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NEW REGISTER:

— Create new register and initialize to 0
int i_reg = getNewRegister(program);
gen_addi_instruction(program, i_reg, REG 0, 0);
i_reg = gen_load_immediate(program, 0);

VARIABLE
— Create a new variable starting from a register
— Check if is an array
t_axe_variable * array = getVariable(program, get_symbol_location(program,<identifier>));
if (larray->isArray) {
notifyError(AXE_INVALID_VARIABLE);

}

EXPRESSION
- From register
— From immediate value
t_axe_expression index_exp = create_expression($3, REGISTER);
t_axe_expression index_exp create_expression(9, IMMEDIATE);

SYMBOL LOCATION
— Get the register location associated to the given <id>

int location = get_symbol_location(program, <identifier>, 02);

LOAD/STORE ARRAY
— Load: load the content of an element of an array in a register
SESEoGel
int load_reg = loadArrayElement(program, <id>, <expression_index>);
storeArrayElement(program, <id>, <expression_index>, <expression_data>);



t_axe_labelx test = assignNewLabel(program);
t_axe_label* end = newLabel(program);
assignLabel(program, <label_end>);

int index_reg = gen_load_immediate(program, array->arraySize-1);
t_axe_labelx test = assignNewLabel(program);
t_axe_labelx end = newLabel(program);

handle_binary_comparison(program, create_expression(index_reg, )5
create_expression(0, ), _LT_);

gen_bne_instruction(program, end, ©);

/// ///

gen_subi_instruction(program, index_reg, index_reg, 1);

gen_bt_instruction(program, test, 2);
assignLabel(program, end);

I

t_axe_expression expr handle_binary_comparison(program, <expr>, <expr>, _NOTEQ_)

t_axe_expression expr = handle_bin_numeric_op(program, <expr>, <expr=, )



ARITHMETIC ISTRUCTIONS
- Operands are registers: target, source_1, source_2

gen_andb_instruction(program, i_reg, i_reg, i_reg, CG DIRECT ALL);

CONDITIONAL ISTRUCTIONS
— The check is performed on the result of the previous expression

gen_beq_instruction(program, <label>, 0);
gen_bne_instruction(program, <label>, ©);
gen_bgt_instruction(program,<label>,?);

gen_bt_instruction(program, <label>, 7#);
gen_bmi_instruction(program, <label>,?);
gen_bpl_instruction(program, <label>,?);

PROGRAM TERMINATION INSTRUCTION

gen_halt_instruction(program);

GLOBAL ARRAY STRUCT
— Define a global custom struct for an array with augmented capabilities
struct t_exists{
charx id;
int index_reg;
int array_size;
} exists = {NULL, 0, 0};

ACSE LIST IMPLEMENTATION
— Add an element at the beginning of the list, if the list
is a NULL pointer the list is initialized (i.e. allocated)
and a valid pointer is returned.
— Get the element at index from the list, explicit cast is required.
— Pops the first element from the list, if the 1list is empty
after the operation a NULL pointer is returned
t_list xlist = NULL;
list = addFirst(list, element);
element_type * 1 = (element_type *)LDATA(getElementAt(list,index));
list = removeFirst(list);

NEW VARIABLE DECLARATION

t_axe_declaration * alloc_declaration
(char %ID, int isArray, int arraySize, int init_val)
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declaration_1list

declaration :
{
/*
$$
/ *
if
}
I
{
/ *
$$
if
}
l
{
/*
$$
/ *
if
}

.
’

: declaration_list declaration
{ /% add the new declaration to the list of declarations */
$$ = addElement($1, $3, —1);

¥

| declaration

{
/* add the new declaration to the list of declarations */
$$ = addElement ( , $1, -1);

¥

BSSIGN

create a new instance of t_axe_declaration */
= alloc_declaration($1, 2, 2, $3);

test if an of memory' occurred */

($$ == )

notifyError( )1

create a new instance of t_axe_declaration */

= alloc_declaration($1, 1, $3, 2);
/* test if an of memory' occurred */

($$ == )
notifyError( DF

create a new instance of t_axe_declaration */

= alloc_declaration($1, 2, 2, 2);

test if an of memory' occurred */
($$ == )

notifyError( )

/% block of code can be either a single statement or
* a set of statements enclosed between braces x/

code_block : statement { /* does nothing */ }
| statements { /* does nothing */ }

/% or more code statements */

statements : statements statement { /* does nothing */ }
| statement { /* does nothing */ }

.
’

/* A statement can be either an [assignment statement or a control statement
* or a read/write statement or a semicolon */

statement : [assign_statement { /* does nothing */ }
| control_statement { /* does nothing */ }
| read_write_statement { /* does nothing */ }
| { gen_nop_instruction(program);

.
’

control_statement : if_statement { /* does nothing */ }
| while_statement { /* does nothing */ }
| do_while_statement { /* does nothing */ }
| return_statement { /* does nothing */ }



read_write_statement : read_statement { /* does nothing */ }
| write_statement { /* does nothing */ };

assign_statement : exp exp K
/% to ' that the value $
* have to be assigned to the location
* addressed by $1[$3]. $1 is obviously
* the array/pointer identifier, $2 is an expression
* that holds an integer value. value will be
* used as an index for the array $1 %/
storeArrayElement(program, $1, $3, $6);

/* free the memory associated with the IDENTIFIER.

* use of the free instruction is required
* because of the value associated with IDENTIFIER.
* value of is a string created
* by a call to the function ' (see Acse.lex) */
free($1);
}
| exp {

int location;

t_axe_instruction *instr;

/% in order to assign a value to a variable, we have to
* know where the variable is located (i.e. in which register).
* the function ' is used in order
* to retrieve the register location assigned to
* a given identifier.

