Program M

{z=AANy=DB}
begin
z :=0;
{z+a2y=AB}
while x # 0 do
if even?(z)
then
begin x :=%x ; Yy :=2y end
else
beginz :=x—1; 2 :=z4y end
end
{z=AB}



Program M — Abbreviations

{z=AANy=DB} PRE = z=AANy=218
begin Inv = z4a2y=AB
z :=0; Post = z2=AB

{z+zy=AB}
while x # 0 do
if even?(z)
then
begin x := %x ; Yy :=2y end
else
beginz :=x—1; 2z :=z+y end
end
{z=AB}



Program M — Abbreviations

{ PrE}

begin

z :=0;

{ Inv}

while x # 0 do
if even?(z)
then

begin x :=

else

(I

beginz :=x—1; 2z :=z+y end

end
{ Post}

T ; Yy :=2yend

PRE
Inv
Post

r=AANy=1B
z+axy=AB
z=AB



Program M — More Abbreviations

{ PrE} PRrRE
begin Inv
z :=0; Post
{ Inv} TEST
while TEST do THEN
if even?(z) ELSE
then
THEN
else
ELSE
end

{ Post}

r=AANy=0B

z4+axy=AB

z=AB

x#0

begin z :=%z ;Y =2y end
beginz :=x—1; 2 :=2z+4y end



Program M — More Abbreviations

{ PrE} PRE = z=AANy=218

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = x#0

end THEN = beginz := %x 5y =2y end

{ PostT} ELSE = beginz:=xz—1; z:=2+y end
Bopy = if even?(z) then THEN else ELSE



Program M — Synthesis of Verification Conditions

{ PrE}

begin

z :=0;

while TEST inv {INV } do BoDY
end

{ PostT}

Goals:

PRE
Inv
PosT
TEST
THEN
ELSE
Bobpy
Loop

— (1) {PRE} begin z :=1 ; Loor end {POsT}

r=AANy=DB

z+axy=AB

z=AB

x#0

begin z := %x 5y =2y end
beginz :=x—1; 2 :=z+4y end
if even?(x) then THEN else ELSE
while TEST inv { INV } do BoDY

{P} S, {I} e {I}whileT do{I} Sy {Q}

{P} begin Sy ; while T'do {I} Sy end {Q}

@



Program M — Synthesis of Verification Conditions

{ PrE}

begin

z :=0;

while TEST inv {INV } do BoDY
end

{ PostT}

Goals:

PRrE
Inv
Post
TEST
THEN
ELSE
Boby
Loop

(1) {PRE} beginz :=1 ; LOOP end {POST}

— (2) {PrE}z :=1{Inv}
(3) {Inv} Loor {Post}

r=ANy=DB
z4+axy=AB

z=AB

x#0

begin x :=%z 5y =2y end

beginz :=x—1; 2 :=z4y end
if even?(x) then THEN else ELSE
while TEST inv { INV } do BoDY

=

P=Q
{Pto:=T{Q}

init



Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE}z :=1{Inv}
)

{Inv} Loop {PosT} {INT}S{I} o IN-T=Q
{I} while T do {I} S {Q}

(1) {PRrE} = INVH




Program M — Synthesis of Verification Conditions

{ PrE}

begin

z :=0;

while TEST inv {INV } do BoDY
end

{ PostT}

)
(2) {PrE}z :=1{Inv}
)

(3) {Inv} Loor {Post}
(1) {PrE} = INV [i]
— (5) {INV Az #0} Bopy {Inv}

(6) INVA (z=0)= PosT

PRrE
Inv
Post
TEST
THEN
ELSE
Boby
Loop

{PRE} begin z := 1 ; LOOP end {POST}

r=AANy=2"B

z4+axy=AB

z=AB

x#0

begin z := %l‘ 5y =2y end
beginz :=x—1; 2 :=z4y end
if even?(x) then THEN else ELSE
while TEST inv { INV } do BoDY

{PAT} S {Q}

{P AT} S {Q)

{P} if T then S; else S; {Q}

]

while



Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE} 2 := 1 {Inv} GEICIHE

) {Inv} Loop {PosT} {P} begin § ; v :=T end {Q}
(1) {PrRE} = INV [i]

(5) {INnv Az #0} Bopy {InV}
(6) INVAz=0= PosT e @
— (7) {INVA 2z #0A even?(z)} THEN {POST}
(8) {INV Az #0A—even?(z)} ELSE {PoST}




Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE} 2 := 1 {Inv} GEICIHE
) {Inv} Loop {Post} {P}begin S ; v :=T end {Q}

(1) {PrRE} = INV [i]
(5) {INnv Az #0} Bopy {InV}
(6) INVAz=0= PosT

(7) {INvAz#O0A even?(x)} THEN {PosT}
— (8) {INV Az #0A—even?(z)} ELSE {PosT}

(9) {INVAz#0A even?(z)} @ := 1z {PosT [2:}}




Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE} 2 := 1 {Inv} GEICIHE

) {Inv} Loop {PosT} {P} begin § ; v :=T end {Q}
(1) {PrRE} = INV [i]

