Continuation based CO OO OO O GCC-4.20 O O
00

The implementation of Continuation based

C Compiler on GCC

o190 oobd

L

Y e
e

o0 oo ogoood

A

045760E U O O U
oo oo oo



10
1.1
1.2

gz20
2.1

g30
3.1

3.2

040
4.1
4.2
4.3
4.4
4.5

os0

geéen

goog

O0A

oo
OO00O000O000 . o 00 e e e e e s s s s s s s s s s s 2
OOODO . e e e e e e e 2
Continuation based C 3
ChbC OO . . e e s e 3
2.1.1 codesegment . . . . ... 3
2.1.2 00 (8060) « v v v o e e 4
2. 1.3 O0O0ODO . .o e e e e e e e e e e e e e 4
The GNU Compiler Collection 5
GCCOOOOO « .o s s e s e e 5
3.1.1  Generic Tree . . . . . . o e 5
3.1.2 GIMPLE . . . . . e 8
3.1.3 RTL . . . . e e 8
3.1.4 O0O000 .. e s s 9
Tail call elimination . . . . . . . . .. L L 9
321 TailcalOODO . . . .. oo e e 9
3.2.2 Tail call DO DO . . . . o o e e e e e e e e e 11
o0 13
_code OOOOOOOOOO . ..t e e e e e e e e e e e e e 13
code segment 0 tree OO . . . . . . . . . . i e 14
goto OODODO . .. Lo e 15
expand_call DO O . . . . . . 0L e 16
expand_cbc_goto . . . .. L L L 17
451 000000000000 ... e s e e s e 17
452 00000000 .. .00 e e e e e e s e 17
4.5.3 00000 . . e e e e e e e 18
454 0000000 .. e e e s s 18
455 OO000O0 ... e e 19
4.5.6 CALLINSN . . . . 19
od 20
ooooo 22
23
convl OO QO0O 24



2.1
2.2

3.1
3.2
3.3
3.4
3.5

O

code segment OO “OO7 . . ... 0 e 3
CbCOODOO . .o e e e e e e e e s e e s 4
GCC O PASS -« v o o v e e e e e e 6
int test(int *, double) D00 0O FUNCTION.TYPE . . . . . ... ... .. . ... ..... 7
testOl(c+d, 2.0); D000 CALLEXPR . . . . ... . ... . 7
Tail call elimination OO . . . . . . . . . .o 9
00 A0OO0BOODOOOOOOOOOOO (Tailecall) .. ..o o000 11



Juoogbooguod

2.1 CbCOOODO . .. e e e e e e e e e e e e e

3.1 O0O0O0 test . . . . o o o

3.2 gimplification OO OO test . . . . . o oo oo e s e

33 OO main A BODO . ... .0 e e s e s 10
34 00 AO0OO0O0OOO00O0 (Tail callOO) . oo v v oo e e e e e e 10
35 U0 mainOOOOOOO0O ... .. e e 10
3.6 Tail call elimination OO OOOO A .. . ..o o 0 e 10
4.1 reswords OO . . . . . oL 13
4.2 ctypespeckeyword OO . . . . . L o L 13
4.3 declspecs_add_type OO . . . . . o L o e e 14
4.4 finish_declspecs OO . . . . . . . . 0 e e e e 14
4.5 build_codesegment_type D0 . . . . . . . . L L 15
4.6 grokdeclarator OO0 . . . . . . o . L e 15
4.7 gotoO OO OO0 .. 0o e e e e e e 15
4.8 OOOO0 .. e e e e 18
4.9 pushoverlaps OO . . . . . . . o 0 e 18
410 OOOOD0O .. e e e e e e e e e 19
411 CALLINSN O OO . . oo e e e e e e e e s s s 19



10 Ui

1.1 Jogooood

000000 Continuation based C(00 CbC) OO0 D0DOOOOD0OOOO ChbCO COOOOO
ooo0O0o0OoooOOoOoOoO0OooooOoOO0o0OoOOoooOOoOOOoOOOCcOOOOoOoOoOoDOobDooOoOOO
obooooboooooobooog

oooooooooo chCOOoOoOoooooooooDO Micro-CODOODODOOOOODODODOODODO
gbooobooboob0o0oo0n0gi3se, ppe, mips, spud 0000000000000 O0O000OO0O00OO
gooo Gccoooopopopopoooooooooooooooo

000 UNIXOODOOOOOoooDooooo gecoooooooooooboooon gecoooo
000000000000D0000on0000 GCCODOOOO0ODDDOooooooo®oooon
Ggeccooooooooooooooooooooooo

ooOoooOoOooochCO gecUopoooooooooooooooooooooooogooog gee
oooooo0oooobOoOooooOoooo Gecooooooooo echCoooooooooDooboooo
oboooooboooooooboog

1.2 0JOdd

obooooooboooooboobooog

020 ChCcOOOOOOOOOOO

030 ChCOOOOODOOOODOOOGCCOODOpDOoOoOoOoO

040 O0O0OO0OO0OOOOOChCOOODODOOODO Gecooooooooooooo
Us0 ODO0b0obooooboobooobooboooooobobooog

gé6d ODOobOoOoO0oobOOobOOoOoOoOobOoOOOobOOobOoOoOoOobOobooboonag

00000000 GCCO version-4.2.2 P2000000GCCOO0OO0OONO Free Software Foundation
0 GCCOoOO (http://www.gnu.org/software/gec/mirrors.html) 0000000000000 000O0OO
0000 CO0000000000000000000000000000000000O0000000
0ooo0oooooooo

(C)OpODO0000000D000D00000000i3800000000000000000000 50000000
(02000000000 4.2.1. 2008/02/01 00 42.300000000000
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2.1 CbCOO

Continuation based C (00 CbC) O0DOO0O0OU00O0OD0OOO0O0UOOOOOO COOOOOOOO
00000 [20CO00000000000000D0000000000 (goto) O code segment 0000
000000dooooooooo0o0gooooooooo00oooooooo0oooooDoooDon
oooooooooooooo

0210 codesegment 0000000000000 D0OOOOODN codesegment, 10000000 code

O 2.1: code segment O O “0O0 07

segment 1000000000 Ocode segmentstart 00000000 gotod DO OO OO code segment A
0000 BOOODDDDOC®YOOODAOD B 0D AODDDDDODOOONOODOODDOOOOOO
O Ocode segment 00 gotoDO DO OO0 codesegment 0000000000000 OO0OO0DOOOOO
00000000000 CbCOOOOO interface00000 codesegment 0000000000000
00000 codesegmnt 000 codesegment 00 0000000000000 O0O0OOOOONO
0000000000 CbCOOOOcodesegment 000000 (goto) DODOODDOODODO

