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PROOF-OF-CONCEPT & PROTOTYPE & SOURCE-CODE

I. CURRENT STATE of DATABASE-OPTIMIZATION for NORMALIZATION / DE-NORMALIZATION

1. Database Performance Monitoring Tools
These identify slow queries, redundant joins, and data access patterns:
SolarWinds Database Performance Analyzer, Redgate SQL Monitor, New Relic for Databases, Datadog Database Monitoring

(These help infer when denormalization might help (e.g., repeated joins, excessive latency).

2. Query Optimizers / Analyzers
PostgreSQL EXPLAIN/ANALYZE, SQL Server Query Store, MySQL Workbench Performance Reports

(Not off-the-shelf decisions, but they provide raw data to justify schema changes.)

3. Workload & Schema Analysis Tools
Vertabelo, ER/Studio, Toad Data Modeler

Some tools model and simulate schema variations (e.g., normalized vs. flattened), letting you compare expected
outcomes manually.

4. Custom Heuristics in Data Warehousing Platforms

Snowflake, BigQuery, Amazon Redshift: These platforms often recommend denormalized schemas due to distributed
architecture, and their performance analyzers may help justify structure changes.



II. WHAT DOESN’T EXIST

No tool currently:
Automatically models all normalization/denormalization tradeoffs
Benchmarks each structure

Gives a final recommendation like: “Denormalize table X and Y for 35% faster joins”

Current industry-standard workaround:

Custom scripts + logs + BI dashboards (e.g., Looker, Metabase) + query stats can create a feedback loop that only approximates
optimization.



III. INTRODUCING: DEnode DataBase-schema optimization-tool

By: Alex Osterneck, CLA, MSCS // ai70000 Ltd.

(new software for optimization of normalization / denormalization in databases)

step-by-step engineering blueprint of fully automated product that analyzes large legacy databases and intelligently recommends and
applies normalization/denormalization changes to improve performance.

DEnode Tech-Stack

1. Backend

- Python 3.11+: Core programming language

- Flask: Web framework for the web interface

- SQLAIchemy: ORM and database abstraction

- Gunicorn: WSGI HTTP server for production deployment
- Click: Command-line interface framework

2. Database Drivers

- SQLite: Built-in database for local development

- psycopg2: PostgreSQL connector for production databases
- SQLAIchemy Dialects: Support for multiple database types

3. Performance Analysis

- SQL Query Log Parser: Custom parser for SQL query analysis

- EXPLAIN Analyzer: Executes and interprets EXPLAIN/EXPLAIN ANALYZE output
- Schema Introspection: Extracts database schema metadata

- Benchmarking Engine: Measures query performance under various conditions

- Concurrency Testing: Simulates load with parallel query execution

4. Storage

- Metadata Store: Hybrid JSON/SQLite storage system for analysis results

- Versioning System: Maintains history of schema snapshots and recommendations
- Session Storage: Web interface state management

- Database Name Fuzzy Matching: Smart database lookup with normalization

5. Interface

- Web UI: Bootstrap-based responsive interface

- CLI: Command-line tools for automation

- Web API: REST endpoints for integration

- Interactive Visualizations: Schema and relationship visualization
- Error Handling: Comprehensive error display and recovery

6. Optional ML (Future Enhancement)

- Query Pattern Recognition: Machine learning pattern detection in query logs

- Predictive Performance Analysis: Forecast performance under load

- Recommendation Confidence Scoring: Enhanced reliability of recommendations
- Automatic Index Optimization: Self-tuning database configurations

- Anomaly Detection: Identification of unusual query patterns



DEnode System-Design

1. Modular Architecture

- Core Engine: Central optimization logic independent of interface

- Pluggable Components: Swappable analyzers, storage backends, and interfaces
- Configuration System: Environment-based with sensible defaults

- Dependency Injection: Components receive dependencies vs. creating them

- Service Layer: Clear separation between business logic and technical concerns

2. Data Flow

- Input Layer: Database connection details and query logs

- Extraction Phase: Schema metadata collection from target database
- Analysis Phase: Query pattern identification and statistical analysis
- Recommendation Engine: Heuristic-based optimization suggestions
- Implementation Phase: SQL generation for schema modifications

