Bitcoin's Taproot Upgrade Explained
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Bitcoin's Taproot upgrade, activated in November 2021 at block 709,632,
represents the most significant protocol improvement since SegWit in 2017. The
upgrade bundles three Bitcoin Improvement Proposals—BIP 340, 341, and
342—that collectively enhance privacy, efficiency, and smart contract
functionality on the Bitcoin network.

Enhanced Privacy Through Schnorr Signatures
Taproot introduces Schnorr signatures, replacing Bitcoin's original ECDSA

signature scheme for new transaction types. Schnorr signatures enable key
aggregation, allowing multiple signers in a multisig transaction to combine their
public keys and signatures into single values. This makes complex
multisignature transactions indistinguishable from standard single-signature
payments on the blockchain. The result is meaningful privacy gains: an observer
cannot determine whether a transaction involved one person or a coordinated
group, whether it executed a Lightning Network channel close or a simple
payment.

Lower Fees and Better Scalability
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Schnorr signatures are mathematically smaller and faster to verify than
ECDSA signatures. Multisignature and other complex transactions that
previously required exposing multiple public keys and signatures on-chain can
now present aggregated data, reducing the transaction size by up to 30 percent
In some cases. Smaller transactions mean lower fees for users and more
transactions per block, improving Bitcoin's overall throughput without changing
the block size limit.

MAST and Flexible Smart Contracts
Taproot integrates Merkelized Alternative Script Trees (MAST), a

technique that allows a transaction to commit to multiple spending conditions
but reveal only the one actually used. Prior to Taproot, all possible spending
paths in a script had to be exposed on-chain, even those not executed. With
MAST, only the branch taken becomes public, hiding unused conditions and
saving block space. This makes complex contracts—such as time-locked
inheritances, atomic swaps, or escrow arrangements—cheaper and more
private. It also opens design space for more sophisticated applications on
Bitcoin's base layer.

Adoption and Long-Term Impact
Taproot adoption has been gradual. As of mid-2023, Taproot-enabled

transactions account for a growing but still minority share of Bitcoin activity, as
wallets and services integrate support. The upgrade's full impact will unfold over
years as developers build applications leveraging its privacy and efficiency
properties. Taproot does not introduce radical new functionality, but it refines
Bitcoin's existing capabilities in ways that align with the network's goals:
preserving user privacy, lowering costs, and enabling flexible scripting without
compromising security or decentralization.
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