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. Executive Summary

Brainy represents a revolutionary approach to Al-powered data management,
combining the semantic understanding of vector databases with the relational
power of graph structures. This platform automatically adapts to any
computing environment while providing enterprise-grade performance and
scalability.

Universal Deployment Intelligent Adaptation
Runs seamlessly across browsers, Automatically optimizes for your
servers, containers, and cloud environment and usage patterns
platforms
Advanced Real-time Sync
Performance

WebSocket and WebRTC support

Built-in TensorFlow.js with GPU for distributed systems
acceleration and multithreading

Brainy combines the power of vector search with graph relationships in a
lightweight, cross-platform database. Whether you're building Al applications,
recommendation systems, or knowledge graphs, Brainy provides the tools
you need to store, connect, and retrieve your data intelligently.

What makes Brainy special? It intelligently adapts to your environment! Brainy
automatically detects your platform, adjusts its storage strategy, and
optimizes performance based on your usage patterns. The more you use it,
the smarter it gets - learning from your data to provide increasingly relevant
results and connections.

Key Features

- Run Everywhere - Works in browsers, Node.js, serverless functions, and
containers

¢ Vector Search - Find semantically similar content using embeddings
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¢ Advanced JSON Document Search - Search within specific fields of
JSON documents with field prioritization and

service-based field standardization

» Graph Relationships - Connect data with meaningful relationships

» Streaming Pipeline - Process data in real-time as it flows through the
system

» Extensible Augmentations - Customize and extend functionality with
pluggable components

 Built-in Conduits - Sync and scale across instances with WebSocket and

WebRTC

» TensorFlow Integration - Use TensorFlow.js for high-quality embeddings

* Adaptive Intelligence - Automatically optimizes for your environment
and usage patterns

» Persistent Storage - Data persists across sessions and scales to any
size

» TypeScript Support - Fully typed API with generics

¢ CLI Tools & Web Service - Command-line interface and REST API web
service for data management

¢ Model Control Protocol (MCP) - Allow external Al models to access
Brainy data and use augmentation pipeline as

tools

_ —

Why Choose Brainy?

Brainy eliminates the complexity typically associated with vector
databases and graph systems. It automatically handles environment
detection, storage optimization, performance tuning, and scaling—
allowing developers to focus on building innovative applications
rather than managing infrastructure.

l Zero Configuration Required: Works out-of-the-box with intelligent
oy orm .
i defaults that adapt to your specific use case and environment.
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2. System Overview & Key Features

- Run Everywhere - Works in browsers, Node.js, serverless functions, and containers

¢ Vector Search - Find semantically similar content using embeddings

* Advanced JSON Document Search - Search within specific fields of JSON
documents with field prioritization and

service-based field standardization

¢ Graph Relationships - Connect data with meaningful relationships
» Streaming Pipeline - Process data in real-time as it flows through the system

» Extensible Augmentations - Customize and extend functionality with pluggable
components

¢ Built-in Conduits - Sync and scale across instances with WebSocket and
WebRTC

* TensorFlow Integration - Use TensorFlow.js for high-quality embeddings

* Adaptive Intelligence - Automatically optimizes for your environment and usage
patterns

* Persistent Storage - Data persists across sessions and scales to any size
* TypeScript Support - Fully typed API with generics

e CLI Tools & Web Service - Command-line interface and REST API web service for
data management

¢ Model Control Protocol (MCP) - Allow external Al models to access Brainy data
and use augmentation pipeline as

tools

Advanced Capabilities

- Multi-Environment Deployment: Seamlessly runs in browsers, Node.js, serverless
functions, containers, and dedicated servers

¢ Intelligent Storage Selection: Automatically chooses optimal storage (OPFS,
filesystem, S3, or memory) based on environment

¢ GPU-Accelerated Processing: Leverages WebGL and TensorFlow.js for high-
performance vector operations

» Real-time Data Streaming: Built-in WebSocket support for live data processing

» Extensible Augmentation System: Modular architecture for custom functionality
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* Enterprise-Ready Scaling: Handles datasets from small collections to terabyte-
scale deployments

Generated from Brainy v0.34.0 | Page 6 of 33



Brainy Architecture Documentation

3. Core Architecture & Design Principles

Brainy combines four key technologies to create its adaptive intelligence:

1. Vector Embeddings - Converts data (text, images, etc.) into numerical vectors
that capture semantic meaning

* HNSW Algorithm - Enables fast similarity search through a hierarchical graph
structure