- Validation Phase: Before/after performance testing

3. Processing Pipeline

- Connection Handler: Manages database connections and credentials

- Schema Extractor: Builds comprehensive table/column/constraint model

- Query Parser: Tokenizes and classifies SQL query patterns

- Pattern Analyzer: Identifies usage patterns and access frequencies

- Heuristic Engine: Applies optimization rules to schema and query data

- Plan Generator: Creates SQL implementation scripts for recommendations
- Benchmarking System: Measures performance impact of changes

4. Storage Architecture

- Metadata Database: SQLite for analysis results and recommendations
- File System: JSON storage for schemas and configuration

- In-Memory Cache: Performance optimization for repeated access

- Version Control: Historical tracking of schema changes

- Persistence Layer: Abstract storage interface for multiple backends

S. Interface Design

- MVC Architecture: Model-View-Controller pattern for web application
- REST API: Resource-based interface for programmatic access

- CLI Interface: Command-line tools for scripting and automation

- Template System: Jinja2 templates for Ul rendering

- Component Library: Bootstrap-based responsive design system

6. Security Model

- Connection Isolation: Database credentials never stored long-term

- Session Management: Short-lived web sessions with secure tokens

- Authentication: Optional user authentication for sensitive operations
- Access Control: Role-based permissions for multi-user deployments
- Data Sanitization: Input validation and SQL injection prevention

7. Deployment Architecture

- Containerization: Docker support for consistent environments

- Configuration Management: Environment variables and config files

- Stateless Design: Multiple instances can run in parallel

- Resource Management: Configurable resource limits for intensive operations
- Health Monitoring: Status endpoints and diagnostic tools



SYSTEM ARCHITECTURE DIAGRAM
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CODE SCAFFOLDING FOR ALL STEPS

denode/
—— main.py # Main entry point for both CLI and web interface
— config.py # Configuration handling with environment variables
— db/
—— __init__.py # Package initialization
—— connector.py # Database connection management
— schema_extractor.py # Extracts database schema information using SQLAlchemy
—— query_log_analyzer.py # Parses and analyzes query logs for patterns
—— performance_metrics.py # Collects database performance metrics using EXPLAIN
—— engine/
—— __init__.py # Package initialization
—— simulator.py # Simulates performance with EXPLAIN ANALYZE
— heuristics.py # Contains optimization recommendation rules
—— plan_generator.py # Generates SQL implementation plans
—— benchmark.py # Performance benchmarking utilities
— storage/
—— __init__.py # Package initialization
—— metadata_store.py # Stores analysis data in SQLite with JSON serialization
—— session.py # Web session management for Flask application
— ui/
—— __init__.py # Package initialization
— cli.py # Command-line interface using Click
— helpers.py # Ul helper functions for formatting output
—— webapp/
—— __init__.py # Package initialization
—— app.py # Flask web application
—— routes.py # Web route handlers
— helpers.py # Web helper utilities
—— templates/ # Jinja2 HTML templates
—— base.html # Base template with common layout
—— index.html # Home page
—— extract.html # Schema extraction page
— analyze.html # Query analysis page
—— recommendations.html ~ # Recommendations display page
sql_plan.html # SQL implementation plan page
—— error.html # Error page
—— static/ # Static web assets
—— css/ # CSS stylesheets
— js/ # JavaScript files
—— img/ # Image assets
— utils/
—— __init__.py # Package initialization
— profiler.py # Performance profiling tools
— logger.py # Logging configuration
— url_helpers.py # URL encoding/decoding helpers for special characters
—— metadata/ # Storage directory for metadata
L— metadata.db # SQLite database for metadata storage
—— data/ # Data directory for sample databases
L— sample.db # Sample SQLite database for testing
— tests/ # Test directory
—— __init__.py # Package initialization
— test_schema_extractor.py  # Tests for schema extraction
—— test_query_analyzer.py # Tests for query log analysis
—— test_heuristics.py # Tests for recommendation engine
—— pyproject.toml # Project dependencies and metadata
—— README.md # Project documentation
—— CHANGELOG.md # Version history and changes




IV. WORKING PROTOTYPE

ALLOWS INPUT OF YOUR DATABASE-url FOR AUTO-OPTIMIZATION via DEnode APP

AUTO-GENERATION of all SQL-commands for Normalization, Denormalization, & Indexing

DEnode Database Schema Optimization Tool by: Alex Osterneck, CLA, MSCS // ai70000, Lid.

