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s���� ÅÒÂÒ'���H GCC _� Yacc ë�HZO�õ� ���½+Ë÷&#Q e����H Lex \� @/K�"f ·ú��� �Ð�̧2�¤ ½+Ëm���. l��:r&h���� Lex x9�
Yacc _� ��6 xZO�\� @/K�"f��H s�p� ·ú��¦ e������H ��&ñ

�\�, GCC \�"f��H #Qb�G>� Lex \�¦ ½̈$í

��¦ e����Ht�\�¦
¶ú�(R�Ð�̧2�¤ 
���x_þvm���.

V� 2 â�
 Token

GCC \���H ¿º 7áxÀÓ_� token �̀¦ ��6 x
���HX<, 
�����H yacc \�¦ 0Aô�Ç token s��¦ �� Qt� 
�����H C <�Ê�Ér C++
\�¦ 0Aô�Ç token s���. C ���#Q {9��©�\�"f �Ð��¤�̀¦ M:��H C 6 x token �̀¦ :�xK� ³ð�&³÷&#Qt� 9, z�́]j DFA \� l�ìøÍ
�
#� status ����o\�¦ {9�Ü¼v�l� 0AK�"f��H yacc token �̀¦ ��6 xK��� ô�Ç��. 7£¤ C 6 x token �̀¦ Lexer �� ���d��K�"f þj
7áx&h�Ü¼�Ð yacc \�"f �Å��� ×�¦ M:��H yacc 6 x token Ü¼�Ð ���8̈�r�&� ÅÒ>� �)a��.
��A�_� 
�0A !lo���\�"f #Qb�G>� y�� token [þts� ½̈$í
÷&#Q e����Ht� ¶ú�(R�Ð�̧2�¤ 
���.

2.1 Yacc ��· �Dø5� token �æ·

Yacc {9��©�\� �Ð��¤�̀¦ M: ��6 x
���H token [þt�̀¦ ��A�\� ��\P�
�%i���.

• IDENTIFIER

\V���#Q�� ��m��¦ �&³F� block ?/ typedef [þt�Ð &ñ
_��)a ��s	כ ����� �̧��H identifier [þt.

• TYPENAME

�&³F� block ?/ typedef �Ð &ñ
_��)a �̧��H identifier [þt. Y>�Y>� constext ?/\�"f��H, Õª[þts� IDEN-
TIFIER ü< °ú s� 2[/åL ~ÃÎ�̀¦ Ãº e����HX<, 
�t�ëß� Õª[þt�Ér ¢̧ô�Ç declaration [þt?/ typespec [þt�Ð
+� ]j/BN½+É Ãº e����.

• SCSPEC

Storage class \�¦ t�&ñ

���H \V���#Q. yylval ��H 0A_� �¦̀�	כ ��ØÔv���H IDENTIFIER NODE \�¦
�í�<Ê
��¦ e����.

• TYPESPEC

Type �̀¦ t�&ñ

���H \V���#Q yylval ��H 0A_� �¦̀�	כ ��ØÔv���H IDENTIFIER NODE \�¦ �í�<Ê
��¦
e����.

• TYPE QUAL

”const”<�Ê�Ér ”volatile”, ”restrict”õ�°ú �Ér type �̀¦ ô�Ç&ñ

���H \V���#Q yylval��H 0A_����¦̀�	כ
ØÔv���H IDENTIFIER NODE \�¦ �í�<Ê
��¦ e����.

• CONSTANT

ë�H�� <�Ê�Ér Õüw�� �©�Ãº[þt. yylval ��H �©�Ãº\�¦ 0Aô�Ç node s���.

• STRING

Raw form +þAd����� ë�H��\P� �©�Ãº[þt. yylval ��H STRING CST node s���.

• ELLIPSIS

���Ãº arglist [þt�̀¦ ��t���H �<ÊÃº\� ��6 x÷&��H ”...”
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• SIZEOF
ENUM
STRUCT
UNION
IF
ELSE
WHILE
DO
FOR
SWITCH
CASE
DEFAULT
BREAK
CONTINUE
RETURN
GOTO
ASM KEYWORD
TYPEOF
ALIGNOF
ATTRIBUTE
EXTENSION
LABEL
REALPART
IMAGPART
VA ARG
CHOOSE EXPR
TYPES COMPATIBLE P
PTR VALUE
PTR BASE
PTR EXTENT

\V���#Q[þt

• STRING FUNC NAME
VAR FUNC NAME

Function s�2£§�Ér string const <�Ê�Ér var decl {9� Ãº e����.

• INTERFACE
IMPLEMENTATION
END
SELECTOR
DEFS
ENCODE
CLASSNAME
PUBLIC
PRIVATE
PROTECTED
PROTOCOL
OBJECTNAME
CLASS
ALIAS

Objective-C v�0>×¼[þt. s���Ér	כ C ü< Objective C \� �í�<Ê÷& 9, token code [þt�Ér Ñüt�� °ú ��.
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• ASSIGN

• OROR

• ANDAND

• EQCOMPARE

• ARITHCOMPARE

• LSHIFT
RSHIFT

• UNARY
PLUSPLUS
MINUSMINUS

• HYPERUNARY

• POINTSAT

• =
!
+
−
∗
/
%
&
|
ˆ
∼
?
(
[
]
{
}
.
:
,
)
;

C ���#Q\�"f ��6 x÷&��H ë�H�� �Ð	�H[þt

2.2 C ©NçÖR� C++ ��· �Dø5� �×GD9

GCC \�"f ���#Q C \�¦ 0AK� ��6 x÷&��H token s� �>rF�ô�Ç��. C ���#Q_� y�� ³ð�&³d��\�"f ��6 x÷&��H ³ð�&³[þt�Ér ��A�
\� ��ü< e����H token [þt�Ð ³ð�&³÷&#Q������¦ ½+É Ãº e����.

C <�Ê�Ér C++ 6 x token �Ér \P����� cpp ttype ?/\� �̧¿º ������