
logger.warning("Newspaperdk failed to extract text content",
extra={"paper_id": str(paper_id), "url": url})
return None

article_data = {
"title": article.title,
"authors": article.authors,
"publish_date": article.publish_date.isoformat() if
article.publish_date else None,
"text": article.text,
"top_image": article.top_image,
}

return ArticleData(**article_data)
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Codex

Strengths:

» Best Architecture: Class-based extractor with separation of concerns

« Dependency Injection: FastAPI best practices with

« Custom Exception Hierarchy: ArticleExtractionError — TimeoutError, FetchError, ParseError
« Separation of Fetch/Parse: Uses httpx for fetching, newspaper4k only for parsing

« Object Storage: Uses MinlO for scalable content storage

« Timezone Normalization: Ensures datetime consistency

e HTML Fallback: Generates minimal HTML when article_html unavailable

e Precise Timing: Uses instead of

Weaknesses:

e More complex setup (requires understanding of class-based design)
» Higher cognitive overhead for junior developers
« Uses MinlO without database migration (assumes external storage exists)

Code Sample - Content Extractor:

class ContentExtractor:
"""High-level service that fetches and parses web articles."""

def _ _init_ (self, timeout_seconds: float = DEFAULT_TIMEOUT_SECONDS) -> None:
self._timeout_seconds = timeout_seconds

async def extract(self, url: str) -> ArticleExtractionResult:
"""Fetch and parse the article located at the provided URL."""
html, final _url = await self._fetch_html(url)
article = await self._parse_article(final_url, html)

canonical_url = (
article.canonical_link
or article.meta_data.get("og", {}).get("url")
or final_url

publish_date = self._normalize_publish_date(article.publish_date)

authors = article.authors or None

cleaned_html = article.article_html or
self._build_html_from_text(article.text)

return ArticleExtractionResult(
canonical_url=canonical_url,
title=article.title or None,
authors=[author for author in authors] if authors else None,
publish_date=publish_date,
top_image=article.top_image or None,
text=article.text or "",
html=cleaned_html,

async def _fetch_html(self, url: str) -> tuple[str, str]:
"""Download article HTML and return (content, final_url)."""
try:
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async with httpx.AsyncClient(
timeout=self._timeout_seconds,
follow_redirects= ,
headers=DEFAULT_HEADERS,
) as client:
response = await client.get(url)
response.raise_for_status()
return response.text, str(response.url)
except httpx.TimeoutException as exc:
raise ArticleTimeoutError(f"Timed out fetching article after
{self._timeout_seconds} seconds") from exc

2. Claude v1 vs Claude v2 Comparison
2.1 Process Difference

« Claude v1: Product Owner accepted all proposed changes without reasoning requirement
« Claude v2: Product Owner was asked to reason and justify decisions before accepting changes

2.2 Quality Impact Analysis

Claude Claude

Rubric Vi v2 Delta Analysis

Documentation o )

Quality 8/10 9/10 +1 v2: Betterinline examples, clearer module docstrings

Test Quality 8/10 9/10 +1 v2: Added security tests, better fixture organization

Code Readability 7/10 8/10 +1 v2: Pydantic models, clearer function separation

Code Sustainability 6/10 8/10 2 \[/)ZB:)Better separation of concerns (APl server handles

Architecture Quality 7/10 9/10 +2 v2: Object storage, APl-worker separation

Overall Score 7.2/10 8.6/10 +1.4 19% improvement with reasoning requirement
2.3 Statistical Comparison

Metric Claudev1 Claudev2 Delta Analysis

Lines Added 4,138 3,682 -456 v2: More concise implementation

Lines Deleted 80 118 +38 v2: More structural changes

Net Change +4,058 +3,564 -494 v2:12% less code

Files Modified 34 29 -5 v2: Fewer files touched

Test Files 8 11 +3 v2: Better test coverage

QA Fix Commits 8 5 -3 v2: 37% fewer corrections needed

Total Commits 21 12 -9 v2: More efficient development

2.4 Key Architectural Differences
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Storage Strategy

o Claude v1: PostgreSQL BYTEA column for protobuf content
ALTER TABLE papers ADD COLUMN content_blob BYTEA;
« Claude v2: MinlO object storage with reference in database

file_path = await upload_to_minio(paper_id,

content_bytes)
# Store only reference:

