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Dining Philosophers 문
제

• 식사하는 철학자들 문제는 동시성과 
교착상태를 설명하는 예시

!

• 여러 프로세스의 교착 상태 원인을 직
관적으로 알기 쉬움



Dining Philosophers 구현

• 주요 로직
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MODULE philosopher(lfork, rfork) 
  VAR 
    phil: {ready, rwait, lwait, eat}; 
  ASSIGN 
    init(phil) := ready; 
    next(lfork) := case 
      phil != eat & lfork = usable : unusable; 
      phil = eat & lfork = unusable : usable; 
      TRUE: lfork; 
    esac; 
    next(rfork) := case 
      phil != eat & rfork = usable : unusable; 
      phil = eat & rfork = unusable : usable; 
      TRUE : rfork; 
    esac; 
    next(phil) := case 
      (phil = ready & lfork = usable & rfork = usable) | (phil = rwait & rfork = usable & lfork = 
unusable) | (phil = lwait & lfork = usable & rfork = unusable) : eat; 
      phil = ready & lfork = unusable & rfork = usable : lwait; 
      phil = ready & lfork = usable & rfork = unusable : rwait; 
      phil = eat: ready; 
      TRUE : phil; 
    esac; 
  FAIRNESS 
    running 

오른쪽 포크를 집기

왼쪽 포크를 집기

철학자의 상태  
업데이트



Dining Philosophers 구현

• 5인
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MODULE main() 
  VAR 
    fork0: {usable, unusable}; 
    fork1: {usable, unusable}; 
    fork2: {usable, unusable}; 
    fork3: {usable, unusable}; 
    fork4: {usable, unusable}; 
    phil0: process philosopher(fork0, fork1); 
    phil1: process philosopher(fork1, fork2); 
    phil2: process philosopher(fork2, fork3); 
    phil3: process philosopher(fork3, fork4); 
    phil4: process philosopher(fork4, fork0); 
  ASSIGN 
    init(fork0) := usable; 
    init(fork1) := usable; 
    init(fork2) := usable; 
    init(fork3) := usable; 
    init(fork4) := usable; 
   
  SPEC AG ((phil0.phil != lwait & phil0.phil != rwait) | (phil1.phil != lwait & phil1.phil != 
rwait) | (phil2.phil != lwait & phil2.phil != rwait) | (phil3.phil != lwait & phil3.phil != 
rwait) | (phil4.phil != lwait & phil4.phil != rwait)); 
  SPEC EF (phil0.phil = lwait & phil1.phil = lwait & phil2.phil = lwait & phil3.phil = lwait & 
phil4.phil = lwait); 
  SPEC EF (phil0.phil = rwait & phil1.phil = rwait & phil2.phil = rwait & phil3.phil = rwait & 
phil4.phil = rwait); 
  SPEC AG (phil0.phil != eat -> AF (phil0.phil = eat));

5개 포크 생성

5명 철학자에 대해서 포크를 할당

5개 포크 초기화

데드락이 걸리는지 
검증

한명은 절대 못먹는 검증



Dining Philosophers 구현

• 검증 실행
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데드락이 걸린다!!!



• 검증 실행
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철학자가 스파게티를 못 먹는다!!

Dining Philosophers 구현



Dining Philosophers 구현

• 검증 실행 

• 실행 시간: 0.3초 

• 아직까지는 잘 돌아간다…
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Dining Philosophers 구현

• 10인
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MODULE main() 
  VAR 
    fork0: {usable, unusable}; 
    fork1: {usable, unusable}; 
    fork2: {usable, unusable}; 
    fork3: {usable, unusable}; 
    fork4: {usable, unusable}; 
    fork5: {usable, unusable}; 
    fork6: {usable, unusable}; 
    fork7: {usable, unusable}; 
    fork8: {usable, unusable}; 
    fork9: {usable, unusable}; 
    phil0: process philosopher(fork0, fork1); 
    phil1: process philosopher(fork1, fork2); 
    phil2: process philosopher(fork2, fork3); 
    phil3: process philosopher(fork3, fork4); 
    phil4: process philosopher(fork4, fork5); 
    phil5: process philosopher(fork5, fork6); 
    phil6: process philosopher(fork6, fork7); 
    phil7: process philosopher(fork7, fork8); 
    phil8: process philosopher(fork8, fork9); 
    phil9: process philosopher(fork9, fork0); 
  ASSIGN 
    init(fork0) := usable; 
    init(fork1) := usable; 
    init(fork2) := usable; 
    init(fork3) := usable; 
    init(fork4) := usable; 
    init(fork5) := usable; 
    init(fork6) := usable; 
    init(fork7) := usable; 
    init(fork8) := usable; 
    init(fork9) := usable;