DEnode - Database Schema Optimization Tool
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Q Extract Database Schema

Database Type Database Connection URL

‘ Select Database Type | ‘ sqlite:/fffhome/runner/workspace/data/sample.db

ection string for SQLAlchemy. Format depends on the database type.
Database Name Identifier

‘ DEnode by: Alex Osterneck, CLA, MSCS J/ ai70000 Ltd. [Al-automated optimization for nermalization / denormalization databases] ( a U-of-S buan576 proof—of—concept)| ‘

A name to identify this database project in DEnode.

Q, Extract Schema

DEncde by: ai70000 Ltd. - Database Optimization Tool




B DEnode

Q. Extract Database Schema

Database Type Datarase Conmection URL

| S0Lite sqlite: fjpathftofdatabase.cbh

Connection string for SQLAlzhenry. Fomat depends onthe databese type.

Database NMame Identifier

| NFnmie by Alex Osterneck, (1 A, MSCS § aifTOOON L td. [AT Aaammnmiation toonprimize nnrmalization f desormalizarinn fee any darabase] (a3 L-of-5 boan&7TA ponnf-nf-cnneenr) |

A rame o identify this detabase project in DEmnode.

Q ExrractSchema

Schema Extraction Results

Schema Overviaw

2 Successfully extracted schema with 4 tables.

Talbhle Columns. De=talls

11 Kide Calumns

Q, Extract Database Schema

DeErabase Type Darabase Connecton URL

| select Database |ype E.g, postgresqlsjfusername: passwordiiiocalhosi:543 2 fdambase

Connactior SIring for iLalchemy. ForMmAart cepends on the database rype.

Detabase Mame dentifier

| e.g., my_project_db

A name to identify 1his database project in DEnode.

Q, ExtractSchema

Schema Extraction Resulis

Schema Overvicw

& Successfully exiracted schema with 4 tebles

Table Columns
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! DEnode by: ai70000 Ltd. Schema Queries = cor A os | B DEnode by! Alex C=terneck, CLA, MSCS §f

racted and s ( Lly for 'DEM: \ ex Osterneck, f Al-al normaliz
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B Analyze Query Logs

Upload your databas= query logs to analyze query pattemns and identify optimization opportunities.

ey Query Analysis Options

Database hame Identifier

| DEnode by: Alex Osterneck, CLA, MSCS f ai70000 Ltd. [Al-automated optimization for normalization f denormalization databasec] { a U-of-5 |

A name to identify this databass project in DEnode.

) Use sample query log file

Use the provided sample e-commerce query bg file for demonstration purposes.

Or uplaad your own SO Query | ng File

Chiowrese: File: Mo Tilee chiosen

Uplaad a query log file from your database server. Supported formats: PestgreS0L logs, MyS0OL slow query logs, o general S0L query lisis.

No file selected

Q, Analyze Queries

CEnode by: ai' 70000 Ltd. - Database Dptimization Tool
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B DEncdae by: affME00 Lid.

<> SQL Implementation Plan: | DENORMALIZE  for

@ Explanation
Ths plancreates: 1. 4 view (arders_dencrmaliz=d_view) tha: joins srders with cestamers 2.8 materialiszed table opticn (orders_denarmalized) for betier guery
pefarmance 3. Aecammended indexes on the materilized table The view pressrves data integrity whils the materialised taile offers beter resd perfarmance.

