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Require Import ZArith Extraction.
From mathcomp Require Import all_ssreflec

(* Simple Calculator *)

Module Simple.

Inductive expr : Set :=
| Cst of Z
| Var of nat
| Add of expr & expr
| Min of expr
| Mul of expr & expr.
Fixpoint eval (env : list Z) (e : expr)
match e with
| Cst x => x
| Var n => nth 0 env n
| Add el e2 => eval env el + eval env e
| Min el => O-eval env el
| Mul el e2 => eval env el * eval env e
end’Z.
Inductive code : Set :=
| Cimm of Z
| Cget of nat
| Cadd
| Cmin
| Cmul.
Fixpoint eval_code (stack : list Z) (1
match 1 with
| nil => stack
| ¢ :: 1 =>
let stack’ :=
match c, stack with
| Cimm x, _ => x :: stack
| Cget n, _ => nth O stack n :: s
| Cadd, x :: y :: st => x+y :: st
| Cmin, x :: st => 0-x :: st
| Cmul, x :: y :: st => x*xy :: st
| _, _ =>nil
end/%Z
in eval_code stack’ 1’
end.
Fixpoint compile d (e : expr) : list code :
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match e with

| Cst x => [:: Cimm x]

| Var n => [:: Cget (d+n)]

| Add el e2 => compile d e2 ++ compile (S d) el ++ [:: Cadd]
| Min el => compile d el ++ [:: Cmin]

| Mul el e2 => compile d e2 ++ compile (S d) el ++ [:: Cmull
end.

Lemma eval_code_cat stack 11 12 :
eval_code stack (11 ++ 12) = eval_code (eval_code stack 11) 12.
Proof. by elim: 11 stack => //=. Qed.

Theorem compile_correct e d stack : (x QYA FDIELZ *)
eval_code stack (compile d e) = eval (drop d stack) e :: stack.
Proof.

elim: e d stack => //= [nlel IHel e2 IHe2|e IHe|lel IHel e2 IHe2] d stack.
- by rewrite nth_drop.
- by rewrite eval_code_cat IHe2 eval_code_cat IHel.

Admitted.

End Simple.

(¥ Iterating calculator *)

Module Iterator.
Inductive expr : Set :=
| Cst of Z
| Var of nat
| Add of expr & expr
| Min of expr
| Mul of expr & expr.

Fixpoint eval (env : list Z) (e : expr) : Z :=
match e with
| Cst x => x
| Var n => nth 0 env n
| Add el e2 => eval env el + eval env e2
| Min el => O-eval env el
| Mul el e2 => eval env el * eval env e2

Inductive cmd : Set :=

| Assign of nat & expr (x envin] IZHERZANS %)
| Seq of cmd & cmd Cx JEFICHET %)
| Repeat of expr & cmd. (* n [\FEDIERT  *)

Fixpoint eval_cmd (env : list Z) (c : cmd) : list Z :=
match ¢ with
| Assign n e => set_nth 0%Z env n (eval env e)
| Seq c1 c2 => eval_cmd (eval_cmd env cl) c2
| Repeat e c =>

if eval env e is Zpos n (x seq @ iter Zffi5H x)
then iter (Pos.to_nat n) (fun e => eval_cmd e c) env
else env



end.

Inductive code : Set :=

| Cimm
| Cget
| Cadd
| Cmin
| Cmul
| Cset
| Crep
| Cnex
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Fixpoint eval_code (stack : list Z) (1 : list code) :=
match 1 with
| nil => stack

| ¢ :: 1 =>

let stack’ :=
match c, stack with
| Cimm x, _ => x :: stack
| Cget n, _ => nth O stack n :: stack
| Cadd, x :: y :: st => x+y :: st
| Cmin, x :: st => 0-x :: st
| Cmul, x :: y :: st => x*xy :: st
| Cset n, x :: st => set_nth 0%Z st n x
| Crep _, Zpos n :: st =>

iter (Pos.to_nat n) (fun st => eval_code st 1’) st

| Crep _, _ :: st => st
| Cnext, _ => stack
| _, _ =>nil
endZ

in

match ¢ with

| Crep n => eval_drop n stack’ 1’
| Cnext => stack’
- =

I
end
end

eval_code stack’ 1°

with eval_drop n st (1 : list code) :=
match 1, n with

| _ :: 1, 0 => eval_code st 1’
| _ :: 1, Sn’ => eval_drop n’ st 1’
| [::1, _ => st

end.

Fixpoint compile d (e : expr) : list code :=

match
| Cst
| Var
| Add
| Min
| Mul
end.
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with
=> [:: Cimm x]
=> [:: Cget (d+n)]
e2 => compile d e2 ++ compile (S d) el ++ [:: Cadd]
=> compile d el ++ [:: Cmin]
e2 => compile d e2 ++ compile (S d) el ++ [:: Cmul]
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Fixpoint compile_cmd (c : cmd) : list code :=
match c with
| Assign n e => compile O e ++ [:: Cset n]
| Seq c1 c2 => compile_cmd cl ++ compile_cmd c2
| Repeat e c =>
let 1 := compile_cmd ¢ in
compile O e ++ [:: Crep (length 1)] ++ 1 ++ [:: Cnext]
end.

Definition neutral c :=
match ¢ with Cnext | Crep _ => false | _ => true end.
Inductive balanced : list code -> Prop := (* Crep & Cnext ONJGHAL TS *)
| Bneutral : forall c, neutral c = true -> balanced [:: c]
| Bcat : forall 11 12, balanced 11 -> balanced 12 -> balanced (11 ++ 12)
| Brep : forall 1, balanced 1 ->
balanced (Crep (length 1) :: 1 ++ [:: Cnext]).
Hint Constructors balanced.

Lemma eval_drop_cat st 11 12 :
eval_drop (length 11) st (11 ++ Cnext :: 12) = eval_code st 12.
Admitted.

Check eq_iter. (x GEFRICER 2 %)
Lemma eval_code_cat stack (11 12 : seq code)

balanced 11 ->

eval_code stack (11 ++ 12) =

eval_code (eval_code stack 11) 12.
Admitted.

Lemma compile_balanced n e : balanced (compile n e).
Proof. by elim: e n => /=; auto. Qed.

Theorem compile_correct e d stack :
eval_code stack (compile d e) = eval (drop d stack) e :: stack.
Admitted.

Lemma compile_cmd_balanced c¢ : balanced (compile_cmd c).
Proof. by elim: ¢ => /=; auto using compile_balanced. Qed.

Hint Resolve compile_balanced compile_cmd_balanced.

Theorem compile_cmd_correct c stack :

eval_code stack (compile_cmd c) = eval_cmd stack c.
Admitted.
End Iterator.

Extraction Iterator.eval_code.
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