“Ma( Mn‘ Mﬂ

procedurelmplementation() {
struct item_t* item;
struct object_t* object;

item = malloc(sizeof(struct item_t));
returnType(item);

if (symbol == IDENTIFIER) {
object = findProcedureObject(symbolTable, identifier);

Hechvd o calls
if (object 1= NULL) { € "0“”(""‘/ “/"“{7 rd o callid

if (object->type |=item->type)
warning("return type mismatch in p cedure ", identifier);
fixLink(object->offset); < I(IE‘C;(L J I ;‘2"% j(a becu QMI
} else { T Q6w oy ol
object = createObject(symbolTable, identifier);
object->class = PROC,
}

getSymbol(); _
object->type =item->type; (- [ fun wll be fost wsbechis
object->offset = PC; € Wrt WS 1, Jure
formalParameters(object); oj fm !

\ } else error("identifier expected");

/. returnFJumpAddress = 0;€ CY({,( 4‘)( “f

chawn 40 wfury calls

if (symbol == BEGII) getBymbole); else ePPOE&&“%?&ﬂ% S ek vl

prologue(varlableDeclaratlonSequence(olLeot *4); I""'"‘“’"’
procedureContext = object; T {sv cluck ua Yh %rc U3 l«{'hm calls
statementSequence();

ﬁmek(returnFJumpAddPess);

epllogue( *4);

Wian b 6 rcquw s

if (symbol == END) getSymbol(); else error("missing '}");
}
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) \ W pladun r RET \
REK p
prologue(int localSize) { ~ "‘a D'] 4/1,11\'4.'«;\..{
put(PSH,@ SP, 4); // save return address Wi [,.t,.,.mlﬂ,
put(PSH, FP, SP, 4); // save caller's frame ,‘J/m,mlz

// assumes: reg[0]==0 for MOV semantics

put(ADD, FP, O, SP); // allocate callee's frame
put(SUBI, SP, SP, localSize); // allocate callee's local variables

} \7 :FP o Mm:savd ( ->5P)

epilogue(int paramsSize) { 6 undiss ﬂm an /T..w l?f"
// assumes: reg[0]==0 for MOV semantics
put(ADD, SP, O, FP), // deallocate callee's frame and local variables

put(POP, FP, SP, 4); // restore caller's frame

put(POP, LINK, SP, paramSize + 4); // restore return address
// deallocate parameters

put(RET, O, O, LINK); // return
}
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formalParameters(struct object_t* object) {
int numberOfParameters;

struct object_t* nextParameter; struct object_t {

7 struct object_t* params;
}
if (symbol == LPAREN) getSy£fhbol(); else error("missing '";

numberOfParameters = O;

Pﬂmlﬂ'

nextParameter = object->params,; S
] b qus J@‘ “ cra '-( l{

(symbol == IDENTIFIER) || (symbol == STRUCT)) {
nextParameter = formalParameter(object, nextParameter);
numberOfParameters = numberOfParameters + 1;

if ((symbol == INT) | | (symbol == CHAR) | | (sym -= BOOL) y

while (symbol == COMMA) { /
getSymbol();
nextParameter = formalParameter(object, nextParameter);
numberOfParameters = numberOfParameters + 1;

y/tl[‘(‘mm rnva‘mlrv o’ﬂw[s l«l\l-{w o TP

n: V\SHLN’ 6! V«'MAIS

object->value = numberOfParameters;
nextParameter = object->params; ohes ( l’[ ] ) ‘%‘ :‘*" (I’Q]) +8

while (nextParameter |= NULL) { rme""-
numberOfParameters = numberOfParameters - 1; wd YL
nextParameter->offset = numberOfParameters * 4 +.
\ nextParameter = nextParameter->next;

}

if (symbol == RPAREN) getSymbol(); else error("missing )");
}
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struct object_t* formalParameter(struct object_t* object,
struct object_t* formalParameter) {
struct type_t* type;

type = basicArrayRecordType();

if (symbol == IDENTIFIER) { Al WLJ dibermma  olse shion
if (formalParameter |= NULL) { £

if (type != formalParameter->type)
warning("type mismatch in procedure declaration and call");

if (findObject(object->params, identifier) !|= NULL)
error("parameter name already used: ", identifier);
l
formalParameter->name = identifier; € V6w k¢ L""“ L
} else
formalParameter = createFormalParameter(object, type, identifier);

getSymbol();
formalParameter = formalParameter->next;
} else error("identifier expected");

return formalParameter;

}
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procedureReturn() {
struct item_t* item,;

if (symbol == RETURN)

getSymbol();
else

error('return statement expected"); —‘I-’\.YS“U‘P Ussim >

if ((symbol == ADD) || (symbol == SUB) | |
(symbol == IDENTIFIER) || (symbol == INTEGER) | |
(symbol == LPAREN) || (symbol == NEG) || (symbol == STRING)) {
item = malloc(sizeof(struct item_t));
expression(item); /S{ ‘ w\ fm“ JMK [wrlmmhl«;m

if (item->type !|= procedureContext->type)
warning("return type mismatch");

l .
if (item->type == BOOL_TYPE) “— U“l 5 V‘lu' ARALY lachl Jw

unloadBool(item); , [
W [-_H‘]: " lfcr k" oolems
load(item); (

// assumes: [O]==0 for MOV semantics L
put(ADD, RE), O, item->reg); : : bowaf kwoiaw
releaseRegister(item->reg); /‘WMF ‘D ‘f"oa%lm !