10개 포크 생성

10명 철학자에 대해서 포크를 할당

10개 포크 초기화



Dining Philosophers 구현

• 10인 검증 코드

10

  SPEC AG ((phil0.phil != lwait & phil0.phil != rwait) | (phil1.phil != lwait & 
phil1.phil != rwait) | (phil2.phil != lwait & phil2.phil != rwait) | (phil3.phil != lwait & 
phil3.phil != rwait) | (phil4.phil != lwait & phil4.phil != rwait) | (phil5.phil != lwait & 
phil5.phil != rwait) | (phil6.phil != lwait & phil6.phil != rwait) | (phil7.phil != lwait & 
phil7.phil != rwait) | (phil8.phil != lwait & phil8.phil != rwait) | (phil9.phil != lwait & 
phil9.phil != rwait)); 
  SPEC EF (phil0.phil = lwait & phil1.phil = lwait & phil2.phil = lwait & phil3.phil = 
lwait & phil4.phil = lwait & phil5.phil = lwait & phil6.phil = lwait & phil7.phil = lwait & 
phil8.phil = lwait & phil9.phil = lwait); 
  SPEC EF (phil0.phil = rwait & phil1.phil = rwait & phil2.phil = rwait & phil3.phil = 
rwait & phil4.phil = rwait & phil5.phil = rwait & phil6.phil = rwait & phil7.phil = rwait & 
phil8.phil = rwait & phil9.phil = rwait); 
  SPEC AG (phil0.phil != eat -> AF (phil0.phil = eat));

데드락이 걸리는지 
검증

한명은 절대 못먹는 검증



Dining Philosophers 구현

• 검증 실행 

• 실행 시간: 9.463초 

• 힘들어하기 시작한다
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Dining Philosophers 구현

• 15인
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MODULE main() 
  VAR 
    fork0: {usable, unusable}; 
    fork1: {usable, unusable}; 
    fork2: {usable, unusable}; 
    fork3: {usable, unusable}; 
    fork4: {usable, unusable}; 
    fork5: {usable, unusable}; 
    fork6: {usable, unusable}; 
    fork7: {usable, unusable}; 
    fork8: {usable, unusable}; 
    fork9: {usable, unusable}; 
    fork10: {usable, unusable}; 
    fork11: {usable, unusable}; 
    fork12: {usable, unusable}; 
    fork13: {usable, unusable}; 
    fork14: {usable, unusable}; 
    phil0: process philosopher(fork0, fork1); 
    phil1: process philosopher(fork1, fork2); 
    phil2: process philosopher(fork2, fork3); 
    phil3: process philosopher(fork3, fork4); 
    phil4: process philosopher(fork4, fork5); 
    phil5: process philosopher(fork5, fork6); 
    phil6: process philosopher(fork6, fork7); 
    phil7: process philosopher(fork7, fork8); 
    phil8: process philosopher(fork8, fork9); 
    phil9: process philosopher(fork9, fork10); 
    phil10: process philosopher(fork10, fork11); 
    phil11: process philosopher(fork11, fork12); 
    phil12: process philosopher(fork12, fork13); 
    phil13: process philosopher(fork13, fork14); 
    phil14: process philosopher(fork14, fork0); 

15개 포크 생성

15명 철학자에 대해서 포크를 할당



Dining Philosophers 구현

• 15인 검증 코드
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  SPEC AG ((phil0.phil != lwait & phil0.phil != rwait) | (phil1.phil != lwait & 
phil1.phil != rwait) | (phil2.phil != lwait & phil2.phil != rwait) | (phil3.phil != lwait & 
phil3.phil != rwait) | (phil4.phil != lwait & phil4.phil != rwait) | (phil5.phil != lwait & 
phil5.phil != rwait) | (phil6.phil != lwait & phil6.phil != rwait) | (phil7.phil != lwait & 
phil7.phil != rwait) | (phil8.phil != lwait & phil8.phil != rwait) | (phil9.phil != lwait & 
phil9.phil != rwait) | (phil10.phil != lwait & phil10.phil != rwait) | (phil11.phil != 
lwait & phil11.phil != rwait) | (phil12.phil != lwait & phil12.phil != rwait) | 
(phil13.phil != lwait & phil13.phil != rwait) | (phil14.phil != lwait & phil14.phil != 
rwait)); 
  SPEC EF (phil0.phil = lwait & phil1.phil = lwait & phil2.phil = lwait & phil3.phil = 
lwait & phil4.phil = lwait & phil5.phil = lwait & phil6.phil = lwait & phil7.phil = lwait & 
phil8.phil = lwait & phil9.phil = lwait & phil10.phil = lwait & phil11.phil = lwait & 
phil12.phil = lwait & phil13.phil = lwait & phil4.phil = lwait); 
  SPEC EF (phil0.phil = rwait & phil1.phil = rwait & phil2.phil = rwait & phil3.phil = 
rwait & phil4.phil = rwait & phil5.phil = rwait & phil6.phil = rwait & phil7.phil = rwait & 
phil8.phil = rwait & phil9.phil = rwait & phil10.phil = rwait & phil11.phil = rwait & 
phil12.phil = rwait & phil13.phil = rwait & phil14.phil = rwait); 
  SPEC AG (phil0.phil != eat -> AF (phil0.phil = eat));

데드락이 걸리는지 
검증

한명은 절대 못먹는 검증



Dining Philosophers 구현

• 검증 실행 

• States: 약 700만개 

• 실행이 불가능하다!!
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