
믿고 쓸만한 AI 에이전트를 위하여
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공동연구: 이동재, 이정재, 최치훈, 임영민, 위재영, 오상은, 이선재, 신인식
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대 에이전트 시대

• 인간 수준 성능으로 자율 실행하는 AI


• 적용분야: SW 구동, 프로그래밍, 수학 증명, 과학적 발견 등
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문제: 신뢰성

3

Limitations of AI Agents: Low Reliability

2 • Molly Bohannon, 2023, Lawyer Used ChatGPT In Court—And Cited Fake Cases. A Judge Is Considering Sanctions

• Thor Olavsrud, 2025, 11 famous AI disasters

• Bertice Nolan, 2025, An AI-powered coding tool wiped out a software company’s database, then apologized for a ‘catastrophic failure on my part’

McDonald (2024) Amazon (2025) Meta (2026)

매일경제 (2025) 프린스턴대 (2026)
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해결책: 논리 + 직관 융합 AI 에이전트

• 뛰어난 직관을 지닌 AI를 통제할 수단?


• 인간이 원하는 대로 AI가 행동하는지 엄밀히 논리 검증: PL, 전산논리 분야의 축적된 노하우


• 이른바, 논리-직관 융합(neurosymbolic) AI: “시스템 I” + “시스템 II”

사용자 에이전트

검증기번역기

요구사항
행동

상태

∀x . f(x)

행동 피드백

현실세계
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두 가지 적용 사례

5

Expecto: 
믿을만한 코딩 AI 에이전트 

[PLDI’26]

VeriSafe Agent: 
믿을만한 모바일 AI 에이전트 

[Mobicom’25]
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모바일 AI 에이전트

• 사람의 지시에 따라 모바일 앱 자율 실행


• 크게 API 기반, GUI 기반으로 나뉨

6

GUI 기반 
* 모든 앱에 적용 가능 
* 실수가 잦음

사용성

정확성/ 
신뢰성

API 기반 
* 정밀한 인식, 조작 
* API 제공하는 앱만 가능

GUI 에이전트를 위한  
논리기반 행동 검증??
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VeriSafe Agent: 논리 기반 에이전트 행동 검증

7

사용자 에이전트

검증기요구사항 번역기

모바일 앱

요구사항
행동

상태

∀x . f(x)

행동 피드백
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성능 요약

8

• 검증 정확도 38.2%

• 복잡한 작업 수행 능력 130%

• 검증 비용 96%
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예시: 비행기 표 예약하기 (1)

9

OK
모바일 에이전트

11월 4일에 출발해서 11월 9일에 돌아오는  
서울-홍콩 왕복 비행기 예약해줘

사용자


Ticket(from = "서울", to = "홍콩",
depart = 11월 4일, return = 11월 9일) ⇒ Book

번역기

(캘린더에서 가는 날로 11월 4일을 선택)
모바일 에이전트

검증기

Ticket(depart = 11월 4일) ⇒ OK
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예시: 비행기 표 예약하기 (2)

10

검증기

Ticket(return = 11월 11일) ⇒ ERROR

(돌아오는 날로 11월 9일 선택)
모바일 에이전트

검증기

피드백: “돌아오는 날은 11월 9일이어야 하는데, 11월 11일을 선택했군”

검증기

Ticket(return = 11월 9일) ⇒ OK

(돌아오는 날로 11월 11일 선택)
모바일 에이전트
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AI 자가검증 vs 논리 검증

11

모바일 에이전트 검증 AI 모델
자가 검증기술

모바일 에이전트 논리 기반 검증기
VeriSafe Agent

특성 자가검증 VeriSafe Agent
1. 검증 단계에서 환각 현상이 없는가? X O
2. 검증 결과가 일관적인가? X O
3. 검증 실패 원인을 엄밀히 유추할 수 있는가? X O
4. 작업 길이와 관계 없이 검증 정확도가 일정한가? X O
5. 검증 비용이 합리적인가? (시간, 전기, AI 사용료) X O
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도전 과제

• 검증용 언어: 현실의 다양한 요구 사항을 담을 수 있는 표현력 + 엄밀함


• 정확한 번역: 요구 사항 번역시 환각 현상을 최소화


• 실행전 검증: 요구 사항을 AI 행동 이전에 검사

12
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문제 1: 검증용 언어

• 기존 SW 검증용 언어(예: 1차 논리식)들: 표현력이 풍부하지만


• 너무 일반적/저수준: 작성 어려움


• 너무 복잡: 검증 어려움


• 모바일 AI 에이전트 검증용 맞춤 언어는?