2.1.1 code segment

codesegment 0 CbCOODOODOOO0ODOOOOOODOOOOOODOOOOODOOOOODOODOOOO
00 “_code” 0000000 Ocode segment D00 0000000000000 DOOOOOODODO code
segment 100 00000000D0OOOOOOOOO

code segment 0000000000 O0OOOO0OCOOOOOOOO0COOO code segment OO for O
while, return 000000000000 0000000000000000000O0DOO00OOO0O

GVppoooooOoDO0OO0OD0D 0000000
G2)ppooOoo000000000Micro-C version 00 whileO for 00000000000 O0O00O0O0DOO CbCOODOO
CwC(Continuation with C) 000000
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gboooood

2.1.2 00O (goto)

codesegment 00O 000000000000 codesegment0O0OOO0 CbCOOOOO “goto” OODO
0000000000 “00”000000 gotod COODOO labelOO gotoOOOOOgoto DO OO
000000000 DOO0O0O0D0O00D0000 code segment cs 00000 goto cs(10, "test"); OO
O00000DO0cesO0000O0ODO 100"test"00000DOOOOOOODOOOODOOODOOODDOO
0000000000000 00000000 gotoOOODODO codesegment 0O0O0O0O0OOOOOOO
codesegment 0000000000000 O0O0DO0O00O return00000 pushO0O0OD0OODOO

2.1.3 0000

O00O000D00O0Ocode segment 000 loop 00D O0O0O0D0O0O 2200000000000

OO0 21: CcbCOOODO

__code while_process(int total, int count){
printf ("while_process: do something.\n");
total += count;
count ++;
goto while_cond(total, count);

__code while_cond(int total, int count){ —>
printf ("while_cond: check condition.\n"); g()to
if ( count <= 100 ){

goto while_process(total, count);
}else{
goto while_end(total);

}

__code while_end(int total){ g(}to
printf ("while_end: the loop ended.\n");
printf ("
total = %d.\n", total);
goto cs_exit (0);

022 CbhCODOOO

00000000000 uobbbibibibO while_condD0OOOOOOOOOO while_process 00O
while_process U0 U OUODOOMN while_cond DO OOOOO0OO0OO0ODOOO0O0OOOO
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3.1 GgCCOUOnooog

GgccUoOpDooOoUoOoopoOopoOoOUUOooOopoUOUUOODOOOoUOUODDODODOUOOODOOOOOOO
oo0o0oOoooooOoOoOooooOoOoOooOoOoOooOoOo chCOoooooOooooooooooooooog
0000 CO0OUU0O0O000U0O0O0 ccl0000DO0O0OOU0UOO0OOOUODO((@MOOGCCO cclOODO
oooooon)

GCCOpassO0O0O0ODODODOODOOOOOOOOOOOOOOOOOOOOOO0O0O0ODOOQOO passO
gbooooboooooboooooboooon

parsing 00000000000 OOO0GCCOOOOOOOOO0O0O0O0OOOOOOO0O0O0O0O0O0OO
000 Generic Tree 00000 tree0 00000000000 (Generic Tree00000O 3.1.100
0)DCOO00D00 cparse* 000000000000 0OOO

gimplification 000000 Generic Tree 1000000 GIMPLEOOODODOOO (GIMPLE O 3.1.2
000)0

GIMPLE optimization 00000000 GIMPLEODOOOODOOOOOODOOODODOO “Dead store
elimination” 0 if 0000000000000 “Lower control flow” 0 00O O0O0O0O

RTL generation OOO0OGIMPLEOOOO RTLOOOOO (3.1.3000)000000000O0000O
O000O0OO0OO0OGIMPLEOOOUOO RTLOOOUOOOOO expand * 000000000 OOOOO

RTL optimization 000000000 RTLOODOODODODOOODODO0DOODODOOOOOOOOOO
0000 “Cleanup control flow graph” 00 0000000000000 O0O “Common subexpression
elimination” 000000

Output assembly 000 RTLOOOOOOOOOOOOOOOOOOOOOOOO

00000000 310000000000 passO0O000D0OOOO0ODOODOOODOOODOOInline0dn
ggooobooooobooobooobbuoooboobooob bbb bbbboobboo
00 Tokenizer(0O OO DO)OD0O0DD0OO0D0O00O0O00O0O0OO0OOO0OOO0OOOOOOO parserd0
oobobobpassO0OOO0OOOOODOOOO

OOo000O0 GCCOoOOoDooOoOoOoDOoOoOODn Generi Tree, GIMPLE, RTLODOOOO0D0OO
0000000000 Free Software Foundation 0 GCC O Web OO O 0O OO GCC Internals Manual[3]
gobobooooooog

3.1.1 Generic Tree

OO0oO0O0O0 GCCOOOUOODOOOODOOOO0ODDO Generictree00O0O0ODOOOOODOO
Generic Tree 000000000 OCODODOODOOOOOOODODODOODOOOOODOODODOO
tree 0 0 FUNCTION_TYPE O CALL_EXPR, INTEGER_CST, PLUS.EXPR 00000000 ODOO
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(1]

C —»| Parser —» Generic —» Gimplify
code tree
T —
* [2]
Glmple —— | Optimizer > RTL

tree Generator

S
oo
RTL [3] RTL | code Assembler

Optimizer Generator Language
T —" T —

0 3.1: GCC O pass

000000000000000000000000000000000000000000O0OOtreed O
000000000000 00000000000O0treed 000000000000 Ocparse* 000
cOid00d0oooooooooodddtweedOOO0OOOOOOOOOOOOOOOOOOOOOOOO
tree 00 000000000000 treed000 gee/tree.h O include 0O gee/treedef 0000000
OOgec/tree.c 0000 tree0 0000000000000 O0DO0OODOOOODODOOO

O000O0O0O0O0OFUNCTION.TYPEO CALLEXPROOOOOOOOOOOOOOOOOOOOO
OGCCUOOODODODDOODOODO treedon

FUNCTION_TYPE

OO0O0O0O00000 FUNCTION.TYPEOOOOOOOOOOOOOOOOOOOOOOOOOOO
O0000000000O0000 (parameter) 000000000 OO0OOFUNCTION.TYPEOOOOODO
000000000 32000 int test(int *, double) DO OOO00O0O tree0000O0OCODODODOO
00000000 treed 000 tree0 000000000 ODOOOO FUNCTION.TYPEODOODOOO
“ype’ O00O0OO00OO0OOOOOOOOOOOOD nt00000ItO000O0O INTEGER.TYPEOOOO
00000000000 DDOtreed 000 charOD0O INTEGER. TYPEOOOOOOOOOOOOOOO
000000 INTEGER.TYPEO bitOOODO “size’ 0000000 INTEGER.CSTOOOO 0000
000000000000 320000000char00D000O0OOCCO S8SOOOOO0OODDDO REAL.TYPE
OO0O0O0OOdoubleO O 64, float 00 320000000

