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{ p } while c do s od { p ^ P(c)=0 }

p hc, si
while c do s od

|= { p } if c then s else skip fi { p }

p hc, si



p hc, si
{ p } while c do s od { p ^ P(c)=0 }

p hc, si
while c do s od

|= { p } if c then s else skip fi { p }

p hc, si









L
pw

Lpw

D : Lpw ! (⇧! ⇧)

⇧

D(s)(✓) 2 ⇧ ✓ s

D(skip)(✓) = ✓

D(x

:

= e)(✓) = ✓[x/eval(e)]

D(s; s

0
)(✓) = D(s

0
)(D(s)(✓))

D(s�r s
0
)(✓) =

⇣
r · D(s)(✓)

⌘
+

⇣
(1� r) · D(s

0
)(✓)

⌘

D(if c then s else s

0
fi)(✓) =

⇣
D(s)(c?✓)

⌘
+

⇣
D(s

0
)(¬c?✓)

⌘

D(while c do s od)(✓) =  hc,si

 hc,si( )(✓) =  

⇣
D(s)(c?✓)

⌘
+ ¬c?✓



hc, si

(✓n)n2N
✓n n

while c do s od

✓n |= p p

(¬c?✓n)n2N p

while (x = 0)| {z }
=:c

do x

:

= 1�0.5 skip| {z }
=:s

od

✓n(�i) 0.5

n
1� 0.5

n

�i(x)

¬c?✓n(�i) 1� 0.5

n

�i(x)

✓(�i) 1

�i(x)



hc, si

(✓n)n2N
✓n n

while c do s od

✓n |= p p

(¬c?✓n)n2N p

while (x = 0)| {z }
=:c

do x

:

= 1�0.5 skip| {z }
=:s

od

✓n(�i) 0.5

n
1� 0.5

n

�i(x)

¬c?✓n(�i) 1� 0.5

n

�i(x)

✓(�i) 1

�i(x)



hc, si

(✓n)n2N
✓n n

while c do s od

✓n |= p p

(¬c?✓n)n2N p

while (x = 0)| {z }
=:c

do x

:

= 1�0.5 skip| {z }
=:s

od

✓n(�i) 0.5

n
1� 0.5

n

�i(x)

¬c?✓n(�i) 1� 0.5

n

�i(x)

✓(�i) 1

�i(x)



hc, si

(✓n)n2N
✓n n

while c do s od

✓n |= p p

(¬c?✓n)n2N p

while (x = 0)| {z }
=:c

do x

:

= 1�0.5 skip| {z }
=:s

od

✓n(�i) 0.5

n
1� 0.5

n

�i(x)

¬c?✓n(�i) 1� 0.5

n

�i(x)

✓(�i) 1

�i(x)



hc, si

while c do s od p

hc, si p

(✓n)n2N
✓n |= p n 2 N
(¬c?✓n)n2N

¬c ✓n n

X

�|=¬c

✓n(�) � r

n
hc,si

r

n
hc,si

p n

p hc, si hc, si
(✓n)n2N p

(¬c?✓n)n2N p



hc, si

while c do s od p

hc, si p

(✓n)n2N
✓n |= p n 2 N
(¬c?✓n)n2N

¬c ✓n n

X

�|=¬c

✓n(�) � r

n
hc,si

r

n
hc,si

p n

p hc, si hc, si
(✓n)n2N p

(¬c?✓n)n2N p
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