• 모바일 앱 사용자들의 의도를 충분히 기술


• 번역과 이해가 쉬운 고수준 언어


• 모바일 에이전트 검증계의 “SQL”이 필요

13

<latexit sha1_base64="JKhmVAAscblDhzVKHzw7hIi3dmM="></latexit>

F ! ? | > | p(t1, . . . , tn)
| ¬F
| F1 ^ F2

| F1 _ F2

| F1 ! F2

| F1 $ F2

| 9x.F [x]
| 8x.F [x]

SELECT * FROM Customers

WHERE City = 'Berlin'

AND PostalCode = 12209;
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해결책1: 도메인 특화 언어

• 논리형 프로그래밍 언어(예: Prolog, Datalog) 스타일: 조건-결과


• 직관: 모바일 앱을 사용하는 흔한 패턴


• 예: “우유 한 통이 천원 넘고 500ml 이상이면 2개, 아니면 3개 주문 해줘”

14

Specification Rule

Rule

Rule

Pred1 ∧ Pred2 ∧ … ∧ Predn ⇒ Action

Pred1 ∧ Pred2 ∧ … ∧ Predn ⇒ Action

Pred1 ∧ Pred2 ∧ … ∧ Predn ⇒ Action

… …
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문제 2. 정확한 번역

15

사용자 번역기

와… 서울에서 홍콩이라니…

너 정말 핵심을 찔렀어 😏

서울에서 홍콩가는  
비행기표를 예매해줘

• 언어 모델  헛소리 생성기≈
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해결책 2-1: 문법 & 타입 검사

• 번역된 논리식 요구사항이 우리 언어의 문법과 타입에 맞는지 검사


• 타입: string, number, bool, time, date, enum

16

사용자

Ticket(from = "Seoul")
&&Ticket(to = "Hong Kong") …

요구사항 번역기 논리식 요구사항

Wrong Operation: &&

사용자

Ticket(from = Nov. 4th)
∧ Ticket(to = Nov. 9th) …

요구사항 번역기 논리식 요구사항

from, to should be str

but date found

Book me a flight from 
Seoul to Hong Kong ... 

Book me a flight from 
Seoul to Hong Kong ... 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해결책 2-2: 일관성 검사
• 생성된 논리식을 다시 자연어로 바꾼 후, 원래 사용자 요구사항과 비교


•  ?


• 빠트리거나 잘못된 번역 최소화

Decode(Encode(s)) ≈ s

17

사용자 인코더

Book me a Seoul- 
Hong Kong round-trip 

자연어 비교 
(LLM)

엄밀한 논리식 명세

Ticket(from = "Seoul")
∧ Ticket(to = "Hong Kong") …

Book me a flight from 
Seoul to Hong Kong ... 

디코더
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해결책 2-3: 메모리

• 성공 사례 저장해두었다가 번역 예시로 활용


• 직관: 모바일 앱의 사용 패턴은 비슷

18

사용자

번역기 엄밀한 논리식 명세과거 데이터

프롬프트

Book me a flight from  
Seoul to Hong Kong ...

Ticket(from = "Seoul")
∧ Ticket(to = "Hong Kong") …
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문제 3. 실행전 검증

19

• 모바일 앱의 행동은 대개 돌이킬수 없는 경우가 많음


• 예: 송금, 구매, 전송 등


• 반드시 사전 검증이 되어야 함

모바일 에이전트

Book me a flight from 
Seoul to Hong Kong ...

앱

예약 확정

실행전 검증!! 낙장불입!