0000000000 FUNCTION.TYPEOOOOOODOOOODOOOODOOODOOOODODO
O0int00000000000000 treeJ0000D0O0OO0O0O0O0OCOO0OO0OOINTEGER_-TYPE O
Obitsize 0 O0O0O0O0OOOOODO INTEGERCSTOOODOOOODOOOO

gooooOoOoOoOoOoOoOoOo volIb. TYPEOOOOOOOOOOOOOOOOOOOOOOOOOOO
ooopoooooooooooGcccopooooooooooobooooooooooooo
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type args_types
* chain chain
\ \
size value value value
\ 32 | \ |
( INTEGER_GST ) ( POINTER_TYPE ) ( REALTYPE ) VOID_TYPE
\
type size

Y vy 64

size
32

O 3.2: int test(int *, double) 0 0 0 O FUNCTION_TYPE

CALL_EXPR

OO0 CALLEXPROUOOODOOOODO int test01(int a, double b){...} 00 000000O0CO
testO1(c+d, 2.0); 00 000000000000 0OOOOtree0 000 3.30000000CALL_EXPR

CALL_EXPR \ \
type arg 0 arg 1
\ chain chain
( nTEGER TYPE ) ( ADDREXPR ) ( TREELST }—»( TREELIST }—{ TREE LIST )
) \
size t}pe value value value
\ 32 ¥ Y D.1536 Y 2.00 Y
( ~nTEGERCST ) ((PONTERTYPE ) (  vAaRDECL ) ( REALCST ) (" vo_tyPE )

\

size

FUNCTION_TYPE
A\l
HEg

0 3.3: test0l(c+d, 2.0); 0000 CALL.EXPR

O0arg000000000 ADDR.EEXPROOOOOODODOOOOODOODO tree00000000O0O type
gbboooboobooboobbob0Obarg1l0000000DOOO00O0O0O0OOO00O argument0000O
000 FUNCTION.TYPEOOOODO parameter 1 IO 000000000 OO0OOO0OOO0O RTLOO
00000 FUNCTION_.TYPEOOODODO parameter 0 OO0 Oargument 0000000000000
0000000070000 0000C000DOO0O00 argumentD D.1536 000 VARDECLOOO
OO0O0O0O0OO0O0 Gimplification pass 000000 COCOOOOODODOODODOcHdOODOOOOOOOOOO
obooooobooooboobono
3.20 00000 Tail call elimination 0 00 CALLEXPROOOOOOOOO
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3.1.2 GIMPLE

GIMPLEOO GCCOOOODOOOOOOODN “Generic Treed Smple 0007 000000000
O GIMPLEOOODOODO

GCC O gimplification 0 0 00O Generic Tree0 GIMPLEO O OODOOOOOOODOOODODOO Generic
O GIMPLEOOO tree0 00000000000 DOOOO0OO GIMPLEODO tree00000OCOOOO
0000000000000 passO0OO0OOOOODOO

0000 gimplification 0000000000000 300000 (3-address form) 000000000
00000Do0o0o000000 300000000 o0o0dd0dba=c#b0000000ODO0ODO0OOO
00000000000 000000000i#00000000 (whileO for00)0000 if0 gotoO
0000000000 Gimplification0 O O0O0O00O030000000000000000O00ODOO0O00OO0O
argument 0 00 000000000000 e+dU D563 0 00O0O0OOOOO0OOOODODO

000000000 gimplification00000000O00OCOO0OOOOO0OO 3.1,320000

000 3.1: 0000 test 000 3.2: gimplification 0 00 O test
int test(int a, int b){ test (a, b){
int i,sum=0; int D.1556;
i = a; int D.1557;
while ( i <= b ) { int i;
sum += 1i; int sum;
i++; sum = 0;
} i=a;
return sum - ax*b; goto <D1554>;
} <D1553>:;
sum = sum + i;
i=1i+1;
<D1554>:;

if (i <= b) {
goto <D1553>;
} else {
goto <D15655>;
} <D1555>:;
D.1557 = a * b;
D.1556 = sum - D.1557;
return D.1556;

3.1.3 RTL

RTL O Register Transfer Language 0 0 0000000000000 ODOO0OOODOOOOOOODO
00o0o0oOoO00bOO00bOO000OO000ooO00o0oO0o0oooOO0000O0o0oD“PLUS” 000 RTL
0000 (23200 add00)0“CALL” 000 RTLOOOOUDOOODOOO0OOOOOOOO 10100
000oo0ooo00ooo0oooo0ooOooooo0oo00ooDooo0ooooooooDoOoooDoog
000do00oooooooooo00oooooooooo0oooo0oooooooDooooOooo
RTLOODOOOOOOODOOODOODOOOOOOODOOO0ODOODOODOOO0OOODOOoOoDOooobooonod
oooooooooo

GCCUOUUORTLODDDOOOO rtxO0ODOOOO0OODODODOOCODOD vtxO000OD0ODODOOOOOOO
000000000 0ODO0DO00D0 “mode” 00000 bitOOODOODOOOOODOOOOORTLOOO
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gbboooooob0 rxbOOOooOOoOobOoOO0bo0ooo0ooO txO000O0O0bOO0OobOO00obOo0o0obOoon
oboooooooo

3.1.4 00000

GgCcOoOopoOoopoOoUoUooOopoUoUUobpDoOoOUUUoOooDOoOoOUUOoODObDOoOUObODOOOOoOooOoo
OO0 GIMPLED RTLOODODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
00000000000 struct tree_opt_pass 0 all_ passes0O00O0O0O0O0OO0OOOOOOOOO
goooooOoooooooobpooooo

O00000Db0000b0o00O0DO0ob0O0ODO “Tail call elimination” O OO00O0OO0OOOO0OOOOO
oooooooooooooDbooooon

3.2 Tail call elimination

“Tail call elimination” 000 calDOO0O0O00O0D0OO00DDO00Djump 000000000000
oooooobooOoooooboooo chCcoObooooDbooooooDboooooooobooooo
oboooooboooooo

3.2.1 Tail callO OO

00000000000 main000000 AODODOUOOOOODO AOOQUOOO (return00) O
00000 BOODOOOOOOOOOODOOOOOOOOBOODODOOOOODOOretOODODOOOO
OO0 AOOOOOOODOOOOO ret0D0D00OD00O0 Mmain0O0O00O0O0O0OOO “Tail call elimination” O
000BOOADOOOOOOOOOOODODOOOODOOO 3400000000000 0O0ODDODOOO

call _ call
int mian{ L " |int A{ L —"|int B{
return BQ; 3
call AQ; Y
: A } return
} return