}

returnFJumpAddress = fJumpChain(returnFJumpAddress);
}

int fJumpChain(int branchAddress) {
put(BR, O, O, branchAddress);

return PC - 1;

}



Proceouane Call

procedureCall(struct item_t* item) {
struct object_t* object;

object = findProcedureObject(symbolTable, identifier);

(T”MV 1y Wmtln b\;{"m‘\'l\.vh
-u‘ht \UM l—‘*w“ n

A1 rvff"o(c.

J |
if (object == NULL) { (,/ é‘ g Ma b‘?
warning("undeclared procedure: ", identifier);

object = createObject(symbolTable, identifier);

object->class = PROC;
// TODO: infer return type
object->type = UNKNOWN_TYPE,;

}objeot->offset=0;l\ ,qusS oI fwalm 0.11 -m( JA} L,,,,w‘

item->mode = REG_MODE;
item->type = object->type; // type of return value

' ' Mg cmbot of {he
pushUsedRegisters(); < ™" nphos wd o Jla o g owot of ke cdlf
actualParameters(object);
if ((object->offset = 0) && !isBSR(object->offset))é_ f""“j"k C”(IM

sdJump(object->offset - PC); — vu\‘m' —_ Ll a5

else xun cham mehk
object->offset = sJump(object->offset); '1 |

z . . :l uLy s ﬂ, [" A)
popUsedRegj_StePS(>; & IMIO% Hrs‘ﬂs ( w (e O a 4J N r“
item->reg = requestRegister();

// assumes: reg[0]==0 for MOY semantics
put(ADD, item->reg, O, RR); S Xgl“i E‘Wﬂ v1/£u4

int sdump(int branchAddress) {
put(BSR, O, O, branchAddress);

return PC - 1;

}
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actualParameters(struct object_t* object) {
struct object_t* nextFormalParameter;
struct item_t* item;

if (symbol == LPAREN) getSymbol(); else error("missing '(");

nextFormalParameter = object->params, _ '
Fird<ex ,)MSSM)

if ((symbol == ADD) || (symbol == SUB) | I/\/\
(symbol == IDENTIFIER) || (symbol == INTEGER) | |

(symbol == LPAREN) | | (symbol == NEG) || (symbol == STRING))
{

nextFormalParameter =
actualParameter(object, nextF mFJP rameter);
(0b; ) j;,i RI&MA) vs. (/ﬂ'lm/

while (SymbOI == COMMA) { ‘ OWNA .“I' ' M
getSymbol(); L. ach onsanc] i " "J .
m-onamous ’

nextFormalParameter =
actualParameter(object, nextFormalParameter);

}
}

while (nextFormalParameter != NULL) {
warning("actual parameter expected");

ruft\ oﬁn.mma
Vi |

J
“;:mfﬁ I,::m!m

item = malloc(sizeof(struct item_t));

item->mode = CONST_MODE;
item->type = INT_TYPE;
item->value = O;

pushParameter(item);

nextFormalParameter = nextFormalParameter->next;

}

if (symbol == RPAREN) getSymbol(); else error("missing H)");
}



Actusd Pavamseher

struct object_t* actualParameter(struct object_t* object,
struct object_t* formalParameter) {

struct item_t* item; _ :
Fivik :x‘msfnn
if ((symbol == ADD) || (symbol == SUB) | |

(symbol == IDENTIFIER) | | (symbol == INTEGER) | |

(symbol == LPAREN) | | (symbol == NEG) | | (symbol == STRING)) {
item = malloc(sizeof(struct item_t));
expression(item);

if (formalParameter != NULL) {
if (item->type |= formalParameter->type)

warning("type mismatch in procedure call");
} else

formalParameter =
createAnonymousParameter(object, item->type);

L~ 1ov‘w[ Im«wln wilhont mame

pushParameter(item);

formalParameter = formalParameter->next;
} else error("actual parameter expected");

return formalParameter;

}

pushParameter(struct item_t* item) { ,
if (item->type == BOOL_TYPE) & 4,; / ﬂaal{ms J’m :
unloadBool(item); J

load(item);

put(PSH, item->reg, SP, 4);

releaseRegister(item->reg);

}
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