사용자
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해결책 3: 검증을 위한 개발 도구

• 개발자: 기존 이벤트 핸들러에 검증을 위한 상태 업데이트 기능 추가 (VeriSafe 라이브러리 이용)


• VeriSafe 라이브러리: 요청을 실행하기 전 미리 행동 결과를 검증한 후 결과에 따라 수행

20

기존 이벤트 핸들러

검증기

상태 전환

검증 결과
이벤트

VeriSafe 라이브러리

앱
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평가

• 벤치마크


• LlamaTouch [UIST’24]: 간단한 실행 작업 (125개)


• Challenge (자체 제작): 복잡한 실행 작업 (25개)


• 모델: GPT-4o


• 대조군: LLM 기반 자가 검증 에이전트

21
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정확도

22
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피드백의 효능
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0
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Agent w\o 
Feedback

Reflection 
before Action

Reflection 
after Action

VSA 
w\o Memory
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검증 비용

24

O(# steps)
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두 가지 적용 사례

25

믿을만한 모바일 AI 에이전트 
[Mobicom’25]

믿을만한 코딩 AI 에이전트 
[PLDI’26]
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AI 코딩 에이전트의 문제점

• “맞는 것 같은” 코드를 빈번하게 생성


• 대놓고 틀린 코드보다 탐지하기 훨씬 어려움


• 개발자들이 생각하는 AI 코딩도구의 제일 심각한 문제점 (개발자 66%)*


• 프로토타입으로는 훌륭, 배포용으로는 뭘 믿고?


• SW동작을 개발자도 모름


• 예: Tea 해킹 사건 (사진 7만개 + 신분증 1만개 + 메세지 110만건 유출)**

26

*2025 Stack Overflow developer survey

**Tea app: I joined for safety. Then my address was leaked and shared. BBC News



/ 82

믿을만한 코딩 에이전트

• 개발자의 “바이브”를 엄밀하고 검증 가능한 SW명세로 자동 변환 (즉, 논리식)


• 바이브: “리스트를 입력으로 받아서 정렬된 리스트를 반환하는 함수를 만들어 줘”


• 논리식: 


• 자연어 명세  논리식 명세 일관성: 개발자가 확인


• 쉽고 간결한 논리식 기술 필요


• 논리식 명세  코드 일관성: 자동 확인


• 기존 코드 분석/검증 기술 활용 (정적 분석, 테스팅, 엄밀 검증 등)

∀l . Sorted( f(l)) ∧ Permutation(l, f(l))

↔

↔

27
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예제

28

Depot is a rectangular checkered field of n x m 
size. Each cell in a field can be empty (".") or it 
can be occupied by a wall ("*"). You have one 
bomb. If you lay the bomb at the cell (x, y), 
then after triggering it will wipe out all walls in 
the row x and all walls in the column y. You are 
to determine if it is possible to wipe out all 
walls in the depot by placing and triggering 
exactly one bomb. The bomb can be laid both 
in an empty cell or in a cell occupied by a wall. 

Example: 
Input: (1,1,[["*"]]) 
Output: (True, 1, 1)

https://github.com/hendrycks/apps

https://codeforces.com/problemset/problem/699/B

(의도는 이런것)

https://github.com/hendrycks/apps
https://codeforces.com/problemset/problem/699/B
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순수 LLM 기반 명세 번역의 문제점

29

Depot is a rectangular checkered field of n x m 
size. Each cell in a field can be empty (".") or it 
can be occupied by a wall ("*"). You have one 
bomb. If you lay the bomb at the cell (x, y), 
then after triggering it will wipe out all walls in 
the row x and all walls in the column y. You are 
to determine if it is possible to wipe out all 
walls in the depot by placing and triggering 
exactly one bomb. The bomb can be laid both 
in an empty cell or in a cell occupied by a wall. 