"papers/{paper_id}/content.pb"
Impact: Claude v2's approach scales better for large content and follows cloud-native patterns.
Responsibility Distribution

« Claude v1: Worker updates database directly

# Worker owns DB updates

await update_paper_metadata(pool, paper_id, extracted_data)

o Claude v2: API server updates database based on worker response

# Worker returns data, API server persists

return FetchResponse(status="completed", metadata=extracted_data)

Impact: Claude v2 has better separation of concerns; APl server maintains data consistency.

Error Handling

« Claude v1: Custom exceptions in worker

class ArticleDownloadError

pass
class ArticleParseError

pass

» Claude v2: Error categories in structured logging

logger.error("Content extraction failed",

extra={"error_category": "network|parse|validation|system"})

Impact: Claude v2's approach is simpler but less type-safe.
2.5 Code Quality Comparison

Claude v1 - Protobuf Serializer
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"""Protobuf serialization service for Paper objects."""
from uuid import UUID

from datetime import datetime

from worker.generated import paper_phb2

def serialize_paper_metadata(
paper_id: UUID,
url: str,
url_hash: str,
title: str,
authors: list[str],
publish_date: datetime | None,
text: str,
html: str,
created_at: datetime

) -> bytes:
"""Serialize paper metadata to protobuf bytes."""
paper = paper_pb2.Paper()
paper.id = str(paper_id)
paper.url = url
paper.url_hash = url_hash
# ... many more field assignments
return paper.SerializeToString()

Claude v2 - Storage Service

2025-10-30

"""Storage service for protobuf serialization and MinIO uploads."""

from pathlib import Path
from uuid import UUID

from worker.services.content_extractor import ExtractedContent

async def upload_to_minio(paper_id: UUID, content_bytes:

bytes)

-> str:

"""Upload protobuf content to MinIO and return object key."""

object_key = f'"papers/{paper_id}/content.pb"
# MinIO upload logic
return object_key

def serialize_paper_content(content: ExtractedContent, paper_id:

"""Serialize ExtractedContent to protobuf bytes."""
paper = Paper() # Protobuf message
paper.id = str(paper_id)
if content.title:
paper.title = content.title
# Conditional field population (cleaner)
return paper.SerializeToString()

UUID) -> bytes:

Analysis: Claude v2 uses Pydantic models (ExtractedContent) for cleaner type safety and separates serialization from

storage concerns.
2.6 Test Quality Comparison

Claude v1
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def load_fixture(filename: str) -> str:
"""Load HTML fixture file."""
fixture_path = FIXTURES_DIR / filename
return fixture_path.read_text()

@pytest.mark.asyncio
@responses.activate
async def test_extract_simple_article():
"""Test extraction from simple article with title, author, and date."""
url = "https://example.com/simple-article"
html = load_fixture("simple_article.html")
responses.get(url, body=html, status=200, content_type="text/html")

result = await extract_web_article(url)

assert result.canonical_url == url
assert result.title == "Simple Test Article"
Claude v2

@pytest.fixture

def mock_article_success():
"""Create a mock Article object with successful extraction."""
mock = Mock(spec=Article)

mock.title = "Sample Article for Testing"
mock.authors = ["John Doe", "Jane Smith"]
# ... more fields

return mock

@pytest.mark.asyncio

async def test_extract_web_content_success(mock _article_success):
"""Test successful async content extraction with timeout."""
url = "https://example.com/article"

with patch("worker.services.content_extractor.Article",
return_value=mock_article_success):

result = await extract_web_content(url)

assert result is not None
assert result.title == "Sample Article for Testing"

Analysis:

o Claude v1: Better integration testing with real HTML fixtures

e Claude v2: Better unit testing with mocks and fixtures, added security tests ( )

2.7 Reasoning Requirement Impact
Hypothesis: Asking the Product Owner to reason about decisions leads to better outcomes.

