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getSymbolName AbstractSymbol void string
getSymbolType AbstractSymbol void SymbolType

getMetaDataType AbstractSymbol void MetaDataType
getIsArray AbstractSymbol void bool
getSize AbstractSymbol void size_t
setAttributes AbstractSymbol string, SymbolType, MetaDataType, bool, bool
size_t
ParamSymbol ParamSymbol string, SymbolType, MetaDataType, bool, void
size_t
VarSymbol VarSymbol ] L void
ConstSymbol ConstSymbol [ void
ParamArraySymbol ParamArraySymbol ] void
VarArraySymbol VarArraySymbol ] | void
ConstArraySymbol ConstArraySymbol [7] I void
AbstractSymbol AbstractSymbol [a] k. void
createSymbol SymbolFactory [A] void
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insertFuncSymbolTableSafely FuncSymbolTablelList inFuncSymbolTable SymbolTable SymbolTable
* *
lookUpFuncSymbolTable FuncSymbolTablelList inFuncName string SymbolTable
*
insertBlockSymbolTable BlockSymbolTableList inBlockSymbolTable, SymbolTable SymbolTable
inParentSymbolTable * *
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getBlockSymbolTable BlockSymbolTableList index int SymbolTable
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1 template <class T>

2 bool findDuplicateName(T list, string className, string name) {
3 auto searchSymbol = list.find(name);

4 if (searchSymbol != list.end()) {

5 ERROR_INSERT_DUPLICATED(className, name);

6 return true;

7 }

8

9

return false;

AARRIEL, MBATHANERE, FRF S T iR RaS

1 SymbolTable *FuncSymbolTableList::insertFuncSymbolTableSafely(string inFuncName,
MetaDataType inReturnType, SymbolTable xinParentSymbolTable) {

2 if (findDuplicateName(funcSymbolTableList, "FuncSymbolTableList", inFuncName)){

3 return nullptr;

4 }

5 SymbolTable xinsertSymbolTable = new FuncSymbolTable(inFuncName, inReturnType,
inParentSymbolTable);

6 funcSymbolTableList.emplace(inFuncName, insertSymbolTable);

7 return insertSymbolTable;

8 |}
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insertAbstractSymbolSafely

lookUpAbstractSymbol

lookUpAbstractSymbolGlobal

getParentSymbolTable

getGlobalSymbolTable

setParameterSymbolTable

compareAbstractSymbolDataType

FuncSymbolTable

insertParamSymbolSafely

insertParamType

lookUpParamSymbol

SymbolTable

SymbolTable

SymbolTable

SymbolTable

SymbolTable

SymbolTable

SymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

inAbstractSymbol

inSymbolName

inSymbolName

void

void

parentSymbolTable

inSymbolName,
inSymbo1Type,
inMetaDataType,

inIsArray, inSize

inFuncName, inReturnType,

inParentSymbolTable

inSymbolName,
inMetaDataType,

inIsArray, inSize

inMetaDataType,

inIsArray, inSize

inSymbo1lName

AbstractSymbol AbstractSymbol
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string

string

void

SymbolTable
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string,
Symbo1Type,
MetaDataType,

bool, size_t

string,
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lookUpParamDataType

getFuncName

getReturnType

getParamNum

setFuncName

setReturnType

setParamNum

setParamDataTypelList

compareParamSymbolDataType

createSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

FuncSymbolTable

SymbolTableFactory

inSymbolName

void

void

void

inFuncName

inReturnType

void

void

index, inMetaDataType,

inIsArray, inSize

inTaleType

string

void

void

void

string

MetaDataType

void

void

int,
MetaDataType,
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CompUnit
1 compUnit
2 locals [
3 SymbolTable *globalSymbolTable
4 ]
5 : (decl | funcDef)+ EOF
6 H

=} 7 SymbolTable *xglobalSymbolTable/g4:, K ACompUnit AiEdk RS, Fr AYE 4
e Rt

w PENSEGES . BIITAGTE AT
o RS RMES YRI5 R
= ERRFFS RPN LT RS T#:

PR EA TR iR [EE A
print_int void
print_float void
print_double void
print_bool void
get_int int
get_float float
get_double double

» EENERBAFSRPEASYG TR, FRESEEIRREYR, FHidtS88E
Plprint_int k455K Al
1 funcSymbolTable->insertParamSymbolSafely("", MetaDataType::, false, 0);

2 funcSymbolTable->setParamDataTypelList();
3 funcSymbolTable->setParamNum();
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ConstDecl

1 constDecl
'const' bType constDef (',' constDef)x ';'

» PENG R AR A
o BHIZEAN, FOREERAWNCOIER, N E RIS, M SHRS £

1 MetaDataType type = ctx—>bType()->bMetaDataType;

2 SymbolFactory symbolFactory;

3

4 for(const auto & const_def : ctx->constDef())

5 {

6 AbstractSymbol *symbol = symbolFactory.createSymbol(const_def->symbolName,

SymbolType: :CONST, type, const_def->isArray, const_def->size);

7 if (!curSymbolTable->insertAbstractSymbolSafely(symbol)) {

8 throw std::runtime_error (" [ERROR] > Redefine const symbol.\n");
9 ¥

10 }

btype ) e IR i 1 7 B A A P 2R 1Y

FF5 2R CONST

& constDe 5 E f& 5k Lo % W = BiRsymboName, isArray, size/gik

TR AR F 1N SR R RN, AR FIF S R AR SR, REE E AR

BType
1 bType
2 locals [
3 MetaDataType bMetaDataType
4 ]
5 : 'int!
6 | "bool!
7 | 'double’
8 | 'float'
9 ;

« ¥ )EIEMetaDataType bMetaDataType, HIidtiZbtypeft) e
o PENG R AR A
» BHIZEAN, lgetTextE/ERF BN FAFH . DLRCTAF 5 I E %Dty pe ) LA 4E 5 2

ctx—>bMetaDataType = MetaDataType: :INT;

1 std::string dataTypeText = ctx—>getText();

2 if (dataTypeText == "bool") {

3 ctx—>bMetaDataType = MetaDataType: :BOOL;
4 }

5 else if (dataTypeText == "int") {

6

7



8 else if (dataTypeText == "float") {

9 ctx—>bMetaDataType = MetaDataType: :FLOAT;
10 }
11 else if (dataTypeText == "double") {
12 ctx—>bMetaDataType = MetaDataType: :DOUBLE;
13 }
14 else{
15 throw std::runtime_error(" [ERROR] > Data Type not supported.\n");
16 }
ConstDef
1 constDef
2 locals [
3 std::string symbolName,
4 std::size_t size,
5 bool isArray
6 ]
7 : Ident ('[' IntConst ']1')? '=' constInitVal
8 ;

A @M symboName, size , isArray, s3AlicskiZH B E LR 2R, F75 KN, F2a hEd
BB G5 A R
B H 45 R

= T A Identi Hlget Text 77 45 2455 24 FR

s H|Wictx—>IntConst () &7 K2

o RS, A EEN 52 A constDef —> Ident'='constInitval, phif, 405
constInitVaUm%al, MIAH Y FACH AL S e e, RES

o AAZE, MR ACTE LN S A cons tDef —>
Ident'['IntConst']'="'constInitVal, NJiifHi%constDef A%, W EHisArraygik
Ftrue, I

» ifRconstInitValUf b%eal, WA Y TAALF BT 75 @4, flinint
all00] = 5;, R4

» N constInitVal@Edl, WRERK/INKT constDef A4l R/, MY Tint
al5] = b; // size b is 10, 4
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1 constInitVal

2 locals [

3 MetaDataType type,

4 std::size_t size,

5 bool isArray

6 ]

7 : (constExp)? #constInitValOfvar

8 | '{" (constExp (',' constExp)x)? '}' #constInitValOfArray
9 ;

1 void
SemanticAnalysis::exitConstInitValOfArray(CACTParser::ConstInitValOfArrayContext
ctx)

2 {

3 if(!ctx—>constExp().empty()){

4 ctx—>type = ctx—>constExp(0)->metaDataType;