Example: 
Input: (1,1,[["*"]]) 
Output: (True, 1, 1)

https://github.com/hendrycks/apps

https://codeforces.com/problemset/problem/699/B

• 너무 단순한 명세(자명하게 참): 



• 너무 복잡한 명세: 중복, 불필요한 코드, …


• 이해하기 어려움


• 틀린 명세


• 문법/타입 오류, 논리 모순, 명세 불일치, 등

possible → (1 ≤ y ≤ n) ∧ (1 ≤ x ≤ m)

https://github.com/hendrycks/apps
https://codeforces.com/problemset/problem/699/B
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Expecto: 명세 번역 시스템

30

Depot is a rectangular checkered field of n x m size. Each cell in a field can be empty (".") or it can be occupied 
by a wall ("*"). You have one bomb. If you lay the bomb at the cell (x, y), then after triggering it will wipe out all 
walls in the row x and all walls in the column y. You are to determine if it is possible to wipe out all walls in the 
depot by placing and triggering exactly one bomb. The bomb can be laid both in an empty cell or in a cell 
occupied by a wall. 

Example: 
Input: (1,1,[["*"]]) 
Output: (True, 1, 1)
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E!"#$%&: Extracting Formal Specifications from Natural Language Description for Trustworthy Oracles 3

Depot is a rectangular checkered field of n → m size. Each cell in a field can be empty (".") or it can be
occupied by a wall ("*"). You have one bomb. If you lay the bomb at the cell (x, y), then after triggering
it will wipe out all walls in the row x and all walls in the column y. You are to determine if it is possible
to wipe out all walls in the depot by placing and triggering exactly one bomb. The bomb can be laid
both in an empty cell or in a cell occupied by a wall.
Example
Input: (1,1,[["*"]])
Output: (True, 1, 1)

(a)

Spec(n, m, depot, possible, x, y) ↑
(
possible ↓

(
ValidPos(x, y, n,m) ↔WipesAll(𝐿,𝑀,𝑁,𝑂, depot)

) )
↔(

¬possible ↓ (↗𝑃 , 𝑄 .ValidPos(𝑃 , 𝑄,𝑁,𝑂) ↓ ¬WipesAll(𝑃 , 𝑄,𝑁,𝑂, depot)
)

ValidPos(r, c, n, m) ↑ (1 ↘ r ↘ n) ↔ (1 ↘ c ↘ m)
WipesAll(r, c, n, m, depot) ↑ ↗𝑅, 𝑆 .IsWall(𝑅, 𝑆,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↓

(
(𝑅 + 1 = r) ≃ ( 𝑆 + 1 = c)

)
IsWall(𝑃 , 𝑄,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↑ (0 ↘ 𝑃 < n) ↔ (0 ↘ 𝑄 < m) ↔ (depot[𝑃 ] [𝑄] = “ ⇐ ”)

(b)

Fig. 1. A problem statement in natural language (a) and its formal specification extracted by E!"#$%& (b)

Such problem statements often contain multiple hierarchical constraints with tricky logical
relationships among them. For instance, according to the provided input-output example, the
problem assumes the 1-based indexing for the depot cells like matrix notation in mathematics
(ValidPos). However, the actual implementation and machine-checkable speci!cations typically use
0-based indexing, like array notation in programming languages (WipesAll and IsWall).
Existing work often fails to correctly formalize such complex speci!cations. State-of-the-art

techniques, such as NL2P!"#$!%& [8], attempt to generate the entire formal speci!cation in one
shot. Such monolithic approaches typically incur signi!cant reasoning burden on LLMs, leading to
incorrect or incomplete speci!cations.
For example, Fig. 2(a) shows a formal speci!cation generated by NL2P!"#$!%& [8] in the form

of an assertion statement in Python. Their approach merely relies on prompt engineering to guide
the model to generate the entire speci!cation. The !rst assertion of Fig. 2(a) is generated by their
“base” prompting strategy. While e"ective for simple tasks, this monolithic approach struggles
with complex speci!cations that involve multiple hierarchical constraints. The red-colored parts
in the speci!cation indicate errors where the generated speci!cation does not align with the
intended functionality. The !rst error should be replaced with the condition in the green-colored
part, and the second error should be removed entirely. To handle the complexity, NL2P!"#$!%&
introduces another prompting strategy called “simple”, which is shown in the second assertion of
Fig. 2(a). However, this strategy produces a too weak speci!cation that fails to capture the intended
functionality.
On the other hand, E’()$#! generates a correct formal speci!cation shown in Fig. 2(b). The

speci!cation is written in our domain-speci!c language (DSL). The DSL is inspired by veri!cation-
aware programming languages such as Dafny [14]. This allows E’()$#! to express complex
functional requirements concisely and unambiguously.

