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Solana is a layer-1 blockchain capable of processing thousands of transactions per
second under real-world conditions. This performance stems from several interlocking
architectural decisions made at the protocol level, rather than from a single silver-bullet
feature. Understanding how these mechanisms work together explains why Solana
performs differently from earlier chains like Ethereum or Bitcoin.

Proof of History: A Cryptographic Clock

The foundation of Solana's throughput is a mechanism called Proof of History
(PoH). Traditional blockchains require validators to communicate with each other to agree
on the order and timestamp of transactions, which introduces latency. PoH sidesteps this
by embedding a verifiable sequence of time directly into the ledger.

PoH uses a sequential SHA-256 hash function where each output becomes the input
to the next iteration. Because each hash depends on the previous one, the chain of hashes
encodes a verifiable passage of time. Validators can confirm the order of events without
waiting for a consensus round to establish timestamps. This allows the network to pipeline
work aggressively, with validators processing new transactions before the previous block

is fully confirmed.

Gulf Stream and Turbine: Forwarding and Propagating Data
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Solana's mempool replacement, called Gulf Stream, pushes transaction forwarding

to the edge of the network before a block is even produced. Because validators know in
advance which node will be the next leader — the block producer — they can forward
transactions directly to that node. This reduces the time transactions spend waiting in a
queue and lowers memory pressure on the network.

Block propagation uses a separate protocol called Turbine. Rather than
broadcasting a full block to every validator at once, Turbine breaks blocks into smaller
packets and distributes them through a tree-like structure of validators. Each validator
receives a chunk, retransmits it to a subset of peers, and so on. This reduces the bandwidth
each validator needs to handle while allowing the entire network to receive block data
quickly. The approach borrows from BitTorrent-style data distribution and scales well as

validator count increases.

Sealevel: Parallel Transaction Execution
Most blockchains execute transactions sequentially, one after another, within a

block. Solana's runtime, called Sealevel, executes non-conflicting transactions in parallel
across multiple cores. Transactions on Solana must declare in advance which accounts
they will read from and write to. The runtime uses this information to identify which
transactions touch overlapping state and which do not. Transactions that access different
accounts can run simultaneously on separate threads.

This parallel execution model maps well to modern multi-core hardware. A
validator running on a machine with dozens of CPU cores can process many transactions

concurrently, multiplying throughput without requiring changes to the consensus layer.

Practical Limits and Trade-offs
Solana's design involves real trade-offs. The hardware requirements for validators

are significantly higher than on other chains, which has contributed to a more centralized
validator set. The network has also experienced several outages caused by transaction
floods overwhelming the scheduler. Engineers have addressed some of these issues
through fee market changes and QUIC-based transaction ingestion, but the system
continues to evolve. The throughput Solana achieves is genuine, but it comes with
architectural choices that differ meaningfully from chains that prioritize decentralization
above raw performance.
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