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Program AlsoInteresting

while read() != 0

i := 0

while i < 100

use 1

i := i + 1

1%����
�����

s ::= skip

| i := e

| if e then s else s

| while e do s

| s ; s

| use e

| acquire e
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P ::= b

| P Æ P

| A ) P

| 8i.P

| e? P : P

A ::= b

| A Æ A

b ::= true

| false

| e ̧ e

| e = e"��$��!���
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• :�'�;�����������������������
�������������
�
����	���%�����	��������������
����
������5��

<	�����������

1%��3���
�� 7	5�����	��	�����'��	��
���%��������
�����
��%����	����'��%��
<	����������

• (P’,e’) S (P,e)
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1%��3���
�:����������;

vcg(skip, (P,e)) = (P,e)

vcg(s1;s2, (P,e)) = vcg(s1, vcg(s2, (P,e)))

vcg(x:=e’, (P,e)) = ([e’/x]P, [e’/x]e)

vcg(if b then s1 else s2, (P,e)) =

(b? P1:P2, b? e1:e2)

where (P1,e1) = vcg(s1,(P,e))

and   (P2,e2) = vcg(s2,(P,e))

vcg(use e’, (P,e)) = (P Æ e’̧ 0,

e’ + (ȩ 0? e : 0)

vcg(acquire e’, (P,e)) = (P Æ e’̧ 0, e-e’)

>=�������

acquire 3

use 2
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vcg(use e’, (P,e)) = (P Æ e’̧ 0, e’ + (ȩ 0? e:0)

vcg(acquire e’, (P,e)) = (P Æ e’̧ 0, e-e’)
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acquire 3

use 2

use 1
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������ Æ �̧ ������	

������ Æ �̧ �� Æ 
 �̧�Æ �̧ ���
�����	

������ Æ �̧ �� Æ 
 �̧��
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vcg(use e’, (P,e)) = (P Æ e’̧ 0, e’ + (ȩ 0? e:0)

vcg(acquire e’, (P,e)) = (P Æ e’̧ 0, e-e’)

>=������.

acquire 9

if (b)

then use 5

else use 4

use 4

vcg(if b then s1 else s2, (P,e)) =

(b? P1:P2, b? e1:e2)

where (P1,e1) = vcg(s1,(P,e))

and   (P2,e2) = vcg(s2,(P,e))
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acquire 8

if (b)

then use 5

else use 4

use 4

vcg(if b then s1 else s2, (P,e)) =

(b? P1:P2, b? e1:e2)

where (P1,e1) = vcg(s1,(P,e))

and   (P2,e2) = vcg(s2,(P,e))

��������	

��̧ ����	

��̧ ����	

��̧ ����	

�������������������	

��̧ ���������	� �	

�		��

�		����������
�	5��	�����	5����
�	���%���	�������	
�	��4��0����
����	
����	
�

acquire n

i := 0

while (i<n) do {

use 1

i := i + 1

}
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acquire n

i := 0

while (i<n) do {

use 1

i := i + 1

} with (i·n, n-i)

)��!��
�!��$��
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A ::= b

| A Æ A
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vcg(while b do s with (AI,eI), (P,e)) =

(AI Æ 8i1,i2,….AI ) b ? P’ Æ eI̧ e’,

: P Æ ei̧ e,

eI)

����� (P’,e’) = vcg(s,(AI,eI))

��� i1,i2,… ����	���
������������������� s

>=������/

acquire n;

i := 0;

while (i<n) do {

use 1;

i := i + 1;

} with (i·n,n-i);
��������	

��·�����	
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Program Static

acquire 10000

i := 0

while i < 10000

use 1

i := i + 1

with (i·10000, 10000-i)
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Program Dynamic

while read() != 0

acquire 1

use 1

with (true, 0)

*�"��!���
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Program Interesting

N := read()

acquire N

i := 0

while i < N

use 1

i := i + 1

with (i·N, N-i)

$��	��
�������
�

Program AlsoInteresting

while read() != 0

acquire 100

i := 0

while i < 100

use 1

i := i + 1

with (i·100, 100-i)
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a == b

a == c

f(a,c)

a := x c := x

a := y c := y

a=b  => (x=c  => safef(y,c) ∧∧∧∧

x<>c => safef(x,y))

∧∧∧∧

a<>b => (a=x  => safef(y,x) ∧∧∧∧

a<>x => safef(a,y))
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a == b

a == c

f(a,c)

a := x c := x

a := y c := y

INV: P(a,b,c,x)

(a=b  => P(x,b,c,x) ∧∧∧∧

a<>b => P(a,b,x,x))

∧∧∧∧

(∀∀∀∀a’,c’. P(a’,b,c’,x) =>

a’=c’  => safef(y,c’) ∧∧∧∧

a’<>c’ => safef(a’,y))
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P ::= b

| P Æ P

| A ) P

| 8i.P

| e? P : P

A ::= b

| A Æ A

b ::= true

| false

| e ̧ e

| e = e
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prove(A,b) = :sat(A Æ :b)

prove(A,P1 Æ P2) = prove(A,P1) Æ prove(A,P2)

prove(A,b? P1:P2) = prove(A Æ b,P1) Æ

prove(A Æ :b,P2)

prove(A,A1 ) P) = prove(A Æ A1,P)

prove(A,8i.P) = prove(A,[a/i]P) (a fresh)
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true : pred.

false : pred.

/\ : pred -> pred -> pred.

\/ : pred -> pred -> pred.

=> : pred -> pred -> pred.

all : (exp -> pred) -> pred.
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all([a:pred] all([b:pred]

=> (/\ a b) (/\ b a)))

true : pred.

false : pred.

/\ : pred -> pred -> pred.

\/ : pred -> pred -> pred.

=> : pred -> pred -> pred.

all : (exp -> pred) -> pred.
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pf : pred -> type.

truei : pf true.

andi : {P:pred} {Q:pred} pf P -> pf Q -> pf (/\ P Q).

andel : {P:pred} {Q:pred} pf (/\ P Q) -> pf P.

ander : {P:pred} {Q:pred} pf (/\ P Q) -> pf Q.

impi : {P1:pred} {P2:pred} (pf P1 -> pf P2) -> pf (=> P1 P2).

alli : {P1:exp -> pred} ({X:exp} pf (P1 X)) -> pf (all P1).

e : exp -> pred

��		����
�>��

G4%��%��
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�����	4������	�%����
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… (impi (/\ a b) (/\ b a)

([ab:pf(/\ a b)]

(andi b a (ander a b ab)

(andel a b ab))))…) :

all([a:exp] all([b:exp]

=> (/\ a b) (/\ b a))).
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all([a:exp] (all([b:exp] 

(=> (/\ a b) (/\ b a)))
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… (impi (/\ a b) (/\ b a)

([ab:pf(/\ a b)]

(andi b a (ander a b ab)

(andel a b ab))))…)
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