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Hoare Triple

P{...code...} Q



Ple/x] {x:=e} P

P{C,}R R{C,}Q

P{C,;C,} Q

PAb{C,}Q PA-Db{C,}Q

P {ifbthenC,else C,} Q



While Rule

PAb{C}P
P {While b CYP A - b

(P is a loop invariant)



Rule of Consequence

P>P  P{C}Q Q>Q

P{C} Q



Sample Proofs

sum of n
flbonacci
list append
list reverse
termination



Sum of n

x=0&y=0 P
{
Whiley <n

y=y+1;
X =X+Yy

X=1+..+yAy=sn

XxX=1+..+n



X=0Ay=0=2>x=1+...+yAy<n v
X=1+..+yAysnA(y<n)=2>x=1+_..+n v
X=1+..+yAysSnAy<n = ? v

X+y+1=(1+...+(y+1)AYy+1<n

/‘{y:=y+1} X+y=1+..+yAy<sn

{x=x+y} x=1+..+yAysn

/

? {[y=y+1;x:=x+y} x=1+..+yAy<sn

XxX=1+..+yAysnAy<n {y=y+1;x=x+y} x=1+..+yAy<n

x=1+..+yAysn {Whiley<n..} x=1+..+yAysnA~2(y<n)

x=0Ay=0 {While..} X=1+..+n




Fibonacci

X=0&y=1&z=1&1=<n

{
While z < n P=y=fibzAx=fib (z-1)
Yy =X+Y; ANZ=n
X =y —X;
z:=z+1
}

y =fib n



X=0Ay=1Az=0A1<n=D> y=fibzax=fib(z1)Azsn ¥
y=fibzax=fib(z-1)AzsnA7(z<n)=> y=fibn v

y=fibzAax=fib(z-1)Az<snAz<n=D> ? v

x+y =fib (z+1) Axty-x=fib (z+1-1)Az+1<n
[y =x+y} y=fib(z+1)Ayx=fib(z+1-1)Az+1<n
{X:=y-x} y=fib@@+1)ax=fib(z+1-1)Az+1<n
{z:=z+1} y=fibzax=fib(z-1)Az<n

? {y=x+y;x=y—-X;2z:=z2+1} y=fibzax=fib(z-1)Az<n

y=fibzax=fib(z-1)AzsnAaz<n {y=X+y,Xx:=y—-X;z:=z+1} y=fibzax=fib(z-1)Az<n

y=fibzAax=fib(z-1)Azsn {Whilez<n..} y=fibzAax=fib(z-1)AzsnA7(z<n)

X=0Ay=1Az=0A1=<n {While..} y =fibn



List length

X=Ist&y=0 P=lenlst=y +lenx
{
While x # []
X =1l x;
y=y+1
}

y = len Ist



<

Xx=lIsthny=0=>lenlist=y +len x

<\

lenist=y+lenx A (x#[]) =2y =lenlst

lenilst=y+lenx AX#[] = ? v

/

lenlst=vy + 1 + len(tl x)

/‘{x:=tlx} lenlist=y+ 1 +len x

{y:=y+1} lenlst=y+lenx

/
? {x:=tlx;y:=y+1} lenlist=y+lenx

lenlist=y +len x A X #[] {x:=tlx;y:=y+1} lenlst=y+lenx

len Ist =y + len x {While x#[] ...} lenlst=y+lenxA(x#][])

x=IstAy=0 {While ...} y = len Ist



List reverse

X=Ist&y =] P=lIst=revy @ X

{

While x # []
y:=hdx:y;
X =1l x

}

y =rev Ist



<

X=IstAy=[]=Ist=revy @ x

Ist=revy @ xA(X#[]) > y=revlst v
Ist=revy @ XAXZ[] =2 ? v
Ist=rev (hd x @ y) @ (tl x)
{[y=hdx@y} Ist=revy @ (il x)
/{x:=tlx} Ist=revy @ x
/
? {[y=hdx@y;x:=tlx} Ist=revy@ x
Ist=revy @ x A x # ] {[y=hdx@y;x:=tlx} Ist=revy@ x
Ist=revy @ x {Whilex#[] ...} Ist=revy@ xA(x#][])

x=lIstAy=[ {While ...} y =rev Ist