Validation:

Aspect Evidence Conclusion

2025-10-30
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Aspect Evidence Conclusion

Code Quality Claude v2: +1.4 point improvement (19%) « Confirmed
Development Efficiency Claude v2: 37% fewer QA fixes, 43% fewer commits « Confirmed
Architecture Claude v2: Better separation of concerns, scalable storage 7 Confirmed
Test Coverage Claude v2: +3 test files, including security tests « Confirmed

2025-10-30

Conclusion: Requiring the Product Owner agent to reason and justify decisions resulted in measurably better

outcomes across all quality dimensions.

3. Architecture Diagrams

3.1 Claude v1 Architecture
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API Server (Rust)

Create Paper Record

£

Call Worker /fetch

Python Worker

Fetch Endpoint

Update Status: fetching

v
Content Extractor

\ 4
newspaper4k

l

Protobuf Serializer

\ 4
Paper Repository

PostgreSQL

.
.

Response

.

‘A

POST /api/papers

Store in content_blob BYTEA

Key Characteristics:

« Worker directly updates PostgreSQL
o Content stored as BYTEA in database
« Repository pattern for DB access

2025-10-30
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« Synchronous response to APl server

3.2 Gemini Architecture
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API Server (Rust)

Create Paper Record

£

Call Worker /fetch

.
.

Response

Python Worker «-— - “"A /

Fetch Endpoint POST /api/papers

URL Validator

v
Content Extractor

v
Pre-fetched HTML Content

l

newspaper4k Parser

v
Article Model

v
Database Service

PostgreSQL

Store Protobuf

Key Characteristics:
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o Pre-fetches HTML before extraction (architectural oddity)
» Uses database service instead of repository pattern

« Generates protobuf code

 Stores protobuf in PostgreSQL

o URL validation layer

3.3 Codex Architecture

API Server (Rust)

Create Paper Record

[

Call Worker /fetch

.
Y

Res‘ponse
— “.
Python Worker / ‘A
Fetch Endpoint w/ DI POST /api/papers

v
ContentExtractor Service

\ 4
httpx: Fetch HTML

v
newspaper4k: Parse

\ 4
ArticleExtractionResult

N

StorageService PaperRepository
MinlO Upload PostgreSQL

MinlO Object Storage Store file_path reference

Key Characteristics:
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« Dependency Injection throughout (FastAPI best practices)
» Separates fetch (httpx) from parse (newspaper4k)

« Object storage for content (MinlO)

« Database stores only references

» Custom exception hierarchy

« Singleton service pattern

3.4 Claude v2 Architecture

API Server (Rust)

POST /api/papers

l

Create Paper Record

l

Call Worker /fetch

’

Python Worker

Fetch Endpoint

l

Content Extractor

v
newspaper4k

v
ExtractedContent Model

v
Storage Service

v
Serialize to Protobuf

v
Upload to MinlO

v
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Response

.
.

/2

Parse Worker Response

v

Update PostgreSQL

PostgreSQL

Update metadata & file_path

Key Characteristics:

MinlO Object Storage

Return file_path

« API server owns database updates (not worker)

o Worker returns extracted data + MinlO path

« Object storage for scalability

« Clean separation of concerns

« Pydantic models for type safety

« Security validation layer

3.5 Architectural Decision Comparison

.
SR A
-
-
-
-
-----
-
-
-
.=
----
-
-

2025-10-30

Decision Claude v1 Gemini Codex Claude v2
Storage PostgreSQL BYTEA PostgreSQL MinlO MinlO
DB Responsibility Worker Worker Worker API Server

Fetch Strategy

newspaper4k built-in

Pre-fetched HTML

httpx + newspaper4k

newspaper4k built-in

Pattern

Repository

Database Service

Dependency Injection

Service Layer

Error Handling

Custom Exceptions

None on failure

Exception Hierarchy

Error Categories

Scalability

Limited (BYTEA)

Limited

Excellent

Excellent
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Winner: Codex for best overall architecture, with Claude v2 close second for separation of concerns.

