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(*step operation and expressions*)
type var =Var of string
type oplus =
| Plus
| Minus
| Caret
type otime =
| OPlus of oplus
| Time
| Div
| Equal
| Less
| Greater
| Less_Eq
| Greater_Eq
| Not_Eq
type exp =
| EConst of int
| EVar of var
| EIn of var * exp
| ETime of exp * otime * exp
| ETop of var
| EEmpty of var
type step =
| Plus_Eq of var * oplus * exp
| Plus_In of var * exp * oplus * exp
| Push of var * var
| Pop of var * var
| Skip
(*language SRL*)
type blk =
| SStep of step
| SIf of exp * blk * blk * exp
| SCon of blk * blk
| SFrom of exp * blk * blk * exp
type srl = SBLK of blk
(*language RL*)
type label = Label of string
type jump =
| RGoto of label
| RIf of exp * label * label
| RExit
type from =
| RFrom of label
| RFi of exp * label * label
| REntry

type rlblk =




| RBIk of label * from * step list * jump
type 1l = RLBLK of rlblk list
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open Parser
rule token = parse

(* HET *)

| '+ {PLUS}

S { MINUS }

| A { CARET }

{ ASTERISK }
{ SLASH }

{ EQUAL }
{LESS }

{ GREATER }
" {BELOW }
" { ABOVE }
{NOT}

%

~

SV ANV A
o

d
e
43|

HDEFKIT.mly 77 4 ViCEidR L
727-% . WM)D open parser T.mly 7 7 4
N FEHRIAAL TS,
PUT iR Tl 2R3,

# let x = Lexing.from_string "from x = 0 do
skip;";;

# token x;;

- : Parser.token = FROM

# token x;;

- : Parser.token = VAR "x"

# token x;;

- : Parser.token = EQUAL
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/] VT 7/1/. Parser.main Lexer.token

%token <string> VAR /], Ys abc, ... (Lexing.from_string "from x=0 do skip loop

%token <int> CONST //0,1,2, ...

x+=1 until x=10;");;

/] HmET # - : Syntax.blk =

%token PLUS /) '+ SFrom (ETime (EVar (Var "x"), Equal, EConst

%token MINUS /] 0), SStep Skip,

%token CARET [ SStep (Plus_Eq (Var "x", Plus, EConst 1)),

%token ASTERISK // ™ ETime (EVar (Var "x"), Equal, EConst 10))
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%start main
%type <Syntax.blk> main
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{@ﬁ%m T1by]Clos L 12, 1)
{SCon($1, $2) } Tba1(L, 13,14, Ls)

Tlal(lo, 11,13, 13) =
// from el do b1 loop b2 until e2 o
| FROM exp DO blk LOOP blk UNTIL | h:fromlg

exp a
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@(srlcc b1 (Ib,pl x la,pl x 1b,Ic))
@(srlce b2 (Ib,pl x Ic,pl x 1d,Ic))
@[RBlk(Label Ic,

RFi(e2,Label (pl x1b),

Label (pl x1d)),[]1,RGoto(Label 1d))]

€159
in
RLBLK([RBlk(Label"l",REntry,
[1,RGoto(Label "2"))]
@(srlcc b ("1","2","3","4"))
@[RBIlk(Label "4",
RFrom(Label "3"),[],RExit)])

