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Polkadot is a heterogeneous multichain network designed to allow
independent blockchains to operate in parallel while sharing security and
communicating with one another. Launched by the Web3 Foundation and
developed primarily by Parity Technologies, Polkadot went live on mainnet in
May 2020. Its architecture departs significantly from earlier blockchain designs
by separating the tasks of security, consensus, and application logic into
distinct layers.

The Relay Chain: Polkadot's Central Backbone

At the core of Polkadot sits the Relay Chain, a minimally functional
blockchain responsible for the network's shared security and consensus. The
Relay Chain uses a hybrid consensus mechanism called BABE (Blind
Assignment for Blockchain Extension) for block production and GRANDPA
(GHOST-based Recursive ANcestor Deriving Prefix Agreement) for block
finalization. Validators on the Relay Chain stake DOT tokens and are
responsible for validating parachain blocks alongside Relay Chain
transactions.
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The Relay Chain intentionally supports very few smart contract
capabilities. This constraint is deliberate: by keeping the Relay Chain simple,
Polkadot minimizes attack surface and reduces complexity at the security
layer. Application logic is pushed to parachains, which connect to the Relay
Chain and inherit its validator-backed security.

Parachains: Independent Chains with Shared Security
Parachains are sovereign blockchains that run in parallel and connect to

the Relay Chain through a slot mechanism. Each parachain maintains its own
state, runtime logic, and token if desired, but relies on Relay Chain validators
to finalize its blocks. This arrangement is called pooled security or shared
security: a parachain does not need to bootstrap its own validator set, which
would otherwise require substantial token capital to be economically resistant
to attacks.

Parachain slots are limited in number—Polkadot has historically
supported around 100 slots—and are allocated through on-chain auctions
using a candle auction format. Projects bid using DOT tokens either directly or
through crowdloans, where community members contribute DOT in exchange
for parachain-native token allocations. Winning a slot grants exclusive access
for a lease period of up to 96 weeks, after which re-auctioning is required.

Collators are a second class of parachain-specific nodes. They collect
transactions from parachain users, execute the parachain runtime to produce
candidate blocks, and submit these to Relay Chain validators for verification.
Collators do not participate in consensus themselves; they serve as block
producers whose output is validated externally.

Cross-Chain Communication with XCM
Polkadot enables interoperability between parachains through a

message-passing protocol. The primary format is XCM (Cross-Consensus
Message Format), a language for expressing cross-chain instructions rather
than simply transferring tokens. XCM messages are transported through two
main channels: XCMP (Cross-Chain Message Passing) for direct
parachain-to-parachain messages, and UMP/DMP for upward and downward
messages between parachains and the Relay Chain.
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XCM separates the message format from the transport layer, allowing it
to be used across bridges to external networks like Ethereum as well. A
parachain can instruct a remote chain to execute operations, withdraw assets,
or trigger arbitrary logic, provided the receiving chain supports the relevant
XCM instructions.

Polkadot's architecture represents a concrete engineering trade-off:
parachains sacrifice some independence in exchange for security and
interoperability, while the Relay Chain sacrifices programmability in exchange
for robustness. This division of responsibility distinguishes Polkadot from both
monolithic blockchains and loosely coupled multi-chain ecosystems.
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