* Adaptive Environment Detection - Automatically senses your platform and
optimizes accordingly:

- Detects browser, Node.js, and serverless environments - Adjusts performance parameters based
on available resources - Learns from query patterns to optimize future searches - Tunes itself for
your specific use cases

* Intelligent Storage Selection - Uses the best available storage option for your
environment:

- Browser: Origin Private File System (OPFS) - Node.js: File system - Server: S3-compatible storage
(optional) - Serverless: In-memory storage with optional cloud persistence - Fallback: In-memory
storage - Automatically migrates between storage types as needed - Uses a simplified,
consolidated storage structure for all noun types

Architectural Principles

Brainy is built on seven core principles that ensure scalability, performance, and ease
of use:

Environment Agnostic

Automatically adapts to any computing environment without configuration changes

Intelligent Storage

Multi-tier caching with automatic storage selection and optimization

Vector + Graph

Combines semantic search with graph relationships in a unified model
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Extensible Pipeline

Modular augmentation system for custom processing and integration

Performance Optimized

GPU acceleration, multithreading, and intelligent caching

Scalable Sync

WebSocket and WebRTC for real-time synchronization

Al Integration

MCP protocol for external Al model integration
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4. Advanced Data Processing Pipeline

Brainy's data processing pipeline transforms raw data into searchable, connected
knowledge that gets smarter over time:

Raw Data - Embedding - Vector Storage - Graph Connections - Adaptive
Learning - Query & Retrieval

Each time data flows through this pipeline, Brainy learns more about your
usage patterns and environment, making future operations faster and more
relevant.

Pipeline Stages

1. Data Ingestion - Raw text or pre-computed vectors enter the pipeline -
Data is validated and prepared for processing

2. Embedding Generation - Text is transformed into numerical vectors using
embedding models - Uses TensorFlow Universal Sentence Encoder for high-
quality text embeddings - Custom embedding functions can be plugged in for
specialized domains

3. Vector Indexing - Vectors are indexed using the HNSW algorithm -
Hierarchical structure enables fast similarity search - Configurable
parameters for precision vs. performance tradeoffs

4. Graph Construction - Nouns (entities) become nodes in the knowledge
graph - Verbs (relationships) connect related entities - Typed
relationships add semantic meaning to connections

5. Adaptive Learning - Analyzes usage patterns to optimize future
operations - Tunes performance parameters based on your environment -
Adjusts search strategies based on query history - Becomes more efficient
and relevant the more you use it

6. Intelligent Storage - Data is saved using the optimal storage for your
environment - Automatic selection between OPFS, filesystem, S3, or memory -
Migrates between storage types as your application's needs evolve - Scales
from tiny datasets to massive data collections - Configurable storage
adapters for custom persistence needs

Augmentation Types

Brainy uses a powerful augmentation system to extend functionality.
Augmentations are processed in the following order:
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1. SENSE - Ingests and processes raw, unstructured data into nouns and
verbs - Handles text, images, audio streams, and other input formats -
Example: Converting raw text into structured entities

2. MEMORY - Provides storage capabilities for data in different formats -
Manages persistence across sessions - Example: Storing vectors in OPFS or
filesystem

3. COGNITION - Enables advanced reasoning, inference, and logical
operations - Analyzes relationships between entities - Examples: -
Inferring new connections between existing data - Deriving insights from
graph relationships

4. CONDUIT - Establishes channels for structured data exchange - Connects
with external systems and syncs between Brainy instances - Two built-in
iConduit augmentations for scaling out and syncing: - WebSocket iConduit -
Syncs data between browsers and servers - WebRTC iConduit - Direct peer-to-
peer syncing between browsers - Examples: - Integrating with third-party
APIs - Syncing Brainy instances between browsers using WebSockets - Peer-
to-peer syncing between browsers using WebRTC

5. ACTIVATION - Initiates actions, responses, or data manipulations -
Triggers events based on data changes - Example: Sending notifications when
new data is processed

6. PERCEPTION - Interprets, contextualizes, and visualizes identified
nouns and verbs - Creates meaningful representations of data - Example:
Generating visualizations of graph relationships

7. DIALOG - Facilitates natural language understanding and generation -
Enables conversational interactions - Example: Processing user queries and
generating responses

