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The implementation of Continuation based C Compiler on LLVM /clang 3.5

KarTo ToKUMORIt and SHINJI KONO*

A programming paradigm which use data segments and code segments is proposed. CbC
is a lower language of C for this paradigm. CbC has standalone compiler and GCC ver-
sion. In this study, we add an implement CbC compiler on LLVM /clang-3.5. The detail of

implementation and evaluation are shown.
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4 N\
__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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- N
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

\. - _,

0 5 TokenKinds.def

4 N\
enum TypeSpecifierType {
TST_unspecified,
TST_void,
#ifn&ef noCbC
TST___code,
#endif
\& ) /)

0 6 Specifiers.h

OO0O00oOoOo SIGNED.TYPEOOOOOOODOOO
000000 UNSIGNED.TYPEOOOO, 00O

O BUILTIN.TYPE O00OO0OOCOO0OOOCODOO.

_,code 00000D0,00000000000000
00,00 void OO BUILTIN.-TYPEOODOOOO
00000 _code 00O BUILTIN.TYPE OOOO
goooooo.

4 : N\
// '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))

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

#ifndef noCbC
BUILTIN_TYPE(__Code, __CodeTy)
#endif

\. ¥

0 7 BuiltinTypes.def

000 clang O _code DOOOODOOOOO, code

segment 10 000000000O. OO _code OO
000000000 00O00o0O0ooogd. clang O
tionSpecifiers 000 0000. O0O0O0O0OOO0OO
$(CLANG)/lib/Parse/ParseDecl.cpp 0 0 000 O
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4 N\
case tok::kw___code: {
LangOptions™ LOP;
LOP = const_cast<LangOptions*>(&getLangOpts());
LOP->HasCodeSegment = 1;
isinvalid = DS.SetTypeSpecType(DeclSpec::TST___code, Loc,
PrevSpec, DiagID);
break;
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$(CLANG)/include/clang/Basic/LangOptions.def [
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LANGOPTOOOUOOOCOOODOODOODOOOOO
go,00b0ogb,b0bobooobo,ooo0oooo
ooooooo.

7 - A\
#ifndef noCbC

LANGOPT(HasCodeSegment ,1,0,"CbC")
#endif

\. : /)
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0. 00000 TypeO VoidTy 00000000
000o00O. oOooOg0 Type O __CodeTy O 0ODO
ooooooOoUoooOo.ooooooooooo if
oooooOoooOoo,oo0ooooooooon.

4 B )
// Basic type instances.
Type VoidTy, LabelTy, HalfTy, FloatTy, DoubleTy,
MetadataTy;
Type X86_FP80Ty, FP128Ty, PPC_FP128Ty,
X86_MMXTy;
#ifndef noCbC
Type __CodeTy;
#endif

\. ¥

0 10 LLVM 00 _code 00O

4 )
enum TypelD {

StructTyID,

ArrayTyID,

PointerTyID,

VectorTyID
other vector type
#ifndef noCbC

,__CodeTyID
#endif

/ll< 12: Structures

/ll< 13: Arrays

/ll< 14: Pointers

/ll< 15: SIMD 'packed' format, or

/I for CbC

\ & _,
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000000 gotosyntax 0, goto 0000000
00000000000 000. clang O goto OO
000000000000, Parser 0000 ParseS-
tatementOrDeclarationAfter Attributes 00 OO0,
00000 $(clang)/lib/Parse/ParseStmt.cpp O O
o0o0o000. Oboooob switchODODOO, O
000 kwgoto OODOOOOOOOOOO 120000
gooogoo.

ifndef, endif OO0 00000 OO0OODOOOOO
good. ooo if00, tcken 0OOOOOO, O
0 gotod CO goto00OODODDOOODO,000O
00000000000, co00n gotod0ODO
OO0O000D00 ParseCbCGotoStatement O O O
go,b00booooboboo. oobobooo
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4 H N\
case tok::kw_goto:
#ifndef noCbC
/i 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 = ParseGotoStatement();
SemiError = "goto";
break;

\N ¥

012 00000 gotosyntax DO0OOO

gobooooo,b0oooboocoooo113004d.

