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C Xcode C

human-readable

XcodeML C

Cc

2 XcodeProgram

Xcode

(XML)

C-front XcodeML
Xcode

XML

Xcode
Xocde

e typeTable -
¢ globalSybmols -

¢ globalDeclrations -

o compiler-info CtoC
e version CtoC

e time

o language

e Ssource

2.1 name

Type table global Id table,

XcodeProgram XcodeProgram

type



2.2 value

e value R

int 1

<value>
<intConstant type="int">1</intConstant>
<{/value>

int {1,2}

<value>
value>
<{intConstant type="int">1</intConstant>
<{intConstant type="int">2</intConstant>
<{/value>
</value>

3 typeTable

typeTable
typeTable

e pointerType
o functionType
e arrayType

e structType
e unitionType
e enumType

e basicType

3.1




'void', 'char', 'short', 'int' , 'long', 'long_long', 'unsigned_char', 'unsigned_short', 'unsigned’,

‘unsigned_long', ‘'unsigned_long_long’, ‘float’, 'double’, 'long_double’, ‘wchar_t', 'bool’' (_ Bool )

_Complex _Imaginary

'float_complex’, 'double_complex’, 'long_double_complex’, 'float_imaginary’, 'double_imaginary',
'long_double_imaginary"

GCC

__builtin_va_arg'

3.2  basicType

basicType C,C99

e type
e name

struct {int x; int y}} s;

struct s const * volatile p;

XcodeML

{structType type="S0">

<{/structType>
<basicType type="B0” is_const="1" name="S0"/>

<pointerType type="P0” is_volatile="1" ref="B0" />




3.3  pointerType

pointerType

o type
e ref

pointType

"int *n

<pointerType type="P0123” ref="int” />

3.4  functionType

funtionType

e type
e return_type

e is_inline inline

param

"double foo(int a,int b)"  foo

1 false

true

<functionType type="F0457" return_type="double”>
<{params>
<name type="int">a<{/name>
<name type="int">b</name>
<{/params>
</fucntionType>

3.5 arrayType

arrayType arrayType




e type
e element_type
e array_size array_size arraySize

array_size arraySize

e is_const, is_volatile, is_restrict, is_static const,
volatile, restrict, static 0 1 false true
e arraySize
arrayType arraySize
array_size e
"int a[10]" a type_entry

<arrayType type="A011" element_type="int” array size="10"/>

3.6  structType unionType
struct( ) structType structType
e type
Union( ) unionType untionType structType
StructType unionType symbols
id bit_field id bitField
bitField bitField id bit_field e
"struct {int x; inty: 8; int z: sizeof(int); } S;" S structType

{stuctType type="S6e89">

<{symbols>




<id type="int">
<name>x</name>
</id>
<id type="int" bit _field="8">
<name>y</name>
</id>
<id type="int" bit_field="%">
<name>z</name>
<bitField>
<sizeOfExpr>
<typeName ref="int"/>
</sizeOfExpr>
</bitField>
</id>
</symbols>

</structType>

3.7 enumType

enum enumType

e symbols

enum

"enum {el,e2,e3=10}ee;" ee

type

enumType

id

moe

value

<enumType name="E0">
<{symbols>

<id>
<name>e1</name>

</id>

<id>
<name>e2</name>

</id>

<id>




<name>e3</name>
<value><intConstant>10</intConstant></value>
</id>
<{/symbols>

</enumType>

3.8

e is_const 0 1 false
true
¢ is_volatile volatile 0 1
false true
e is_restrict restrict 0 1

false true

id struct/union compound statement
id

e sclass storage class ‘auto’, ‘param’, ‘extern’, ‘extern_def’, 'static’, 'register’,
'label’, 'tagname’, 'moe’, 'typedef_name’

e type

o bit_field structType unionType

e is_gccThread GCC _ thread 0 1
false true

e is_gccExtension

e name name
e value value
o bitField structType unionType




"int xyz;" Xyz

* type_id

P6e7e0

"int

<id sclass="extern_def” type="int">
<name>xyz</name>
{value>

<{VarAddr type="P6e7e0” >xyz</varAddr>
</value>
</id>

"int foo()" foo
type_id P6fla8 F6f168

<id sclass="extern_def” type="0x6f168">
<name>foo</name>
<value>
<funcAddr type="0xfla8”>foo</funcAddr>
</value>

