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The implementation of Continuation based C Compiler on LLVM /clang 3.5
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We suggest a programming paradigm which use data segments and code segments. We
develop CbC which is a lower language of C and uses that programming paradigm. In this
study, we implement CbC compiler on LLVM /clang and introduce implemented Continuation

based C Compiler on LLVM/clang-3.5.
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__code print_factorial(int prod)

{
printf("factorial = %d\n",prod);
exit(0);

__code factorialO(int prod, int x)

{
if (x>=1){
goto factorialO(prod*x, x-1);
Jelse{
goto print_factorial(prod);
}
}

__code factorial(int x)

-~

goto factorialO(1, x);

}

int main(int argc, char **argv)

inti;
i = atoi(argv[1]);

goto factorial(i);
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KEYWORD(__func__ , KEYALL)
KEYWORD(_ objc_yes  , KEYALL)
KEYWORD(__objc_no , KEYALL)

#ifndef noCbC // CbC Keywords.
KEYWORD(__code , KEYALL)
KEYWORD(__return , KEYALL)
KEYWORD(__environment , KEYALL)
#endif
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enum TypeSpecifierType {
TST_unspecified,
TST_void,

#ifndef noCbC
TST___code,
#endif
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/'"bool"in C++, '_Bool' in C99
UNSIGNED_TYPE(Bool, BoolTy)

/I 'char' for targets where it's unsigned
SHARED_SINGLETON_TYPE(UNSIGNE
D_TYPE(Char_U, CharTy))

// 'unsigned char', explicitly qualified
UNSIGNED_TYPE(UChar,
UnsignedCharTy)

#ifndef noCbC
BUILTIN_TYPE(__Code, __CodeTy)
#endif
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case tok:kw___code: {
LangOptions™ LOP;
LOP = const_cast<LangOptions*>(&getLangOpts());
LOP->HasCodeSegment = 1;
isinvalid = DS.SetTypeSpecType(DeclSpec::TST___code, Loc,
PrevSpec, DiagID);
break;
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#ifndef noCbC

LANGOPT(HasCodeSegment ,1,0,"CbC")
#endif
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/I Basic type instances.
Type VoidTy, LabelTy, HalfTy, FloatTy, DoubleTy,
MetadataTy;

Type X86_FP80Ty, FP128Ty, PPC_FP128Ty,
X86_MMXTy;
#ifndef noCbC

Type __CodeTy;
#endif

. . ,
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enum TypelD {

StructTyID,  ///< 12: Structures

ArrayTyID, /ll< 13: Arrays

PointerTylD, ///< 14: Pointers

VectorTyID /ll< 15: SIMD 'packed' format, or
other vector type
#ifndef noCbC

,__CodeTyID
#endif

/Il for CbC
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case tok::kw_goto:
#ifndef noCbC
/l'if it is not C's goto syntax
if (/(NextToken().is(tok::identifier) && PP.LookAhead(1).is(tok::semi)) &&
NextToken().isNot(tok::star)) {
SemiError = "goto code segment";
return ParseCbCGotoStatement(Attrs, Stmts);

}
#endif
Res = ParseGotoStatementy();
SemiError = "goto";
break;

012 00000 gotosyntax 00000

ifndef, endif 0000000000000 OOO0O

googd. ooo if00, token O0O0OOOOO, O
O gotod CO gotoO0DOODOOODOOO,000O
0oodoooooooo. ¢coOgod goto 00D
OO0O000DO0O00 ParseCbCGotoStatement O O
000,000000000000. ParseCbCGoto-
Statement 0000000000000, 00000
oooo13oo0gd.
0000000, goto0000000O0OODOOO
000 Stmt JOOOO. OO0, tail call elimina-
tion 0O0O0O0OO0O0OO0DOODODOO return statement
000000. 000000000000 ParseS-
tatementOrDeclaration OO0 000, goto D000
gooodooooooooooobooboooagn
oo.

4.4 Tail call elimination 000

gooooog,ChCOO00O0DOOOO Tail call
elimination 00 00O . Tail call elimination 0 OO O
O0D00,00000 codesegment JOOODO call
000 jmp 0000000000, O 140 Tail call
elimination 000000000000 OOOOOO
OO00. caller O funcBO call 000 jmp OO OO
O, funcB O caller 000 main 000

codesegment 000000000000 0OODOO
ooooooooooooooooo.



a N
StmtResult Parser::ParseCbCGotoStatement(
ParsedAttributesWithRange &Attrs,StmtVector &Stmts) {

assert(Tok.is(tok::kw_goto) && "Not a goto stmt!");

