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Ideally, we want to reason about each component incrementally and independently
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Tulip: 25 actions x > 50 invariants
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Avoiding action-invariant product with stable permissions

1. ldentify stable invariants—invariants that remain true under extension

2. Define stable invariants over stable permissions capturing history state as
subsets, prefixes, or some other lower bounds
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— Iq is stable with respect to the proposal map
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A recurring pattern in Tulip’s proofs
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A recurring pattern in Tulip’s proofs

‘ Overall,
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Tulip: a formally verified distributed transaction system implementation

Implementation feature and optimization T e ——

+ TAPIR-style (sosp1s1 inconsistent replication (IR)

i . Program 3956 (Go)

« Multi-version concurrency control (MVCC) spec (4 ops) 42 (Rocq)

+ Fault-tolerant two-phase commit (2PC) Proof 42131 (Rocq)
Proof framework Proof-to-code ratio: 10.6 x

. Prior work (vkv, GoTxn, CSPEC, Certikos): 11-20 X
« Grove [sosp 23], Iris prp1sl, and Rocq

PSM keeps the verification complexity under control
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Tulip performance compared with TAPIR

Commit latency Failure recovery
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Compared to TAPIR, Tulip is verified, faster, able to recover from failures J
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PSM marries state-machine reasoning with concurrent separation logic

State-machine reasoning -+ Concurrent separation logic
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Conclusion

Tulip is the first formally verified distributed transaction system
implementation, including sophisticated optimizations such as MVCC and IR
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Conclusion

Tulip is the first formally verified distributed transaction system
implementation, including sophisticated optimizations such as MVCC and IR

Permissioned state machines, and in particular stable permissions, enable

modular verification of Tulip
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