4 2\
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 (JotoRes.get() == NULL)
return StmtError();
/l'if 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 (!(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(),
CompoundedStmits, false);

}

\N ,

0 13 ParseGotoStmt 0O

go0oooO0,goto00D00OC0O0OO0OODDODO
O00 Stmt OOOO0O. OO0, tail call elimina-
tion 0OO0OOO0OO0ODOOODOO return statement
000000. J000DO0000DO0 ParseS-
tatementOrDeclaration 00000, goto D000
000000ooo00ooooooooooooon
oo.
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4.4 clang/LLVM 00O _code 0O0OO

clang 00 Type O LLVM OOO0O00O00O00O0DO
00 $(CLANG)/lib/CodeGen/CGCall.cpp O Get-
FunctionType 000 0O0O. DO0ODOODOO 1400
OO0Q0O00O0. 0000000 ABIArgInfo O clang
goboooobooboboboboobobnoboon
g0o000. void OOODODOODO Ignore OO0,
00000 _code0OO0OODO. OOODOQO switch
gobooO00o0O0o0obOoOoOopobooOoOn, —code O
o000 LLvM OO0 _codeDOOOOODODO.

4 )
case ABIArginfo::lgnore:
#ifndef noCbC
if (Fl.getReturnType().getTypePtr()-
>is__CodeType())
resultType =
livm::Type::get_ CodeTy(getLLVMContext());
else
resultType =
livm::Type::getVoidTy(getLLVMContext());
#else
resultType =
livm::Type::getVoidTy(getLLVMContext());
#endif

break;
\. /)

0 14 clang/LLVM 000D0D

4.5 Tail call elimination 0 00

Tail call elimination 00000000, 0000
0 code segment DO OO0 call OO jmp OO
OO00o0oO0o0O00. 0 150 Tail call elimination O
O0000o0o0o0oUoOoooooOoOoooog. caller
O funcBO call 000 jmp OO0 OO, funcB O
caller 000 main OOO.

intmain({ | Al |void caller() | L |void B(x
call c:aller(); call B(:); - L ret :
: b - ret
} : return |} return
Tail call elimination
. . call . um: .
int main(} void caller(} jump void B({
S 35 o
call caller(); jump B(); ret
C } D
} return

0 15 Tail call elimination

gooooooooooobooboooooooon
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ooooooooo.

(1) till000000DO0 tail call eliminatoin pass
ooo.

(2) 0DODODODOOOODODOOOOOOOOOOO
fastce, cc 10 (GHC calling convention), cc 11
(HiPE calling convention) D 0O0O0O000OO.

(3) D0OO0OODOOUDOOODO tailcallopt OO0
oooooog.

00O tail call elimination pass 00O OOOO

g00O0o0d. clang OODOOO pass ODOOO

$(CLANG)/lib/CodeGen/BackendUtil.cpp O Cre-
atePasses 000000000 . clang0D0O000O0O

OO0 200000000 tail call elimination 0 00O

O0000,00 pass00000O0OOOOOOOO

00 populateModulePassManager 0 000 O000.

go0oob00o LLvMOOOODOOobobOoooooo

OO0 pass JO0DOO0O0O0OOOOO. OODOOOOOO

Ole0000000,00000000000000

OO0oooo. 0O, createTailCallEliminationPass

oooooooOooooooooooooooo, o

00000000O00000D000 code segment O

O0ODO0O0OO0OO0D tail call elimination 000000

oooo.

