
http://research.nii.ac.jp/~f-ishikawa/
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https://help.eclipse.org/oxygen/index.jsp?topic=%2Forg.eclipse.ocl.doc%2Fhelp%2FOCLExamplesforUML.html
https://help.eclipse.org/oxygen/index.jsp?topic=%2Forg.eclipse.ocl.doc%2Fhelp%2FOCLExamplesforUML.html
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{A[t/x]} x := t {A}

precondition {a>0∧b>0}
x := a

Postcondition {x>0∧b>0}

{C∧A} P {B}    { C∧A} Q {B}

{A} if C then P else Q fi {B}
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{C∧A} P {A}

{A} while C do P od { C∧A}



◼

◼

wp(x:=t, B) ⇔ B[t/x]

wp(if C then P else Q fi, B) ⇔
(C⇒wp(P,B))∧( C⇒wp(Q,B))
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□ !(A ∧ B)

□ (A ⇒ ◇B)

□ ◇ A
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MACHINE

EventManager(capacity)

CONSTRAINTS

capacity : NAT

SETS

USERS

VARIABLES

registered_users

INVARIANT

registered_users : POW(USERS) &

card(registered_users) <= capacity



INITIALISATION

registered_users := {}

OPERATIONS    

register(user) =

PRE user : USERS & user /: registered_users &

card(registered_users) <= capacity - 1

THEN registered_users := registered_users ¥/ {user}

END

END
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mtype = {p0, p1, p2, none};

mtype fork[3] = none;

active proctype P0(){

do

:: atomic{fork[0] == none -> fork[0] = p0};

atomic{fork[2] == none -> fork[2] = p0};

skip;

fork[2] = none;

fork[0] = none;

od

}
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public class BankAccount {

private /*@ spec_public @*/ int balance;

private /*@ spec_public @*/ static int MIN_BALANCE = 0;

//@ public invariant balance >= MIN_BALANCE;

//@ requires amount > 0;

//@ requires amount <= balance - MIN_BALANCE;

//@ ensures balance == ¥old(balance) - amount;

//@ signals (Exception) amount > balance - MIN_BALANCE;

public void withdraw(int amount) throws Exception{

if (balance - amount < MIN_BALANCE) throw new Exception();

balance = balance - amount;

}

}
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//@ requires a != null;

//@ requires ¥forall int i; 0 <= i && i < a.length - 1; (¥forall int j; i < j && j< a.length; a[i] < a[j]); 

//@ ensures ¥result >= 0 ==> ¥result < a.length && a[¥result] == key;

//@ ensures ¥result < 0 ==> (¥forall int i; 0 <= i && i < a.length; a[i] != key);

public static int binarySearch(int a[], int key) {

int low = 0;

int high = a.length;

//@ maintaining 0 <= low && low <= a.length && 0 <= high && high <= a.length;

//@ maintaining (¥forall int i; 0 <= i && i < low; a[i] < key);

//@ maintaining (¥forall int i; high <= i && i < a.length; a[i] > key);

//@ decreases high - low;

while (low < high) {

int mid = low + (high - low) / 2;

int midVal = a[mid];

if (key < midVal) { high = mid; }

else if (midVal < key) { low = mid + 1; }

else { return mid; // key found}

}

return -low - 1; // key not found.

}



◼

◼

◼

◼

◼

◼

https://frama-c.com/
https://www.openjml.org/
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https://fbinfer.com/
https://research.fb.com/publications/moving-fast-with-software-verification/


◼

◼

◼

◼

◼

◼


	スライド 1: Software Engineering  (5) Formal Methods
	スライド 2: TOC
	スライド 3: V&V
	スライド 4: V&V: Positioning
	スライド 5: TOC
	スライド 6: Rigor and Expressiveness of Models
	スライド 7: Formal Methods
	スライド 8: Simple Example: OCL
	スライド 9: TOC
	スライド 10: Theory for Sequential Programs: Overview
	スライド 11: Theory for Sequential Programs: Hoare Logic (1)
	スライド 12: Theory for Sequential Programs: Hoare Logic (2)
	スライド 13: Theory for Sequential Programs: Weakest Precondition
	スライド 14: Theory for Concurrent Systems: Automata
	スライド 15: Theory for Concurrent Systems: Temporal Logic
	スライド 16: TOC
	スライド 17: TOC
	スライド 18: Formal Specifiction Methods
	スライド 19: Example of Specification in B-Method (1)
	スライド 20: Example of Specification in B-Method (2)
	スライド 21: Verification in B-Method: Theorem Proving
	スライド 22: Verification in B-Method: Refinement
	スライド 23: Application Examples
	スライド 24: TOC
	スライド 25: Difficulties in Concurrency
	スライド 26: Model Checking
	スライド 27: State Transitions of Dinning Philosophers
	スライド 28: Example of Process Description in the SPIN Tool
	スライド 29: TOC
	スライド 30: Code-Level Verification
	スライド 31: Specification on Code: Example (1)
	スライド 32: Specification on Code: Example (2)
	スライド 33: Specification on Code
	スライド 34: Typical Tools for Static Analysis
	スライド 35: Summary