5 ctx—>size = ctx—>constExp().size();

6 } else {

7 ctx—>type = MetaDataType::VOID;

8 ctx—>size = 0;

9 }

10

11 for(const auto & const_exp : ctx—>constExp()){

12 if(const_exp->metaDataType != ctx—>type)

13 throw std::runtime_error(" [ERROR] > Array data type is not
consistent.\n");

14 }

15 ctx—>isArray = true;

16 |}

o BB A E AT, SRR AR A constInitval—> '{' (constExp (',
constExp)*)? '}!

o ERTEFEANCAER AR RSB, i, REIREITint al5] = {1, 2, 3.1, 4, S5k;ELL, W
2. FIW Ik SEie R constExpHBHERA, USRS ) constExp AT 5 HAHE R A3
B, R
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1 MetaDataType type = ctx—>bType()->bMetaDataType;

2 SymbolFactory symbolFactory;

3

4 for(const auto & var_def : ctx—>varDef())

5 {

6 if (var_def->withType && var_def->type != type && var_def->type !=
MetaDataType::VOID) {

7 throw std::runtime_error(" [ERROR] > error in var initialization: type
mismatch.\n");

8 }

9 AbstractSymbol *symbol = symbolFactory.createSymbol(var_def->symbolName,
SymbolType::VAR, type, var_def->isArray, var_def->size);

10 if (!curSymbolTable->insertAbstractSymbolSafely(symbol)) {

11 throw std::runtime_error(" [ERROR] > Redefine var symbol. " + symbol-
>getSymboWName());

12 b

13 }

s JEHVarDecl4ily, B4 0 LIfGF|varDefi&Z 15 B

o TR I AR R RALR A8, RivarDec R FivarDe f iR AR A8, AR
o ERRAT. FERHEMALEAS R, AR IR

FuncDef
w RS S )
» HWRUETIAF S R ET MRS E. HTCACTALHREMERE, YT NERAFSE, N

i
= ¥ funcType()->getText ()% B %R [l {E 27 & 1
o WERZRREChmaingRi g, NIAIWLE EHERB RS int, SEIIFEE N, WA ARMIREE
o BRBAT S RN GRS ERT, T CACT SRS, By DUUTR A N I 4 B B U4

FuncFParam
o GRHEPEZ RS ET SRR SR, WRAESNSE, Wk
Block

= PEABLlOCKZsil) . MRS FIAFSRANRMAFTE, WAIEHHBlockSymbolTableXt % . FHH5 HEifF 5
RIE A HrdpBlockfF 52, 14T BEN T iZblocki){ Al
= GRHZE RN, BRU RIS R % BlockfF 5 R S%, MY TR T2 Aifblock i F AT

Stmt

n GRS R, HIW
o WURPEERME R Rstmt->1Val '=' exp ;!
o AfEWaUbNHEE, MY TAEHORE, W
» WalbexpHaRAIARFE, HTCACT ARG 2RI, i DIR4es
o WalE8d, Texp i, i
» WalAfREdl, iMiexpfaidl, es



o URAR PR A Al ) E stmt—>block

s MY T3 Ablock, ¥:fE[RlenterBlock
o WURPEARME R stmt—>"return® (exp)? ;"

o QCRexpfEAE OB ZRAY, A TR T8, e
o WUCRMHCAFF SRR TR, HexpiiRA 5 mBHR MR A—H, MbH

AR B ) B SRSttt/ E R TELEE IS, Mk E S block i funcBlock, blockItem
JyfuncBlockItem, blockItemifiHisubStmtiiffuncBlockItemfEystmt, StmtyEasfiliEa) Fi [BiEA) v AR
MI{ERA, 221 77EfuncSymbolTabled i LLEGR MIZR A, I HFH T —A2& )81 hasReturn, MiZEHERZE
W bAZ R funcDef, FIR AW B A 3R [0 (B 1Y) BRI 250 PN B2 A AR ER Tl A

SubStmt

2 e WUETEM b A fEfli Fibreak, continue, FRATKHEEH stmtIfsr FystmtHlsubstmt, substmtfrza
W