(5) {INnv Az #0} Bopy {InV}

(6) INVAz=0= PosT

(7) {INvAz#O0A even?(x)} THEN {PosT}

(8) {INV Az #0A—even?(z)} ELSE {PoST}

(9) {INVAz#0A even?(z)} @ := 1z {PosT [2:}}
)

{INVAz #0A—even?(z)} z:=x — 1 {PoST [z+y]}

z




Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

{PRE} begin z := 1 ; LOOP end {POST}
{PRE} z :=1 {INvV}

{Inv} Loop {PosT}

{PrRE} = INV [i]

{INv Az # 0} Bopy {INv}

INVAz=0= Post

{INV Az #0A even?(x)} THEN {PosT}
{INV Az # 0 A —even?(x)} ELSE {PosT}
{INV Az #0A even?(z)} @ := Lo {PoST [2:}}

z+y }

z

{INVAz #0A —even?(z)} x:=x —1 {POST[

INVAz #0A even?(z) = PoST [Qﬂ [%w]




Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

{PRE} begin z := 1 ; LOOP end {POST}
{PRE} z :=1 {INvV}

{Inv} Loop {PosT}

{PrRE} = INV [i]

{INV Az # 0} Boby {Inv}

INVA2 =0= PostT

{INV Az # 0 A even?(x)} THEN {POST}

{INV Az # 0 A —even?(x)} ELSE {PosT}

{INVAz #0A even?(z)} z := %az {PosT [2:}}
{INV Az # 0A meven?(z)} z =z — 1 {PosT [z+y]}

z

INVAz #0A even?(z) = PoST [Qﬂ [%w]

INVAz #0A—even?(z) = PostT [Z:y] [wil}

x



Program M — Synthesis of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

{PRE} begin z := 1 ; LOOP end {POST}
{PRE} z :=1 {INvV}

{Inv} Loop {PosT}

{PrRE} = INV [i]

{INV Az # 0} Boby {Inv}

INVA2 =0= PostT

{INV Az # 0 A even?(x)} THEN {POST}

{INV Az # 0 A —even?(x)} ELSE {PosT}

{INVAz #0A even?(z)} z := %az {PosT [2:}}
{INV Az # 0A meven?(z)} z =z — 1 {PosT [z+y]}

z

INVAz #0A even?(z) = PoST [Qﬂ [%w]

INVAz #0A—even?(z) = PostT [Z:y] [wil}

x



Program M — Translation of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE}z :=1{Inv}
) {Inv} Loop {PosT}
(1) {PrRE} = INV [i]
(5) {INnv Az #0} Bopy {InV}
(6) INVAz=0= PosT
) {INV Az #O0A even?(x)} THEN {PosT}
) {INV Az #0A —even?(x)} ELSE {PosT}
9) {INVAz#0A even?(z)} @ 1=t {PoST [2:}}
) {INVAz#0A—even?(z)} x =2 —1 {PosT [z+y] }

z

x

(11) INVAz #0A even?(x) = PosT [Qﬂ [%w]

(12) INVAz #0A—even?(z) = POST[Z:y] [w—q

x

Verification Conditions:
(4) {PrRE} = INV [j
(6) INVAz=0= PosT
(11) INV Az # 0 A even?(z) = PoOST [2;} [%:]

(12) INVAx #0A —even?(x) = POST [Z:y} [z;l]



Program M — Translation of Verification Conditions

{ PrE} PRE = z=AANy=2D8

begin Inv = z42y=AB

z :=0; Post = 2=AB

while TEST inv {INV } do BoDY TEST = z#0

end THEN = beginz := %l‘ ; Yy =2y end

{ PostT} ELSE = beginz:=x—1; z:=2z+y end
Bopy = if even?(x) then THEN else ELSE
Loop = while TEST inv {INV } do BoDY

Goals:

) {PRE} begin z :=1 ; LOOP end {POST}
(2) {PrE}z :=1{Inv}
) {Inv} Loop {PosT}
(1) {PrRE} = INV [i]
(5) {INnv Az #0} Bopy {InV}
(6) INVAz=0= PosT
) {INV Az #O0A even?(x)} THEN {PosT}
) {INV Az #0A —even?(x)} ELSE {PosT}
9) {INVAz#0A even?(z)} @ 1=t {PoST [2:}}
)

{INVAz #0A—even?(z)} z:=x — 1 {PoST [z+y]}

z

x

(11) INVAz #0A even?(x) = PosT [Qﬂ [%w]

(12) INVAz #0A—even?(z) = POST[Z:y] [w—q

x

Verification Conditions:

(4) x=Aand y = B imply 0+ 2y = AB

(6) z+ 2y =AB and x = 0 imply z = AB

(11) 2+ a2y = AB and z # 0 and even?(z) imply 2 + (3)(2y) = AB
)

(12) z+zy = AB and = # 0 and odd?(z) imply (z +y) + (z — 1)y = AB