</id>

4.2  globalSymbols

type_id

F61168

foo

foo

4.3  symbols

symbols

5 globalDeclarations

globalDeclarations

functionDefinition

varDecl

functionDecl

text




5.1 functionDefinition

functionDefinition

e name
e symbols
symbols
e params
e body ,
functionDefinition

e is_gccExtension

5.2 params

body
GCC

functionDefinition

body

params

e name

o ellipsis

e params name
name

5.3 varDecl

name

params

type

varDecl

® Name

e value

name

name

value

intall=1{1,2}
<varDecl>
<name>a</name>

<value>




<intConstant type="int">1</intConstant>

<intConstant type="int"”>2</intConstant>
<{/value>
</varDecl>

5.4  functionDecl

functionDecl

e Name

C XML

6.1 exprStatement

exprStatment

6.2 compoundStatement

compoundStatement

e symbols
e declarations
functionDecl

e body

6.3 ifStatement

varDecl

functionDefinition

if

e condition

e then then
e else else

6.4  whileStatment

while

e condition

10




e body

6.5 doStatement

do

e body

e condition

6.6 forStatement

for

e init

¢ condition

o iter

e body for

6.7 breakStatement

break

6.8 continueStatement

continue

6.9 returnStatment

return return

6.10 gotoStatement

goto name

e Name

6.11 statementLabel

GCC

goto

® Name

11

name



6.12 switchStatement

switch
e value switch
e body switch

6.13 caselabel

switch case case

e value case

6.14 gccRangedCaselabel

gcc case case
e value case
e value case

6.15 defaultLabel

switch default

6.16 pragma

pragma #pragma #pragma

6.17 text

text

globalDeclarasions

6.18

e lineno

o file

C XML type

12



7.1

e intConstant

¢ longlongContant 32 16 (Ox

¢ floatConstant float double long double

¢ stringConstant

0 1 true wchar_t
e moeConstant enum
o funcAddr

type
moeConstant

is_wide="[1]0]true|false]" (

enum

16

moe

0x

e Var
e varAddr
e scope

e scope "local”, "global”, "param™

<Var>var_name</Var>

<PointerRef> <varAddr>var_name</varAddr></PointerRef>

<varAddr>var name</varAddr>

,C &var_name

13




7.3  pointerRef

pointerRef sub

7.4

o arrayRef
e arrayAddr

arrayRef pointerRef
scope
7.5
memberAddr memberRef
memberArrayAddr

e memberAddr

member
e memberRef member
o memberArrayAddr

member

o memberArrayRef

member

<{memberRef memer="xxx">addr{/memberRef>

<pointerRef >
<{memberAddr memer="xxx">addr{memberAddr>

<{/pointerRef>

7.6  assignExpr

assignExpr sub

14

AssginExpr




7.7

lvalue

plusExpr
minusExpr
mulExpr
divExpr
modExpr
LshiftExpr
RshiftExpr
bitAndExpr
bitOrExpr
bitXorExpr

asgPlusExpr
asgMinusExpr
asgMulExpr
asgDivExpr
asgModExpr
asgLshiftExpr
asgRshiftExpr
asgBitAndExpr
asgBitOrExpr
asgBitXorExpr

0gEQEXpr
logNEQEXpr
logGEEXxpr
logGTEXpr
logLEEXxpr
logLTEXxpr

lvalue

15



¢ logAndExpr
o logOrExpr

7.8

e unaryMinusExpr

o bitNotExpr

o logNotExpr

sizeof GCC
e sizeOfExpr sizeof typeName
e gccAlignOfExpr GCC _ alignof _ typeName
e gcclLabelAddr GCC &&
7.9 functionCall
functionCall
¢ function
e arguments
7.10 commaExpr

commaExpr
7.11 postincrExpr postDecrExpr prelncrExpr preDecrExpr
postincrExpr postDecrExpr C
lvalue prelncrExpr preDecrExpr C