E’()$#! generates speci!cations in a top-down and modular manner. Predicate Spec at the top
level captures the overall functionality by composing two sub-constraints, ValidPos and WipesAll.
Each of the sub-constraints is de!ned independently. This allows LLMs to focus on one small
piece of the speci!cation at a time, signi!cantly reducing the reasoning complexity. The generated
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Depot is a rectangular checkered field of n → m size. Each cell in a field can be empty (".") or it can be
occupied by a wall ("*"). You have one bomb. If you lay the bomb at the cell (x, y), then after triggering
it will wipe out all walls in the row x and all walls in the column y. You are to determine if it is possible
to wipe out all walls in the depot by placing and triggering exactly one bomb. The bomb can be laid
both in an empty cell or in a cell occupied by a wall.
Example
Input: (1,1,[["*"]])
Output: (True, 1, 1)

(a)

Spec(n, m, depot, possible, x, y) ↑
(
possible ↓

(
ValidPos(x, y, n,m) ↔WipesAll(𝐿,𝑀,𝑁,𝑂, depot)

) )
↔(

¬possible ↓ (↗𝑃 , 𝑄 .ValidPos(𝑃 , 𝑄,𝑁,𝑂) ↓ ¬WipesAll(𝑃 , 𝑄,𝑁,𝑂, depot)
)

ValidPos(r, c, n, m) ↑ (1 ↘ r ↘ n) ↔ (1 ↘ c ↘ m)
WipesAll(r, c, n, m, depot) ↑ ↗𝑅, 𝑆 .IsWall(𝑅, 𝑆,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↓

(
(𝑅 + 1 = r) ≃ ( 𝑆 + 1 = c)

)
IsWall(𝑃 , 𝑄,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↑ (0 ↘ 𝑃 < n) ↔ (0 ↘ 𝑄 < m) ↔ (depot[𝑃 ] [𝑄] = “ ⇐ ”)

(b)

Fig. 1. A problem statement in natural language (a) and its formal specification extracted by E!"#$%& (b)

Such problem statements often contain multiple hierarchical constraints with tricky logical
relationships among them. For instance, according to the provided input-output example, the
problem assumes the 1-based indexing for the depot cells like matrix notation in mathematics
(ValidPos). However, the actual implementation and machine-checkable speci!cations typically use
0-based indexing, like array notation in programming languages (WipesAll and IsWall).
Existing work often fails to correctly formalize such complex speci!cations. State-of-the-art

techniques, such as NL2P!"#$!%& [8], attempt to generate the entire formal speci!cation in one
shot. Such monolithic approaches typically incur signi!cant reasoning burden on LLMs, leading to
incorrect or incomplete speci!cations.
For example, Fig. 2(a) shows a formal speci!cation generated by NL2P!"#$!%& [8] in the form

of an assertion statement in Python. Their approach merely relies on prompt engineering to guide
the model to generate the entire speci!cation. The !rst assertion of Fig. 2(a) is generated by their
“base” prompting strategy. While e"ective for simple tasks, this monolithic approach struggles
with complex speci!cations that involve multiple hierarchical constraints. The red-colored parts
in the speci!cation indicate errors where the generated speci!cation does not align with the
intended functionality. The !rst error should be replaced with the condition in the green-colored
part, and the second error should be removed entirely. To handle the complexity, NL2P!"#$!%&
introduces another prompting strategy called “simple”, which is shown in the second assertion of
Fig. 2(a). However, this strategy produces a too weak speci!cation that fails to capture the intended
functionality.
On the other hand, E’()$#! generates a correct formal speci!cation shown in Fig. 2(b). The

speci!cation is written in our domain-speci!c language (DSL). The DSL is inspired by veri!cation-
aware programming languages such as Dafny [14]. This allows E’()$#! to express complex
functional requirements concisely and unambiguously.