4. Sequence Diagrams

4.1 Claude v1 Request Flow

Client API Server (Rust) Python Worker Content Extractor PostgreSQL

POST /api/papers {url}

INSERT paper (status=pending)

paper_id
SSRGS AR SRR |
POST /worker/fetch {url, paper_id}
UPDATE status=fetching
extract_web_article(url)
newspaper4k download
newspaper4k parse
ArticleData
|
serialize_paper_metadata()
UPDATE papers SET
status=completed,
title, authors, publish_date,
content_blob=protobuf_bytes
Success
)
FetchResponse {status: completed}
202 Accepted {paper_id}
B A S SR
Client API Server (Rust) Python Worker Content Extractor PostgreSQL
Characteristics:

Worker has direct database access
Content stored in same transaction as metadata

« Synchronous DB updates

No external storage dependencies

4.2 Gemini Request Flow
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Client API Server (Rust) Python Worker URL Validator Content Extractor PostgreSQL
POST /api/papers {url}
INSERT paper (status=pending)
paper_id
U S R U
POST /worker/fetch {url, paper_id}
validate_url(url)
valid
| I
Pre-fetch HTML content
extract_article_content(url, paper_id, html_content)
newspaper4k parse (pre-fetched HTML)
ArticleData or None
i I
alt [Extraction Success]
serialize_to_protobuf()
UPDATE papers SET
status=completed,
protobuf_data
Success
N S S
FetchResponse {status: completed}
[Extraction Failed]
UPDATE status=failed
FetchResponse {status: failed}
202 Accepted
| PR |
Client API Server (Rust) Python Worker URL Validator Content Extractor PostgreSQL
Characteristics:

e Pre-fetches HTML before extraction (unusual)
» URL validation layer

Returns None on any failure (less granular)

Worker updates database directly

4.3 Codex Request Flow
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Client API Server (Rust) Python Worker ContentExtractor htpx StorageService MinlO Object Storage

POST /apilpapers {url}

INSERT paper (status=pending)

2025-10-30

PaperRepository PostgreSQL

paper_id

POST Aworker/fetch {url, paper_id}

mark_fetching(paper_id)

extract(url)
async fetch with headers
HTML content, final_url

newspaperdk parse
_normalize_publish_date()
build_htmi_from_text() [if needed]

ArticleExtractionResult

upload_article(paper_id, content)

PUT /papersf{id)/content html

UPDATE status=fetching

t key
file_path
update_paper(metadata, file_path)
UPDATE papers SET
status=completed,
title, authors,
file_path=object key
Success
FetchResponse {status: completed)
202 Accepted

Client API Server (Rust) Python Worker ContentExtractor htipx StorageService MinlO Object Storage PaperRepository PostgreSQL

Characteristics:

« Dependency injection (ContentExtractor, Repository, Storage)
« Separate fetch (httpx) and parse (newspaper4k) steps

» Object storage for content (scalable)

« Database stores only references

« Most comprehensive error handling

4.4 Claude v2 Request Flow
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Client API Server (Rust) Python Worker Content Extractor Storage Service MinlO Object Storage PostgreSQL

POST /apilpapers {url}

INSERT paper (status=pending)

paper_id

POST /worker/fetch {url, paper_id}

extract_web_content(url)

_extract_sync() in thread pool

newspaper4k download & parse

Validate content size (50MB limit)