Tai@/()a[l Optimization

call goto

int mian{ L "|int A{ int B{
) . . , :

call AO); return BQ);

} return

0O 3.4: Tail call elimination O O

00 “Tail call elimination”” 000 0000000000000 O0O0ODOOOOO0OODOOOOOOO
OO000OOo0oO00ooOoO0o00DOo0O00DO0O00DbOO00O0O00n0 Micro-C versionD ChCcODODOOO
obi3geblodpoooopoooooogon
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03400000000000000 main, A,BOOOO 3300000000

000 3.3: 00 main A BOO

void B(int A, int A, int C){

//printf ("B: a=/d, b=Jd,
return ;

c=j4d\n", 4,

}

void A(int a, int b, int ¢, int d){
//printf ("A: a=}4d, b=)d,
return B(a, b, c+d);

int main(int argc, char **argv){
//printf ("main: \n");
A(10, 20, 30, 40);
return 0;

c=j4d, d=7d\n",

B, C);

a, b, c, d);

00000000 “Tail call elimination” 000000000000 00O0DODOODO 34350000000
00000000 o0o00 BOODODOODOOODOOODOO0OO0OO0OO0DOOOOO)

000 34: 00 A000O0O0O0O0O (Tail call

oo)

A:
pushl
movl
subl
movl
addl
movl
movl
movl
movl
movl
call
leave
ret
.size

main:
leal
% ebp andl
%esp, hebp pushl
$24, Jesp pushl
20(%ebp), heax movl
16 (%ebp), %heax pushl
heax, 8(lesp) subl
12(%ebp), %heax movl
fheax, 4(lesp) movl
8(%ebp), heax movl
heax, (%esp) movl
B call
movl
addl
A, .-A popl
popl
leal
ret

.size

odod 35 00main0000000O

4(%esp), hecx

$-16, %esp

-4 (%ecx)

%ebp

hesp, hebp
hecx

$20, Jesp
$40, 12(%esp)

$30, 8(%esp)
$20, 4(%esp)
$10, (%esp)

A

$0, %eax

$20, Yesp

hecx

%ebp

-4(%ecx), hesp

main, .-main

TailcalOOOOOOO0 ADOOOOODODOOO BOOOODOOOOODOOODOBOOOODOOOODO
gboooooboooo
00 Tail call elimination 00 000000000000 O0O0O0 360000

pushl
movl
movl
addl
popl
jmp
.size

000 3.6: Tail call elimination 0000000 A

%ebp

%esp, %hebp
20(%ebp), heax
heax, 16(%ebp)
%ebp

B

A, .-A

10
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20(%ebp) OO O dO16(%ebp) OO0 cOO0O0O0DOOO0O00OO0 BOOODOOOOODOOODOOODO
000 A0O0O0O0O0OOOOBOOOOOOODOOOOOOODOOOOODOODODOOOOOaO0bLOOOO
gbooobooobooobooboobooboobooobooboobooobooooOoo 3sb0ObObOO 3500

(a) (b) (© (d)
ebp
P L la—esp bp  b—
\al‘/GSp | a | ng | A Je—esp
A arae| 2] b ) Barg B )
I = A (- [ c ]
[ d ] [ d ] [ d ] L a ]
[ Je—ebp [ ] R [ Je—ebp
main args

035: 00A00BO0ODO0O0UOOO0ODOOOO (Tail call)

gbooobooboooobobooogn

(a) main 00 ADUOOOOUOOOOesp 0000000000000 OebpD mainO0O0OO0O0OO
oo

(b) ebpO esp0 00000000 ebp 00000 ODOOODOODOOOOOOOOODO
(¢) ADDOODUOOOUODOOOBOOOOOOOOO
(d) ebp00ODOO0OO0OOOO BO jumpO

(a),(b)) 000 ADDOODODDO (¢),(d) 000 BOOODOOOO000000000000 (b)O (¢)000
00000000000000000000000000000000000000 ADOOODOOOO
000000000000000000000 AQ Tail call elimination 00 0000000000000
000000000000000000000000 Tail call elimination 10 000000000000
0000000000000 00caller 00000000000 callee0000000000000000
00000000000000000 jump00000000

3.2.2 Tail callO OO

Tail cal D00 O0OO0OO0OO0OO0OD0ODOD0ODDODODDDDDD0DDD0000000000 35000330000
00000000000 0DO0000

0000000000 0“000000 return0000007 000000000000 veid00O0O0OO
0000000000 return00000000000O0DO0O00ODOO0O0OOOOD BOODOO ACQ
O0000Omain 0000000000000 D000O0D0OOO0O0O0O00O00000O “0000000 caller
Ocallee00000O0O”0000DODODODOOGED

ODint00 BO char 00 ADDOOOOOOO0O00O0ODOOOO0O0O000O0000000000000O00O000 code segment
000 voidOOOOODOOO

11
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00000 (c)U0 calleeD 0 BOOOODOOOOOOOOOOOOODOOOOODODOOO ADDOOO
ooooooOoooooOooobOoOoOoooboO0oOoO BOOOO SOODOODOOODOOOOODOO? O
O00000000main000D0D0O0OCO0O0O000DOOCCOOOCO0OODODODODOO “allerogognd
OO0 callee0000O0O0O0O0DOOOODOOOOD”DOOOODO0OOODDOOO

O0Ocallee00000DDOODOO0O0O0O00O0O0O0O00O0O0O0O0O0O0O0OOODDOODODODOODOO
000200000 33000000000AOD0BOOODOOOB(c, b, c+d) 0000DOO0DO
0000?0000 ««d000D00C000000 cOO0OO0ODODOOOO0ODOOOOOOOOODODOOOOC
ooooobo c+dODODOOOO0O0O0O0O0ODOODOOOO0OOOOODOOO0OODOO0O0ODO D00
ooo0ooooOooooOoooDbooooDbooOooobo”DODb0oOooDOo0oOoooDo

oboooooboooooboobooooboboobo40000000000DOO

e NIUODUO return0OOOO

e JO0OODOONO callerO callee DD OODOODO

ecaller HOOOOOOO calleeDOO0OODOODOOODOODOOOOODOO
e 000000 ODOODOODODUOUDUDODOODOODO

ChCOOO0OOO0O0O0OO0O0O0O0OOO00O0000O000000OOODOO

(02)gpooo000000000000000000000000000000000000000

12



40 OO

02 3000000GCCOO0ChCODinDoonoooooooooonoDooonDoonogn gotodO
O code segment 00 jump 000000000000 00000O00O00O0O0O0O0O0O0O0O0OO0O0O code
segment 00000 Tallcal DO ODOOO0O0OO0OO0OOOOODO callerDO0OO0DOOODOO calleed OO
ooo0ooOOooOobooooobOooo