7.12 castExpr

lvalue

castExpr

16



e type
e is_gccExtension

e value

7.13 condExpr

condExpr

<condExpr>
(=)
(=)
(=)
</condExpr>

7.14 gccCompoundExpr

gce

compoundStatement

e compoundStatement

8 XcalableMP

8.1 coArrayType

"#pragma xmp coarray"

e type
e element_type Co-Array
Co-Array

e array_size Co-Array

Co-Array

17

coArrayType




e arraySize Co-Array arraySize array_size ok

int A[10];

#pragma xmp coarray [*][2]:A

A CcoArrayType "C2"

<arrayType type="A1" element_type="int" array_size="10"/>
<{coArrayType type="C1” element_type="A1"/>

<coArrayType type="C2" element_type="C1” array_size="2"/>

8.2  coArrayRef

Co-Array
o 1 Co-Array
o 2 Co-Array

8.3  subArrayRef

lowerBound

upperBound
e step

9.1 typeName

typeName sizeOfExpr gccAlignOfExpr  builtin_op
type

18




9.2 is_gccExtension

is_gccExtension GCC  _ extension__
0 1 (false true) is_gccExtension
0 is_gccExtension

e id

functionDefinition

castExpr

gccAsmDefinition

" extension__ typedef long long int64_t"

<id type="long_long” sclass="typedef” is_gccExtension="1">

<name>int64_t<{/name>

</id>
9.3 gccAsm gccAsmbDefinition gccAsmStatement
gccAsm gccAsmbDefinition gccAsmStatement GCC asm/_asm__
asm
e gccAsm asm
e stringConstant (1 )
e gccAsmbDefinition asm gccAsm
e gccAsmStatement asm
¢ is_volatile volatile 0 1 false true
e stringConstant (1 )
e gccAsmOperands (2 ) 1 2
gccAsmOperand(
e gccAsmClobbers (0-1 ) 0 stringConstant

19



gccAsmOperand

match ( ) matching constraint

constraint ( ) constraint/constraint modifier

@)

asm volatile (
“661:¥n”
“¥tmovl %0, %1¥n662:¥n"
“.section .altinstructions, ¥ a¥ ¥n”
” byte %c[feat]¥n”
” previous¥n”
” section .altinstr_replacement,¥” ax¥" " ¥n”
“663:¥n”
“¥txchgl %0, %1¥n”
2 "=r" (v), “=m” (*addr)

: [feat] “i” (115), “0” (v), “m” (*addr));

{gccAsmStatement is_volatile="1">
<stringConstant><![CDATA[661:¥n¥tmov! .. (BBE) .]]></stringConstant>
<gccAsmOperands>

<{gccAsmOperand constraint="=r">
<Var>v</Var>
</gccAsmOperand>
<{gccAsmOperand constraint="=m">
<pointerRef><{Var>addr</Var></pointerRef>
</gccAsmOperand>
</gccAsmOperands>
<gccAsmOperands>

<{gccAsmOperand match="feat” constraint="i">

20




<intConstant>115</intConstant>
</gccAsmOperand>
<{gccAsmOperand constraint="m">
<pointerRef><Var>addr</Var></pointerRef>
</gccAsmOperand>
</gccAsmOperands>

<{/gccAsmStatement>

9.4  gccAttributes

gccAttributes GCC __attribute__ __attribute__
gccAttributes gccAttribute

. gccAttributes 01

e id gccAttributes 0 1

o functionDefinition gccAttributes 0 1

gccAttributes

typedef _attribute_ ((aligned(8))) int ia8 _t;
ia8_t __ attribute_ ((aligned(16)) n;

<{typeTable>
<basicType type="B0” name="int” align="8" size="4"/>
<{gccAttributes>
<attribute>aligned(8)</attribute>
</gccAttributes>
<{/basicType>
<basicType type="B1” name="int” align="16" size="4"/>
<gccAttributes>
<attribute>aligned(8)</attribute>
<attribute>aligned(16)</attribute>
</gccAttributes>
<{/basicType>
<{/typeTable>
<globalSymbols>
<id type="B0” sclass="typedef name”>
<name>ia8_t<{/name>