8. WEBSOCKET - Enables real-time communication via WebSockets - Can be
combined with other augmentation types - Example: Streaming data processing
in real-time

Streaming Data Support

Brainy's pipeline is designed to handle streaming data efficiently:

1. WebSocket Integration - Built-in support for WebSocket connections -
Process data as it arrives without blocking - Example:
setupWebSocketPipeline(url, dataType, options)

2. Asynchronous Processing - Non-blocking architecture for real-time data
handling - Parallel processing of incoming streams - Example:
createWebSocketHandler(connection, dataType, options)
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3. Event-Based Architecture - Augmentations can listen to data feeds and
streams - Real-time updates propagate through the pipeline - Example:
listenToFeed(feedUrl, callback)

4. Threaded Execution - Comprehensive multi-threading for high-performance
operations - Parallel processing for batch operations, vector calculations,
and embedding generation - Configurable execution modes (SEQUENTIAL,
PARALLEL, THREADED) - Automatic thread management based on environment
capabilities - Example: executeTypedPipeline(augmentations, method, args, {
mode: ExecutionMode. THREADED })

Running the Pipeline
The pipeline runs automatically when you:

" typescript // Add data (runs embedding - indexing - storage) const id =
await db.add("Your text data here", { metadata })

// Search (runs embedding - similarity search) const results = await
db.searchText ("Your query here", 5)

// Connect entities (runs graph construction - storage) await
db.addVerb(sourceld, targetId, { verb: VerbType.RelatedTo })

Using the CLI:

" bash

Add data through the CLI pipeline

brainy add "Your text data here" '{"noun":"Thing"}'

Search through the CLI pipeline

brainy search "Your query here" --limit 5

Connect entities through the CLI

brainy addVerb RelatedTo
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Extending the Pipeline

Brainy's pipeline is designed for extensibility at every stage:

1. Custom Embedding ° typescript // Create your own embedding function
const myEmbedder = async (text) => { // Your custom embedding logic here
return [0.1, 0.2, 0.3, ...] // Return a vector }

// Use it in Brainy const db = new BrainyData({ embeddingFunction:
myEmbedder })

2. Custom Distance Functions ° typescript // Define your own distance
function const myDistance = (a, b) => { // Your custom distance calculation
return Math.sqrt(a.reduce((sum, val, i) => sum + Math.pow(val - b[i], 2),
0)) }

// Use it in Brainy const db = new BrainyData({ distanceFunction:
myDistance })

3. Custom Storage Adapters ° typescript // Implement the StorageAdapter
interface class MyStorage implements StorageAdapter { // Your storage
implementation }

// Use it in Brainy const db = new BrainyData({ storageAdapter: new
MyStorage() })

4. Augmentations System  typescript // Create custom augmentations to
my -

extend functionality const myAugmentation = { type: 'memory', name:
custom-storage', // Implementation details }

// Register with Brainy db.registerAugmentation(myAugmentation)

Pipeline Innovation

The Brainy pipeline represents a breakthrough in data processing
architecture:

- Adaptive Learning: The system learns from usage patterns and
automatically optimizes performance

e Multi-threaded Execution: Parallel processing across Web Workers and
Worker Threads

» Streaming Data Support: Real-time processing of incoming data
streams

» Intelligent Caching: Multi-level caching that adapts to data
access patterns
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« Error Resilience: Robust error handling and recovery mechanisms

Generated from Brainy v0.34.0 | Page 13 of 33



Brainy Architecture Documentation

5. Vector Search & Graph Database
Technoloqy

HNSW Algorithm Implementation

Brainy uses an optimized Hierarchical Navigable Small World (HNSW) algorithm for
fast similarity search:

- Hierarchical Structure: Multi-layer graph for logarithmic search complexity
Memory Efficiency: Product quantization for large datasets

Disk-Based Storage: Hybrid approach for datasets exceeding
memory limits

Configurable Parameters: Tunable for precision vs. performance
tradeoffs

Vector Embedding Technology

- TensorFlow Universal Sentence Encoder: High-quality text embeddings

GPU Acceleration: WebGL backend for fast computation
Batch Processing: Efficient handling of multiple embeddings

Custom Embedding Support: Pluggable embedding functions

Generated from Brainy v0.34.0 | Page 14 of 33



Brainy Architecture Documentation

6. Storage Architecture & Environment
Adaptation

Multi-Tier Storage Strategy
Brainy implements a sophisticated three-tier storage architecture:

1. Hot Cache (RAM): Most frequently accessed data with LRU eviction

Warm Cache (Local Storage): Recently accessed data with TTL
management

Cold Storage (Persistent): Complete dataset with batch
optimization

Environment-Specific Optimizations

- Browser: Origin Private File System (OPFS) with IndexedDB fallback

Node.js: File system with optional S3 integration
Serverless: In-memory with cloud persistence options
Container: Automatic detection and adaptation

Server: Full S3-compatible cloud storage support
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7. Performance & Scalability Features

Brainy includes comprehensive performance optimizations that work across all
environments (browser, CLI, Node.js,

container, server):

GPU and CPU Optimization
Brainy uses GPU and CPU optimization for compute-intensive operations:

1. GPU-Accelerated Embeddings: Generate text embeddings using TensorFlow.js with
WebGL backend when available

« Automatic Fallback: Falls back to CPU backend when GPU is not
available

o Optimized Distance Calculations: Perform vector similarity
calculations with optimized algorithms

« Cross-Environment Support: Works consistently across browsers
and Node.js environments

« Memory Management: Properly disposes of tensors to prevent
memory leaks

Multithreading Support

Brainy includes comprehensive multithreading support to improve performance
across all environments:

1. Parallel Batch Processing: Add multiple items concurrently with controlled
parallelism

o Multithreaded Vector Search: Perform distance calculations in
parallel for faster search operations

« Threaded Embedding Generation: Generate embeddings in separate
threads to avoid blocking the main thread

» Worker Reuse: Maintains a pool of workers to avoid the overhead
of creating and terminating workers

* Model Caching: Initializes the embedding model once per worker
and reuses it for multiple operations
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« Batch Embedding: Processes multiple items in a single embedding
operation for better performance

e Automatic Environment Detection: Adapts to browser (Web Workers) and
Node.js (Worker Threads) environments

" typescript
import { BrainyData, euclideanDistance } from '@soulcraft/brainy'

/| Configure with custom options const db = new BrainyData({ // Use Euclidean
distance instead of default cosine distance distanceFunction: euclideanDistance,

// HNSW index configuration for search performance hnsw: { M: 16, // Max
connections per noun efConstruction: 200, // Construction candidate list size
efSearch: 50, // Search candidate list size },

/| Performance optimization options performance: { useParallelization: true, // Enable
multithreaded search operations },

// Noun and Verb type validation typeValidation: { enforceNounTypes: true, // Validate
noun types against NounType enum enforceVerbTypes: true, // Validate verb types
against VerbType enum },

// Storage configuration storage: { requestPersistentStorage: true, //
Example configuration for cloud storage (replace with your own values): //
s3Storage: { // bucketName: 'your-s3-bucket-name', // region: 'your-aws-
region' // // Credentials should be provided via environment variables //
// AWS ACCESS KEY ID and AWS SECRET ACCESS KEY // } } 1})

Scaling Capabilities

Brainy is designed to handle datasets of various sizes, from small
collections to large-scale deployments. For terabyte-scale data that can't
fit entirely in memory, we provide several approaches:

- Disk-Based HNSW: Modified implementations using intelligent caching and
partial loading

e Distributed HNSW: Sharding and partitioning across multiple machines

o Hybrid Solutions: Combining quantization techniques with multi-
tier architectures
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For detailed information on how to scale Brainy for large datasets, vector
dimension standardization, threading

implementation, storage testing, and other technical topics, see our
comprehensive Technical Guides.

Performance Optimizations

- Intelligent Defaults: Automatic parameter tuning based on environment and dataset

Memory-Aware Caching: Dynamic cache sizing based on available
resources

Batch Operations: Optimized bulk data processing

Lazy Loading: On-demand data loading for large datasets

Query Optimization: Smart query planning and execution
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8. Cross-Platform Integration &
Synchronization

Real-Time Synchronization
Brainy provides multiple synchronization mechanisms:

- WebSocket Conduits: Browser-server and server-server synchronization
WebRTC Conduits: Direct peer-to-peer browser communication
Change Logging: Efficient delta synchronization

Conflict Resolution: Automatic handling of concurrent updates

Model Control Protocol (MCP)
Integration with external Al models through standardized protocols:
- Data Access: Secure access to Brainy data for external models

Tool Integration: Expose Brainy functionality as AI tools

Service Architecture: WebSocket and REST API support
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9. Technical Implementation Details
Brainy uses a graph-based data model with two primary concepts:

Nouns (Entities)
The main entities in your data (nodes in the graph):

- Each noun has a unique ID, vector representation, and metadata

* Nouns can be categorized by type (Person, Place, Thing, Event,
Concept, etc.)