00000000000 000000 codesegment 000000000000 DOODOOOOOOOOO
codesegment 00000000000 OOOOOOOO

ooo0ooooOoboooooobobo

1. __code token 00 O (Tokenizer 00000000 OODO)
2. code segment 0 0000 treed O

3. CbCO goto DOODOODOOODODODOOO treed O

4. gotoOODOOODOO treed RTLODOODO

5, J00D0000O0ODO0ODOOODODOOn

gboooboobooboobooboooobooboooog

4.1 _codeU0O0O0O0OOOOO

000000000000 “code” 000000000000 O0OO0OOCOOOOOOO gee/c-parser.c
U0 reswords OO0 O0O0O0O00O0OO0O0O0ODOOO0O0ODOODOO

000 4.1: reswords OO

static const struct resword reswords[] =

{

{ "_Decimall28", RID_DFLOAT128, D_EXT 1},

{ "__alignof", RID_ALIGNOF, 0 1},
{ "__attribute__", RID_ATTRIBUTE, O 1},
/% CbC project */

{ "__code", RID_CbC_CODE, 0 I,

000 “code” OOOODOOOOOTokenizer 0000000000 DODOOOODOOOOODOO

00000000000 _code0DOO0OOO0ODOOdODODOOODO GCCOOOOODOOOODO
treeJ 00 0000D00O0O0O0DOOOODODO c_declapecsOOODOOO0OOOOvoiddODO cts_void, int
000 cts_int 0000000000000 gee/e-treeh D000 O0O00O00OOOOOOOO

000 4.2: c_typespec_keyword O O

enum c_typespec_keyword {

13
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cts_int,
cts_float,
cts_double,
cts_CbC_code,
cts_dfloat32,

};

Oo00D000_code0O00O0O0ODDOOOO0OODDOOOOOOOODOOOOODOODODOOOODOODOO
O000D0O0O00O0ODOc_declspecsO00OODO cts_CbC_code 00O DOOODOONO declspecs_add_type()
0000000000000 00oodd switchOOOOO case RID_.CbC_CODED 0 OO OOOOOO
oooooooo

000 4.3: declspecs_.add_type O O

case RID_CbC_CODE:
if (specs->long_p)
error ("both %<long%> and %<void}> in "
"declaration specifiers");
else if (specs->short_p)
error ("both Y%<short%> and %<void¥%> in "
"declaration specifiers");
else if (specs->signed_p)
error ("both %<signed’> and %<void%> in "
"declaration specifiers");
else if (specs->unsigned_p)
error ("both %<unsigned%> and %<void%> in "
"declaration specifiers");
else if (specs->complex_p)
error ("both %<complex’%> and %<void%> in "
"declaration specifiers");
else
specs->typespec_word = cts_CbC_code;
return specs;

0000000 case RIDVOIDOOOOOOOODOODOODO specs->typespec_word = cts_CbC_code
000000000 codesegment 0000 00veidOOO0O0D0O0OO0OODOOCOOOO
gee/cdecl.e D00 finish_declspecs D00 c_declspecs 000D 0000 DO0O0ODOOO0ODOODO

000000 tredD000OD0DOOO0DOOOtree0000O0O codesegment 000 voidOOOODOOODOO
0000000000000 D00000D000 treed voildOOODOODOOOOOO

000 4.4: finish_declspecs 00 O

case cts_void:
case cts_CbC_code:
gcc_assert (!specs->long_p && !specs->short_p
&% !'specs->signed_p && !specs->unsigned_p
&& !specs->complex_p);
specs->type = void_type_node;
break;

O00_codeO0 0000 voidO0OODODOOOODO

4.2 code segment [0 tree [0

00000000000 000D000 codesegment[ tree0 000000000 OOOFUNCTION_-TYPE
tree 00 0000000000000 O00O00 FUNCTION.TYPEOOOODOOOO gee/tree.c DO OO

14
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gbooooboobooooboobooog

000 4.5: build_code_segment_type 00 O

tree
build_code_segment_type (tree value_type, tree arg_types)
{

tree t;

/* Make a node of the sort we want. */

t = make_node (FUNCTION_TYPE);
TREE_TYPE (t) = value_type;
TYPE_ARG_TYPES (t) = arg_types;

CbC_IS_CODE_SEGMENT (t) = 1;

if (!COMPLETE_TYPE_P (%))
layout_type (t);
return t;

}

CbC_IS_CODE_SEGMENT 0 O OO OO0 code segment 00D O0O0O000 (0DODO gee/cbe-tree.h 000
O000D0)D000000000000 gee/treeh D0ODOODOOO TYPE_LLANG_FLAG_.5000000ODO
0000000 FUNCTION.TYPEDO OO build_function_type 0000000000000 OO0OO
tred00000000O0O0O0O0OOCOOO0OOCOOOO

UOdobdD build_code_segment_type U U 0O UOOOMOOgrokdeclarator DU DU DOOOOOON
UboobouobOo0oboO0b0bO000000c_declspecs c_declarator HOOOOOOOOOOOO
00 treed gec/tree.c 0000000000 DO0OODO

00000 build_function_type 00D OOO000000 3000 (D00 )switchO O case cdk_function:
OOOOOOO0OO0OO0O0OOcode segment 00000 build_code_segment_type DO O OOOOODO

000 4.6: grokdeclarator O O
if ( declspecs->typespec_word &=& cts_CbC_code )

{
type = build_code_segment_type (type, arg_types);
}
else
{
type = build_function_type (type, arg_types);
}

O000_code000000O0O00O00O0 FUNCITON.TYPEOODOOOOOOODODDODO O code segment
O0000DO00O00 tree type 00O OO CbC_IS_CODE_SEGMENT (type) DOUOODOOOODOD

4.3 goto UL DOD

D000 gotoOO0OODOOOOOOOOgoto0 0000 COOOOOOODOODODOCKCOO gotoO O
obooooobooooobooooooon

COODODOO0000D0DODODODOOO c_parser_statement_after_labelsO00000000000OOOO
U000 switchODDDODO case RID_GOTO: OO0 O0O0O0OO0O0O00O0OO0OOODODODDOOODDDDOOO

Oo00 4.7 gotoODOOOODO

case RID_GOTO:
c_parser_consume_token (parser);

15
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if (c_parser_next_token_is (parser, CPP_NAME))
{
tree id = c_parser_peek_token (parser)->value;
c_parser_consume_token (parser);
if ( !c_parser_next_token_is (parser, CPP_OPEN_PAREN) )