open Syntax
let rec srlcb =
let max2ab =
if (int_of_string a)>(int_of_string b) then a
else b
in
letmax4dabcd=
if (max2 ab) > (max2 ¢ d) then (max2 a b)
else (max2 c d)
in
letplnx =
string_of_int((int_of_string x)
+ (int_of_string n))
in
let rec srlcc ¢ (la,lb,lc,1d) =
let x = max4 lalb Ic 1d
in
match ¢ with
| SCon(b1,b2) ->
(srlec b1 (la,lb,pl x 1a,pl x 1b))
@(srlcc b2 (pl xla,pl x 1b,Ic,1d))
| SStep(a) ->
[RBlk(Label Ib,RFrom(Label la),[a],
RGoto(Label Ic))]
@|[RBlk(Label Ic,RFrom
(Label Ib),[],RGoto(Label 1d))]
| SIf(el,b1,b2,e2) ->
[RBIk(Labellb,
RFrom(Label la),[],
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#srlc(SFrom (ETime (EVar (Var "x"),
Equal, EConst 0), SStep Skip,
SStep (Plus_Eq (Var "x", Plus, EConst 1)),
ETime (EVar (Var "x"), Equal, EConst 10)));;
- : Syntax.rl =
RLBLK
[RBIk (Label "1", REntry, [], RGoto (Label
"2");
RBIk (Label "2",
RFi (ETime (EVar (Var "x"),
Equal, EConst 0), Label "1", Label "8"),
[1, RGoto (Label "5"));
RBIk (Label "5", RFrom (Label "2"),
[Skip], RGoto (Label "6"));
RBIk (Label "6", RFrom (Label "5"),
[1, RGoto (Label "3"));
RBIk (Label "7", RFrom (Label "3"),
[Plus_Eq (Var "x", Plus, EConst 1)],
RGoto (Label "8"));
RBIk (Label "8", RFrom (Label "7"),
[1, RGoto (Label "2"));
RBIk (Label "3", RFrom (Label "6"), [],
RIf (ETime (EVar (Var "x"),
Equal, EConst 10), Label "4", Label "7"));
RBIk (Label "4", RFrom (Label "3"),
[1, RExit)]
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open Syntax

(*step operation and expressions Pretty
Printer*)
let print_v = function

| Var(s) -> s

let print_op = function
| Plus -> "+"
| Minus ->"-"

| Caret -> """

let print_ot = function
| OPlus(n) -> print_op n
| Time -> "*"
| Div ->"/"
| Equal -> "="
| Less -> "<"
| Greater -> ">"
| Less_Eq -> "<="
| Greater_Eq -> ">="
| Not_Eq ->"1="

let rec print_e = function

| EConst(n) -> string_of_intn

| EVar(x) -> print_v x

| EIn(x,e) -> (print_vx) A "[" "
(print_e e) " "]"

| ETime(el,ot,e2) ->
(print_e el) » " " ~(print_ot ot) "
" "~ (print_e e2)

| ETop(x) -> "top " " (print_v x)

| EEmpty(x) -> "empty " " (print_v x)

let print_a = function
| Plus_Eq(x,0p,e) -> (print.v x) A " " A
(print_op op) " "="" (print_e e)
| Plus_In(x,el,0p,e2) ->
(print_v x) » "[" ~ (print_e el) ~ "] " A
(print_op op) N "="" (print_e €2)
| Push(x1,x2) -> "push "~ (print_vx1) A" " A
(print_v x2)
| Pop(x1,x2) -> "pop "~ (print_vx1) A" "~
(print_v x2)
| Skip -> "skip"

(*RL Pretty Printer*)

let rec rl_prints =
let rec rl_print =
let print_l = function
| Label(s) -> s
in
let rec print_a2 = function
I ->"
| [x] -> (print_a x) " "¥n¥t"
| x::xs -> (print_a x) » "¥n" » (print_a2 xs)
"¥n¥t"
in
let print_j = function
| RGoto(l) -> "goto " " (print_11)
| RIf(e,11,12) ->
"if "~ (print_e e) N " goto "~ (print_111) A
"else " " (print_112)
| RExit -> "exit"
in
let print_k = function
| RFrom(l) -> "from "~ (print_11)
| RFi(e,11,12) ->
"fi" A (print_e e) " from " » (print_111) A
"else " " (print_112)
| REntry -> "entry"
in
let print_blk = function
| RBlk(1,k,a,j) ->
(print_1 1) ~": ¥t" / (print_k k) N "¥n¥t" /
(print_a2 a) " (print_jj)
in
function
[ []->"
| [x] -> print_blk x
| x :: xs -> ((print_blk x) » "¥n" ” (r]_print xs))
in
function
| RLBLK(rlblk) -> print_string ((rl_print rlblk)
A"¥n")
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open Syntax
let opt_rll =
letrec optrlc =
match rl with
[ {]->(1,-1)
| x:xs ->
begin
match x with
| RBlk(Label(n),f,s,j) ->
begin
let a = try int_of_string n with
| ->-1
in
if (c =a) || (a=-1) then opt xs
(c+1)
else (int_of_string n,c)
end
end
in
function
| RLBLK(t]) -> opt rl 1

