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grammar MiniMoonBit;
prog: top_level* EOF;

// Top-level

/!
// Top level declarations should start at the beginning of the line, i.e.
// token.column == 0. Since this is non-context—free, it is not included in this

// backend-agnostic ANTLR grammar.
top_level: top_let_decl | toplevel_fn_decl;
top_let_decl:

'let' IDENTIFIER ':' type '=' expr ';';
toplevel_fn_decl: (main_fn_decl | top_fn_decl) ';';

// Function declarations

//

// ‘fn main‘ and ‘fn init' does not accept parameters and return type
main_fn_decl: 'fn' ('main' | 'init') fn_body;

top_fn_decl:
'fn' IDENTIFIER '(' param_list? ')' '->' type fn_body;
param_list: param (',' param)sx;
param: IDENTIFIER type_annotation;
fn_body: '{' stmt '}';

nontop_fn_decl:
'fn' IDENTIFIER '(' nontop_param_list? ')' (
'=>' type
)? fn_body;
nontop_param_list:
nontop_param (',' nontop_param)x*;
nontop_param: IDENTIFIER type_annotation?;

// Statements
stmt:
let_tuple_stmt
| let_stmt
| fn_decl_stmt
| assign_stmt
| expr_stmt;

let_tuple_stmt:

"let' '(' IDENTIFIER (',' IDENTIFIER)* ')' type_annotation? '=' expr ';'
stmt;
let_stmt:
"let' IDENTIFIER type_annotation? '=' expr ';' stmt;
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type_annotation: COLON type;
fn_decl_stmt: top_fn_decl ';' stmt;

assign_stmt:
get_expr '=' expr ';' stmt; // x[v]l = z;
expr_stmt: expr;

// Expressions, in order of precedence.
expr:

add_sub_level_expr

| add_sub_level_expr '==' expr

| add_sub_level_expr '<=' expr;

add_sub_level_expr:
mul_div_level_expr
| mul_div_level_expr '+' add_sub_level_expr
| mul_div_level_expr '-' add_sub_level_expr;

mul_div_level_expr:
if_level_expr
| if_level_expr '*+' mul_div_level_expr
| if_level_expr '/' mul_div_level_expr;

if_level_expr: get_or_apply_level_expr | if_expr;
if_expr: 'if' expr block_expr ('else' block_expr)?;

get_or_apply_level_expr:

get_expr

| apply_expr

| value_expr;
get_expr: value_expr '[' expr '1'; // xlv]
apply_expr: empty_apply_expr | nonempty_apply_expr;
empty_apply_expr: value_expr '(' 'J)'; // f0)
nonempty_apply_expr:

value_expr '(' expr (',' expr)* ')'; // f(x, y)

// Value expressions
value_expr:
| unit_expr
tuple_expr
bool_expr
identifier_expr
block_expr
neg_expr
floating_point_expr
int_expr
not_expr
| array_make_expr;
unit_expr: 'C* "J'; // O
tuple_expr: '(' expr (',' expr)* ')'; // (x, v)
block_expr: '{' stmt '}'; // { blah; blah; }

bool_expr: 'true' | 'false';
neg_expr: '-' value_expr;
floating_point_expr: NUMBER '.' NUMBER?; // 1.0 | 1.

int_expr: NUMBER; // 1
not_expr: 'not' '(' expr ')'; // not(x)
array_make_expr:
"Array' ':' ':' "'make' '(' expr ',' expr ')'; // Array::make(x, v)
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identifier_expr: IDENTIFIER;

// Types
type:
'Unit’
| '"Bool!’
| 'Int
| 'Double’
| array_type
| tuple_type
| function_type;
array_type: 'Array' '[' type ']';
tuple_type: '(' type (',' typed* ')'; // (Int, Bool)
function_type:
"(' type (', type)x ')' '->' type; // (Int, Bool) — Int

// Tokens

TRUE: 'true';
FALSE: 'false';
UNIT: 'Unit';
BOOL: 'Bool';
INT: 'Int';

DOUBLE: 'Double';
ARRAY: 'Array’;
NOT: 'not';

IF: 'if';

ELSE: 'else';

FN: 'fn';

LET: 'let';

NUMBER: [0-9]+;
IDENTIFIER: [a-zA-Z_][a-zA-Z0-9_]*;
DOT: '.';

ADD: '+';

SuB: '-';

MUL: '=%';

DIV: '/';

ASSIGN: '=';

EQ: '==';

LE: '<=';

LPAREN: '(';
RPAREN: ')';
LBRACKET: '[';
RBRACKET: '1';
LCURLYBRACKET: '{';
RCURLYBRACKET: '}';
ARROW: '->';

COLON: ':';
SEMICOLON: ';';
COMMA: ',';

wS: [ \t\r\nl+ — skip;
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/] BNRIH R

/// FEER—EEEY, WIRKMGRE INT_MIN
fn read_int() — Int;

/1] FTED—1EER, FHiRT

fn print_int(i: Int) — Unit;
/] ER—1NFT, NRKKORE -1
fn read_char() — Int;