{
stmt = c_finish_goto_label (id);
}
else //CbC goto statement
{

struct c_expr expr;

tree exprlist;

// from c_parser_postfiz_ezpression
expr.value = build_external_ref (id, 1, loc);
expr.original_code = ERROR_MARK;

c_parser_consume_token (parser);
// from c_parser_postfiz_ezpression_after_primary
if (c_parser_next_token_is (parser, CPP_CLOSE_PAREN))
exprlist = NULL_TREE;
else
exprlist = c_parser_expr_list (parser, true);
c_parser_skip_until_found (parser, CPP_CLOSE_PAREN,
"expected %<)%>");
expr.value = build_function_call (expr.value, exprlist);
CbC_IS_CbC_GOTO (expr.value) = 1;
CALL_EXPR_TAILCALL (expr.value) = 1;
//expr.value->common. lang_flag_ 5 = 1;
expr.original_code = ERROR_MARK;

expr = default_function_array_conversion (expr);
stmt = c_finish_return (expr.value);
CbC_HAVE_CbC_GOTO (current_function_decl) = 1;

}

goto0 000000 DOO0OOOOOOODOODOODOOOOOOOOODOOCKCO gotoOOODODOODO

OO0 CPPNAMEOOOODOOOOQOUOOOODOODOODODOOO tree000O00O00OOCODOOOODOO
build_function_callOO0O0O CALLEXPROOOOOOOOOOOOODOOOOCOOreturnd00OO0OO
O000Oc_finish_return0 000 RETURN_EXPROOOOOODODOOOOOOOD c_parser_postfix_expressio
000000 CALLEXPROODOODOOOODODOO

4.4 expand_calll O

0000000000000 0000D0O0ODO0000ODO0O0000ODO0Od tree000OORTLODO
gooooooooooooo

00000000000 RTLOOOO0O0O0DDODOD codesegment D0 jumpO0O000O0O0O00O0O tree
000 Tall cdlDO0OO0O0D0O0OOCOO0O0ODO tree00 RTLOOOODDODO expand_callOOOOOOO
oooo

00 expand_call 0 CALLEXPR tree0 000000000 OCOOOO00OO0OOODODODOOOCODOO
0000 callOOOOOOOOOD RTLOOODOOOOOODOOD expand_call DO 12000000
0000000 Tall calOODOOOOODOOO0OOOOOODOOOOODOOODOO CbCO goto OO
ORTLOOODOODODO expand_cbc_goto DO DO ODOOODOO

16
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expand_call 0 0 O tree 0 code segment 00 gotoO O OO OO OO expand_cbc_goto OO ODOONO
O000OO0OO0O0OD00O0 expand_cbc_goto U OO O OOOOOOOO

4.5 expand_cbc_goto

expand_cbc_goto 0O UODODOO expand_call DO OOODDOOOOOOODOOOODO 20000000
0000000 cdlbDO0O0OO0OO0000oooooooooboooOOobObOOo0ooooooDOoooooo
0O00doooo0o00oogooooog for000O0DOOO0O00O0ODOOO0ODOD 2000000000
0100 TailcallDOOOODOOO0ODD TailcalDOOOODOOOODOOOODDOOO Tail call
ooooooOoooooooDb20000000000DO

expand_cbc_goto 000000 for 00 O0ODOOO0ODOOOOOOODODOO for00O0DOOCOODOOO
O00 Tall calOO0ODOOOOO0OOOOO0ODOOOOODOOOODOOOODOOOO

1. J000o0ob0o0oboboboobooo RTLOODO
2.0000000000D0O0ORTLOODO

3. 00000000 (ooUuoooooon)
4. 0000000 DO0OO0OOODOOOOoDOO
5. 00OO0O0Oobooonog

6. calliinsn RTL O OO

gbooooobobooooobooooboobooooobobooon

4.5.1 ODUOO0OOO0OOOOO0OO0O0
gobobooboobooboobobbobobooboobooboobobobo
argblock = virtual_incoming_args_rtx;

OO0 virtual_incoming args_ rtxO0O00000 caller 0000000000 00O0O0O00C rtxO0000O
32000000000 %ebp 0000000 rtxO00000TailcallD DO OO0 calllO virtual_incoming_args_rtx
0000 virtual_outgoing_args_ rtx 0 0000000000000 O000O0O0O0O0O0COO0O0O0OO
000000 rxO00000000 TallcallOOOOO caller O0000000 callee0O0O0O0O00OO0OO
000000000 virtual_incoming_args_rtx 000000000

4.5.2 0OO0O0O0O0OO0OOO

0000000000000 00000000000 RTLOOOOOOOOOOOO0OO0OO0 offset
O00000D00O expand_call 000000000 0args000000O00O0O0O0OO0O0COOO0OO
argblock rtx 000000 00O 0 compute_argument_addresses 0000000000 gee/calls.c O
ooooooooooboooo

17
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4.5.3 0DO0O0OO0

gboooooooo

obo0 48 00000

for (i = 0; i < num_actuals; i++)
{
if (args[i].reg == || args[i].pass_on_stack)
{
preexpand_argument_expr (&args[i],
adjusted_args_size.var != 0);
}
}

goooooooooooboooObO000UU0oooooooooogoDoDoDDDDDDO
preexpand_argument_expr U 0 O gee/calls.c 00 0O store_one_arg 000000000000 O0OOO
O000D0O00OD0DO0O0D argsli]l.valueOOOODOOODOOOOODODO rtxO0000args[i].value
oooooooo0oOooooooooooooOboo0oooDD txODOODOOOODODOOOO0O0O00O0
00 args[i].value OO args[i]l.stack OO0 O00O0OO0OO0OOOOODOOOOO

4.5.4 0000000

3220000000000020000000000000000000000000DO0OODOOO
Ub000b0o0bO00b000000expand_cbc_gotoOOOODOONO push_overlapsOOOOOOOONO
oboooooboobooobobooooobooogooo

000 4.9: push_overlaps O O

push_overlaps(struct arg_data *args, int num_actuals){

int i;

for (i=0; i<num_actuals; i++)

{
int dst_offset;
int src_offset;
rtx temp;
if ( (dst_offset=check_frame_offset(args[i].stack)) < 0 ) continue;
if ( (src_offset=check_frame_offset(args[i].value)) < 0 ) continue;
temp = assign_temp(args[i].tree_value, 1, 0, 0);
if ( args[i].mode==BLKmode )

emit_block_move ( temp, args[i].value, ARGS_SIZE_RTX(args[i].locate.size),
else
emit_move_insn ( temp, args([i].value );
args[i].value = temp;
¥
return;