1 subStmt

2 locals [

3 bool hasReturn,

4 MetaDataType returnType

5 ]

6 : lval '=' exp ';! #subStmtAssignment
7 | (exp)? ';'! #subStmtExpression
8 | block #subStmtBlock

9 | "if' '(' cond ')' subStmt ('else' subStmt)?  #subStmtCtrlSeq
10 | 'while' '(' cond ')' subStmt #subStmtCtriSeq
11 | 'break' ';' #subStmtCtriSeq
12 | 'continue' ‘';' #subStmtCtriSeq
13 | 'return' (exp)? ';' #subStmtReturn
14 H

subStmt 7 L RRETETEHRNHR . HUA Fe S Zwhile FsubStmtiz {7 fEcurSymbo1Tab le28 AL s U551
THOL, HARE 1 DL 5 2 4R s Tél:_— Bt bE, ek LR AIWHR LR E{E.

FEN SR HER) . AR BME B T H RN LA, B2 AR BIMER A subStmtReturn,
LVal

« fFFfFEA R HLVal->Ident ('[' exp '1')?
o« GRS SR, B

o expRETNBAIRAE R, BHERBA A Kint, I Rexp REAER, A MIntAY, MHREE,
B index U RE R BR A HARSA
o TEFFS Rk AR AR GAATE Wa g L, R AAETE RS

1 void SemanticAnalysis::exitLVal(CACTParser::LValContext * ctx)
2 |{

3 if (ctx—>exp()) {

4 if (ctx—>exp()->isArray || ctx—>exp()->metaDataType !=

MetaDataType: :INT) {



throw std::runtime_error(" [ERROR] > array index must be
int.\n");
}
}
AbstractSymbol *searchLVal = curSymbolTable-
>lookUpAbstractSymbolGlobal(ctx—>Ident()->getText());
if (!searchLval){
throw std::runtime_error(" [ERROR] > var symbol used before defined.
" + std::to_string(static_cast<int>(curSymbolTable->getSymbolTableType())));
}
if (searchLVal->getIsArray() && !ctx—>exp()) {
ctx—>isArray = true;
ctx->size = searchLVal->getSize();

b
else {

ctx->isArray = false;
b

ctx—>symbolType = searchLVal->getSymbolType();
ctx—>1ValMetaDataType = searchLVal->getMetaDataType();

Unary

w USRI P2 AunaryExp —> Ident '(' (funcRParams)? ')

o SOARYEIdentiRAF SR, REMARBAT T, MR, WG RBAER IR, W
o HUCRAEAE. WPAIMAE AR SBEE, R, BRES5E X8, WRA—HOURE

void SemanticAnalysis::exitUnaryExpFunc(CACTParser::UnaryExpFuncContext x
ctx)
{
SymbolTable *xfuncSymbolTable = curSymbolTable-
>lookUpFuncSymbolTable(ctx—>Ident()—>getText());
if (!funcSymbolTable) {
throw std::runtime_error(" [ERROR] > function called before
definined. " + ctx—>Ident()->getText());
}
if (ctx->funcRParams()) {
if (ctx—>funcRParams()->isArrayList.size() !'= funcSymbolTable-
>getParamNum()) {
throw std::runtime_error(" [ERROR] > in function calling,
parameter number not match. " + std::to_string(ctx—>funcRParams()-
>isArraylList.size()) + " " + std::to_string(funcSymbolTable-
>getParamNum()));
}
for (int i = 0; i < ctx—>funcRParams()->isArrayList.size(); ++i) {
if (!funcSymbolTable->compareParamSymbolDataType(i, ctx-
>funcRParams()->metaDataTypeList[i], ctx—>funcRParams()->isArrayList[i],
ctx—>funcRParams()->sizelList[i])) {
throw std::runtime_error(" [ERROR] > calling function
parameter type error.\n");

by



15 }

16 b

17 else {

18 if (funcSymbolTable->getParamNum()) {

19 throw std::runtime_error("[ERROR] > in function calling,
parameter number not match. ");

20 ¥

21 b

22 ctx—>isArray = false;

