CS 512, Spring 2018, Handout 19

Hoare Logic (Continued)

Assaf Kfoury

March 20, 2018
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using proof rules for PCA’s (example from Handout 18)

> show Fpor { T}zi=xsz2i=z+y;u=z {u=x+y}
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using proof rules for PCA’s (example from Handout 18)

> show Fpor { T}zi=xsz2i=z+y;u=z {u=x+y}

Z:=X
z2: =2+,
Uu:=z
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using proof rules for PCA’s (example from Handout 18)

> show Fpor { T}zi=xsz2i=z+y;u=z {u=x+y}

Z:=X

z2: =2+,

U:=2z;
{u=x+y}
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using proof rules for PCA’s (example from Handout 18)

> show Fpor { T}zi=xsz2i=z+y;u=z {u=x+y}

Z:=X

z2: =2+,
{z=x+y}

U:=2z;
{u=x+y}
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(assignment)
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using proof rules for PCA’s (example from Handout 18)

> show Fpor { T}zi=xsz2i=z+y;u=z {u=x+y}

Z:=X;

{z+y=x+y} (assignment)
z2: =2+,

{z=x+y} (assignment)
u:=z;

{u=x+y}
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using proof rules for PCA’s (example from Handout 18)

» show Fpor { T }lzi=xsz2i=z+y;u=z {u=x+y}

{x+y=x+y}
Z7:1=X;
{z+y=x+y}
z2: =2+,
{z=x+y}
u:=z
{u=x+y}
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(assignment)

(assignment)
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using proof rules for PCA’s (example from Handout 18)

» show Fpor { T }lzi=xsz2i=z+y;u=z {u=x+y}

{T}
{x+y=x+y}
Z7:1=X;
{z+y=x+y}
z2: =2+,
{z=x+y}
u:=z
{u=x+y}
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(implied)
(assignment)

(assignment)

(assignment)
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using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}
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using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}

=X
X = ;
Y=z
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using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}

=X
X = ;
Y=z

{y=mAx=n}
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using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}

7= X;
X:i=Y;

{z=mAx=n} (assignment)
yi=3

{y=mAx=n}
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using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}

71 =X

{z=mAy=n} (assignment)
X = ;

{z=mAx=n} (assignment)
Y=z

{y=mAx=n}

Assaf Kfoury, CS 512, Spring 2018, Handout 19 page 13 of 38



using proof rules for PCA’s (continued)

» show
Foar {xX=mAy=n}lz=x;x:=y;y:=z{y=mAx=n}

{x=mAy=n} (assignment)
71 =X

{z=mAy=n} (assignment)
xX:i=y;

{z=mAx=n} (assignment)
yi=2z

{y=mAx=n}
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modified if-statement rule

{er}Ci{v} {et G {v}
{(B— 1) A(=B— )} if Bthen C, else C> fi { ¢ }

if-statement
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using proof rules for PCA’s (continued)

where Succ is the following program:

a:=x+1;
if a=1theny:=1 elsey:=a fi
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using proof rules for PCA’s (continued)

a:=x+1;
ifa=1
then y:=1
else y:=a
fi
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using proof rules for PCA’s (continued)

a:=x+1;
ifa=1
then y:=1
else y:=a
fi
{y=x+1}
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using proof rules for PCA’s (continued)

a:=x+1;

ifa=1

{1=x+1} (assignment)
then y:=1

{a=x+1} (assignment)
else y:=a
fi
{y=x+1}
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using proof rules for PCA’s (continued)

a:=x+1;
{a=1-(I=x+1)Aa#1—=(a=x+1)} (if-statement)

ifa=1

{1=x+1} (assignment)
then y:=1

{a=x+1} (assignment)
else y:=a
fi
{y=x+1}
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using proof rules for PCA’s (continued)

{x+1=1->(1=x+1)Ax+1#1— (x+1=x+1)} (assignment)
a:=x+1;
{a=1-(I=x+1)Aa#1—=(a=x+1)} (if-statement)

ifa=1

{1=x+1} (assignment)
then y:=1

{a=x+1} (assignment)
else y:=a
fi
{y=x+1}
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using proof rules for PCA’s (continued)

