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소프트웨어 개발에서 중요한 질문

소프트웨어의

오류의위치를찾아주거나
오류가없음을확인해주는

자동화된도구가있을까?

–테스팅(testing)

–정적분석 (static analysis)

–정형검증 (formal verification)
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정형 검증 (Formal Verification)

• 장단점

[+] 높은신뢰도

•증명 (formal proof)생성됨

[+] Functional correctness까지증명할수있음

• "The program correctly sorts a given array.“

[-] 사용하기위해서전문지식이필요함

• Hoare 논리체계의한계

• 분리논리 (separation logic) 등장
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분리논리 (Separation Logic)

• A Logic for Shared Mutable Data Structures [Reynolds 2002]

–힙(메모리할당)을다루는프로그램분석에적합

– supports local reasoning

• 분리논리를 이용한 프로그램 검증도구

– Smallfoot, Space Invader, THOR, SLAyer, HIP, 
VeriFast, jStar, Xisa, SeLoger, SLP, ...

– Facebook의 Monoidics 합병

– but focus only on separating conjunction   .
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분리논리 연산자

• Separating conjunction

– The current heap can be 

partitioned into two 

separate heaps;

– A holds for one, and 

B holds for the other.

• Separating implication

– If the current heap is 

extended with a 

separate heap for which  

A holds,

– then B holds for the 

combined heap.

– 마법봉 (magic wand)
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마법봉 연산자의 마력

• Schorr-Waite algorithm [Yang 2001]

• Reasoning about iterators [Krishnaswami 2006]

• Ramification of sharing [Hobor and Villard 2013]
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왜 마법봉 연산자가 필수적인가?

• 완전한 프로그램 검증 시스템 구현에 필수

– weakest precondition 이용한 역방향 추론에 필수
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3단계 연구 계획

• 1단계: Boolean BI 증명론완성

– Boolean BI 증명기개발

• 2단계: 분리논리증명론완성

• 3단계: 분리논리검증기개발

– 분리논리증명기개발

• 목표결과물: Schorr-Waite algorithm 기계적검증

Schorr-Waite algorithm 기계적검증
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분리 논리 정의

• Classical first-order logic + Intuitionistic linear logic

– describes a singleton heap at location l.

– Stack variables = program variables

– list, tree 등과같은 inductive predicate은우선제외
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분리 논리 시스템 PSL

• PSL첫버전은분리논리와다른 semantics 이용

– Unsound

• 새로완성한 PSL

– Sound

– Incomplete

DLBBI, SBBI, LSBBI LSPASL PSL without Dis   j-*

+ rule combining

singletone heaps

PSL

PSL without Disj-*
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반례

• 분리논리에서는참이지만

• PSL에서는증명불가능

• Incompleteness는실질적으로크게문제되지않음
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PSL을 구현하자 - 증명 탐색 전략 SS
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SS의 성질

• Sound 

• 항상종결

• PSL에대해서 incomplete

– PSL에서증명가능

– SS로는증명불가능

•괘한타!
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계획

• 분리논리증명기개발

• Inductive predicate 추가

–실제 proof tree를제시할수있다는점이강점

– file:///Z:/psl14-leewy/cceye-leewy-140120/result-

weaken/6.4-2.pdf

– Cf. Dynamic frame technique

• SMT solver 연결 (Z3)

• 세계최초 Schorr-Waite algorithm 기계적검증!

../psl14-leewy/cceye-leewy-140120/result-weaken/6.4-2.pdf
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