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

0 16 passO00

000 code segment 000000000 tail O
ooooooooooOooooO.0oooooooo
00000000000000 pass O0OOOOO
O0O0O. 0000 pass O SROA pass O codeGen-
Prepare pass 00 0. OO00O0O SROA pass O OO
0000000000000 000 pass 00000
O LLVMIRO alloca D0O0OODOOOOOOOO.
tail call elimination 00 000000000000
O, tail call elimination pass D000 tail D000
00000000 ODO0DOO00O0O0o0d alloca0OO
OO000O000OoopoOoO. 0000 codeGenPre-
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parepass 0000000000 OOODOONO pass
0,00000000 0000000 calOOO
00000 retcurn OO00O0O0OOCOO. O0OOOOO
pass 00 0O0O000D0OOCOO0OOOCOOODOOO
gooo.

oo,bogoobobbooooobob. bbooo
0000O0ogo fastee, cc 10, cc 11 OO0 0000
O0,LLVM O0000000 ¢cc 100 cc11 00
o0oo0ooUoOooooOooooooooD.oOoooo
000 fasteeOOODO0O. fasteccOOOOOO, 00
00000o0o0ooooooo,000o0ggooo
O0000oOoOooOoOoOoD.00000oooooo
0000O0,000000000000000000
00000000oooDo0oooogooooooo
O00. fastcc 0000 clang OO0OOOD0OOOO
00o000oooooooogd. boood CGFunc-
tionlnfo 000 0OOO0O0O0ODODOOOOO. OOOO
0000 $(CLANG)/lib/CodeGen /CGCall.cpp O
O arrangeLLVMFunctionlnfo 000000000
O.0000001r00000ooooooon0. 0o
cCcOOoOononon fastece0O0O0O0O0O0O0OODODODO.

—
#ifndef noCbC
if(resultType.getTypePtr()->is__CodeType()X
if(‘required.allowsOptionalArgs())
CC = llvm::CallingConv::Fast;

)
#endif

. )

0 17 fastcc OODO

g0o0,tailcallopt OO OOOO. clang 0 LLVM
goooboobooobooobooboooooooo
O000,clang 00000000OOOOOOOOO
LLvM OOO0OD0OO0O0O0O0O0OO. O0o0o0oOooooo
000 $(CLANG)/lib/CodeGen/BackendUtil.cpp
00 CreateTargetMachine 00 000. OO0O0O0O
gooboooooobobbobobobobonb 18
00000000. tailcallopt 00000 Guaran-
teedTailCallOpt D00 00O, code segment 0 O O
oooooboooOooo.0o0, LLVM OO0 Has-
CodeSegment 0 0000000 OODOOOOO. O
00000000 codeGenPrepare pass 00000
gooooao.

LLVM O0O00O0ODOO000O00O0O0O0O000O0
goooooo. LLVM 0OO0O0OO0OO0OO0O0O Targe-
tOptions 00000000 0OOOOO, ODOO
00 $(LLVM)/include/llvim/Target/ TargetOp-
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Options.PositionindependentExecutable = LangOpts.PIELevel != 0;
Options.EnableSegmentedStacks =
CodeGenOpts.EnableSegmentedStacks;
#ifndef noCbC
Options.HasCodeSegment = LangOpts.HasCodeSegment;
Options.GuaranteedTailCallOpt = LangOpts.HasCodeSegment;
#endif

G J

0 18 tailcallopt 0000

tionshO0OOOOOO. 0000000000000
goooooooDODOOOODOOOOO0O00. Targe-
tOptions 000 O0000D000C0DOO0O00O0DODOODO
ooog,ooo000000.

4.6 00O00OOOO

chCOOOOO cOoOoOooopooo,onoo
ooooOoooOooOooodooooooo,oooo
000oooood. o0gg _return, __environment
oooooooooobo. 0o1vobooboooooo
000,0000 caller 0 funcO00O0OD0OOODOO
ooooooODOODO11000.

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

}

int func (){
goto cs(1, __return, __environment);
return 0;

}

int caller ()}
int retval;
retval = func(); // retval should be 1.