* Nouns are automatically vectorized for similarity search

Verbs (Relationships)
Connections between nouns (edges in the graph):
- Each verb connects a source noun to a target noun
» Verbs have types that define the relationship (RelatedTo,

Controls, Contains, etc.)

e Verbs can have their own metadata to describe the relationship

Type Utilities

Brainy provides utility functions to access lists of noun and verb types:

" typescript

import { NounType, VerbType, getNounTypes, getVerbTypes, getNounTypeMap,
getVerbTypeMap } from '@soulcraft/brainy'

/| At development time: // Access specific types directly from the NounType and
VerbType objects console.log(NounType.Person) // 'person’
console.log(VerbType.Contains) // 'contains'

/] At runtime: // Get a list of all noun types const nounTypes = getNounTypes() //
['person’, 'organization’, 'location’, ...]

/| Get a list of all verb types const verbTypes = getVerbTypes() // ['relatedTo",
'contains', 'partOf’, ...]
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/| Get a map of noun type keys to values const nounTypeMap = getNounTypeMap() //
{ Person: 'person’, Organization: 'organization’, ... }

// Get a map of verb type keys to values const verbTypeMap =

getVerbTypeMap() // { RelatedTo: 'relatedTo', Contains: 'contains', ... }

These utility functions make it easy to:

Get a complete list of available noun and verb types
Validate user input against valid types

Create dynamic UI components that display or select from
available types

Map between type keys and their string values

Advanced Features

- Type Safety: Full TypeScript support with generics

Field Standardization: Cross-service field mapping and search
Backup & Restore: Complete data portability
Testing Suite: Comprehensive test coverage with Vitest

CLI Tools: Command-line interface for data management

Development & Operations

- Zero Configuration: Works out-of-the-box with intelligent defaults

Monitoring: Built-in statistics and performance metrics
Documentation: Comprehensive guides and API reference

Community: Open-source with active development
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10. Architecture Diagrams & Visual Guide

Brainy System Architecture

Environment Detection & Adaptation

Browser Node.js Serverless Container Server

Cloud

Y

Brainy Data API
add() | search() | addVerb() | get() | delete() | backup() | restore(

Y

Augmentation Pipeline

\ \

Vector Processing Adaptive Storage
Hot Cache Warm Cache Cold Storage
ensorFlo
Embedding
OPFS FileSystem S3/Cloud
Memory

Y

Cross-Platform Synchronization
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Data Processing Flow

Raw Data Embedding Vector Index Graph Build Storage
Text/JSON TensorFlow.js HNSW Noun-Verb Multi-tier
Images/Media GPU Accel Algorithm Relations Adaptive

Query Processing

Performance Scalability Synchronization Intelligence
Multithreading Auto-tuning Real-time Adaptive Learning
Caching Load Balancing Cross-platform Pattern Analysis

HNSW (Hierarchical Navigable Small World) Index
Structure

Search Path (Logarithmic Complexity)

Layer 1 O

¢

~

Lyer 09 @ © 00 60 60 60 60 0 0

(Base Layer)

HNSW Benefits

¢ Fast similarity search (log complexity) * Scalable to millions of vectors
* Memory efficient indexing » Configurable precision/performance

Original Architecture Documentation

Brainy Architecture Diagram

Generated from Brainy v0.34.0 | Page 23 of 33



Brainy Architecture Documentation

System Overview

|
| BRAINY PLATFORM | | Vector Graph Database with AI Pipeline |
|

| ENVIRONMENT DETECTION |
|

|
| Browser | Node.js | Serverless | Container | Server | | (OPFS) | (File

System) | (In-Memory) | (Adaptive) | (S3/Cloud) |
|

| v
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Core Architecture

[
| BRAINY DATA API |
|

|
| add() | search() | addVerb() | get() | delete() | backup() | restore() |

etc. |
|

| v

| AUGMENTATION PIPELINE |
|

[
| SENSE - MEMORY - COGNITION - CONDUIT - ACTIVATION - PERCEPTION - DIALOG -

WS |

DATA PROCESSING |

Text/JSON - Embedding - Vector Storage | | | | |

, | 1 | | | EMBEDDING |
VECTOR INDEX | | | | | | | | | TensorFlow.js | HNSW Algorithm | | |
Universal Sentence | - Hierarchical | | | | Encoder (USE) | - Fast
Similarity | | | | - GPU Acceleration | - Configurable | | | | - Batch
Processing | - Memory Efficient | | | | - Worker Threads | - Product
Quantized | | | | '
|

| v
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Data Model & Graph Structure

