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a

var x T0 A
var y T1 A

T0 T1 A a
a 2 x T0 a y 7 T1

rep a t T0 is a t 2 x t
rep a t T1 is a t y t 7

T0 T0
T0

T0

T0 Tk
T T0 Tn T0 Tk

T0
Tn

Tk



T
c T a T

a c
T a
T T TImpl TImpl T

a T TImpl c
TImpl T

T T
a



Modularity
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modifies
modifies

Q Q0 Q1

a 0 0 x i j b 0 0 0 0 true

M N

M N b 0 0 false

modifies
modifies

modifies

Swap

ensures a i a0 j a j a0 i

a i
j



Wr

unitWr is
type T
spec var target T seq char

spec PutChar wr T ch char is
modifies target wr
ensures target wr target0 wr ch

end

Wr T
target target T seq char

seq char
seq char

seq char
Wr PutChar

unitWrFriends importWr is
var buff Wr T seq char

Wr target wr wr buff wr

end

WrFriends

WrFriends
WrFriends Wr Wr

WrFriends Wr WrFriends
Wr

WrFriends buff T
Wr Wr

buff



buff

buff
PutChar buff

buff PutChar
buff

buff
flush

unit TextWr importWr is
type T Wr T

spec Init wr T is
modifies Wr target wr
ensures Wr target wr

spec result seq char Target wr T is
ensures result Wr target wr

end

TextWr T Wr T
TextWr T Wr T

TextWr Init Target Init

Target

TextWrImpl

unit TextWrImpl importWr WrFriends TextWr is
var flushed TextWr T seq char
repWr target wr TextWr T is
Wr target wr flushed wr WrFriends buff wr

impl TextWr Init wr TextWr T is
flushed wr WrFriends buff wr



impl result seq char TextWr Target wr TextWr T is
result flushed wr WrFriends buff wr

end

flushed
target rep

target flushed buff

TextWrImpl Init Target Init
target flushed buff

Target target
flushed buff

Init Wr target
flushed WrFriends buff flushed

WrFriends buff Wr target

Wr WrFriends TextWr

unit FaultyClient importWr WrFriends TextWr is

TextWr Init wr Wr target wr
WrFriends buff wr
if TextWr Target wr then wrong fi

end

TextWr Init wr

target
flushed buff flushed buff

buff
target wr

target rep
buff target

TextWr Target wr
target wr buff target



target wr

target
buff target

depends

depends a on c

a c
depends

depends

depends rep

modifies

depends c rep
a

depends a on c

rep
Pred a

Pred a a
a

Pred a

Pred a c



depends
Wr target WrFriends buff Wr target

WrFriends buff

depends Wr target t Wr T on buff t

WrFriends t target t buff t
TextWrImpl

depends Wr target t TextWr T on flushed t

t target t flushed t
TextWrImpl rep

buff flushed depends
WrFriends buff target

target TextWrImpl
buff target

depends
depends

unit D is
spec var valid
spec var state
spec P is
requires valid
modifies state

end

unit DImpl import D is
var hash table start n
depends valid on hash table start n
depends state on hash table start n
rep
impl P is

end



D
state valid valid true

state
valid

valid

valid

valid P P
valid P state valid

valid P
DImpl modifies

P state
hash table start n

valid valid
P

hash table start n valid
P

ensures valid0 valid

P

unit AuthenticityProblem importWr WrFriends is
spec var a
depends a onWrFriends buff

a A Wr PutChar wr ch a A

end

a a
buff

PutChar
a target



modifies Wr PutChar a buff PutChar
a a

Wr PutChar

a
buff buff buff a

a buff

a

buff a

a buff

bb

a c

a c
a c

a c a c



a c
a c

a c
a c

depends a on c c

depends

buff buff target
target a rep



(i) (ii) (iii)

G
G

depends



S M S
M S

rep

SwitchToAbstract

a c a c

c 2 a 0

wp c 2 a 0

a 0 c 2

a 0

c a 0
c

a
SwitchToAbstract

a a

wp c 2 a c 0

a c 0 c 2

a 2 0



depends

modifies
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depends

Refine
Refine



Unit unit id import idlist is Decl end

Decl
var idlist
spec var idlist
spec id is modifies idlist requires Pred ensures Pred
impl id is Command
depends id on idlist
rep id is Pred

