Variable Declaration

new x. 7- P

1/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

2/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P

3/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P

new x: int: x:=2. y:=x+z

4/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P

new x: int: x:=2. y:=x+z

dx, x":int X'=2 A y =24z A 7=z

5/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P
new x: int- x:=2. y:=x+z

dx, x"sint x'=2 A y =24z A 7=z one-point for x' and idempotent for x

Vv =24z A 7=z

6/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dx,x': T- P
new x: int- x:=2. y:=x+z
dx, x"sint x'=2 A y =24z A 7=z one-point for x' and idempotent for x

Vv =24z A 7=z

new x. int- y:=Xx

7/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dx,x': T- P
new x: int- x:=2. y:=x+z
dx, x"sint x'=2 A y =24z A 7=z one-point for x' and idempotent for x

Vv =24z A 7=z

new x. int- y:=Xx

dx, x": int- x'=x A y'=x A 7=z

8/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P

new x: int- x:=2. y:=x+z
dx, x"sint x'=2 A y =24z A 7=z one-point for x' and idempotent for x

Vv =24z A 7=z
new x. int- y:=Xx

dx, x":int- xX'=x A y'=x A 7=z one-point for x and x’

7=z

9/80



Variable Declaration

new x: 7- P declare local state variable x with type T and scope P

dAx,x': T- P

new x: int- x:=2. y:=x+z
dx, x"sint x'=2 A y =24z A 7=z one-point for x' and idempotent for x

Vv =24z A 7=z

new x. int- y:=Xx

dx, x":int- xX'=x A y'=x A 7=z one-point for x and x’
7=z

new x: int: y.= x—x

10/80



Variable Declaration
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= PAy=ynAZzZ=z

x:=e¢ = framex x' =e¢

ok = frame T
s:=2L <= frame s new n: nat s =2L

s'=2L <=

25/80



Array

A():=e

26/80



Array

Ali]l:=e

27/80



Array

28/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

29/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

30/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

31/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

32/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

33/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3. 1:=2. Ai:=4. Ai=A2

34/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3. 1:=2. Ai:=4. Ai=A2

Substitution Law

35/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3. 1:=2. Ai:=4. Ai=A2

X Substitution Law

36/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3. 1:=2. Ai:=4. Ai=A2

A2:=3.0=2.4=A2

X Substitution Law

37/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.1=2. Ai:=4. Ai=A2
A2:=3.1:=2. 4=A2

X Substitution Law

V Substitution Law

38/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...
A2:=3.0=2. Ai:=4. Ai=A2

A2:=3.0=2.4=A2
A2:=3.4=A2

X Substitution Law

V Substitution Law

39/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...
A2:=3.i:=2. Ai:z=4. Ai=A2

A2:=3.i:=2. 4=A2
A2:=3.4=A2

X Substitution Law
V Substitution Law

X Substitution Law

40/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

X Substitution Law
V Substitution Law

X Substitution Law

41/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1

X Substitution Law
V Substitution Law

X Substitution Law

42/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

X Substitution Law
V Substitution Law

X Substitution Law

43/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2

X Substitution Law
V Substitution Law

X Substitution Law

44/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.i:=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2

X Substitution Law
V Substitution Law

X Substitution Law

X Substitution Law

45/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2
A2:=2. A2=2

X Substitution Law
V Substitution Law

X Substitution Law

X Substitution Law

46/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2
A2:=2. A2=2
2=2

X Substitution Law
V Substitution Law

X Substitution Law

X Substitution Law

X Substitution Law

47/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2
A2:=2. A2=2
2=2

T

X Substitution Law
V Substitution Law

X Substitution Law

X Substitution Law

X Substitution Law

48/80



Array
= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A2:=3.i:=2. Ai:z=4. Ai=A2
A2:=3.0=2.4=A2
A2:=3.4=A2

4=3

1 X

A2:=2. A(A2)=3. A2=2
A2:=2. A2=2
2=2

T X

X Substitution Law
V Substitution Law

X Substitution Law

X Substitution Law

X Substitution Law

49/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

50/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

A =i—e|A A X'=x A Y=y A ..