=

ExtractedContent
serialize_paper_content(content, paper_id)
protobuf_bytes
upload_to_minio(paper_id, bytes)
PUT /papers/{id}/content.pb
Success
file_path
FetchResponse {
status: completed,
metadata: {title, authors, date},
file_path: MinlO key
}
UPDATE papers SET
status=completed,
title, authors, publish_date,
file_path, url (canonical)
Success
202 Accepted {paper_id}
Client API Server (Rust) Python Worker Content Extractor Storage Service MinlO Object Storage PostgreSQL

Characteristics:

« API server handles all database updates
o Worker only extracts and stores content

e Protobuf stored in MinlO (not HTML)

o Clean separation of concerns

« Content size validation (50MB limit)

e Structured error categories in logging

4.5 Error Handling Flow Comparison
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Worker Extractor DB

Claude v1: Worker handles DB on error

extract()
>
ArticleDownloadError
x ......................................
mark_paper_failed(error_msg)
>
Success
4. ......................................................................
Claude v2: Worker returns error to API
extract()
>
None (timeout)
x ......................................
FetchResponse(status=failed)
‘ _____
API server updates DB
Codex: Granular exception handling
extract()
>
ArticleTimeoutError
x ......................................
Categorize error
update with error_category
>
Worker Extractor DB

2025-10-30

5. Detailed Implementation Analysis

5.1 Content Extraction Services

Complexity Analysis
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Metric Claude v1 Gemini Codex Claude v2
Lines of Code 125 68 178 142
. . . 8
Functions/Methods 1 main 1 main 2 (sync+async)
methods
Exception Types 2 custom 0 (returns None) 4 custom O (returns None)
. Class-
Async Handling
based
Loggin
gging 5 3 7 4
Statements
Type Hints
100% 90% 100% 100%
Coverage
Docstring Quality Good Adequate Excellent  Excellent
Feature Comparison
Feature Claudev1 Gemini Codex Claude v2
Canonical URL Extraction X « (+ OpenGraph) %
Timeout Enforcement « (config) «/ (param) ¢ (instance var) « (wait_for)
HTML Fallback X X « (_build_html_from_text) x
Timezone Normalization X X 4 X
Content Size Validation X X X « (50MB limit)
Separate Fetch/Parse X X X
Custom User-Agent 4 X X
Duration Tracking X X x (in endpoint) Z

Winner: Codex for most comprehensive feature set and best separation of concerns.

5.2 Database/Storage Layer Analysis

Claude v1: Repository Pattern

async def update_paper_metadata

-> None:

"""Update paper metadata and content blob in database."""
async with pool.acquire() as conn:

await conn.execute(
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mmn

UPDATE papers

SET status = 'completed',
url = $2,
title = $3,

authors = $4,
publish_date = $5,
publish_date_source = 'newspaper4k',
content_blob = $6,
updated_at = NOW()

WHERE id = $1

mmn
4

paper_id, canonical_url, title, authors, publish_date,

Analysis:

o «/ Clean abstraction

o 7 Transaction support via context manager

« x Content stored in database (scalability concern)
e X Many parameters (could use dataclass)

Gemini: Database Service
# worker/services/database.py

async def update_paper_status(
paper_id: UUID,

status: str,

metadata: dict | None = None,

error_message: str | None = None
) -> None:

"""Update paper status and optional metadata."""
# Implementation uses asyncpg connection pool
# Less structured than repository pattern

Analysis:

o 7 Simple API
e X Less type-safe (uses dict for metadata)
» X Service name doesn't reflect database specificity

Codex: Repository + Storage Service

# worker/repositories/paper_repository.py
class PaperRepository:
"""Repository for paper database operations."""

def _ _init_ (self, database: Database):
self._db = database

async def update_completed(
self,

2025-10-30

protobuf_bytes
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paper_id: UUID,
title: str | None,
authors: list[str] | None,
publish_date: datetime | None,
file_path: str,
canonical_url: str
) -> None:
"""Update paper with successful extraction results.
# SQL execution with proper type handling

mmn

# worker/services/storage.py
class StorageService:
"""Service for MinIO object storage operations."""

async def upload_content(
self,
paper_id: UUID,
content: str,
content_type: str
) -> str:
"""Upload content to MinIO and return object key."""
object_key = f"articles/{paper_id}/content.html"
# MinIO upload logic
return object_key