Decl Decl

id idlist
id unit var spec var spec id

id

Wr

unit idlist import
A

A ImportClosure A A ImportClosure A
A A

ImportClosure A
var spec var

spec

idlists spec depends id
impl id depends rep

idlist spec Pred

impl
spec

impl



depends rep id
rep

impl spec var
depends rep depends rep

raise

Command
skip
wrong
id expr

call id
Command Command
Command Command
bool-expr Command

id Command

id expr
bool-expr id

id
Command id

id

Refine
Refine



w
w0 w

v v w v0 v

Depends a
c E

Depends a c E

a c E E depends
a c

Depends
a c E E

E E Depends a c E Depends a c E

Resolve

Resolve w E
w E

Resolve w E
v x v w Depends v x E x
v x v0 w Depends v x E x0

Resolve w0 w E

Resolve w0 E Resolve w E

Resolve w E

Resolve

Depends Resolve
w w E E

E E w w Resolve w E Resolve w E

c w E

c Resolve w E a a w Depends a c E



w E

w Resolve w E E

Resolve
a c w E

Depends a c E a Resolve w E c Resolve w E

Functionalize

a
f a f a

a

spec var a var c depends a on c rep a is a c2

a 9 a

f a a c

a rep

a c f a a c c2

a 9 f a a c 9
a c2 9 c 3

a 9 c 3
a f a

a a

Functionalize

Functionalize
c v

Functionalize c E
c



Functionalize v E
v

a Functionalize

Functionalize a E
f a Resolve a E

Functionalize a0 E
f a Resolve a0 E

f a E
a

f a

Functionalize w R T E
Resolve w E Functionalize R E Functionalize T E

Functionalize Q x y E
Functionalize Q E Resolve x E Resolve y E

Resolve x
x Resolve

y

spec var a b var c d e depends a on c d depends b on d e

E Functionalize Q a0 b0 a b E

Functionalize Q a0 c0 d0 b0 d0 e0 a c d b d e

d0 d

Functionalize Q a0 c0 b0 d0 e0 a c b d e

x x y z y z



Functionalize

A
B A B A
B A B

a a
Functionalize

a a

a
9

f a a c 9 c 3
c 3 f a a c 9

f a a 3 9 a 32 9
true

a
d

rep a is a c2 d

a d a 9
f a a c 9 d d 1

d d
a

rep a
a

E
a

Functionalize a0 a E Resolve a0 a E

a a

f a a0 c0 f a a c a0 a c0 c



RepPreds

RepPreds E
E

rep a is P

E

w Functionalize P E

w Resolve a E

Resolve a E Functionalize P E
Functionalize

Functionalize a P E

Functionalize RepAxiom a E
RepAxioms E RepAxiom a E a rep

E Functionalize

RepPreds E
Functionalize RepAxioms E E

GetSpec

id E GetSpec id E
id E

GetSpec id E
w Pre Post

modifies frame requires P ensures Q Lookup id E
w Resolve frame E
Pre Functionalize P E
Post Functionalize Q BenSideEffects w E E