* symbol table keeps track of the location of every

* declared variable.

* ' perform a query on the symbol table
* in order to discover the correct location of

* the variable with $1 as identifier x/

/* get the location of the symbol with the given ID. */

location = get_symbol_location(program, $1, 2);

/* update the value of location */
if ($3.expression_type == )

gen_move_immediate(program, location, $2.value);
else

instr = gen_add_instruction

(program, location, , $2.value, )
/* free the memory associated with the %/
free($1);
};
if_statement : if_stmt

{

/* fix the 'ox/
assignLabel(program, $1);

}
| if_stmt
{

/* reserve a new label that points to the address where to jum
* ' is verified */

$2 = newLabel(program);

/* exit from the if-else %/

gen_bt_instruction (program, $2, 0);

/* fix the 'ox/

assignLabel(program, $1);

}
code_block
{

/* fix the 'ox/
assignLabel(program, $2);
IE



if_stmt {

}
cod

while_statement

do_while_statement

/* the label that points to the address where to jump if
* ' is not verified x/

$1 = newLabel(program);
exp

if ($4.expression_type == )
gen_load_immediate(program, $4.value);

else
gen_andb_instruction(program, $4.value,

$4.value, $4.value, )]
/* if ' returns , jump to the label $1 */

gen_beq_instruction (program, $1, 2);

e_block { $$ = $1; };
{

/* initialize the value of the non-terminal *x/

$1 = create_while_statement();

/* reserve and fix *x/

$

= assignNewLabel(program);
}
exp {
if ($4.expression_type == )
gen_load_immediate(program, $4.value);
else
gen_andb_instruction(program, $4.value,
$4.value, $4.value, ) e

/* reserve a new label. new label will point

* to the first instruction after the while code

* block */

$1.label_end = newLabel(program);

/*x if ' returns , jump to the label $1.1label_end x*

gen_beq_instruction (program, $1.label_end, 7);
}

code_block {
/* jump to the beginning of the loop */
gen_bt_instruction
(program, $1.label_condition, 2);

/* fix the label ' ox/
assignLabel(program, $1.label_end);
}s

{

/* the label that points to the address where to jump if
* ' is not verified */

$1 = newLabel(program);

/* fix the label x/
assignLabel(program, $1);

}
code_block exp {
if ($6.expression_type == )
gen_load_immediate(program, $6.value);
else
gen_andb_instruction(program, $t.value,
$6.value, $6.value, )
/x if ' returns , jump to the label $1 %/

gen_bne_instruction (program, $1, 0);
-



return_statement : {
/% insert an instruction */
gen_halt_instruction(program);
i

read_statement : {
int location;

/* read from standard input an integer value and assign
* */
/% ID x/

/*
* IDENTIFIER $ *x/
= get_symbol_location(program, $3, 2);

/* insert a read instruction */
gen_read_instruction (program, location);
/* free the memory associated with the */
free($3);
r;

write_statement : exp {
int location;

if ($3.expression_type == ) {
/* load ' into a new register. the new regis
* identifier or if an error occurs */
location = gen_load_immediate(program, $3.value);
}
else
location = $3.value;

/* write to standard output an integer value */
gen_write_instruction (program, location);

exp: { $% = create_expression ($1, JEEt
| {

int location;

/* get the location of the symbol with the given */
location = get_symbol_location(program, $1, 0);

/* return the register location of as
* a value for ' ox/
$$ = create_expression (location, DE

/* free the memory associated with the */
free($1);

| exp {
int reg;

/* load the value [exp]
* into ' ox/
reg = loadArrayElement(program, $1, $3);

/* create a new expression */
$$ = create_expression (reg, ) E

/* free the memory associated with the */
free($1);

| { if ($2 == 0)
create_expression (1, )i

s
A
Il

i
A
Il

create_expression (0, )i



—_—_———————

{ if ($2 == 0)

$$ = create_expression (1, ) -
else
$$ = create_expression (7, );
{
int identifier_location;
int output_register;
/* get the location of the symbol with the given */
identifier_location =
get_symbol_location(program, $2, 0);
/* generate a instruction. order to do this,
* at first we have to ask for a free register where
* to store the result of the instruction. */
output_register = getNewRegister(program);
/% we are able to generate a instruction */
gen_notl_instruction (program, output_register
, identifier_location);
$$ = create_expression (output_register, );
/* free the memory associated with the %/
free($2);
exp exp { $%$ = handle_bin_numeric_op(program, $1, $3, ); }
exp exp { $%$ = handle_bin_numeric_op(program, $1, $3, ); )
exp exp { $%$ = handle_bin_numeric_op(program, $1, $2, ); }
exp exp { $$%$ = handle_bin_numeric_op(program, $1, $3, ); }
exp exp { $%$ = handle_bin_numeric_op(program, $1, $3, );
exp exp { $%$ = handle_bin_numeric_op(program, $1, $3, ); }
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _LT_); }
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _GT_);
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _EQ_); }
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _NOTEQ_); }
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _LTEQ_); }
exp exp { $%$ = handle_binary_comparison (program, $1, $3, _GTEQ_); }
exp exp { $$ = handle_bin_numeric_op(program, $1, $3, ); }
exp exp { $$ = handle_bin_numeric_op(program, $1, $3, ): }
exp exp { $$ = handle_bin_numeric_op(program, $1, $3, ); }
exp exp { %% = handle_bin_numeric_op(program, $1, $3, ); )
exp { $$ = $2; }
exp {
if ($2.expression_type == )
{
$% = $2;
$$.value = - ($$.value);
}
else {
t_axe_expression exp_ro;

/* create an expression for regisrer */
exp_r@.value = -
exp_r@.expression_type = -

$$ = handle_bin_numeric_op
(program, exp_ro, $2, -