Analysis:

o «/ Clear separation: Repository (DB) vs Storage (MinlQO)
o 7 Class-based for testability

o / Type-safe with explicit parameters

o 7 Scalable storage strategy

Claude v2: Service Layer

# worker/services/storage.py

async def upload_to_minio(paper_id: UUID, content_bytes: bytes) -> str:

"""Upload protobuf content to MinIO and return object key."""
bucket_name = "squirrel-papers"
object_key = f'"papers/{paper_id}/content.pb"

# MinIO client logic

await minio_client.put_object(
bucket_name, object_key, content_bytes, len(content_bytes)

)

return object_key

# Note: API server handles DB updates

Analysis:

» 7 Simplest approach (function, not class)
o / Worker doesn't need DB access (separation of concerns)
e 7 Scalable storage

2025-10-30
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e X Less testable than class-based

Winner: Codex for best separation and testability.

5.3 Testing Strategy Analysis

Test Coverage Comparison

2025-10-30

Test Type Claude v1 Gemini Codex Claude v2
) «/ Extractor, «/ Extractor, Models, « Extractor, Models, « Extractor, Models,

Unit Tests L

Serializer Routes Routes Fetch
Integration « Protobuf

J «/ Worker flow ) . X (unit only) « Fetch endpoint
Tests integration
. «/ URL validation, size
Security Tests X X X o
limits
Fixtures « HTML files (3) ¢ Inline strings X « HTML file (1)
Mockin
J responses library  unittest.mock Monkeypatch unittest.mock

Strategy
Async Tests «/ pytest-asyncio «/ pytest-asyncio «/ pytest-asyncio «/ pytest-asyncio

Test Quality Comparison

Claude v1: Best Integration Testing

async def test_extract_simple_article
"""Test extraction from simple article with title, author, and date."""
url = "https://example.com/simple-article"
html = load_fixture("simple_article.html")

# Mock HTTP response
responses.get(url, body=html, status= , content_type="text/html")

result = await extract_web_article(url)

assert result.canonical_url == url

assert result.title == "Simple Test Article"

assert result.text != ""

assert "simple test article" in result.text. lower()

« Realistic HTML fixtures
o / Tests actual HTTP mocking
« Clear Arrange-Act-Assert

» X No security tests

Gemini: Most Test Files
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@pytest.mark.asyncio

async def test_extract_article_content_success():
"""Test successful content extraction from HTML content."""
paper_id = uuid4()
url = "http://example.com/test-article"

extracted_data = await extract_article_content(url, paper_id,
SAMPLE_HTML_FIXTURE)

assert extracted_data is not None
assert extracted_data.title == "Test Article Title"
assert "John Doe" in extracted_data.authors

¢/ 6 Python test files (most coverage)

« Tests multiple scenarios

X Less realistic (inline HTML strings)

e X Tests unusual API (html_content parameter)

Codex: Best Class Testing

@pytest.mark.asyncio

async def test_extract_parses_metadata(monkeypatch):
"""ContentExtractor returns structured metadata using newspaper4k parsing."""
extractor = ContentExtractor()

async def fake_fetch(url: str):
return SAMPLE_HTML, "https://example.com/articles/sample-article"

async def fake_parse(url: str, html: str):
class DummyArticle:
canonical_link = "https://example.com/articles/sample-article"
# ... all fields
return DummyArticle()

extractor._fetch_html = fake_fetch
extractor._parse_article = fake_parse

result = await extractor.extract("https://example.com/input?utm=campaign")

assert result.canonical_url == "https://example.com/articles/sample-article"
assert result.title == "Sample Article Title"

«/ Tests class methods independently
» / Clean monkeypatching
o X Fewer test scenarios

X No integration tests

Claude v2: Most Comprehensive

@pytest.fixture
def mock_article_success():
"""Create a mock Article object with successful extraction."""