id Lookup id E id E
BenSideEffects

BenSideEffects

spec var a b var c depends a on c depends b on c



spec p is modifies a requires true ensures a 9

GetSpec p p

a c true Functionalize a 9 b0 b E

a c true f a a c 9 f b b0 c0 f b b c

a a c

c
b f b b c

BenSideEffects

BenSideEffects w E
b0 b

b SpecVarProjection BenSideSet w E

BenSideEffects b b
BenSideSet v

BenSideSet w E
v v E w v

V E BenSideSet w E
V w

BenSideSet
BenSideSet w E

w
w

BenSideSet w E
v v E w w rv v

rv Resolve v E

SpecVarProjection s s

SpecVarProjection s
a a s a a

SpecVarProjection
s s

s s SpecVarProjection s SpecVarProjection s



gc Q E wlp gc Q E
E

wlp gc Q E
wlp Env gc E Q

wlp

false
Env gc E gc E Env gc E

gc call p
w P Q w P Q GetSpec p E
wlp wlp

P Q
E

wlp gc P Q E wlp gc P E wlp gc Q E

wlp

Target

Target gc E gc E
RawTarget gc E

Target gc E
Resolve RawTarget gc E E

RawTarget gc E Target gc E

RawTarget



RawTarget

RawTarget v e E
v

RawTarget call p E
fr

modifies fr requires P ensures Q Lookup p E

RawTarget

RawTarget x s E
RawTarget s E x

RawTarget RawTarget
RawTarget

RawTarget
RawTarget gc E

E gc

Refine

Refine

Refine impl id is gc E
Rep w Pre Post impl

w Pre Post GetSpec id E
impl Env gc E
Rep RepPreds E

s t wlp

R wlp s R wlp t R

R

Rep

Rep w Pre Post impl



Rep R wlp w Pre Post R wlp impl R
wlp v0

Post
Rep R Pre w Post R v0 v wlp impl R

Rep
R Rep Pre w Post R v0 v wlp impl R

Rep
R Rep Pre w Post R v0 v wlp impl R

R Rep Pre w Post R v0 v wlp impl R
wlp

R wlp w Rep Pre Post R wlp impl R

w Rep Pre Post impl

t m

t Target impl E m t w

z m
gc gc

w Rep Pre Post impl
w m

w m Rep Pre Post m0 m impl
w m t

t Rep Pre Post m0 m impl
t impl t

impl
z Rep Pre Post m0 m impl

v0 v0
Post m0 m

Refine impl id is gc E Rep Pre v0 v wlp impl Post m0 m

w
m P Q

w P Q w m P Q m0 m

w P Q
R

P w Q R v0 v



v0 Q w
R

P w Q R z0 z

z v
z v m v

wlp w m P Q m0 m R
wlp z v

P w m Q m0 m R z0 z
m m0

P w Q m m0 R m m0 z0 z
m w

P w Q R m m0 z0 z
m z m0 z0

m z0
P w Q R m m z0 z

m m
P w Q R z0 z

wlp z v
wlp w P Q R

z Pre Post S Pre v0 v wlp S Post

z v0
v0 Post

z z
S wlp S z

z z R wlp S R z

z Pre Post S
wlp

R Pre z Post R v0 v wlp S R
v0 Pre wlp S R

R Pre z Post R wlp S R v0 v



Pre wlp S Post v0 v
v0 Pre

Pre wlp S Post v0 v
v0

Pre wlp S Post v0 v
Pre v0 v wlp S Post v0 v

Pre v0 v wlp S Post

R Pre z Post R wlp S R v0 v
z R

wlp S z
R Pre z Post R wlp S Post v0 v

R Pre wlp S Post v0 v

Pre wlp S Post v0 v

R Pre z Post R wlp S R v0 v

R Pre z Post R wlp S R v0 v
R Post

Pre z Post Post wlp S Post v0 v

Pre wlp S Post v0 v

wlp wp wp
wlp

Pre wlp S Post

Pre z Post R wlp S R

R

Pre wlp S Post

Pre Post R wlp S R



wlp S
z z

Post
R z

z Post R
Post R

z

Post R wlp S Post wlp S R

z z0

z

unit A is
spec var a var c depends a on c
spec pc is modifies c requires true ensures true
spec pa is modifies a requires true ensures c0 c

end

pc c
a pa a

a c

pc c pa a
A a c

pc pa c
pc c pa

pa pc



pa pc
a

c A

unit B import A is
var d depends a on d
impl pa is d d 1

d 0 call pc assert d 0
end

a d
pa

pa

Refine impl pa is d d 1 B
Refine

c0 c wlp d d 1 c0 c
wlp

c0 c c0 c

true

pa
pa

c

B

wlp d 0 call pc assert d 0 true B
wlp assert

wlp d 0 wlp Env call pc B d 0
Env

wlp d 0 wlp c true true d 0
wlp

wlp d 0 c d 0

wlp d 0 d 0
wlp

true



pa

pc

unit C import A is
impl pc is call pa

end

pc pc pa
pc

Refine impl pc is call pa C
Refine

a0 a c0 c wlp Env call pa C f a a0 c0 f a a c
Env

a0 a c0 c wlp a c true c0 c f a a0 c0 f a a c
w m a c

a0 a c0 c wlp a true true f a a0 c0 f a a c
wlp

a0 a c0 c a f a a0 c0 f a a c

f a
f a

f a f a x y x y x y

a a0 c0 a c

false
C pc

pc
d c

a a

c0 c f a c0 f a c

true
pc



rep a is a c d

a c d f a a c d c d

a rep a

a
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depends

Prog
E Prog a c

E E Prog Depends a c E a E c E Depends a c E

a c a c
E a c E

Prog
E Prog a c

E E Prog Depends a c E c E a E

a c c

Refine impl id is gc E Refine impl id is gc Prog

impl id is gc E E Prog
E
Prog



impl id is gc
id E

Prog
id E

Prog Prog

U E ImportClosure U
U

Refine impl id is gc Prog

Prog

Refine

Refine impl id is gc E

E Prog E

id gc E Prog

impl id is gc E E Prog
E
Prog

Refine impl id is gc E Refine impl id is gc Prog

frame pre post b b m m rep reprep

modifies frame requires pre ensures post Lookup id E

b SpecVarProjection BenSideSet Resolve frame E E
b SpecVarProjection BenSideSet Resolve frame Prog Prog
m Target gc E Resolve frame E
m Target gc Prog Resolve frame Prog



