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BLOCKCHAIN ARCHITECTURE

The Architecture of Trust: Decoding 
Blockchain Layers

Blockchain is far more than a distributed ledger — it is a carefully engineered stack 
of specialised layers, each operating in concert to deliver decentralisation, 
immutability, and transparency. Understanding these layers is essential for grasping 
how blockchains function from the user interface down to the cryptographic bedrock.
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LAYER 1

The Application Layer

The user-facing tier where blockchain meets practical utility. This layer hosts decentralised applications and smart contracts, translating complex 
cryptographic protocols into intuitive tools. It is here that developers construct the interfaces and services that bring the underlying technology to 
everyday users.

Smart Contracts

Self-executing code that automates 
agreements and enforces rules without 
intermediaries, forming the backbone of 
decentralised finance and automated 
applications.

dApps

Decentralised applications that users interact 
with directly, providing services ranging from 
exchanges to gaming, all powered by on-chain 
logic.

Developer Tools

SDKs, APIs, and frameworks that empower 
builders to construct and deploy innovative 
blockchain solutions with accessible 
abstractions.
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LAYER 2

The Execution Layer

Deep beneath the interface lies the execution layer — the engine room where every instruction is meticulously processed. Each node independently 
runs the same operations, guaranteeing that identical inputs yield identical outputs across the entire network. This layer validates the logic behind 
every fund transfer and contract call.

Instruction Processing

Every operation is executed locally 
on each participating node.

Deterministic Output

Same input, same result — ensuring 
universal consistency.

State Transitions

Validates and applies state changes for transfers and contract calls.

Without deterministic execution, a blockchain could 
never guarantee that all nodes share the same state. 
This layer is the guarantor of computational integrity 
— ensuring every node arrives at precisely the same 
conclusion.
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LAYER 3

The Semantic Layer

The semantic layer acts as the logical gatekeeper, validating transactions and governing block generation. It defines the critical linking of hash data 
between successive blocks, transforming isolated executions into a single, immutable, chronologically ordered chain.

Transaction Validation

Verifies signatures, formats, and 
conditions before acceptance into a 
candidate block.

Hash Linking

Embeds the previous block's hash into 
each new block, forging an unbreakable 
cryptographic chain.

Immutability

Any tampering with a past block alters its 
hash, invalidating every subsequent link 
and alerting the network.
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LAYERS 4 & 5

Propagation and Consensus

These two foundational layers work in unison to maintain the integrity and agreement of the entire network. The propagation layer forms the peer-
to-peer backbone, whilst the consensus layer establishes the shared truth.

Propagation Layer

The peer-to-peer backbone enabling node discovery, block 
broadcasting, and transaction gossiping across the network.

• P2P networking and peer discovery
• Block and transaction broadcasting
• Network resilience and redundancy

Consensus Layer

The bedrock of security and truth, where nodes reach global agreement 
on the canonical state of the shared ledger.

• Proof of Work, Proof of Stake, and beyond
• Byzantine fault tolerance mechanisms
• Finality and chain reorganisation rules
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LOOKING FORWARD

The Future is Layered

Decentralisation thrives on this modular stack. From high-level user interfaces down to the 
cryptographic bedrock of consensus, innovation at every layer is driving the next generation of 
web technology. Understanding these layers is key to building the decentralised systems of 
tomorrow.

Execution & Application

Smart contracts powering user apps

Propagation & Semantics

Message relay and shared meaning

Core Consensus

Cryptographic rules ensuring 
agreement

Each layer is independently evolving — from faster consensus mechanisms to richer application 
frameworks — creating a compounding effect on the entire ecosystem's capability.
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