/
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mock = Mock(spec=Article)

mock.title = "Sample Article for Testing"
mock.authors = ["John Doe", "Jane Smith"]
# ... all fields with proper types

return mock

async def test_extract_web_content_success :
"""Test successful async content extraction with timeout."""
with patch("worker.services.content_extractor.Article",
return_value=mock_article_success):
result = await extract_web_content(url)
assert result is not
assert result.title == "Sample Article for Testing"

«/ Best fixture organization

e 7 Security tests ( )
o 7 Tests size limits and URL validation

» X Fewer integration tests than Claude v1

Winner: Claude v2 for most comprehensive test suite with security testing.

2025-10-30

6. Recommendations for Improvement
6.1 Model-Specific Recommendations

Claude v1

1. Adopt Object Storage: Replace PostgreSQL BYTEA with MinlO for better scalability

2. Simplify Repository Pattern: Current implementation adds unnecessary abstraction for small worker
3. Separate Fetch from Parse: Follow Codex's pattern of using httpx for fetch

4. Add Content Size Limits: Validate content size before database storage

5. Reduce Code Volume: 4,138 lines is excessive; aim for more concise implementation

Gemini

1. Remove Pre-fetch Requirement: Extract should handle its own HTTP fetching
2. Improve Error Handling: Return specific error types instead of None

3. Fix Logging Configuration: Remove basicConfig, use proper logger initialization
4. Standardize Naming: Use camelCase paperld consistently (not paper_id)

5. Add Integration Tests: Current tests are mostly unit-level

Codex

1. Add Integration Tests: Strong unit tests but missing end-to-end testing

2. Document Setup Requirements: MinlO configuration needs clear documentation

3. Simplify for Smaller Teams: Dependency injection may be overkill for small projects

4. Add Database Migrations: MinlO setup should include migration scripts

5. Consider Hybrid Approach: Could combine with Claude v2's API-server-updates-DB pattern

Claude v2
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1. Add More Integration Tests: Current tests are mostly unit-level

2. Document API Contract: Worker-to-API-server response format needs clear documentation

3. Consider Custom Exceptions: Error categories in logs are good, but type-safe exceptions are better
4. Add HTML Fallback: Implement Codex's for robustness

5. Benchmark Performance: API server adding DB update latency; measure impact

6.2 General Recommendations
For Small Teams/Projects

Recommended Model: Claude v2

Simplest architecture with good separation of concerns

« APl server ownership of database is easier to reason about
« Fewer dependencies (no complex DI framework)

e Good security testing

For Large Teams/Projects

Recommended Model: Codex

« Best practices (dependency injection, separation of concerns)
o Most testable architecture

o Scales to multiple developers easily

o Clear separation of fetch/parse/store

For Greenfield Projects

Hybrid Approach:

1. Use Codex's class-based ContentExtractor and dependency injection
2. Use Claude v2's API-server-updates-DB pattern for consistency

3. Use Claude v1's fixture-based integration testing

4. Use Claude v2's security testing patterns

5. Use Codex's MinlO object storage for scalability

6.3 Product Owner Process Recommendations

Based on Claude v1 vs v2 comparison:

Strong Evidence for Reasoning Requirement:

19% quality improvement (7.2 — 8.6 out of 10)
37% fewer QA corrections needed (8 - 5)

e 43% fewer commits (21 - 12)

12% less code (+4058 - +3564)

Recommendation:  ALWAYS require Product Owner agents to reason and justify architectural decisions before
accepting changes.

Implementation:

« Add explicit reasoning prompt to PO workflow
» Require written justification for key decisions
« Document trade-offs considered
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e Review alternative approaches
6.4 Architecture Decision Framework

When implementing similar features, use this decision tree:

| Content Storage Decision |

|—> Content < 10MB AND Low Volume?
| L—> Use PostgreSQL BYTEA (Claude v1)
L—> Otherwise?
L—> Use Object Storage (Codex, Claude v2)

| Database Update Responsibility |

> Worker needs DB for other operations?
| L> Worker updates directly (Codex, Claude vi1)
L> API server is data owner?