E’()$#! generates speci!cations in a top-down and modular manner. Predicate Spec at the top
level captures the overall functionality by composing two sub-constraints, ValidPos and WipesAll.
Each of the sub-constraints is de!ned independently. This allows LLMs to focus on one small
piece of the speci!cation at a time, signi!cantly reducing the reasoning complexity. The generated
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functional requirements concisely and unambiguously.

E’()$#! generates speci!cations in a top-down and modular manner. Predicate Spec at the top
level captures the overall functionality by composing two sub-constraints, ValidPos and WipesAll.
Each of the sub-constraints is de!ned independently. This allows LLMs to focus on one small
piece of the speci!cation at a time, signi!cantly reducing the reasoning complexity. The generated

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

E!"#$%&: Extracting Formal Specifications from Natural Language Description for Trustworthy Oracles 3

Depot is a rectangular checkered field of n → m size. Each cell in a field can be empty (".") or it can be
occupied by a wall ("*"). You have one bomb. If you lay the bomb at the cell (x, y), then after triggering
it will wipe out all walls in the row x and all walls in the column y. You are to determine if it is possible
to wipe out all walls in the depot by placing and triggering exactly one bomb. The bomb can be laid
both in an empty cell or in a cell occupied by a wall.
Example
Input: (1,1,[["*"]])
Output: (True, 1, 1)

(a)

Spec(n, m, depot, possible, x, y) ↑
(
possible ↓

(
ValidPos(x, y, n,m) ↔WipesAll(𝐿,𝑀,𝑁,𝑂, depot)

) )
↔(

¬possible ↓ (↗𝑃 , 𝑄 .ValidPos(𝑃 , 𝑄,𝑁,𝑂) ↓ ¬WipesAll(𝑃 , 𝑄,𝑁,𝑂, depot)
)

ValidPos(r, c, n, m) ↑ (1 ↘ r ↘ n) ↔ (1 ↘ c ↘ m)
WipesAll(r, c, n, m, depot) ↑ ↗𝑅, 𝑆 .IsWall(𝑅, 𝑆,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↓

(
(𝑅 + 1 = r) ≃ ( 𝑆 + 1 = c)

)
IsWall(𝑃 , 𝑄,𝑁,𝑂,𝑇𝑈𝑉𝑊𝑋) ↑ (0 ↘ 𝑃 < n) ↔ (0 ↘ 𝑄 < m) ↔ (depot[𝑃 ] [𝑄] = “ ⇐ ”)

(b)

Fig. 1. A problem statement in natural language (a) and its formal specification extracted by E!"#$%& (b)

Such problem statements often contain multiple hierarchical constraints with tricky logical
relationships among them. For instance, according to the provided input-output example, the
problem assumes the 1-based indexing for the depot cells like matrix notation in mathematics
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shot. Such monolithic approaches typically incur signi!cant reasoning burden on LLMs, leading to
incorrect or incomplete speci!cations.
For example, Fig. 2(a) shows a formal speci!cation generated by NL2P!"#$!%& [8] in the form

of an assertion statement in Python. Their approach merely relies on prompt engineering to guide
the model to generate the entire speci!cation. The !rst assertion of Fig. 2(a) is generated by their
“base” prompting strategy. While e"ective for simple tasks, this monolithic approach struggles
with complex speci!cations that involve multiple hierarchical constraints. The red-colored parts
in the speci!cation indicate errors where the generated speci!cation does not align with the
intended functionality. The !rst error should be replaced with the condition in the green-colored
part, and the second error should be removed entirely. To handle the complexity, NL2P!"#$!%&
introduces another prompting strategy called “simple”, which is shown in the second assertion of
Fig. 2(a). However, this strategy produces a too weak speci!cation that fails to capture the intended
functionality.
On the other hand, E’()$#! generates a correct formal speci!cation shown in Fig. 2(b). The

speci!cation is written in our domain-speci!c language (DSL). The DSL is inspired by veri!cation-
aware programming languages such as Dafny [14]. This allows E’()$#! to express complex
functional requirements concisely and unambiguously.