[/ FTE—1FT

fn print_char(c: Int) — Unit;
/// FTEN— 1T

fn print_newline() — Unit;

/] BFERE

/1] EEEANE S EEEIR

fn int_of_float(f: Double) — Int;
fn float_of_int(i: Int) — Double;
fn truncate(f: Double) — Int; // 5 int_of_float #EE
/1] FREIEE

fn floor(f: Double) — Double;

fn abs_float(f: Double) — Double;
fn sqrt(f: Double) — Double;

fn sin(f: Double) — Double;

fn cos(f: Double) — Double;

fn atan(f: Double) — Double;

AR LR RISC-V C AL EAETR OX LR RIS, SRR AR SE PR B FRETAA
minimbt_, U minimbt_print_int, FESKERMY, RATCUANAEANTELEFISA YRR ARER 2 AT
FREREL, JFTERREAARTANIA ninimbt_ E5400 SMERTE

A, TSR, B, TTHFRE, BADCRME T LUNAE IR L
/1] REDECRE

void* minimbt_malloc(int32_t size);

/] PERMNMA/NEAE, HBLFRETRENSGENE

int32_t* minimbt_create_array(int32_t n_elements, int32_t init);
double* minimbt_create_float_array(int32_t n_elements, double init);
void** minimbt_create_ptr_array(int32_t n_elements, void* init);

TRFEA TR ZREIIANF
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§3. iIBX

§3.1. Typing
MiniMoonBit FJZBIRLMLNT :
§3.1.1. Value expressions
- T-
“O Uit (TUNIT)
T-BOOL-TRUE)

T-BOOL-FALSE)

(

F true : Bool (
F false : Bool (
(

T-INT)

Fint_expr(_) : Int

T-DOUBLE
t float_expr(_) : Double ( )
I'F ey : T where T € {Int,Double} (T-NEG)
'-—e : T
I'k e, : Bool
€1 : 209 (T-Nor)

I' - not(e;) : Bool
I'Fe :T,n:Int

(T-ARRAY-MAKE)
I' - Array :: make(n,e;) : Array|[T]

§3.1.2. Arithmetics

ke, :T,eqy: T where T € {Int,Double}

(T-ADD)
I'bej+ey: T
I'te; :T,e, : T where T € {Int,Doubl
e; : T,ey : T where ‘ {Int,Double} (T-SuB)
I'Fe —ey: T
I'Fe, :T,eq : T where T € {Int,Double} (T-Muv)
'Fe xey: T
I'ey:T,eq: T where T € {Int,Double} (T-D1v)
Fkej/es: T

§3.1.3. Comparisons
I'Fe; :T,eq: T where T € {Int,Double,Bool}
I'ke, = ey:Bool
I'Fe; :T,ey: T where T € {Int,Double,Bool}
I'ke; ==ey:Bool

(T-LEQ)

(T-EqQ)

§3.1.4. Get and apply
I'F e, : Array[T], e, : Int
I'Feleg]: T
Pk f:(Ty,..T,,) > T,eq: Ty e, = T
' fleg,..ney) : T

(T-ARRAY-GET)

~  (T-AppPLY)
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§3.1.5. If

I'-e; :Bool,ey : T,eg: T
'k if(ej,eq,e5): T

(T-Ir)

§3.1.6. Statements

'k e, : Array[T],e, : Int,eq : T, s, = T
I'Feley] =eq58, T

S

(T-ARRAY-PUT)

I'kFe =T Nv:Tks T
I'Fletv=ey;s;:T,
I'Fe:T Fv:Thks T
F'Eletv:T=¢;s;: T,

S

(T-LET-VAR-UNTYPED)

S

(T-LET-VAR-TYPED)

I'Fey : Tuple[Ty,..., T,] Loy :Ty,.,0, : T, F sy Ty (T-LET-TUPLE-UNTYPED)
'k let(vy,...,v,) =e;8 : T
'k ey : Tuple[Ty,..., T,] Doy i Ty, 0, : T, F sy Ty

T-LET-TUPLE-TYPED
FF‘Let(U]_,...,fUn):(Tl’. T >:el781:TS ( )

ey Iy

§3.1.7. Functions

Functions’ parameters may not have types annotated, so type inference is needed. Fresh
type variables are marked as X, and you can refer to Chapter 22 in TAPL on how to infer types.

I'..,p,:T,,...bs,: T,

CEfn f(oop T ){s 1} (o Typ o) = T,
I oyp; X, s 0T,

PEfn f(o,pp ) {51t (LX) =T,
I' s, : Unit

' fnmain {s;}: () — Unit
I' -5, : Unit

I'F fn init {s;}: () — Unit

(T-FN-PARAM-TYPED)

(T-FN-PARAM-UNTYPED)

(T-FN-MAIN)

(T-FN-INIT)



	语法定义
	预定义的函数
	语义
	Typing
	Value expressions
	Arithmetics
	Comparisons
	Get and apply
	If
	Statements
	Functions



