
procedureImplementation() { 
 struct item_t* item; 
 struct object_t* object; 
 
 item = malloc(sizeof(struct item_t)); 
 returnType(item); 
 
 if (symbol == IDENTIFIER) { 
   object = findProcedureObject(symbolTable, identifier); 
 
   if (object != NULL) { 
     if (object->type != item->type) 
       warning("return type mismatch in procedure: ", identifier); 
     fixLink(object->offset); 
   } else { 
     object = createObject(symbolTable, identifier); 
     object->class = PROC; 
   } 
 
   getSymbol(); 
   object->type = item->type; 
   object->offset = PC; 
   formalParameters(object); 
 } else error("identifier expected"); 
 
 returnFJumpAddress = 0; 
 
 if (symbol == BEGIN) getSymbol(); else error("missing '{'"); 
 
 prologue(variableDeclarationSequence(object) * 4); 
 procedureContext = object; 
 statementSequence(); 
 fixLink(returnFJumpAddress); 
 epilogue(object->value * 4);  
 
 if (symbol == END) getSymbol(); else error("missing '}'"); 
}



prologue(int localSize) { 
 put(PSH, LINK, SP, 4); // save return address 
 put(PSH, FP, SP, 4); // save caller's frame 
 // assumes: reg[0]==0 for MOV semantics 
 put(ADD, FP, 0, SP); // allocate callee's frame 
 put(SUBI, SP, SP, localSize); // allocate callee's local variables 
} 
 
epilogue(int paramSize) { 
 // assumes: reg[0]==0 for MOV semantics 
 put(ADD, SP, 0, 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, 0, 0, LINK); // return 
}



struct object_t { 
  ... 
  struct object_t* params; 
}

formalParameters(struct object_t* object) { 
 int numberOfParameters; 
 struct object_t* nextParameter; 
 
 numberOfParameters = 0; 
 
 if (symbol == LPAREN) getSymbol(); else error("missing '('"); 
 
 nextParameter = object->params; 
 
 if ((symbol == INT) || (symbol == CHAR) || (symbol == BOOL) || 
     (symbol == IDENTIFIER) || (symbol == STRUCT)) { 
   nextParameter = formalParameter(object, nextParameter); 
   numberOfParameters = numberOfParameters + 1; 
 
   while (symbol == COMMA) { 
     getSymbol(); 
     nextParameter = formalParameter(object, nextParameter); 
     numberOfParameters = numberOfParameters + 1; 
   } 
 } 
 
 object->value = numberOfParameters; 
 nextParameter = object->params; 
 
 while (nextParameter != NULL) { 
   numberOfParameters = numberOfParameters - 1; 
   nextParameter->offset = numberOfParameters * 4 + 8; 
   nextParameter = nextParameter->next; 
 } 
 
 if (symbol == RPAREN) getSymbol(); else error("missing ')'"); 
}



struct object_t* formalParameter(struct object_t* object, 
                                                                  struct object_t* formalParameter) { 
 struct type_t* type; 
 
 type = basicArrayRecordType(); 
 
 if (symbol == IDENTIFIER) { 
   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); 
 
     formalParameter->name = identifier; 
   } else 
     formalParameter = createFormalParameter(object, type, identifier); 
 
   getSymbol(); 
   formalParameter = formalParameter->next; 
 } else error("identifier expected"); 
 
 return formalParameter; 
} 



procedureReturn() { 
 struct item_t* item; 
 
 if (symbol == RETURN) 
   getSymbol(); 
 else 
   error("return statement expected"); 
 
 if ((symbol == ADD) || (symbol == SUB) || 
     (symbol == IDENTIFIER) || (symbol == INTEGER) || 
     (symbol == LPAREN) || (symbol == NEG) || (symbol == STRING)) { 
   item = malloc(sizeof(struct item_t)); 
   expression(item); 
 
   if (item->type != procedureContext->type) 
     warning("return type mismatch"); 
 
   if (item->type == BOOL_TYPE) 
     unloadBool(item); 
 
   load(item); 
 
   // assumes: reg[0]==0 for MOV semantics 
   put(ADD, RR, 0, item->reg); 
   releaseRegister(item->reg); 
 } 
 
 returnFJumpAddress = fJumpChain(returnFJumpAddress); 
}

 
int fJumpChain(int branchAddress) { 
 put(BR, 0, 0, branchAddress); 
 
 return PC - 1; 
}



int sJump(int branchAddress) { 
 put(BSR, 0, 0, branchAddress); 
 
 return PC - 1; 
}

procedureCall(struct item_t* item) { 
 struct object_t* object; 
 
 object = findProcedureObject(symbolTable, identifier); 
 
 if (object == NULL) { 
   warning("undeclared procedure: ", identifier); 
 
   object = createObject(symbolTable, identifier); 
 
   object->class = PROC; 
   // TODO: infer return type 
   object->type = UNKNOWN_TYPE; 
   object->offset = 0; 
 } 
 
 item->mode = REG_MODE; 
 item->type = object->type; // type of return value 
 
 pushUsedRegisters(); 
 actualParameters(object); 
 
 if ((object->offset != 0) && !isBSR(object->offset)) 
   sJump(object->offset - PC); 
 else 
   object->offset = sJump(object->offset); 
 
 popUsedRegisters(); 
 item->reg = requestRegister(); 
 
 // assumes: reg[0]==0 for MOV semantics 
 put(ADD, item->reg, 0, RR); 
}



actualParameters(struct object_t* object) { 
 struct object_t* nextFormalParameter; 
 struct item_t* item; 
 
 if (symbol == LPAREN) getSymbol(); else error("missing '('"); 
 
 nextFormalParameter = object->params; 
 
 if ((symbol == ADD) || (symbol == SUB) || 
     (symbol == IDENTIFIER) || (symbol == INTEGER) || 
     (symbol == LPAREN) || (symbol == NEG) || (symbol == STRING)) 
{ 
   nextFormalParameter = 
     actualParameter(object, nextFormalParameter); 
 
   while (symbol == COMMA) { 
     getSymbol(); 
 
     nextFormalParameter = 
       actualParameter(object, nextFormalParameter); 
   } 
 } 
 
 while (nextFormalParameter != NULL) { 
   warning("actual parameter expected"); 
 
   item = malloc(sizeof(struct item_t)); 
 
   item->mode = CONST_MODE; 
   item->type = INT_TYPE; 
   item->value = 0; 
 
   pushParameter(item); 
 
   nextFormalParameter = nextFormalParameter->next; 
 } 
 
 if (symbol == RPAREN) getSymbol(); else error("missing ')'"); 
}



struct object_t* actualParameter(struct object_t* object, 
                                                                struct object_t* formalParameter) { 
 struct item_t* item; 
 
 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); 
 
   pushParameter(item); 
 
   formalParameter = formalParameter->next; 
 } else error("actual parameter expected"); 
 
 return formalParameter; 
}

pushParameter(struct item_t* item) { 
 if (item->type == BOOL_TYPE) 
   unloadBool(item); 
 
 load(item); 
 
 put(PSH, item->reg, SP, 4); 
 
 releaseRegister(item->reg); 
}