23 ctx—>metaDataType = funcSymbolTable->getReturnType();

24 |}

o WSR2 £ unaryExp —> unaryOp unaryExp

» Q1RunaryOpy! , TunaryExp A A /R ZEABE, MIHAES
» N unaryOphj+/—, TunaryExp A /RISTUE, MRS

1 void
SemanticAnalysis::exitUnaryExpNestUnaryExp(CACTParser::UnaryExpNestUnaryExpC
ontext * ctx)

2 |4

3 ctx—>isArray = ctx—>unaryExp()->isArray;

4 ctx—>metaDataType = ctx—>unaryExp()->metaDataType;

5 ctx—>size = ctx—>unaryExp()->size;

6 if (ctx—>unaryOp()->getText() == "1") {

7 if (ctx->metaDataType != MetaDataType::BOOL) {

8 throw std::runtime_error(" [ERROR] > use logic operator on non-
boolean expression.\n");

9 b

10 }

11 else {

12 if (ctx->metaDataType == MetaDataType::BOOL) {

13 throw std::runtime_error(" [ERROR] > use non-logic operator on
boolean expression.\n");

14 b

15 s

16  }

MulExp/AddExp

o TR/ EB A, R
= BEATTNRBRUE, WRA . R
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RelExp
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EqExp

» EEAAEBERGONSAHRR, R MRS, FOVBAREAT UZE R RBH
» REATEIBE X R NAT/RBRUE, A /RMEAT DT RANRRIZH, WA MR
o W REHBRBA T, WRAE RS

void SemanticAnalysis::exitRelExpRelExp(CACTParser::RelExpRelExpContext * ctx)
{
if (ctx—>addExp()->isArray) {
throw std::runtime_error("[ERROR] > rel: array cannot be operands of logic
operators.\n");
}
ctx—>metaDataType = ctx—->relExp()->metaDataType;
if (ctx—>metaDataType == MetaDataType::BOOL || ctx—>addExp()->metaDataType ==
MetaDataType: :BOOL) {
throw std::runtime_error("[ERROR] > rel: relation calculation with boolean
expression.\n");
¥
if (ctx—>metaDataType != ctx—>addExp()->metaDataType) {
throw std::runtime_error("[ERROR] > rel: relation calculation with
different types.\n");
}
ctx—>metaDataType = MetaDataType: :BOOL;

void SemanticAnalysis::exitRelExpAddExp(CACTParser::RelExpAddExpContext *x ctx)
{
if (ctx—>addExp()->isArray) {
throw std::runtime_error(" [ERROR] > rel add: array cannot be operands of
logic operators. " + curSymbolTable->getFuncName());
}
ctx->metaDataType = ctx->addExp()->metaDataType;

o PHATERAERRBHN, TEAWMRSH WM R A—E RS

void SemanticAnalysis::exitEqEXpEqExp(CACTParser: :EqQExpEqExpContext * ctx)

if (ctx—>eqExp()->metaDataType != ctx—>relExp()->metaDataType) {
throw std::runtime_error(" [ERROR] > eq operator with different data

type.\n");

by
ctx—>metaDataType = MetaDataType: :BOOL;



1AndExp/10rExp
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// LOrExp
void SemanticAnalysis::exitLOrExpLOrExp(CACTParser::LOrExpLOrExpContext * ctx)
{

ctx->metaDataType = ctx->1AndExp()->metaDataType;

if (ctx—>metaDataType != MetaDataType::BOOL || ctx—>1AndExp()->metaDataType !=
MetaDataType::BOOL) {

throw std::runtime_error(" [ERROR] > logic calculation with non-boolean

operands.\n");

¥
b

// LAndExp
void SemanticAnalysis::exitLAndExpLAndExp(CACTParser::LAndExpLAndExpContext * ctx)
{

ctx—>metaDataType = ctx—>1AndExp()->metaDataType;

if (ctx—>metaDataType != MetaDataType::BOOL || ctx->eqExp()->metaDataType !=
MetaDataType::BOOL) {

throw std::runtime_error(" [ERROR] > logic calculation with non-boolean

operands.\n");

¥
}
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