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Exercise 5F-2

We know c is executed once before b is evaluated. Thus, we know that
do c while b is equivalent to c¢; while b do c. Chosen the second version in the question
c while b, we know that inv2is the loop invariant of the while loop. Then, we

invl, inv2
have:
Ve (doinv 1 i E while b)
invl A VC(c; while aris bdoc, P)
= invl A VC(c, VC(while - b doc, P))

= invl A VC(c, inv2 \ (W Xpp o X inv2= (b=>VC(c, inv2) N =b = P)))
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Exercise 5F-3

1. Stark

2.A == frue

3.B == x>=10

4.6(x)=0

5.0'(x) =11

6. ¢ == while x <10 do x := 11
7.

< x < 10, o[x:= 11] > U false

<x<10,0 > Utrue <x:=11, 0 > Jo[x: = 11] < whilex < 10do x:= 11,
o[x:=11] > o'

< whilex < 10dox:= 11, 0 > J o'

o[x: = 11] is equivalent to ¢' Thus, we prove that< ¢, ¢ > U ¢’
8.0AasokEtrue
9. ¢' E B is equivalentto o' Ex >= 10. It is true because ¢'(x) = 11
10. Assume we are able to prove + {A} c {B}using the Stark rule. Then we have:
D :: H{true} whilex < 10dox:= 11{x >= 10}
By inversion, the last rule used by D can only be the Stark rule or the rule of
consequence.
1) let the last rule used by D be the Stark rule. We can’t proceed as the Stark rule
requires the precondition and the postcondition be the same, whereas true is not
the same as x >= 10.
2) let the last rule used by D be the rule of consequence. Then we have:
Ftrue=C F{C}whilex < 10dox:= 11{C} +C = x >= 10

FH{true} whilex < 10dox:= 11{x >= 10}
However, we are stuck on + true = C = x >= 10 as no such Cexists.

Hence, we reach contradictions in both cases. We can'’t prove + {4} c {B}that is true so
the Stark rule is incomplete.
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1. Targaryen

2.A == x<=10

3.B == x=10

4.6(x)=9

5.0'(x) =10
6.c==whilex<10dox:=x+1
7.

< x < 10, o[x: = 10] > U false

<x<10,0 > Utrue<x:=x + 1,0 > Uo[x:= 10] < whilex < 10dox:= x + 1,
o[x:= 10] > Uo'

< whilex < 10dox:= x+ 1,0 > ¢

o[x: = 10] is equivalent to ¢' Thus, we prove that< ¢, ¢ > { '
8. 0 E Ais equivalentto 0 E x <= 10, which is true because ¢(x) =9
9. ¢' EBis equivalentto o' = x = 10. It is true because ¢’'(x) = 10
10. Assume we are able to prove + {4} c {B}using the Targaryen rule. Then we have:
D: Hx <= 10} whilex < 10dox:=x + 1{x = 10}
By inversion, the last rule used by D can only be the Targaryen rule or the rule of
consequence.
3) let the last rule used by D be the Targaryen rule. We can’t proceed as the
Targaryen rule requires the postcondition includes the precondition, whereas
x = 10 is not the same as x <= 10.
4) let the last rule used by D be the rule of consequence. Then we have:
Fx <=10=C Fr{C}whilex < 10dox:=x+ 1{CAx >= 10} FCAx >=10 = x = 10

Hx <= 10} whilex < 10dox:=x + 1{x = 10}
we can easily conclude from above that C should be x<=10. However, when we
further apply the Targaryen rule on + {C} whilex < 10dox:= x + 1{C Ax >= 10}, we
have + {C} x: = x + 1 {C}, which can’t be true under all possible correct C.

Hence, we reach contradictions in both cases. Since the Targaryen rule can’t prove all
F{A} c {B}that are true, it is incomplete.
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