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Abstract: During the formal verification, logic is relied to formally specify and reason about the properties that the file
system must satisfy. Concurrent separation logic (CSL) is used in the formal verification of concurrent file systems and
to prove the properties that lock invariants must hold. However, CSL did not support independent derivation of lock in-
variants, which increased the overall design and implementation complexity of concurrent file system verification. To ad-
dress this, CSL was extended with lock guarantee conditions (CSL-L), ensuring that lock invariants remain unchanged
during the execution of file system calls. A three-phase formal specification method was adopted to precisely describe
the properties that must be hold during file system operations. During the proof process, a correctness theorem for the
formal specification was established, ensuring that the execution of the concurrent file system implementation conforms
to its formal specification. Experimental shows that, compared with existing verified concurrent file systems, the pro-
posed file system improves concurrency and achieves better performance, while maintaining the correctness of the for-
mal specification and keeping the overall verification effort within a manageable range.
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