ParseScope CompoundScope(this, Scope::DeclScope);

StmtVector CompoundedStmts;

Sourcelocation gotoLoc = ConsumeToken(); // eat the 'goto’.
StmtResult gotoRes;

Token TokAfterGoto = Tok;

Stmtsp = &Stmts;

gotoRes = ParseStatementOrDeclaration(Stmts, false);
if (gotoRes.get() == NULL)
return StmtError();
/I it it is not function call
else if (gotoRes.get()->getStmtClass() != Stmt::CallExprClass) {
Diag(TokAfterGoto, diag::err_expected_ident_or_cs);
return StmtError();

}

assert((Attrs.empty() Il gotoRes.isInvalid() Il gotoRes.isUsable()) &&
"attributes on empty statement");
if (I(Attrs.empty() Il gotoRes.isInvalid()))
gotoRes = Actions.ProcessStmtAttributes(gotoRes.get(), Attrs.getList(),
Attrs.Range);
if (JotoRes.isUsable())
CompoundedStmts.push_back(gotoRes.release());

// add return; after goto codesegment();
if (Actions.getCurFunctionDecl()->getResultType().getTypePtr()
->is__CodeType()) {
ExprResult retExpr;
StmtResult retRes;
retRes = Actions.ActOnReturnStmt(gotoLoc, retExpr.take());
if (retRes.isUsable())
CompoundedStmts.push_back(retRes.release());
}
return Actions.ActOnCompoundStmt(gotoLoc, Tok.getLocation(),
CompoundedStmts, false);

. ,
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int main() call void caller() | call void B(X
S : // :
call c.aller();"\_ featll B(); - L ret
} ; retun |} return
Tail call elimination
. . call . jump .
int main(){ void caller( | ! void B(X
g — 355 Soaud
call caller(); jump B(); ret
C } D
} return
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if (OptLevel == 0) {

#ifndef noCbC
MPM.add(createTailCallEliminationPass(true)); // Eliminate tail calls
#endif
}
#ifndef noCbC
MPM.add(createTailCallEliminationPass(false)); // Eliminate tail calls
#else

MPM.add(createTailCallEliminationPass()); // Eliminate tail calls
#endif
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#ifndef noCbC
if(resultType.getTypePtr()->is__CodeType()X
if(Irequired.allowsOptionalArgs())
CC = llvm::CallingConv::Fast;

)
#endif
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Options.PositionindependentExecutable = LangOpts.PIELevel != 0;
Options.EnableSegmentedStacks =
CodeGenOpts.EnableSegmentedStacks;
#ifndef noCbC
Options.HasCodeSegment = LangOpts.HasCodeSegment;
Options.GuaranteedTailCallOpt = LangOpts.HasCodeSegment;
#endif
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__code cs(int retval,__code(*ret)(int,void *),void *env){
goto ret(n, env);

}

int func (X
goto ¢s(30, __return, __environment);
return 0;

}
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#include <setjmp.h>

struct CbC_env {
void *ret_p,*env;

K

__code cs(int retval,__code(*ret)(int,void *),void *env){
goto ret(n, env);

__code return1 (int retval, void* env){
*(int*)((struct CbC_env *)(env))->ret_p = retcal;
longjmp((int*)(((struct CbC_env *)env)->env),1);

int func (){
goto code1(30,
«

__code (*__CbC_return)();
__CDbC_return = returnt;
__CDbC_return;

Ol

struct CbC_env __CbC_environment;

jmp_buf env;

int retval;

__CbC_environment.ret_p = &retval;

__CbC_environment.env = &env;

if (setimp(__CbC_environment.env)X
return retval;

*
&__CbC_environment;

)

return 0;

}
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goboogoogoooog.
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oo.

__code factorial(int x)

goto factorialO(1, x);

020 0000000 code segment

0000000000000 factorialo OO OO DO
000000,cdl0D000 jmp OOOODODDODODO
000,000000 tail call elimination 000 O

_factorial: ## @factorial
.cfi_startproc
## BB#0:
subg  $24, %rsp
Ltmp5:
.cfi_def_cfa_offset 32
movl  $1, %eax
movl  %edi, 20(%rsp)
movl  %eax, %edi
movl  20(%rsp), %esi
addq $24, %rsp
jmp  _factorial0
.cfi_endproc

## Yentry

## 4-byte Spill
## 4-byte Reload

## TAILCALL

021 0000000

ooooOoOOoo0oOoooo.obo0,chCcOnonon
00 LLVM/clang 00000000 0OOOODO.

g o 0O O

1) LLVM Language Reference Manual.
http://llvm.org/docs/LangRef.html.