rep RepAxioms E
reprep RepAxioms Prog E

RepPreds E Functionalize rep E
RepPreds Prog Functionalize rep Prog Functionalize reprep Prog

rp rep pre
R Resolve F F

F Q Functionalize Q E
F Q Functionalize Q Prog

F F

z Prog

Refine impl id is gc E
F rep F pre z0 z
wlp gc F post b0 b m0 m E

Refine impl id is gc Prog
F rep F reprep F pre z0 z
wlp gc F post b0 b m0 m Prog

b b

bb b b bb
bx by

Refine impl id is gc Prog

F rep F reprep F pre z0 z
wlp gc F post b0 b m0 m Prog

rp F
F rp z0 z wlp gc F post b0 b m0 m Prog

b b bx by
F rp z0 z wlp gc F post b0 b F bx0 bx

F by0 by m0 m Prog
wlp

F rp z0 z wlp gc F post b0 b F bx0 bx m0 m Prog
F rp z0 z wlp gc F by0 by Prog



z0 z wlp gc F by0 by Prog

X X
E Prog X

X
Q E S E X

F Q X F Q
z X z
X
X Q Q
Resolve bx Prog X m
m X m
wlp S X Q Prog X wlp S Q E

X X

X Q0 Q1
E

X Q0 X Q1

X Q0 Q1

Q0 Q1

F post b0 b F bx0 bx m0 m

F post b0 b F bx0 bx X m0 m
F bx0 bx R bx0 bx Prog

F post b0 b R bx0 bx Prog X m0 m

F post b0 b X m0 m

F rp z0 z wlp gc F post b0 b F bx0 bx m0 m Prog
wlp

F rp z0 z wlp gc F post b0 b X m0 m Prog



X F rp z0 z wlp gc X F post b0 b m0 m Prog

X F rp z0 z X wlp gc F post b0 b m0 m E
X

F rp z0 z wlp gc F post b0 b m0 m E

Refine impl id is gc E

b b

b b

b b
b b

SpecVarProjection BenSideSet R frame E E
SpecVarProjection BenSideSet R frame Prog Prog