E’()$#! generates speci!cations in a top-down and modular manner. Predicate Spec at the top
level captures the overall functionality by composing two sub-constraints, ValidPos and WipesAll.
Each of the sub-constraints is de!ned independently. This allows LLMs to focus on one small
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Expecto 시스템 개요

31

사용자 명세 검증기 엄밀한 명세명세 번역기

수정 피드백

자연어 명세
엄밀한 정의 + 
보조 자연어 정의

올바른 엄밀한 정의 + 
보조 자연어 정의

자연어 정의

자연어 정의가 
더 없으면?

• 핵심 아이디어: 


• 하향식 명세 합성: 고수준 개념부터 저수준 개념 순으로 순차적 합성


• 중간 검증: 명세 번역 중간에 올바름을 확인

마저 할일 목록
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하향식 명세 합성 (1)

32

 
     

Spec(n, m, depot, possible, x, y) ≡
(possible → (ValidPos(x, y, n, m) ∧WipesAll(r, c, n, m, depot) ∧

(¬possible → (∀r, c .ValidPos(r, c, n, m) → ¬WipesAll(r, c, n, m, depot)

 : “Depot is a rectangular checkered …”Spec(n, m, depot, possible, x, y)

: “Is (r, c) a valid position?” 
: “Does a bomb at (r,c) clear all the walls?”

ValidPos(r, c, n, m)
WipesAll(r, c, n, m, depot)

명세 번역기(LLM)

마저 할일 목록

(자연어 정의)
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하향식 명세 합성 (2)

33

ValidPos(r, c, n, m) ≡ (1 ≤ r ≤ n) ∧ (1 ≤ c ≤ m)

: “Is (r, c) a valid position?”ValidPos(r, c, n, m)

명세 번역기(LLM)

마저 할일 목록

(자연어 정의)

… (보조 자연어 정의) …

마저 할 일이  
없을 때 까지 
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중간 검증
• 명세를 만드는 도중에 지속적으로 논리적 오류가 있는지 검사


• 개발자가 입출력 예제를 줬다면? 예제에 부합하는지 검사


• 입출력 예제가 없다면? 최소 논리적 모순은 없는지 검사

34

Example: 
Input: (1,1,[["*"]]) 
Output: (True, 1, 1)

 
     

 
 

 : “Does a bomb at (r,c) clear all the walls?”

Spec(n, m, depot, possible, x, y) ≡
(possible → (ValidPos(x, y, n, m) ∧WipesAll(x, y, n, m, depot) ∧
(¬possible → (∀r, c .ValidPos(r, c, n, m) → ¬WipesAll(r, c, n, m, depot)

ValidPos(r, c, n, m) ≡ (0 ≤ r ≤ n) ∧ (0 ≤ c ≤ m)

WipesAll(r, c, n, m, depot)

+

    (true → (0 ≤ 1 < 1) ∧ (0 ≤ 1 < 1) ∧WipeAll(1,1,1,1,[[′￼*′￼]])) ∧ …

아직 미정의 함수(uninterpreted func):  
아무 함수가 될 가능성 고려입출력 맞지 않음

ValidPos(r, c, n, m) ≡ (1 ≤ r ≤ n) ∧ (1 ≤ c ≤ m)
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실험 환경

• 모델: GPT-4.1-mini


• 벤치마크


• HumanEval+: 간단한 알고리즘 문제


• APPS: 복잡한 알고리즘 문제


• Defects4j: 실제 오픈소스 Java 프로그램에 있는 오류 모음


• 비교: NL2Postcond [FSE’24]


• 순수 LLM 기반


• 두가지 모드: Base(최대한 자세히), Simple(최대한 간단히)

35
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평가 지표

• 안전성(Soundness): 잘못된 입출력을, 틀렸다고 판단하는가?


• 단순무식 안전명세: False


• 완전성(Completeness): 올바른 입출력을, 맞다고 판단하는가?