}

019 0000000000

GCCOUOOOODO ChCOOOODOODO nested
function 0000002 O, LLVM/clang 00 00O
0oodo0o0ooo0oO0ooO0. OoooooDooooo
setjmp, longimp 0000000000, _return,
_environment 000 0000,0000000000
ooooDooo0O setimp 0 00ooooo,0oon
gooooooooooboboo.0ooon, —return O
00000000000 codesegment 0O O0OOO
O, _environment 00O O000OO0OOO, __return
000 code segment O __environment 00000
goodoooooooooboooood. _return
gdooo0oooOdoO0ooOooDOooOooDbOoDOon
_return 000 code segment O longjmp OO0 00
Jooooo. 0o0,00000000000000
0000oooo0oooooooooooooon
000odooooogood, cdang 00 QualType
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gobooooooooooo.

setjmp/longijmp 0000 COO0OOO0OOOO
ChCOOO0ODODODO0ODOOOoOOooOonoonog
00000.000,000000000 CO stack
pointer 0000 0OD0OO0O0OO, register 0 save O O
0000000000000 setymp 0000000
O00. MiccoCOOOOODOOOODOOOOOOO.
gooooooooOoooooDoooOoOoooooDoon
oooooOooooooo, LvM/Gecooon, ¢
gobooooooobboooboogooog.

5. Jogoo

g0o0,0000000000D0D000D000DOD
0gooog, CbC 000000 Micro-C, GCC,
LLVM/clang 000000000000 0O0OOOOO
Jo00bO00O0o0DbO0DO0.00D000,000 x86-
6400000000 MacOSXOOOOO. OO,
O000ObO Gccooooopoo 490000. 00
goboooooooboo,00boo0oooooDo
oo,ChCU00o0ooooooooooo,uon
gopooooooooo.

51 ODO00OOOODOODOOO

0000 2021 000000000000 CbCO
code segment 0000000, 000000000
0oooooooooogd.

__code factorial(int x)

goto factorialO(1, x);

}

0 20 0000000 code segment

_factorial: ## @factorial
.cfi_startproc
## BB#0:
subq  $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  _factorialo
.cfi_endproc

## %entry

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

## TAILCALL

021 0000000

0000000000000 factorialo DO DO OO
000000,cdl0D000 jmp O0OOODODODODODO
J00d,000000 tail call elimination O 00O O
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gooooooooooo. ocogg,chcOonDOO
00 LLVM/clang 00000000 0OOOODO.
5.2 0JOOOOOO
JoodooooooDooOoO00d conviOOOOD
000,000 Micro-COOOOO,GCCOO CbC
gooodooooooooooooobooooaoa
OO0 convl OOOODOO CbCOOOOOOOO
ooooooOo,00 10000 ehCooooog,
00 2,30000 Micro-COOOOOOODOOOO
000ooOoOoOoOoOoOoooOoOooOoOoODD.OOO
go0100000. bO,GCcCcObODOoOoOoouonon
O000ooOoOoOoOoOoOooOooOODOO.0000oo0
00000000 stack overflow OO OOO0O.

.Jeconvl 1l | ./convl 2 | ./convl 3

Micro-C 6.875 2.4562 3.105

GCC -02 2.9438 0.955 1.265

LLVM/clang -O0 5.835 4.1887 5.0625

LLVM/clang -O2 3.3875 2.29 2.5087

0 1 Micro-C, GCC, LLVM/clang 0O OO0O0O0O (OO -
o)

LLVM/clang 00000000 O0ODOOO, OO
gooobooooooooooooooooooon
gooobooooo.oobo LLvMOooooooo
gooooooooobooooobooobogon. Micro-
CO LLVM/clang 000000000000, 000
0000 LLVM/clang D0O00OO0DOO0OO0O0OOOOO
000000000000 LLVM/clang 000,00
o0oooooooooooooooooog. GCo
O0o00oUooooUuoOooouoO, LLVM/clang
goooobooooooooooooooooooon
gooooooog.