21




</id>
<id type="B1">
<name>n</name>
</id>
</globalSymbols>
<globalDeclarations>
<varDecl>
<name>n</name>
</varDecl>

<{/globalDeclarations>

id functionDefinition gccAttributes

void func(void);

void func2(void) _attribute_(alias("func”));

void _attribute_((noreturn)) func() {

<{typeTable>
<functionType type="F0">
<{params>
<name type="void” />
<{/params>
<{/functionType>
<functionType type="F1”>
<{params>
<name type="void” />
<{/params>
<{/functionType>
<{/typeTable>
<globalSymbols>
<id type="F0” sclass="extern_def >
<name>func</name>
</id>

<id type="F1” sclass="extern_def” >

22




<name>func2</name>
<gccgccAttributes>
<gccAttribute>alias(“func”)</gccAttribute>
</gccgccAttributes>
</id>
</globalSymbols>
<globalDeclarations>
<functionDefinition>
<name>func</name>
<gccgccAttributes>
<gccAttribute>noreturn</gccAttribute>
<{/gccgccAttributes>
<body>...{/body>
</functionDefinition>

</globalDeclarations>

9.5 builtin_op

builtin_op

[ ]
e typeName

e gccMemberDesignator

ref member
o1 ) gccMemberDesignator (o1 )

9.6 is_gccSyntax

is_gccSyntax gce

0 1 (false true)
0

9.7 is_modified

is_modified

0 1 (false true)
0

is_gccSyntax is_modified

23




e varDecl

10

int a[10];
int xyz;

struct { intx; intyl}S;

foo() {
int *p;
p= &xyz /% 1%/
al4] = Sy; /* X 2%/
}
1
<{exprStatement>

<assignExpr type=" P6fc98">
<ponterRef type=" P6fc98">
<varAddr scope="local” type="P70768">p</varAddr>
<{/pointerRef>
<varAddr type=" P70828">xyz</varAddr>
</assignExpr>

<{/exprStatement>

<exprStatement>
<assignExpr type=" P6fc98">
<{Var scope="local” type=" P6fc98">p</Var>
<varAddr type=" P70828" >xyz</varAddr>
<{/assignExpr>

<{/exprStatement>

24



<exprStatement>
<assignExpr type="int">
<pointerRef type="int">
<plusExpr type=" P6fc98">
<arrayAddr type=" P708e8">a</arrayAddr>
<intConstant type="int">4</intConstant>
</plusExpr>
<{/pointerRef>
<pointerRef type="int">
<{memberAddr type="P0dede” member="y">
<varAddr type= “P70988">S</varAddr>
<{/memberAddr>
</pointerRef>
</assignExpr>

<{/exprStatement>

<exprStatement>
<assignExpr type="int">
<pointerRef type="int">
<plusExpr type=" P6fc98">
<arrayAddr type=" P708e8">a</arrayAddr>
<intConstant type="int"”>4</intConstant>
<{/plusExpr>
<{/pointerRef>
<{memberRef type="int” member="y">
<varAddr type= “P70988">S</varAddr>
<{/memberRef>
<{/assignExpr>

<{/exprStatement>

25




<?xml version="1.0" encoding="1S0-8859-1"?7>
<XcodeProgram source="t3.c">

<I--

typedef struct complex {
double real;
double img;

} complex_t;

complex_t x;

complex_t complex_add(complex_t x, double y);

main()

{

complex_t

Z,

x.real = 1.0;

X.img = 2.

0;

z = complex_add(x,1.0);

printf("z=(%F,%F)¥n" ,z.real ,z.img);

complex_t complex_add(complex_t x, double y)