SQL Implementation

Wi

CREATE OR REPLACE VIEs orders dorsrsolized uios AS

-order_id,

-custasar 4,

order_date,

_order_statss,

- shiped ng_addracs,

_chipeing city,

-crapeang srata,

-shipsdng_zlpcods,

- whigedng cowErp,

-payment_method,

ArAss wrctan
CUSTORGNS . CIS DM Nasl AS CLETOBORS_CUSTOmes o,
customers. cxmtoner asall AS cestosers customer osadl,
customors s tomer phose AS Ostioscrs_cusbomer phend,
CUSTORGNS . LIS DM _S00ress A CUSTORF S CUSTOBEr Sodracs,
CUSTORGNS . CISTomer City AS CLCTONGRS_customesr city,
customars. combomer_stabe AS cestosers_customer state,
custosors_ cistomer ripoedo AS customers customcr_zipoode,
CUSTOMOrE LIS Tomer COUNEry AL CUSTORGFS CUCTOSOR OOy,
ot L e - el s lon Rl A% s e _ el L bl
custosars.last_legin A5 cusbomers_last_loglim

rao

arders

I FET WITH s frmers b revdars cachomee fe = roshomees cectosen_§d:

CREATE TAILE awdorc danorsalizod A5
SELSCT = FROM ordars_fenorsali rec wiow:

== Croabe indewsc om Froquestly oseedoc colusnc
CREATE EIROEK L urders dusormal L Lo ON oo cencsssllosd (L)

Implerentafion Ti

b Derwndosd SO0 #1 || kb Deswnlaad S0L &3

8 DEnode by: aifD0D0D Lid.

<[> SQL Implementation Plan: _ for

@ Explanation

The normalization plan: 1. Creates ] new tables to extract rel d eodl 2. Adds foesign keys to the original table 3. Migrases data to maintain relatisnships 4.
R icadusiiarst Colimms Tt ospginal telvle This ol i Dased o ool i = ok il ok

S50L Implementation
et fatde

CREATE TASNE cectomssrs custosor |
aEteors_cstones 1d SERTAL PRIMAFY KEY,
cusioser id INTESER,
cubtosor mass TEN,
castosor gmadil TECT,

T Lo_ptem TEXT,
cubtoser aiiresc TEXT,
custossr_ciby TOET,
cusioser sitate TELT,
rurctnmon_ 3 Earods TEET
CUCtaGr_Caantey TEXT

ALTER TABLE ouschressss

ADIY OO0 199 CuSTMSors rustonsr i INTEGHEE,

A CORSTRATHT Ml tmodommers_sum bumers v o

FORELEN KEY (cestomssrs custesor ) REFERERCES cusiossrs custoser (Custossrs custeser 10)

Data rigrasion [ copy=a |

== Stee 1= Desert disiinct coshiraifons into new table
INSEAT INND oschomess cusbossr (astoser id, osctoser noes, ostossr esadl, custesor phons, cecbose addrecs, custoser clty, oo stabe, cusbomss Tlgoda,
SELECT DISTIMCT cuctasar id, cusStomar fams, Cuctomcr ssoil, CuStoase phids, Cuctssor SAIFGSC, CUSTERSF Clty, Cuctsscr Stoth, Cestonor Jiposds, CUtomor Coumtry

== Gt 1= Uplste foreslgn beys Lr origieal tohils

UPOATE Cuctissss T

SET cusiosers csiomer id = ni.occiosers cusiomer dd

FHIN CESTESGTS CUSTSEST W

WHERE t_Catomss 1 = Bt cectonor Ll D t.oCicTamOr naEd = BT CUCToESr Ao AMD T cuUSTsor deadl = At Clrtomer dEadl AMD tooustimor phong = Btocitomor phand 8

== Gt 3= Remsve redidant colasss Ffros orlglaal tabls
ALTER TABE cscbomssr
DR COLIMM oscioser [d, DROPF COUMN Csiosor some, DROF OOLSS cusimser esail, DROP COLLMM ceclomer phons, DROP COLIPMM Cslomer addrece, DEOF OO Cectomer
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V. COLAB SOURCE-CODE AVAILABLE UPON REQUEST to: software@ai70000.pro
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