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/// ExprAST - Base class for all expression nodes.
class ExprAST {

public:

virtual ~ExprAST() {}

virtual Value *codegen() = 0;

Jy

/// NumberExprAST - Expression class for numeric literals like "1.0".
class NumberExprAST : public ExprAST {
double Val;

public:
NumberExprAST(double Val) : Val(Val) {}
virtual Value *codegen();

y
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static LLVMContext TheContext;

static IRBuilder<> Builder(TheContext);

static std::unique_ptr<Module> TheModule;

static std::map<std::string, Value *> NamedValues;
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Value *LogErrorV(const char *Str) {
LogError(Str);
return nullptr;

}
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Value *NumberExprAST::codegen() {
return ConstantFP::get(TheContext, APFloat(Val));

}
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Value *VariableExprAST::codegen() {
// Look this variable up in the function.
Value *V = NamedValues[Name];
if (V)
LogErrorV("Unknown variable name");
return V;

}
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Value *BinaryExprAST::codegen() {
Value *L = LHS->codegen();
Value *R = RHS->codegen();
if (IL [| 'R)

return nullptr;
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switch (Op) {
case '+
return Builder.CreateFAdd(L, R, "addtmp");
case '-":
return Builder.CreateFSub(L, R, "subtmp");
case "*":
return Builder.CreateFMul(L, R, "multmp");
case '<":
L = Builder.CreateFCmpULT(L, R, "cmptmp");
// Convert bool 0/1 to double 0.0 or 1.0
return Builder.CreateUIToFP(L, Type::getDoubleTy(TheContext),
"booltmp");
default:
return LogErrorV("invalid binary operator");
}
}
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Value *CallExprAST::codegen() {
// Look up the name in the global module table.
Function *CalleeF = TheModule->getFunction(Callee);
if (!CalleeF)
return LogErrorV("Unknown function referenced");

// If argument mismatch error.
if (CalleeF->arg_size() != Args.size())
return LogErrorV("Incorrect # arguments passed");

std::vector<Value *> ArgsV;

for (unsigned i = 0, e = Args.size(); i = e; ++i) {
ArgsV.push_back(Args[i]->codegen());
if (!ArgsV.back())

return nullptr;

}
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return Builder.CreateCall(CalleeF, ArgsV, "calltmp");
}
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Function *PrototypeAST::codegen() {
// Make the function type: double(double,double) etc.
std::vector<Type*> Doubles(Args.size(),
Type::getDoubleTy(TheContext));
FunctionType *FT =
FunctionType::get(Type::getDoubleTy(TheContext), Doubles, false);

Function *F =
Function::Create(FT, Function::ExternalLinkage, Name, TheModule.get());
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// Set names for all arguments.

unsigned Idx = 0;

for (auto &Arg : F->args())
Arg.setName(Args[ldx++]);

return F;
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Function *FunctionAST::codegen() {
// First, check for an existing function from a previous 'extern’ declaration.
Function *TheFunction = TheModule->getFunction(Proto->getName());

if {TheFunction)
TheFunction = Proto->codegen();

if ITheFunction)
return nullptr;

if (\TheFunction->empty())
return (Function*)LogErrorV("Function cannot be redefined.");

MTERHEN, FfIEAATheModulefIFFSERPERZRIMAIINEIRE (WIRELER 15
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// Create a new basic block to start insertion into.
BasicBlock *BB = BasicBlock::Create(TheContext, "entry", TheFunction);
Builder.SetInsertPoint(BB);

// Record the function arguments in the NamedValues map.

NamedValues.clear();

for (auto &Arg : TheFunction->args())
NamedValues[Arg.getName()] = &Arg;

BUE, Bl IFHGHT IRE, B (TElE—Rbasic block (83 entry ) , SEIEA
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if (Value *RetVal = Body->codegen()) {
// Finish off the function.
Builder.CreateRet(RetVal);

// Validate the generated code, checking for consistency.
verifyFunction(*TheFunction);

return TheFunction;

}

IREBAARFIES BRESfE, B SERZ T3 E AR ERIRERIAC. W0
REERRE, ERAREABLERAINHEZIBART, FREITEHNE. RIREER, ]
[ERIELLVMretiE<, LISehizINee., 2EEs, BANSHEMALLVMIZHAY . ZHR
SPERRRIISH TER—EERE, LUBEHNMNmESRESEIERTREEE. FRERER:

JR35E%E: Kaleidoscope RFE=E: 4pk LLVM A[EHTEE IR


http://en.wikipedia.org/wiki/Basic_block
http://en.wikipedia.org/wiki/Control_flow_graph
https://llvm.org/docs/tutorial/MyFirstLanguageFrontend/LangImpl05.html
https://llvm.org/docs/tutorial/LangRef.html#ret-instruction
https://ld246.com/article/1570000872211

HJLARBRRZEIR. REGeRF IR, iIVEHEIEE,

// Error reading body, remove function.
TheFunction->eraseFromParent();
return nullptr;

}

XEF FHE—RSSEIRIBENALE, AEEEL, FANESMIRERX 73
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HUCISERRN, flan, WRREHSHAIRAE. BEMLETLUEELER, BEIREEERILH
P ER2— MU RAR:

extern foo(a); # ok, defines foo.
def foo(b) b;  # Error: Unknown variable name. (decl using 'a’ takes precedence).

IRENCHS I R A
SHERITS, LLVMEVIBERH T AREEERRITRBESTL, RERITTLEESRIRER,

BRI XHMCIBERBTAREA , FREF, AREMELLVM IR,
HNEELLVM IREIE RN T —FheF 574, fFlan:
ready> 4+5;

Read top-level expression:
define double @0() {
entry:

ret double 9.000000e+00
}

IS TSRS IERRIATVEIR AT INERREL, TN —EHRIIT=2 50, XBAEETSE.
EIR, ZBEERFEERERN, RTIRBuilder#THNERERIFEIN, REHITHRAKIL. &
BET—EHhE 0.

ready> def foo(a b) a*a + 2*a*b + b*b;

Read function definition:

define double @foo(double %a, double %b) {

entry:
%multmp = fmul double %a, %a
%multmp1 = fmul double 2.000000e+00, %a
%multmp2 = fmul double %multmp1, %b
%addtmp = fadd double %multmp, %emultmp2
%multmp3 = fmul double %b, %b
%addtmp4 = fadd double %addtmp, %multmp3
ret double %addtmp4

}
XERT7T—YEHENEE. BEIR, e5RIIAkRAIEIESHLLVMiEGESERIEERLL.
ready> def bar(a) foo(a, 4.0) + bar(31337);

Read function definition:
define double @bar(double %a) {
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entry:
%calltmp = call double @foo(double %a, double 4.000000e+00)
%calltmp1 = call double @bar(double 3.133700e+04)
%addtmp = fadd double %calltmp, %calltmp1
ret double %addtmp

}

XER T —EREEA. 5EE, NRERLRE, BHERKIERT. 5K, BSR4
i, LABEBEIPIEIESA.

ready> extern cos(x);
Read extern:
declare double @cos(double)

ready> cos(1.234);

Read top-level expression:

define double @1() {

entry:
%calltmp = call double @cos(double 1.234000e+00)
ret double %calltmp

}

XERTlibm " cos” BRERIFNGR, LARITEAIER.

ready> ~D
; ModulelD = 'my cool jit'

define double @0() {

entry:
%addtmp = fadd double 4.000000e+00, 5.000000e+00
ret double %addtmp

}

define double @foo(double %a, double %b) {
entry:
%multmp = fmul double %a, %a
%multmp1 = fmul double 2.000000e+00, %a
%multmp2 = fmul double %multmp1, %b
%addtmp = fadd double %multmp, %emultmp2
%multmp3 = fmul double %b, %b
%addtmp4 = fadd double %addtmp, %multmp3
ret double %addtmp4

}

define double @bar(double %a) {
entry:
%calltmp = call double @foo(double %a, double 4.000000e+00)
%calltmp1 = call double @bar(double 3.133700e+04)
%addtmp = fadd double %calltmp, %calltmp1
ret double %addtmp

}

declare double @cos(double)
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define double @1() {

entry:
%calltmp = call double @cos(double 1.234000e+00)
ret double %calltmp

}
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XEHEAIEEE T RFINEZRIEER, FHEILLVMABERSHT 7 IgEtIE, FRAXERTL
VME, FRLABAIZESCIEEER, Alt, FIERIlvm-config TR@ Mmakefile /a51TEX
{EFRMBLLIEIRYER:

# Compile

clang++ -g -O3 chapter3-Code-generation-to-LLVM-IR.cpp ‘llvm-config --cxxflags --Idflags -
system-libs --libs core™ -o toy

# Run

Jtoy

UTEREER:
chapter3-Code-generation-to-LLVM-IR.cpp

£ Kaleidoscope: Code generation to LLVM IR
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