GRAPH DATA MODEL |

| | NOUNS (Entities/Nodes) | |

| | | Core Entity Types: | Digital/Content Types: | | | | « Person |
Document | | | | ¢ Organization | « Media | | | | ¢ Location | * File | | |
| » Thing | « Message | | | | * Concept | » Content | | | | * Event | | | |
| | Collection Types: | | | | Business/App Types: | « Collection | | | | -
Product | « Dataset | | | | « Service | | | | | * User | Descriptive Types:
| | | | » Task | * Process, State, Role | | | | » Project | « Topic,

Language, Currency, Measurement | | |
| |

| | | | VERBS (Relationships/Edges) | |

| | | Core Relationships: | Social/Organizational: | | | | ¢ RelatedTo | -
MemberOf, WorksWith | | | | ¢ Contains, PartOf | ¢ Friend0f, Follows, Likes
| | | | » LocatedAt, References | * ReportsTo, Supervises, Mentors | | |

| » Communicates | | | | Temporal/Causal: | | | | | * Precedes, Succeeds |
Descriptive/Functional: | | | | * Causes, DependsOn | e Describes, Defines,
Categorizes | | | | * Requires | * Measures, Evaluates | | | | | ¢ Uses,
Implements, Extends | | | | Creation/Transformation: | | | | | * Creates,
Transforms | Ownership/Attribution: | | | | » Becomes, Modifies | * Owns,
AttributedTo | | | | * Consumes | ¢ CreatedBy, BelongsTo | | |
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Vector Storage & Search Engine

VECTOR SEARCH ENGINE |

| | Query Text/Vector - Embedding - HNSW Search - Ranked Results | | | |

| | | HNSW INDEX STRUCTURE | | | | | | | | Layer 2: @ . °
(Sparse connections) | | | | /| | IN| | | | Layer 1: eo—eo0-9o—0—9—9—9
(Medium density) [ | | | /ITIITTTTIEEIIETTTTTTIN | T [ | Layer o:
00000000000000000000000 (Dcnse connections) | | | | | | | | ¢ Hierarchical
navigation for fast search | | | | * Configurable M (max connections),
efConstruction, efSearch | | | | * Memory-efficient with disk-based storage
for large datasets | | | | ¢ Product quantization for dimensionality
reduction | | |
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Storage Architecture

[
| ADAPTIVE STORAGE |
|
[

| | | — Hot Cache (RAM) — | | | Most accessed | | | | LRU eviction | | |
| Auto-tuned size | | | | ' | | | | — Warm Cache
(Storage) — | | | Recent nodes | | | | OPFS/Filesystem/S3 | | | | TTL-
based | | | | ' | | | | — Cold Storage
(Persistent) — | | | A1l nodes | | | | OPFS/Filesystem/S3 | | | | Batch
operations | | | ! | | | | Environment-

Specific Storage Adapters: | |

| Browser | Node.js | Serverless | Container | Server | | | | OPFS |
FileSystem | In-Memory | Adaptive | S3/Cloud | | | | (Fallback: | (Backup:
| (Optional: | (Auto- | (Multi- | | | | IndexedDB) | S3/Cloud) | S3/Cloud)

| Detect) | Provider) | | |
| I ' ' : '
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Augmentation Pipeline System

[
| AUGMENTATION PIPELINE FLOW |

| | | Raw Data - [SENSE] - [MEMORY] - [COGNITION] - [CONDUIT] -

[ACTIVATION] - | | | | | | | | | vv v v v | | Process Storage Reasoning
Data Sync Actions | | Input Persist Inference External Triggers | | Convert
Retrieve Logic Ops Systems Responses | | | | - [PERCEPTION] - [DIALOG] -
[WEBSOCKET] - | | | | | | | v v v | | Visualization NLP/Chat Real-time | |
Interpretation Response Streaming | | Organization Context Communication |
| | | Execution Modes: | | « SEQUENTIAL: Step-by-step processing | |
PARALLEL: Concurrent augmentation execution | | ¢ THREADED: Multi-threaded

with worker pools |
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Performance & Scaling Features