SpecVarProjection
BenSideSet R frame E E BenSideSet R frame Prog Prog

E Prog
BenSideSet R frame E E E

E E E E
w E v

BenSideSet R w E E BenSideSet R w E E
BenSideSet

v v E R w E v v v E R w E v

v v E v R w E v E v R w E
E E

v v E v R w E v R w E

v v E v R w E v R w E

v



v E v Resolve w E
Resolve

v E a a w Depends a v E

a E a w E
v E v E

v E a a w Depends a v E
Resolve

v Resolve w E

bx by

bx by bx by bb
bx

by
d

d bb
bb

d b b b
b b

d Prog R frame Prog d E R frame E

d R frame Prog d E d R frame E
Resolve E Prog

d R frame Prog d E

bx

bx bb d bb d bx
call p gc g p

Depends g d Prog

true
g p

g RawTarget call p E
call p gc

g RawTarget gc E
RawTarget gc E Target gc E

g Target gc E



Depends g d Prog

Depends g d Prog d R frame Prog
Depends g d Prog g R frame Prog d R frame Prog

g R frame Prog
Resolve E Prog

g R frame E

g Target gc E R frame E

g m d bx

d E g g m Depends g d Prog

by

by bb bx bx by bb d by
gc g Depends g d Prog

gc d
d

gc gc d
y gc y E
gc E

y E

y E d E

Depends d y Prog

gc
d d by

wlp gc F by0 by Prog F by0 by

R by0 by Prog

R by Prog z



X

X E Prog

X Q
Q x

y

x E

a x y
a Resolve a Prog Resolve a E

Q
Q x

f

x
f

y x
E

spec var a var c depends a on c

Prog E

var d depends a on d

X Functionalize a a 0 a 0 E
Functionalize E

X a c f a a c 0 f a a c 0
X

a c f a a c 0 f a a c 0 a a d

a c d f a a c d 0 f a a c d 0

Resolve Resolve a E
Resolve a Prog

w E

Resolve w Prog X Resolve w E



Q E

Functionalize Q Prog X Functionalize Q E

Functionalize a a 0 a 0 Prog

v
w

a a w v R a Prog R a E v X w

e e X e X
Prog z

z X z X

X w R T X w X R X T

X Q w0 w X Q X w0 X w

Q X w0 w0

T T s t

s t
s t s

X
X X

X y x
Q x Q

x x
f Q Q

x x
y X Q
X Q x Q

X Q true Q



X m

Resolve bx Prog X m

x

x Resolve bx Prog
Resolve

d d bx Depends d x Prog
bx

d d bx d E Depends d x Prog
Depends d x Prog x E d E

d d bx Depends d x Prog x E
bx

d g d bx g m Depends g d Prog Depends d x Prog x E
Depends

g g m Depends g x Prog x E
Depends g x Prog x Resolve g Prog

g g m x R g Prog x E
Resolve g E E

g g m x R g Prog R g E
X

x X m

m X m

rt RawTarget gc E rt RawTarget gc Prog m
m
m R rt E R frame E
m R rt Prog R frame Prog

m X m v m m v X m

v m
m

v R frame Prog
Resolve E Prog

v R frame E

v m
m

v R rt E v R frame E

v R rt E



v m
m

v R rt Prog
Resolve

a a rt Depends a v Prog
rt R rt E

a a rt a R rt E Depends a v Prog
Depends a v Prog a R frame Prog

a a rt a R rt E a R frame Prog Depends a v Prog
Resolve

a a rt a R rt E a R frame E Depends a v Prog
m

a a rt a m Depends a v Prog
a rt Depends a v Prog v R a Prog R a E

a a m v R a Prog R a E
X

v X m

true
Resolve

Depends a v Prog a R frame Prog v R frame Prog

Depends a v Prog a R frame Prog v R frame Prog

Depends a v Prog a R frame Prog

v R a Prog R a E

v R a Prog v R a E
v Resolve a Prog Depends a v Prog

Depends a v Prog v R a E
Resolve

Depends a v Prog a rt v R rt E

Depends a v Prog a rt

m X m rt
a b frame b

E Prog a b c



Resolve rt E Resolve frame E a X a a c
Resolve rt Prog Resolve frame Prog a

X wlp

wlp gc X Q Prog X wlp gc Q E

gc
skip

wlp skip X Q Prog
skip

X Q
skip

X wlp skip Q E

wrong

wlp wrong X Q Prog
wrong

false
X

X false
wrong

X wlp wrong Q E

wlp v expr X Q Prog

X Q v expr

X v expr E
X Q v expr

X wlp v expr Q E

p
E

spec p is modifies fr requires Pr ensures Po



t t u u B B

t Resolve fr E
t Resolve fr Prog
u F Po
u F Po
bs BenSideEffects t E
bs BenSideEffects t Prog

