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CORE 
PRINCIPLES

• Master-Slave Architecture

• Chunk-Based Storage Engine

• CP Consistency over Availability 
(CAP Theorem)

CLI tool



TOPOLOGY

Master-Slave Architecture

NameNode 4 DataNodes
• Centralized authority coordinating namespace 

state, cluster health, and chunk routing 
blueprints

• Keeps the namespace ledger in RAM (persisted 

via fsimage.json snapshots), while tracking 
worker health strictly in ephemeral RAM. .

• Exchanges lightweight unary gRPC messages 
with the client, never routing payload byte.

• Autonomous storage workers persisting 

and serving immutable .dat chunks on 
isolated host volumes

• Exchanges raw data directly with the 
client using 64 KB gRPC chunks over TCP 
streams.









•  

• DataNodes publish lightweight, unidirectional 
heartbeats to the NameNode every 3 seconds. 

• Triggers an automated eviction after 15 seconds 
of silence, immediately removing dead workers 
from allocation pools

FAULT TOLERANCE



QUORUM 
CONSENSUS

•  

• Decentralized Consensus Engine: offloads data 
plane coordination entirely to the client, keeping 
the NameNode unburdened. 



CONSENSUS

Mathematical Parameters

W=2
Write Quorum required to 

commit

R=2
Read Quorum required to 

download

3s
Worker heartbeat interval

3
Replication Factor



SELFHEALING

Automated Read-Repair

1

Detect
Size mismatch identified across 

replicas.

2

Stream
Valid chunk retrieved for user 

download.

3

Heal
Background thread re-uploads to 

stale node.



INFRASTRUCTURE

Technological Foundation

 Go
Used to compile statically linked binaries that 
require
no external host libraries. 
Exploited for its concurrency primitives.

gRPC
Multiplexed long-lived streaming TCP 
connections.
ClientStreaming and ServerStreaming allows the 
system to continuosly pump 64MB files across 
the network in 64KB incremements.

Protocol Buffers
Language-agnostic binary payload 
serialization.

 Docker
Isolated multi-rack topology simulation.



https://docs.google.com/file/d/1KYLhYfrGb5-D9_8oW7H3SoCq2YP3Nfok/preview


VALIDATION

Chaos Engineering Testing

Write Failover

Graceful masking of single node 
crashes.

Partition Defense

Forced aborts on quorum failure.

Read Repair

Silent background system 
reconciliation.









FUTURE 
WORKS

SPOF Mitigation

Warm standby Secondary 
NameNode.

Namespace Federation

Multiple masters for horizontal 
scaling.

Protect Data Integrity

SHA256 silent bit-rot 
detection.

Garbage Collection and 
Block Reports
Delete orphaned physycal 
chunks.

Under-Replication 
Healing
When a DataNode dies, chunks 
are migrate to others DataNode 
to keep Replication Factor = 3.



Grazie per l’attenzione