51/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...
A =i—e|A A X'=x A Y=y A ..

A=i—e|A

52/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2

53/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.ii=2. Ai:=4. Ai=A2
A:=2—=3|A. ii=2. Ai=i—=4|A. Ai=A2

54/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.ii=2. Ai:=4. Ai=A2
A:=2—=3|A. ii=2. Ai=i—=4|A. Ai=A2

Substitution Law

55/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.10:=2. Ai:=4. Ai=A2
A:=2—=3|A. ii=2. Ai=i—=4|A. Ai=A2
A= 23| A, i:=2. (i—4 ]| A)i = (i—4 | A)2

Substitution Law

56/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2
A:=2—=3 |A. i=2. A::ie4|A. Ai=A2
A:=2—=3 |A. i:=2. (i—4 | A)i=(—4 | A)2

Substitution Law

Substitution Law

57/80



= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

Array

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2

A:=2—3
A:=2—-3
A:=2—-3

A. ii=2. Ai=i—4|A. Ai=A2
A. ii=2. (i—4|A)i = (i—4 | A2
A. 2—4|A)2 = (2—4|A)2

Substitution Law

Substitution Law

58/80



= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

Array

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2

A:=2—-3
A:=2—3
A:=2—3
A:=2—3

A. ii=2. Ai=i—4|A. Ai=A2
A. ii=2. (i—4|A)i = (i—4 | A2
A. 2—4|A)2 = (2—4|A)2

AT

Substitution Law
Substitution Law

= 1s reflexive

59/80



= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

Array

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2

A:=2—-3
A:=2—3
A:=2—3
A:=2—3

T

A. ii=2. Ai=i—4|A. Ai=A2
A. ii=2. (i—4|A)i = (i—4 | A2
A. 2—4|A)2 = (2—4|A)2

AT

Substitution Law
Substitution Law
= 1s reflexive

Substitution Law

60/80



= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

Array

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=3.1:=2. Ai:=4. Ai=A2

A:=2—-3
A:=2—3
A:=2—3
A:=2—3

T v

A. ii=2. Ai=i—4|A. Ai=A2
A. ii=2. (i—4|A)i = (i—4 | A2
A. 2—4|A)2 = (2—4|A)2

AT

Substitution Law
Substitution Law
= 1s reflexive

Substitution Law

61/80



Array

Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...
A =i—e|A A X'=x A Y=y A ..

A=i—e|A

62/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2)=3. A2=2

63/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2
Ai=2—2|A. Ai=A2—>3|A. A2=2

64/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2
Ai=2—2|A. Ai=A2—>3|A. A2=2
Ai=2-2|A. (A2—>3]A)2=2

Substitution Law

65/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(2—2 | A2—3| 22| A2 =2

66/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(22 | A)2—3| 22| A)2 =2

67/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(2—2 | A2—3| 22| A2 =2

2—3|2-2|A)2=2

68/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(2—2 | A2—3| 22| A2 =2

2—3|2-2|A)2=2

3=2

69/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(2—2 | A2—3| 22| A2 =2

2—3|2-2|A)2=2

3=2

1

70/80



Array

= Ali=e N (N jsi=>A'j=Aj) AxX'=x A y'=y A ...

= A=i—e|A A xX=x A Y=y ..

A=i—e|A

A2:=2. A(A2):=3. A2=2

A=2—2|A. Ai=A2—=3|A. A2=2 Substitution Law
A=2—2|A. (A2—=3|A)2=2 Substitution Law
(2—2 | A2—3| 22| A2 =2

2—3|2-2|A)2=2

3=2

LV

71/80



Array

72/80



Array
remember

Ai=e becomes  A:i=i—e|A

73/80



Array
remember
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