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C :: = skip
V=E| xE=E |
CERC

if (E) then { C } else { C } |
while (E) do { C } |

var V; C
Inductive com : Type :=
CSkip: com

CAsgnVar (x: var_name) (e: expr): com

CAsgnDeref (el e2: expr): com

|

|

|

| CSeq (cl c2: com): com

| CIf (e: expr) (cl c2: com): com
| CWhile (e: expr) (c: com): com
|

CLocalVar (x: var_name) (c: com): com.

Definition set_addr
(x: var_name)
(11 12: Z):
state -> state -> Prop :=
fun s1 s2 =>
(s1.(env) x = 11 /\ s2.(env) x = 12) /\
(forall y, x <> y -> sl.(env) y = s2.(env) y).

Definition alloc_mem (1l: Z) (v: val):
state -> state -> Prop :=
fun s1 s2 =>
(s1.(mem) 1 = None /\ s2.(mem) 1 = Some v) /\
(forall 1', 1 <> 1' -> si1.(mem) 1' = s2.(mem) 1').

Definition dealloc_mem (1: Z):
state -> state -> Prop :=
fun s1 s2 =>
(s1.(mem) 1 <> Nomne /\ s2.(mem) 1 = Nomne) /\
(forall 1', 1 <> 1' -> s1.(mem) 1' = s2.(mem) 1').

Definition alloc_mem_err: state -> Prop :=

fun s => forall 1, s.(mem) 1 <> None.



Definition dealloc_mem_err (1l: Z): state -> Prop :=

fun s => s.(mem) 1 = None.

Definition local_var_sem (x: var_name) (D: CDenote): CDenote :=

{l

nrm := |J (fun 11 =>
U (fun 12 =>
(set_addr x 11 12 N alloc_mem 12 Vuninit)
D.(nrm) o
(set_addr x 12 11 N dealloc_mem 12)));
err := LJ (fun 11 =>

U (fun 12 =>
(set_addr x 11 12 N alloc_mem 12 Vuninit)
D.(err))) uU
U (fun 11 =>
U (fun 12 =>
(set_addr x 11 12 N alloc_mem 12 Vuninit)
D.(nrm) o
dealloc_mem_err 12)) U
alloc_mem_err;
inf := (J (fun 11 =>
U (fun 12 =>
(set_addr x 11 12 N alloc_mem 12 Vuninit)
D.(inf)))

Fixpoint eval_com (c: com): CDenote :=
match ¢ with
| CSkip =>
skip_sem
| CLocalVar x c =>
local_var_sem x (eval_com c)
| CAsgnVar X e =>
asgn_var_sem X (eval_r e)
| CAsgnDeref el e2 =>
asgn_deref_sem (eval_r el) (eval_r e2)
| CSeq cl c2 =>
seq_sem (eval_com c1) (eval_com c2)
| CIf e c1 c2 =>
if_sem (eval_r e) (eval_com c1) (eval_com c2)
| CWhile e c1 =>
while_sem (eval_r e) (eval_com c1)

end.

SiHFEAAMNIERFRIES WhileProc

C :: = skip |
V=E| *E=E |
P(E, E, ..., E) |
©s © |

if (E) then { C } else { C } |
while (E) do { C } |

var V; C

Definition proc_name: Type := string.



Inductive com : Type :=
| CSkip: com
CAsgnVar (x: var_name) (e: expr): com
CAsgnDeref (el e2: expr): com

CSeq (c1 c2: com): com

CWhile (e: expr) (c: com): com

|

|

|

| CIf (e: expr) (cl c2: com): com

|

| CLocalVar (x: var_name) (c: com): com
|

CProcCall (f: proc_name) (es: list expr).
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4 jj‘_%%% p. (name_of_proc)
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o Ji%%%ﬁ%ﬁu%% p. (args_of_proc)

. J‘j%%’ﬁg p. (body_of_proc)

Record proc: Type := {
name_of_proc: proc_name;
body_of_proc: com;
args_of_proc: list var_name;

Bo

Definition prog: Type := list proc.

WhileProc HJ$EFRIE X
B IRE7E X
o EJIRE: stateg := z -> val
o JREUIRZ: state

— state.(env) : [var_name -> int64

— state.(mem) : [z -> val

0% x : proc_name — P(Z* x stateg x stateq) fHIAHE A EFERIAIT N
Fill78

o RIXANIEX [e] .(nrm) < state x Z
o HAJAITE X [c] (x).(nrm) S state x state
o THREMIE X [p] (x)-(nrm) S Z* x stateg x stateg

(s,8") € [P(er,ea,....ex)] (x)-(nrm) 4 HALH
FAE na, no, ..., ng 55

(s,n1) € [e1] -(nrm)

(s,n2) € [ez2] -(nrm)

o (s,nk) € [ex] .(nrm)



e ([n1,n2, ..., nx), 5.(mem), s'.(mem)) € x(P)
e s.(env) = s'.(env)
PP EA) FR FRIE X
o [erico] (0)-(nrm) = [er] (x)-(nrm) o [e2] (x)-(nrm)
o [if (¢) then {c1} else {c;}] (x).(nrm) =
test_true([e]) o [e1] (x)-(nrm) U
test_false([e]) o [ea] (x).(nrm
+ [while (¢) do {¢}] (x)-(nrm) =
the smallest X :

X = test_true([e]) o [¢] (x)-(nrm) o X © test_false([e])

AR FRE XL ([na, g, o], 8§, 8§) € [p] (X)-(nrm) 24 HACUAFETE s),s, 15

o (s¥ wsl,sS wsh) e [p.(body_of proc)] (x).(nrm)

o WFFARE ML p,
sh(p) # e MHALH
sh(p) # € HHAY
p = s).(env)(z) RIEANSE « ML (2 € p.(args_of proc))

o XIT p I i NSHL 2, € p.(args_of proc), s|.(mem)(s).(env)(x;)) = n;

FEFE p1,p2, ... o BITE X (CZARIBATEALEY) RE/NR x 1S

[pi] (x)-(urm) = x(p;.(name of proc))
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