t X t u X u bs bs

wlp call p X Q Prog
call p

F Pr Resolve fr Prog F bs Po X Q u0 u
bs bs

F Pr Resolve fr Prog F bs Po X Q u0 u
t

X F Pr t X F bs Po X Q u0 u
t u

X F Pr X t X F bs Po X Q X u0 X u
X

X F Pr X t F bs Po Q X u0 X u
F bs Po

F bs Po u u
X

X F Pr X t F bs Po Q u0 u
X t

X F Pr Resolve fr E F bs Po Q u0 u
call p

X wlp call p Q E

wlp s t X Q Prog

wlp s wlp t X Q Prog Prog
wlp

wlp s X wlp t Q E Prog
Q wlp t Q E

X wlp s wlp t Q E E

X wlp s t Q E



wlp s t X Q Prog

wlp s X Q Prog wlp t X Q Prog

X wlp s Q E X wlp t Q E
X

X wlp s Q E wlp t Q E

X wlp s t Q E

wlp g s X Q Prog

g wlp s X Q Prog

g X wlp s Q E
X
g

X g wlp s Q E

X wlp g s Q E

wlp y s X Q Prog

y wlp s X Q Prog

y X wlp s Q E
X

X y wlp s Q E

X wlp y s Q E

X



f

b b
X wlp

gc
b b

b b by bx
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depends

depends
depends

depends

unit Consumer is
type T
spec Consume s seq char t T is

s t consume
method t T spec consume ch char is

end

Consume t
T t consume

Consume

t consume

Consume consume

t consume
T



T

true

true

valid state

spec var valid T bool
spec var state T any

any state t
rep state t depends

state t T

state

consume valid
state

method t T spec consume ch char is
requires valid t
modifies state t

consume t t

valid t
valid t modifies

valid t

consume t
valid

modifies



Consume
consume

spec Consume s seq char t T is
requires valid t
modifies state t

Consume
s t consume

impl Consume s seq char t T is
if s then t consume first s Consume rest s t fi

Consume
s

consume s
s

consume s consume

Consume

depends

depends

TextWrImpl flushed
seq char seq char

TextWrImpl



FastSeq

unit FastSeq is
type T
spec contents T seq char

spec Init t T is
modifies contents t
ensures contents t

spec result seq char Contents t T is
ensures result contents t

spec Append t T ch char is
modifies contents t
ensures contents t contents0 t ch

end

TextWrImpl

unit TextWrImpl importWr WrFriends TextWr FastSeq is
var flushed TextWr T FastSeq T
dependsWr target t TextWr T on FastSeq contents flushed t
repWr target t TextWr T is
Wr target t FastSeq contents flushed t Wr buff t

end

Wr target FastSeq contents

FastSeq FastSeq Wr
FastSeq FastSeq

FastSeq
FastSeq FastSeq

FastSeq
FastSeq

TextWrImpl flushed FastSeq

Wr target FastSeq contents
depends

depends

depends a t T on c t

a c

depends a on c



depends

depends a t T on c b t

a c b
a c a b c

b

FastSeq T flushed t
t

A AFriends

unit A is
type T
spec var valid T bool
spec var state T any

spec Init t T is
modifies state t valid t
ensures valid t

spec Update t T is
requires valid t
modifies state t

spec Destroy t T is
modifies state t valid t

end



unit AFriends import A is
var previous A T
depends A state on previous
depends A valid on previous

end

B

unit B is
type T
spec var valid T bool
spec var state T any

spec Init t T is
modifies state t valid t
ensures valid t

spec Update t T is
requires valid t
modifies state t

end

B B T

unit BImpl import B A is
private var x B T A T

end

B A AFriends
private x

B T
B T BImpl

depends B valid t B T on A valid x t
depends B state t B T on A valid x t
rep B valid t B T is valid t A valid x t

B T A T
A

B private
x

private



BImpl B

impl B Init t B T is
call A init x t

impl B Update t B T is
call A Update x t

A B

unit Client import A AFriends B is
spec P is
modifies A state A valid B valid B state

impl P is
b B T b new B T
B Init b
if AFriends previous nil then A Destroy AFriends previous fi
B Update b

end

P B Update

P B Update
A init t t AFriends previous t

P B Update

BImpl
private x BImpl

A A
BImpl x private A
A T

B valid t
A valid x t A valid A valid t

A valid t
w t w



new

S

unit S is
spec kip is
modifies

end

unit SImpl import S is
impl kip is

a a new A T A Init a
end

SImpl S kip
A state A valid

a
a

unitM import S A AFriends is
spec P is
ensures true

impl P is
p A T p AFriends previous
S kip
if p AFriends previous then wrong fi

end

M P
S kip M P

B BImpl
A state A valid

w t
w t w

t
w t w
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abort



assert

AuthenticityProblem

BenSideEffects
BenSideSet

bool

buff

call

cand

wlp
wp



consume
Consume

Consumer

contents FastSeq T

Depends
depends

ensures

Env



except-ensures

f
false

FastSeq
FaultyClient

fin

flush
flushed

Functionalize

GetSpec
global in

guard

if fi

if then fi
impl

import



ImportClosure

inf

int

do od

L

last

Lookup

map

method
impl
spec

modifies



SwitchToAbstract

new
nil
nil

oc

oc



ensures
except-ensures

requires

private

L R

PutChar

R
raise

RawTarget



Refine

rep
RepAxiom
RepAxioms
RepPreds

requires

Resolve

S kip

seq char

skip

spec
spec var



SpecVarProjection

state

subst

X X

SwitchToAbstract

target

Target
Target

TextWr
TextWr T
TextWrImpl
then



true

type

unit

raise raise
skip skip
wrong wrong

valid

var



wlp

wp

Wr
Wr T

WrFriends

wrong

X