6. DO0OOOoDOOOO

00000000, LLVM/clang 0 CbC O OO0
gooooooooooooo. oo,oobooo
0 GCCODODOOOODOO nested function 000,
setjmp/longimp 00000000000 OOOO.
0000, 00 nested function 000000000
oooOooo chCOOOooooooooooooo
gobooooooooooo.

00000000000, data segment 0000
00000000000 oOoDOooooDOonDon
O0000opDoo0oO0OOO. data segment 000

Y convi 00DODODODODODOD ADODOOO.
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O, codesegment 00000000 O0OOOOODO
datasegment 00 O0O0O0O0O0OOOOOOOO. OO
O code segment O data segment 00000000
task 000 000O0O0O0O0O0O, data segment O, 00
goooooooog, priority DOODODOOOO
000000, task OO0O0OO0ODOOOOOOOO,
ooobooooobooobooooooooboobobooono
oooog.
goooooooooooooOoboOoOoooobooon
00,0000000 setjmp/longjmp D0OO00O0O,
oooOoOoooOooOoOooOoOoooOoDOoOoDDbno
oOooOoOoooOoooOoooOoooOooOoOoDoDO
O0000000. GCC, LLVvM 00000 nested
function, setjmp/longimp 00000000000
00000000o0oogoog, Micro-COOODOD
gobobooboooboobobo.oobobooo
ooobooooooobooooooobooobobooono
ooooo,0ob00000000000D000,00
o0oooooooooono.

g o 0 0o

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

2) 0000,0000. Continuation based c 00
o000 gec4200000. ODOOOODODO
gboooooooboobobooobbboooo
000 (0S), April 2008.

3) 0000, 0000. Continuation based ¢ O
gecd6 000 ODOODOOO.O0SH3000000
ooboooobog, Jan 2011.

4) LLVM Documentation.
http://llvm.org/docs/index. html.

5) clang 3.5 documentation.
http://clang.llvm.org/docs/index.html.

6) clang API Documentation.
http://clang.llvm.org/doxygen/.
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A.1 convl.c

2014/5/15

#include <stdio.h>
#include <stdlib.h>
static int loop;

#if 1 // def __micro_c__
#define CC_ONLY O

#else

#define CC_ONLY 1
#endif

WU W N

— =
= O ©

#ifdef CLANG // for clang/LLVM
#define _CbC_return __return
#define _CbC_environment __environment

-
[

-
w
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#endif

typedef char *stack;
#include "convl.h"

/* classical function call case (0) */
int f0(int i) {

int k,j;

k = 3+i;

j = go(i+3);

return k+4+j;

}

int g0(int i) {
return hO(i+4)+i;

}

int hO(int i) {
return i+4;

}
#if 1CC_ONLY

/* straight conversion case (1) */

struct cont_interface { // General Return
Continuation
_code (*ret) (int,stack);

};

__code f(int i,stack sp) {
int k,j;
k = 3+i;
goto f_gO0(i,k,sp);

}

struct f_gO_interface { // Specialized Return
Continuation
__code (xret)(int,stack);
int i_,k_,j_;

};
__code f_gl(int j,stack sp);

__code f_gO(int i,int k,stack sp) { // Caller
struct f_gO_interface *c =
(struct f_gO_interface *)(sp -= sizeof(struct
f_gO_interface));

c>ret = f_gi;
c->k_ = k;
c—>i_ = i;

goto g(i+3,sp);

__code f_gi(int j,stack sp) { // Continuation
struct f_gO_interface *c = (struct
f_gO_interface *)sp;
int k = c->k_;
sp+=sizeof (struct f_gO_interface);
c = (struct f_gO_interface *)sp;
goto (c->ret) (k+4+j,sp);
}