{T} (implied)
{x+1=1->(1=x+1)Ax+1#1— (x+1=x+1)} (assignment)
a=x+1;

{a=1-(I=x+1)Aa#1—=(a=x+1)} (if-statement)

ifa=1

{1=x+1} (assignment)
then y:=1

{a=x+1} (assignment)
else y:=a
fi
{y=x+1}
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reminder: (partial-while) rule once more

{vAB}C{¢}
{% } whileBdo Cod {4 A—B}

partial-while

1) is the invariant of the while-loop
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reminder: (partial-while) rule once more

{onB}C{y}
{% } whileBdo Cod { ) A —B }

partial-while

1) is the invariant of the while-loop

canyoushow Fpor { T} P {TA-T} wherePis

“while (x =x) do x:=0 od”??
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reminder: (partial-while) rule once more

{onB}C{y}
{% } whileBdo Cod { ) A —B }

partial-while

1) is the invariant of the while-loop

canyoushow Fpor { T} P {TA-T} wherePis

“while (x =x) do x:=0 od”??

YES!
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using proof rules for PCA’s (continued)
show Fpar { T} Fact { y=x!} where Factis

yi=1
z:=0;
while z#Ax do z:=z+1; y:=yx*z od
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using proof rules for PCA’s (continued)

yl— 17
z7:=0;
while z # x
do z:=z+1
y:=yx*xz od
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using proof rules for PCA’s (continued)

yl— 17
z7:=0;
while z # x
do z:=z+1
y:=yx*xz od
{y=xl}
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using proof rules for PCA’s (continued)

yl— 17
z7:=0;
while z # x

do z:=z+1

y:=yx*xz od

{y=2Az=1x}
{y=x}
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(implied)
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using proof rules for PCA’s (continued)

yl— 17

z7:=0;

while z # x

do z:=z+1

y:=yx*xz od
y=24

{y=dnz=x}

{y=x1}
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(implied)
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using proof rules for PCA’s (continued)

y = 17
z:=0;
while z # x
do z:=z+1
{y-z=2} (assignment)
y:=yx*xz od
{y=2z}
{=2dAz=x} (implied)
{y=xl}
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using proof rules for PCA’s (continued)

y = 17
z7:=0;
while z # x
- G+)=z+D} (assignment)
do z:=z+1
y-z=2} (assignment)
y:=yx*xz od
=2}
{=2dAz=x} (implied)
{y=x1}
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using proof rules for PCA’s (continued)

yi=1
z7:=0;
while z # x
{y=2Az#x} (implied)
{y-z+1)=(@z+D} (assignment)
do z:=z+1
{y-z=12l} (assignment)
y:=yx*xz od
{y=2}
{y=2dAz=x} (implied)
{y=xl}
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using proof rules for PCA’s (continued)

yi=1
z:=0;
{y=12} (partial-while)
while z # x
{y=2Az#x} (implied)
{y-z+1)=(@z+D} (assignment)
do z:=z+1
{y-z=12l} (assignment)
y:=yx*xz od
{y=2}
{y=2dAz=x} (implied)
{y=xl}
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using proof rules for PCA’s (continued)

yi=1
{y=01} (assignment)
z:=0;
{y=12} (partial-while)
while z # x
{y=2Az#x} (implied)
{y-z+1)=(@z+D} (assignment)
do z:=z+1
{y-z=12l} (assignment)
y:=yx*xz od
{y=2z}
{=2dAz=x} (implied)
{y=x1}
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using proof rules for PCA’s (continued)

{1=01
yi=1
{y=04
z:=0;
{y=2
while z # x
y=dArz#x}
{z+1)=0c+1}
do z:=z+1
{y-z=2z}
y:=yx*xz od
y=24
{y=2Az=1x}
{y=x1}
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(assignment)

(assignment)

(partial-while)

(implied)

(assignment)

(assignment)

(implied)
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using proof rules for PCA’s (continued)

{3

{1=01

yi=1

{y=04

z:=0;

{y=2

while z # x
y=dArz#x}
{z+1)=0c+1}

do z:=z+1

{y-z=2z}
y:=yx*xz od
y=24

{y=2Az=1x}

{y=x1}
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(implied)

(assignment)

(assignment)

(partial-while)

(implied)

(assignment)

(assignment)

(implied)
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