}

U000D0 assign_temp 000000000000 0OOO0ODO0OOOODOOOOODOODOOOODO
gbbooobooboobooooboboboobobooob0oboboobO0bO0demit _block_move DO OO
O0O0Oemit_move_insn 0000000000 move RTLOODODOOOOOOOODDODOOOOOOO0OO
oboooboooooboooboboooboooboboooboooboobooooOooobooobooboooonn

18
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4.5.5 DOO0O0OO

ooboooooooooobooooboooooooobooooboo0oddnobdd store_one_arg
000000000000 expand_one_arg push 000000000000 0O0O0O0O0O0C0OOOO
O0args->value U0 args->stack UOOOOOOO0OO RTLOOOOOOOOOOOOOOCOOO
emit_push_insn 00000000

oo0 4.10:. 00000

emit_push_insn (arg->value, arg->mode, TREE_TYPE (pval), size_rtx,
parm_align, partial, reg, excess, argblock,
ARGS_SIZE_RTX (arg->locate.offset), reg_parm_stack_space,
ARGS_SIZE_RTX (arg->locate.alignment_pad));

4.5.6 CALL_INSN

000 CALLANSNOOOODOOOODO

000 4.11: CALLINSNO OO

funexp = rtx_for_function_call (fndecl, addr);

emit_call_1 (funexp, exp, fndecl, funtype, unadjusted_args_size,
adjusted_args_size.constant, struct_value_size,
next_arg_reg, valreg, old_inhibit_defer_pop, call_fusage,
flags, & args_so_far);
00 rtx_for_function_callOOO0O00OfunexpO 00 callee 00D D000 0OD00O0 rtxOOOOODO
000000 emit_call_ 100000000000000O0000O flagsO flags & ECF_SIBCALL != 0
0000000000000D00000 CALLINSNO tail calO 00D DOOOODOOOOODO
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oooooob Gccooo ehCOopoooooooooooopoooooooooog ecpCcoboooog
O Micro-CO GCCOODOOOOOOOOOOOODODOOOODOUODODOOOOODOOOOO

gooCoOoOoOoOoOoOOOOOOOOOOO Micro-COOOOOOOOOOoOoooooooogoooo
CO0O0O0OD ChCODODOOUDDDooooo®Yoooo 00000000000 onoooooo
ooopoooOoo1goooogooooogoo ecbcooopooobo 2300000000 00DO0O0OO
Micro-COOOOO0OODOCOOOOO00O0DOODO0O0O0D 23200000000 FedoraDOOOOOO
gboooos1oo00ooo

.Jeonvl O | ./convl 1 | ./convl 2 | ./convl 3
Micro-C 5.25 8.97 2.19 2.73
GCC 3.69 4.87 3.08 3.65
GCC (+omit) 2.74 4.20 2.25 2.76
GCC (+fastcall) 2.70 3.44 1.76 2.34

| TCC \ 415 | 12228 | 8491 [  102.59 |

0 5.1: Micro-C, GCCOODOODOOO (OO O)

OO0 Tail call elimination 00 000000000000 20000000000000000000
100000000000 Micro-COODOOODOOOOOUOUOOOD2000000000000000O0O
00o0O0o0OdO0OMicro-COOODOODOOODOODOOOOOODOO

00 “GCC (4omit)” 00000000 -fomit-frame-pointer 000 0000000000000000
OOoOO0O0O0OD0DOO0O0000000000 push, 000000000000 OCOCOOOOOOO push
Opop0000000O0DOCOUO00ODODOOOOUO0OOODOCODOOOO2300000000DODOCOC0O
Micro-COOOOOODOOODDODOOODOODOODOOOODOOODOOOODOOOOODOOOoODO
00000 Micro-CODO fastcal D 00O 000000 OO0OOOOMicro-COOOOOOOOOOOOO
ooo00OO00O00000000D0oOo000oooooooooooooooooooooooooooo
000 fastcallO O OO

GCCO fastcal OO0 0D OOODODOO0ODODOOODODOO0ODOCOfastcalDOOODOOOO code segment
00000 __code __attribute__ ((fastcall)) testO{O000O0O00O0O0O0O0OCOOOOOOO
000 O -fomit-frame-pointer 000 0000000000000 O0O0O 5.10 “GCC (4fastcall)” 0O O
0000000000000 O0OMicro-COODOODOOODOODOODOO

oo0o0oOoooooOoooooooOooo«chCOOOpoOoOO”’OOO00O0DOOO0OOOOOOOn
fastcall OO0 000000000 OOOOOQCOOOOOODOOOOOOOGCCOOOOOOD ChecOO
O00OO0O0O0O0O0OOOcodesegment 0000 fastcallDOOOOOOOOOOODODOODOOODOODODOO

00000000D0O0DoOoog TCcCOO “Tiny C Compiler” 000000000 O0OODOODOODOO
gooooooooo coooooooooooOooOooOooOoOoOoOooOoOoOoOooOoOoOooOoooog

Gopoooo00O00O0D ADODOOOO
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oo0o0O0oooO0O0O0O00OoooOoOOo0OoOoOoooOoOo GecooooooTCecCcoO chCcoooOoO
000000000000 D0000000000o0oooooo®2g

O2)TCcCODO00DNDNODN0ONO00NO0Ogoto 00000 strepy 0000000000000 0O0O0O0OOOOOOOOO
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ooooooooooGgecoooo chkCcooopooooooogooooooooooboooopooboo
0000doOoOo Micro-COOOOOOOOOO0OOOOODOOOOOGCCOOODODoDoooooooOoo

oo0Oooooooooooo chCcoooooooooooooooopoooogooooooogobooo
gboocobooooboooboobooooboooboooobooobOoooobooobooobooobooon

environment 0 200000000000CCOO0OO0O0OO0Denvironment 000000000000
00000000000 codesegmentd goto OO DO 000D ODOOODODOODOOOOODOO
O0o0o0oo0ooooooooooooooo

code segment 1000000 ODOODODOO goto cs—>next(a, b); DOODODOOODOO code segment
00000000 000000 500 convl.cODODODODODOOOOODODDODODDODOOOOOOOOO
ooo

PPCO RTLOOOO PowerPCOOODOOOOODOOOOcode segment 00000000 gotoO OO
OO00o00o0000o0ORILOODOOOO0ODOOOOODOOOOO0DOODOOO

push overlaps 000 490000000000000000000000000O0O00O0O0O0O00O0O0O0O
gbooobooboobgooboooon

-0200000000 CchCOo-O2000000000000O0DOODOO0OOOOOOOOOOOO .cbe
oboooooboooobobooog

fastcall 0 50000000000Ocode segment 00 fastcal DO 000000000 ODOOOOODOO

000000000000 environment O codesegment 0000000000000 OCOOOO0OO0OO
go0ooooOooooo chCcopooooopooooo

DO00OO00QOooGCcOOoOnDO C++0 Objective-COODODOOODOOOOODODODOOOODODO
CbC++, OO 0OO Objective-CbCOOOOOOOOODO ChCOODOODOOODOODOOOODODOO
goboobooaogo
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[1] go00.“000000000DnD ChCO gecOOODO”. O0OODODODOODODO 19000000,
Sep, 2002.