}
{
x.real += vy;
return Xx;
}
-_—>
<typeTable>
<pointerType type="P0O"
<pointerType type="P1"
<pointerType type="P2"
<pointerType type="P3"
<pointerType type='"P4"
<pointerType type="P5"
<pointerType type="P6"
<pointerType type="P7"
<structType type="S0">
<symbols>
<id type="double">
<name>real</name>
</id>
<id type="double">
<name>img</name>
</id>
</symbols>
</structType>

ref="S0"/>
ref="S0"/>
ref="S0"/>
ref="S0"/>
ref="S0"/>
ref="F0"/>

is_restrict="1" ref="char"/>
ref="F2"/>

<functionType type="F0" return_type="S0">

<params>

<name type="S0">x</name>
<name type="'double">y</name>

</params>
</functionTyp

e>

<functionType type="F1" return_type="int">

<params/>
</functionTyp

e>

26



<functionType type="F2" return_type="int">
<params/>
</functionType>
<functionType type="F3" return_type="S0">
<params>
<name type='S0"'>x</name>
<name type="'double''>y</name>
</params>
</functionType>
</typeTable>
<globalSymbols>
<id type="F0" sclass="extern_def'>
<name>comp lex_add</name>

</id>

<id type="'S0" sclass="extern_def'>
<name>x</name>

</id>

<id type="F1" sclass="extern_def'>
<name>main</name>

</id>

<id type="F2" sclass="extern_def'>
<name>printf</name>

</id>

<id type="S0" sclass="typedef_name">
<name>complex_t</name>

</id>

<id type="S0" sclass="tagname'>
<name>comp lex</name>

</id>
</globalSymbols>
<globalDeclarations>
<varDecl>
<name>x</name>
</varDecl>
<funcDecl>
<name>comp lex_add</name>
</funcDecl>
<functionDefinition>
<name>main</name>
<symbols>
<id type="'S0" sclass="auto">
<name>z</name>
</id>
</symbols>
<params/>
<body>
<compoundStatement>
<symbols>
<id type="S0" sclass="auto">
<name>z</name>
</id>
</symbols>
<declarations>
<varDecl>
<name>z</name>
</varDecl>
</declarations>
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<body>
<exprStatement>
<assignExpr type="double">
<memberRef type=""double’™ member="real">
<varAddr type="P0" scope="local'>x</varAddr>
</memberRef>
<floatConstant type="'double'>1.0</floatConstant>
</assignExpr>
</exprStatement>
<exprStatement>
<assignExpr type="double">
<memberRef type="'double' member="img">
<varAddr type="P1" scope="local">x</varAddr>
</memberRef>
<floatConstant type="'double'>2.0</floatConstant>
</assignExpr>
</exprStatement>
<exprStatement>
<assignExpr type="'S0">
<Var type="S0" scope=""local''>z</Var>
<functionCall type="S0'>
<function>
<funcAddr type="P5">complex_add</funcAddr>
</function>
<arguments>
<Var type="S0" scope=""local''>x</Var>
<floatConstant type="'double'>1.0</floatConstant>
</arguments>
</functionCal >
</assignExpr>
</exprStatement>
<exprStatement>
<functionCall type="int">
<function>
<funcAddr type="F2">printf</funcAddr>
</function>
<arguments>
<stringConstant>z=(%f,%f)¥n</stringConstant>
<memberRef type="‘double'™ member="real">
<varAddr type="P2" scope="local''>z</varAddr>
</memberRef>
<memberRef type="'double’" member="img">
<varAddr type="P3" scope="local''>z</varAddr>
</memberRef>
</arguments>
</functionCall>
</exprStatement>
</body>
</compoundStatement>
</body>
</functionDefinition>
<functionDefinition>
<name>comp lex_add</name>

<symbols>
<id type="S0" sclass="param">
<name>x</name>
</id>
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<id type="double"™ sclass="param">
<name>y</name>
</id>
</symbols>
<params>
<name type='S0"'>x</name>
<name type="'double''>y</name>

</params>
<body>
<compoundStatement>
<symbols>
<id type="S0" sclass="param">
<name>x</name>
</id>
<id type="double"™ sclass="param">
<name>y</name>
</id>
</symbols>
<declarations/>
<body>
<exprStatement>

<asgPlusExpr type="double'>
<memberRef type="‘double’ member="real">
<varAddr type="'P4" scope="'param'>x</varAddr>
</memberRef>
<Var type="double" scope="param'>y</Var>
</asgPlusExpr>
</exprStatement>
<returnStatement>
<Var type="'S0" scope="'param''>x</Var>
</returnStatement>
</body>
</compoundStatement>
</body>
</functionDefinition>
</globalDeclarations>
</XcodeProgram>
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