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FigureFigure 11:: Some simple proof tasksSome simple proof tasks

  
Ex 1 (Variante 1)Ex 1 (Variante 1)

  
avec la preuve du contrainte:avec la preuve du contrainte:
     x ⩽ 0 → y⩽2[y     x ⩽ 0 → y⩽2[y ]]↦↦ xx++ 22

≡   x ⩽ 0 -→ x+2 ⩽ 2≡   x ⩽ 0 -→ x+2 ⩽ 2  
≡   x ⩽ 0 -→ x ⩽ 0≡   x ⩽ 0 -→ x ⩽ 0  
≡   True≡   True
  
Ex 1 Variante 2)Ex 1 Variante 2)

avec la preuve du contrainte (*):avec la preuve du contrainte (*):
    y⩽2[y    y⩽2[y ]]↦↦ xx++ 22

≡   x+2 ⩽ 2≡   x+2 ⩽ 2  
≡   x ⩽ 0≡   x ⩽ 0  
  
  
Ex 2Ex 2
  

|- {x ⩽ 0} y := x+2 {y⩽2}|- {x ⩽ 0} y := x+2 {y⩽2}

x ⩽ 0 → y⩽2[yx ⩽ 0 → y⩽2[y ]]↦↦ xx++ 22 |- {y⩽2[y|- {y⩽2[y ]} y:= x+2{y⩽2} ]} y:= x+2{y⩽2} ↦↦ xx++ 22
y ⩽ 2 → y⩽2y ⩽ 2 → y⩽2(ass)(ass)

(cons)(cons)

|- {x⩽0} y:= x+2{y⩽2} |- {x⩽0} y:= x+2{y⩽2} 
(ass)*(ass)*



avec la preuve du contrainte (*):avec la preuve du contrainte (*):
    x ⩽ 0 → x<0[x    x ⩽ 0 → x<0[x ]]↦↦ xx -- 11

≡   x ⩽ 0 → x-1<0≡   x ⩽ 0 → x-1<0
≡   x ⩽ 0 → x<1≡   x ⩽ 0 → x<1
≡   True≡   True
  
Ex 3Ex 3
  

avec la preuve du contrainte (*):avec la preuve du contrainte (*):
   x⩾-1    x⩾-1 x⩾ 0 → x⩾-1[xx⩾ 0 → x⩾-1[x x-1]x-1]∧∧   ↦↦

≡ x⩾-1 ≡ x⩾-1 x⩾ 0 →  x-1 ⩾ -1x⩾ 0 →  x-1 ⩾ -1∧∧   

≡ x⩾ 0 → ≡ x⩾ 0 →  ⩾ 0 ⩾ 0xx

≡ True≡ True
  
et la preuve du contrainte (**)et la preuve du contrainte (**)
      (x⩾0) (x⩾0) x⩾-1  → x = -1x⩾-1  → x = -1⫬⫬ ∧∧   

≡ x < 0 ≡ x < 0 x⩾-1  → x = -1x⩾-1  → x = -1∧∧   

≡ True≡ True
  
Ex 4Ex 4
  

|- {x⩽0} x:= x-1{x<0} |- {x⩽0} x:= x-1{x<0} 

x ⩽ 0 → x<0[xx ⩽ 0 → x<0[x ]]↦↦ xx -- 11 |- {x<0[x|- {x<0[x ]} x:= x-1{x<0} ]} x:= x-1{x<0} ↦↦ xx -- 11
x<0 → x <0 x<0 → x <0 (ass)(ass)

(cons)(cons)
(*)(*)

|- {x⩾0} WHILE x⩾ 0 DO x := x-1 {x=-1} |- {x⩾0} WHILE x⩾ 0 DO x := x-1 {x=-1} 
(cons)(cons)

x ⩾ 0 → x⩾-1x ⩾ 0 → x⩾-1 |- {x⩾-1} WHILE x⩾ 0 DO x := x-1 {|- {x⩾-1} WHILE x⩾ 0 DO x := x-1 { (x⩾0) (x⩾0) x⩾-1} x⩾-1} ⫬⫬ ∧∧   