• 단순무식 완전명세: True

36
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명세 생성 능력

37
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현실 오류 탐지 성능

• Defects4j: 실제 자바 프로그램에 등장했던 오류 모음


• 자연어 명세: 오류가 있는 함수의 주석


• 평가: 만든 논리 명세가 올바른/오류 테스트를 구분할 수 있는가?

38
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/**

* Returns an exact representation of the Binomial Coefficient, !n choose k!,

* the number of k-element subsets that can be selected from an n-element set.

* * Preconditions:

* - 0 <= k <= n (otherwise IllegalArgumentException is thrown)

* - The result is small enough to fit into a long. The largest value of n

* for which all coefficients are < Long.MAX_VALUE is 66. If the computed

* value exceeds Long.MAX_VALUE an ArithmeticException is thrown.

* @param n the size of the set

* @param k the size of the subsets to be counted

* @return n choose k

* @throws IllegalArgumentException if preconditions are not met.

* @throws ArithmeticException if the result is too large to be represented by a long integer.

*/

public static long binomialCoefficient(final int n, final int k) {

if (n < k) throw new IllegalArgumentException(!must have n >= k for binomial coefficient (n,k)!);

if (n < 0) throw new IllegalArgumentException(!must have n >= 0 for binomial coefficient (n,k)!);

if ((n == k) || (k == 0)) return 1;

if ((k == 1) || (k == n - 1)) return n;

long result = Math.round(binomialCoefficientDouble(n, k));

if (result == Long.MAX_VALUE) throw new ArithmeticException(!result too large to represent in a long integer!);

return result;

}

(a)

def Spec(param: record[k: int, n: int], entry_self: option[nonetype],

exit_self: option[nonetype], ret: option[int]) -> bool {

var n, k = param.n, param.k;

var valid_input: bool = n >= 0 → 0 <= k → k <= n → n <= 66;

valid_input ==> (is_some(ret) → unwrap(ret) == BinomialCoefficient(n, k) → unwrap(ret) >= 0) →
¬valid_input ==> is_none(ret)

}

def BinomialCoefficient(n: int, k: int) -> int { Factorial(n) / (Factorial(k) * Factorial(n - k)) }

def Factorial(x: int) -> int { if x == 0 then 1 else product([1 .. x]) }

(b)

// Specification generated by the Base strategy of NL2Postcond

assert (0 <= k && k <= n) && ( (k == 0 || k == n) ? (returnValue == 1) : (k == 1 || k == n - 1) ?

(returnValue == n) : returnValue == factorial(n) / (factorial(k) * factorial(n - k)) );

// Specification generated by the Simple strategy of NL2Postcond

assert returnValue >= 1;

(c)

Fig. 12. A buggy method from Defects4J (Math-92) (a), a bug-detectable specification generated by E!"#$%&
(b), and an insu!icient specification generated by NL2P&’%$&() (c).

5 Related Work
Autoformalization. There has been growing interest in converting natural language descriptions

into formal speci!cations, a process often referred to as autoformalization. Initially developed
in the context of mathematics [10, 26, 31], researchers have since explored this technique across
various domains including mobile AI agents [13, 24], temporal logic [6], and code generation [8].
However, most of the existing techniques heavily rely on the reasoning capabilities of LLMs using
prompt engineering or retrieval-augmented generation (RAG). In contrast, E!"#$%& introduces a
systematic approach that gradually re!nes speci!cations through a top-down synthesis process.
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정리

• 논리-직관 융합 AI: 대 에이전트 시대의 필수 요소


• 논리: 프로그래밍언어, 전산 논리 분야에 오래 축적된 검증 기술


• 직관: 애매한 자연어를 엄밀한 논리식으로 변환하는 능력


• 이제 두 발자국: 모바일 에이전트 행동 검증, SW 명세 자동 변환


• 더 나아갈 방향: 


• 시스템 프로그래밍 명세/코드/증명 생성 자동화


• SW검증 특화 언어 모델 학습

39

“An AI system can create and maintain knowledge only 
to the extent that it can verify that knowledge itself.” 

- R. Sutton (2024 튜링상 수상자)  
“Verification, The Key to AI”, 2001