PERFORMANCE OPTIMIZATIONS |

| | | MULTITHREADING | | | | | | | | Main Thread | o |
— | | | | —— | Worker 1 | | Worker 2 | | Worker N | | | |

| | |Embedding | | Search | | Batch | | | | | | |Generation| |Operations]|
|Processing| | | | | « : H H SR
| | | | | « Web Workers (Browser) / Worker Threads (Node.js) | | | |
Model caching and reuse across workers | | | | * Batch embedding for better
performance | | |

| |
|11

| |
| | | GPU ACCELERATION | | | | | | | | TensorFlow.js - WebGL Backend - GPU
| | | | «+] | | | Fallback: CPU Backend for compatibility | | | | | | | | *
Vector similarity calculations | | | | ¢ Embedding generation | | | |
Tensor operations | | | | ¢ Automatic memory management | | |

| |
|11

| |
| | | INTELLIGENT CACHING | | | | | | | | ¢ Auto-tuning based on usage
patterns | | | | ¢ Memory-aware cache sizing | | | | » Prefetching
strategies | | | | ¢ LRU eviction with batch processing | | | | ¢ Read-only

mode optimizations | | |
| |
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Cross-Platform Integration

[
| SYNCHRONIZATION & SCALING |
|

|
| | | Browser «— WebSocket «- Server < S3/Cloud Storage | | ¢+ ¢ | |

Browser «- WebRTC « Browser (Peer-to-Peer) | | | |

| | | CONDUIT AUGMENTATIONS | | | | | | | | WebSocket iConduit: | | | |
Browser « Server sync | | | | ¢ Server o Server sync | | | | * Real-time
data streaming | | | | | | | | WebRTC iConduit: | | | | * Direct browser o
browser sync | | | | * Peer-to-peer without server | | | | * Decentralized

data sharing | | |
| |

| | | MODEL CONTROL PROTOCOL (MCP) | | | | | | | | External AI Models «-
MCP Server < Brainy Data & Tools | | | | | | | | » BrainyMCPAdapter: Data
access for external models | | | | * MCPAugmentationToolset: Pipeline tools
for models | | | | * BrainyMCPService: WebSocket & REST integration | | |
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Data Flow Example

[
| DATA FLOW EXAMPLE |
|

|
| | | 1. Input: "Cats are independent pets" | | + | | 2. SENSE

Augmentation: Process raw text | | + | | 3. Embedding: TensorFlow USE -
[0.123, -0.456, 0.789, ...1 | | + | | 4. MEMORY Augmentation: Store with
metadata | | + | | 5. HNSW Index: Add vector to hierarchical graph | | ¢

| 6. Storage: Persist to OPFS/FileSystem/S3 | | | | Query: "feline pets" -
Embedding - HNSW Search - Ranked Results | | Result: [{text: "Cats are
independent pets", similarity: 0.89, id: "123"}] | | | | Relationship
Example: | | addVerb(catId, dogId, VerbType.RelatedTo, {description: "Both

are pets"}) | | + | | Graph: [Cat] —RelatedTo—- [Dog] |
|

Key Architecture Principles:

1. Environment Agnostic: Automatically adapts to browser, Node.js, serverless,
container, or server environments

* Intelligent Storage: Multi-tier caching with automatic storage selection (OPFS,
filesystem, S3, memory)

e Vector + Graph: Combines semantic vector search with graph relationships in a
unified model

¢ Extensible Pipeline: Modular augmentation system for custom processing and
integration

¢ Performance Optimized: GPU acceleration, multithreading, intelligent caching,
and memory management

e Scalable Sync: WebSocket and WebRTC conduits for real-time synchronization
across instances

* Allntegration: MCP protocol for external Al model integration and tool access
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Conclusion

Brainy represents the next generation of Al-powered data platforms, combining ease
of use with enterprise-grade capabilities. Its intelligent adaptation, powerful features,
and comprehensive architecture make it the ideal choice for modern applications
requiring semantic search, graph relationships, and real-time data processing.

Whether you're building a simple browser application or a complex distributed system,
Brainy automatically adapts to provide optimal performance and functionality in any
environment.

For more information, visit the Brainy GitHub repository or try the live demo.
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