(x⩾0) (x⩾0) x⩾-1 x⩾-1 ⫬⫬ ∧∧   

→ x = -1→ x = -1

(while)(while)

|- {x⩾-1[x|- {x⩾-1[x ] } x := x-1 {x⩾-1} ] } x := x-1 {x⩾-1} ↦↦ xx -- 11 (cons)(cons)x⩾-1 x⩾-1 x⩾ 0 → x⩾-1[xx⩾ 0 → x⩾-1[x ]]∧∧   ↦↦ xx -- 11 x⩾-1 → x⩾-1x⩾-1 → x⩾-1

|- {x⩾-1 |- {x⩾-1 x⩾ 0 } x := x-1 {x⩾-1} x⩾ 0 } x := x-1 {x⩾-1} ∧∧   

(ass)(ass)(*)(*)

(**)(**)



  
Abbreviations:Abbreviations:
A ≡ a=xA ≡ a=x - y- y22 22

B ≡ ((A[aB ≡ ((A[a a*b])[ba*b])[b a-2*b])[aa-2*b])[a a+b]a+b]↦↦ ↦↦ ↦↦

  
et la preuve du contrainte (*)et la preuve du contrainte (*)
     a=x      a=x b=y → Bb=y → B∧∧   

≡   a=x ≡   a=x b=y → ((A[a b=y → ((A[a a*b])[b a*b])[b a-2*b])[aa-2*b])[a a+b])a+b])∧∧   ↦↦ ↦↦ ↦↦

≡   a=x ≡   a=x b=y →  ((a*b=xb=y →  ((a*b=x - y- y )[b)[b a-2*b])[aa-2*b])[a a+b])a+b])  ∧∧   
22 22

↦↦ ↦↦

≡   a=x ≡   a=x b=y →  (a*(a-2*b)=xb=y →  (a*(a-2*b)=x - y- y )[a)[a a+b]a+b]  ∧∧   
22 22

↦↦

≡   a=x ≡   a=x b=y →  (a+b)*((a+b)-2*b)=xb=y →  (a+b)*((a+b)-2*b)=x - y- y∧∧   
22 22

≡   a=x ≡   a=x b=y →  ab=y →  a  + 2ab + b + 2ab + b  - 2ab - 2*b - 2ab - 2*b  = x = x  - y - y∧∧   
22 22 22 22 22

≡   a=x ≡   a=x b=y →  ab=y →  a  -  b -  b  = x = x  - y - y   ∧∧   
22 22 22 22

≡   True≡   True
  
Ex 5Ex 5
  

  

|- {a=x |- {a=x b=y}  a:=a+b; b:=a-2*b; a:=a*b {A}b=y}  a:=a+b; b:=a-2*b; a:=a*b {A}∧∧   

(cons)(cons)
a=x a=x b=y → Bb=y → B∧∧   A → AA → A|- {B}  a:=a+b; b:=a-2*b; a:=a*b {A}|- {B}  a:=a+b; b:=a-2*b; a:=a*b {A}

(seq)(seq)
|- {B}  a:=a+b; b:=a-2*b {A[a|- {B}  a:=a+b; b:=a-2*b {A[a a*b]}a*b]}↦↦ |- {A[a|- {A[a a*b]} a:=a*b {A}a*b]} a:=a*b {A}↦↦

(ass)(ass)(seq)(seq)

|- {B}  a:=a+b {(A[a|- {B}  a:=a+b {(A[a a*b])[ba*b])[b a-2*b]}a-2*b]}↦↦ ↦↦ |- {(A[a|- {(A[a a*b])[ba*b])[b a-2*b]} b:=a-2*b{A[aa-2*b]} b:=a-2*b{A[a a*b]}a*b]}↦↦ ↦↦ ↦↦
(ass)(ass)(aff)(aff)

(*)(*)

|- {i = 8} WHILE i < 5 DO ...  {i⩾5}|- {i = 8} WHILE i < 5 DO ...  {i⩾5}
(cons)(cons)i=8 → i=8i=8 → i=8 |- {i = 8} WHILE i < 5 DO ...  {i⩾5 |- {i = 8} WHILE i < 5 DO ...  {i⩾5  i=8} i=8}∧∧   i⩾5 i⩾5  i=8 → i⩾5 i=8 → i⩾5∧∧   

|- {i = 8 |- {i = 8  i < 5}  ...  {i=8} i < 5}  ...  {i=8}∧∧

(falseE)(falseE)

(while)(while)