let opt3 rln =
let rec opt2 11 (c1,c2) =
let opt_11(cl,c2) =
match | with
| Label(n)->
let a = try int_of_string n with
| ->-1
in
if a = cl then Label("1""(string_of_int
c2)) else Label(n)
in
let opt_ff (cl,c2) =
match f with
| RFrom(l) -> RFrom(opt_11(c1,c2))
| RFi(e,11,12) -> RFi(e, opt_1 11 (c1,c2),
opt_112 (c1,c2))
| REntry -> REntry
in
let opt_jj (cl,c2) =
match j with
| RGoto(l) -> RGoto(opt_11(c1,c2))
| RIf(e,11,12) -> RIf(e, opt_111 (c1,c2), opt_I
12 (c1,c2))
| RExit -> RExit
in
match rl with
[[1->11
| x::xs ->
begin
match x with

| RBIk(1f.5,]) ->

[RBlk(opt_I11(c1,c2), opt_ff (c1,c2),
s, opt_jj (c1,c2))]
@ (opt2 xs (c1,c2))
end
in
match rl with
| RLBLK (x) -> RLBLK(OptZ X 1)

let rec opt_rl 1l =
let x = opt_rl1 1l
in
if x=(-1,-1) then 1l
else opt_rl(opt3 1l x)
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let rec read_print () =

let stl2r] s = r]_prints(label_rl(opt_rl(srlc s)))
in

let rl_invers =
1l_prints(label_rl(opt_rl(invertr(srlc s))))
in
let stl_inver s = srl_prints(invert s)
in
print_string "->";
flush stdout;
let line =
Parser.main Lexer.token
(Lexing.from_channel stdin )
in
print_string("¥nSRL:¥n" " srl_prints(line) "
"¥n¥n");
print_string("SRL inversion:¥n" » (srl_inver
line) ™ "¥n¥n");
print_string("RL:¥n");
srl2rl line;
print_string "¥n";
print_string("RL inversion:¥n");

rl_inver line;
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->from x=0 do skip loop x +=1 until x = 10;
SRL:

from x = 0 do skip loop x += 1 until x = 10

SRL inversion:
from x = 10 do skip loop x -= 1 untilx = 0

RL:
11: entry
goto 12
12: fix =0 from 11 else 16
goto 13
13: from 12
skip
goto 14
14: from 13
goto 17
15: from 17
x+=1
goto 16
16: from 15
goto 12
17: from 14
if x = 10 goto 18 else 15
18: from 17
exit

RL inversion:

11: entry
goto 12
12: fix = 10 from 11 else 14
goto 15
13: from 17
goto 14
14: from 13
x-=1
goto 12
15: from 12
goto 16
16: from 15
skip
goto 17
17: from 16
if x = 0 goto 18 else 13
18: from 17
exit
FATHI 2

->from k = n do skip loop k -= 1 from j = 0 do skip loop

if x[j] > x[k] then x[j] -= 1 else skip fi x[j] >= x[k]
+=1luntilj=k j-=kuntlk=0;

SRL:

j

from k = n do skip loop k -= 1 from j = 0 do skip loop

if x[j] > x[k] then x[j] -= 1 else skip fi x[j] >= x[k]
+=1luntilj=k j-=kuntilk=0

RL:
11: entry
goto 12
12: fik = n from 11 else 120
goto 13
13: from 12
skip
goto 14
14: from 13

goto 121

j




15: from 121
k-=1
goto 16
16: from 15
goto 17
17: fij=0from 16 else 117
goto 18
18: from 17
skip
goto 19
19: from 18
goto 118
110: from 118
if x[j] > x[k] goto 111 else 113
111: from 110
X[J] =1
goto 112
112: from 111
goto 115
113: from 110
skip
goto 114
114: from 113
goto 115
115: fi x[j] >= x[k] from 112 else 114
goto 116
116: from 115
j+=1
goto 117
117: from 116
goto 17
118: from 19
if j = k goto 119 else 110
119: from 118
j-=k
goto 120
120: from 119
goto 12
121: from 14
if k = 0 goto 122 else 15
122: from 121
exit
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