2l 00DO.“00000CO0000000000000”. 000000000000 17000000,
Sep, 2000.

[3] GNU Project - Free Software Foundation, GCC internal manual.
“http://gce.gnu.org/onlinedocs/gecint /.

[4) ODOODO0O.“000000000D00000O00OO00O0C0O0OO0OOO”. 000000000 ODDoOo,
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34
35
36
37

38
39
40
41
42
43
44
45

0 OA

oboo0s0 000000000000 conviOODOO

#include <stdio.h>
#include <stdlib.h>

static int loop;
#define CC_ONLY O

/% classical function call case (0)
*/

int f0(int);

int gO0(int);

int hO(int);

fo(int i) {

int k,j;
k = 3+i;
j = g0(i+3);

return k+4+j;

}

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

}

ho(int i) {
return i+4;

}

#if !CC_ONLY

(1) */

/* straight conversion case
typedef char *stack;

struct cont_interface { // General
Return Continuation
__code (xret) (int, stack);

};

__code f_g0(int i,int k,stack sp)

__code f_gil(int j,stack sp);

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

46

47
48
49
50

52
53
54

55
56

57
58
59
60
61
62
63
64
65

66

67
68

70

71
72
73
74
75
76

78
79
80
81
82

83

convl U0 UDOMO

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

};

g(int i,stack sp);
f_gl(int j,stack sp) ;

__code
__code
__code f_g0(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_ = 1i;

goto g(i+3,sp);

__code f_gil(int j,stack sp) { //
Continuation
struct f_gO_interface *c =
*)sp;
int k =
__code

(void

c->k_;
(xret) (int, stack);

sp+t=sizeof (struct f_gO_interface)
¢ = (struct f_gO_interface *)sp;
ret = c->ret;

goto ret(k+4+j,sp);

__code
__code
__code

g_hl(int j,stack sp);
h(int i,stack sp);
g_h1(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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O0A convlOOOODO

c->ret = g_hl;
c->i_ = 1i;

goto h(i+3,sp);

__code g_h1(int j,stack sp) { //
Continuation
struct f_gO_interface *c =
*x) Sp;
__code
int i =

(void

(xret) (int,
c->i_;

stack) ;

sp+=sizeof (struct f_gO_interface)
¢ = (struct f_gO_interface *)sp;
ret =

goto ret(j+i,sp);

c->ret;

__code h(int i,stack sp) {
struct f_gO_interface *c =

*) Sp;
__code
ret =
goto ret(i+4,sp);

(void

(xret) (int,
c->ret;

stack) ;

}

struct main_continuation { // General
Return Continuation

__code (*ret) (int, stack);
__code (*main_ret) () ;
void *env;
};
__code main_return(int i,stack sp
) {
if (loop-->0)
goto f(233,sp);
printf ("#0103:%d?n",1i);
exit (0) ;
}

/% little optimzation without stack
continuation (2) */

__code g2(int i,int k,int j,char x*sp)

__code h2_1(int i,int k,int j,char =*
sp)

__code h2(int i,int k,char *sp) ;

__code main_return2(int i,stack sp) ;

_code f2(int i,char *sp) ;

__code f2(int i,char *sp)
{

int k,j;

k = 3+i;

goto g2(i,k,i+3,sp);
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139
140
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144
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148
149
150
151
152
153
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157
158
159
160

161
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163
164
165
166
167
168
169
170
171
172
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175
176
177
178
179
180
181
182
183
184

185
186
187
188

__code g2(int i,int k,int j,char *sp)
{
jo= 4
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);
exit (0);

/* little optimizaed case (3) */

__code g2_1(int k,int i,char *sp) ;

__code f2_0_1(int k,int j,char *sp);

__code h2_1_1(int i,int k,int j,char
*sp)

__code h2_11(int i,int k,char *sp) ;

__code f2_0_1(int k,int j,char *sp) ;

__code f2_1(int i,char *sp) {
int k,j;
k = 3+i;
goto g2_1(k,i+3,sp);

__code g2_1(int k,int i,char x*sp) {
goto h2_11(k,i+4,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) {
__code (*ret) (int, stack);
ret = ( (struct cont_interface *)

sp) ->ret;

goto ret(k+4+j,sp);

_code main_return2_1(int i,stack

sp) {
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189
190
191
192
193
194
195
196
197

198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223

Oo0dA

convl JO0O0OO

if (loop-->0)

goto £2_1(233,sp);
printf ("#0165:%d?n",1i);
exit (0);

#define STACK_SIZE 2048

stack main_stack [STACK_SIZE];

#define stack_last (&main_stack][
STACK_SIZE])

#endif
#define LOOP_COUNT 0x10000000

void go_codesegment (int sw);
main (int ac,char *av[])

{
int sw;
if (ac==2) sw = atoi(av[1]);
else sw=3;
go_codesegment (sw) ;
return O;

}

void go_codesegment (int sw)
{
#if !CC_ONLY

struct main_continuation *cont;
stack sp = (voidx)stack_last;

#endif

int j=0;
if (sw==0) {
for(loop=0;loop<LOOP_COUNT;
loop++) {

224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239

240
241
242
243
244
245
246
247

248
249
250
251
252
253
254
255
256

j += £0(233+1loop);

}
printf ("#0193:%d?n",j);
#if !CC_ONLY
} else if (sw==1) {
loop = LOOP_COUNT,;
sp -= sizeof (*cont);
cont = (struct

main_continuation *)sp;
cont->ret = main_return;
//cont->main_ret = return;
//cont->env = environment;
goto £ (233,sp);
} else if (sw==2) {

loop = LOOP_COUNT,;
sp -= sizeof (xcont);
cont = (struct

main_continuation *)sp;
cont->ret = main_return?;
//cont->main_ret = return;
//cont->env = environment;
goto £2(233,sp);
} else if (sw==3) {

loop = LOOP_COUNT,;
sp -= sizeof (xcont);
cont = (struct

main_continuation *)sp;
cont->ret = main_return2_1;
//cont->main_ret = return;
//cont->env = environment;
goto £2_1(233,sp);
#endif
}

/* end */
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