L> API server updates (Claude v2)

| Error Handling Strategy |

> Type safety critical?
| L—> Custom exceptions (Codex, Claude v1)
|
L—> Simpler codebase preferred?
L—> Error categories in logging (Claude v2)

| Service Architecture |

|—> Team > 5 developers?
| L—> Dependency Injection (Codex)

L> Small team?
L—> Service Layer (Claude v2)

7. Conclusion
Summary of Findings

1. Best Overall Implementation: Codex

o Score:9.0/10
o Superior architecture, dependency injection, object storage
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o Best practices throughout
2. Most Improved with Reasoning: Claude v2

o 19% improvement over Claude v1
o Better architecture, fewer fixes needed
o Cleaner separation of concerns

3. Most QA Documentation: Gemini

o 10 documentation files
o NFR, risk, test-design, trace assessments
o More corrections needed (10 fix commits)

4. Most Verbose: Claude v1

o 4,138 lines added
o Repository pattern for small service
o PostgreSQL BYTEA storage

Key Insights

Architecture Matters Most:

« Storage strategy (BYTEA vs Object Storage) has biggest impact on scalability
» Separation of concerns (worker vs API server DB updates) affects maintainability
« Dependency injection enables better testing but adds complexity

Reasoning Improves Quality:

» Requiring Product Owner to justify decisions - 19% quality improvement
« Fewer revisions needed (37% reduction in fix commits)

e More efficient development (43% fewer commits)

Code Volume # Code Quality:

o Claude v1: Most code (4,138 lines) but lower quality score (7.2/10)
» Codex: Moderate code (2,338 lines) but highest quality (9.0/10)
« Gemini: Least code (1,930 lines) but lower quality (6.4/10)

Test Strategy Varies:

Gemini: Most test files but less realistic

o Codex: Best unit tests for classes

Final Recommendation
For this project (Squirrel), recommend:
1. Adopt Codex's architecture with modifications:

o Keep dependency injection for testability
o Keep MinlO object storage

Claude v1: Best integration tests with realistic fixtures

Claude v2: Most comprehensive with security tests

o Add Claude v2's API-server-updates-DB pattern
o Add Claude v1's fixture-based integration tests
/

2025-10-30
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2. Implement PO reasoning requirement:

o Require written justification for all major decisions

o Document trade-offs and alternatives considered

o Review with team before implementation
3. Establish coding standards based on Codex:

o Class-based services with dependency injection
o Custom exception hierarchies

o Comprehensive docstrings with examples

o Object storage for scalable content

4. Testing standards from Claude v2:

o Security testing mandatory
o Fixture organization
o Unit + integration + security tests

Metrics Summary

2025-10-30

Model Overall Score Lines Added QAFixes TestFiles Architecture Grade

Codex 9.0/10 2,338 8 8 A+

Claudev2 8.6/10 3,682 5 11 A

Claudevl 7.2/10 4,138 8 8 B

Gemini 6.4/10 1,930 10 11 B-
Appendices

A. Test Execution Results

Note: To validate these findings, execute tests on each branch:

for branch in claude-story-2.2 gemini-story-2.2 codex-story-2.2 claude-story-2.2-

v2; do
git checkout $branch
worker
poetry install

poetry run pytest --cov=worker --cov-report=term-missing

done

B. Code Complexity Metrics
Recommended tools for objective complexity analysis:

« Cyclomatic Complexity:
« Maintainability Index:
+ Raw Metrics:
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C. References

« Epic 2: Content Ingestion & Storage ( )
e Architecture Documentation ( )
« BMAD Method: https://github.com/bmad-code-org/BMAD-METHOD

Report Compiled By: Sarah (Product Owner Agent) Review Status: Ready for Team Discussion Next Steps: Schedule
architecture review meeting to discuss findings and select recommended approach