__code g_hi(int j,stack sp);

__code g(int i,stack sp) { // Caller
struct f_gO_interface *c =
(struct f_gO_interface *)(sp -= sizeof (struct
f_gO_interface));
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c—>ret = g_hl;
c—>i_ = i;
goto h(i+3,sp);
}
__code g_hi(int j,stack sp) { // Continuation
struct f_gO_interface *c = (struct
f_gO_interface *)sp;
int 1 = ¢c->i_;
sp+=sizeof (struct f_gO_interface);
c = (struct f_gO_interface *)sp;
goto (c->ret) (j+i,sp);
}
__code h(int i,stack sp) {
struct f_gO_interface *c = (struct
f_gO_interface *)sp;
goto (c->ret) (i+4,sp);
}
struct main_continuation { // General Return

Continuation
__code (*ret) (int,stack);
__code (*main_ret) (int,voidx);
void *env;

};

__code main_return(int i,stack sp) {
if (loop-->0)
goto £(233,sp);
printf ("#0103:%d\n",1);
goto (( (struct main_continuation *)sp)->
main_ret) (0,
((struct main_continuation *)sp)->env);

}

/* little optimzation without stack continuation

@) */

__code f2(int i,char #*sp) {
int k,j;
k = 3+i;
goto g2(i,k,i+3,sp);

}

__code g2(int i,int k,int j,char x*sp) {
=i
goto h2(i,k+4+j,sp);

}

__code h2_1(int i,int k,int j,char *sp) {
goto main_return2(i+j,sp);

}

__code h2(int i,int k,char #*sp) {
goto h2_1(i,k,i+4,sp);
}

_code main_return2(int i,stack sp) {
if (loop-->0)
goto £2(233,sp);
printf ("#0132:%d\n",i);
goto (( (struct main_continuation *)sp)->
main_ret) (0,
((struct main_continuation *)sp)->env);

}
/* little optimizaed case (3) */
__code f2_1(int i,char *sp) {

int k,j;
k = 3+i;

2014/5/15
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goto g2_1(k,i+3,sp);

_code g2_1(int k,int i,char #*sp) {
goto h2_11(k,i+4,sp);

__code f2_0_1(int k,int j,char *sp);
__code h2_1_1(int i,int k,int j,char *sp) {
goto £2_0_1(k,i+j,sp);

__code h2_11(int i,int k,char *sp) {
goto h2_1_1(i,k,i+4,sp);

__code £f2_0_1(int k,int j,char *sp) {
goto (( (struct cont_interface *)sp)->ret) (k+4+
j,sp);
}

__code main_return2_1(int i,stack sp) {
if (loop-->0)
goto £f2_1(233,sp);
printf ("#0165:%d\n",i);
exit(0);
//goto (( (struct main_continuation *)sp)->
main_ret) (0,
//((struct main_continuation *)sp)->env);

#define STACK_SIZE 2048

char main_stack[STACK_SIZE];

#define stack_last (main_stack+STACK_SIZE)
#endif

#define LOOP_COUNT 500000000

int

main(int ac,char *avl[])
{

#if !'CC_ONLY

struct main_continuation *cont;
stack sp = stack_last;

#endif
int sw;
int j;
if (ac==2) sw = atoi(av[1]);
else sw=3;

if (sw==0) {
for (loop=0;100p<LO0P_COUNT;loop++) {
j = £0(loop);

}

printf ("#0193:%d\n",j);
#if !CC_ONLY
else if (sw==1) {
loop = LOOP_COUNT;
sp -= sizeof (xcont) ;
cont = (struct main_continuation *)sp;
cont->ret = main_return;
cont->main_ret = _CbC_return;
cont->env = _CbC_environment;
goto f(loop,sp);
else if (sw==2) {
loop = LOOP_COUNT;
sp -= sizeof (*cont);
cont = (struct main_continuation *)sp;
cont->ret = main_return2;
cont->main_ret = _CbC_return;
cont->env = _CbC_environment;
goto f2(loop,sp);
} else if (sw==3) {

[

[
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loop = LOOP_COUNT;

sp -= sizeof (xcont);

cont = (struct main_continuation *)sp;
cont->ret = main_return2_1;

cont->main_ret = _CbC_return;
cont->env = _CbC_environment;
goto £2_1(loop,sp);
#endif
}
return O;
}
/* end */
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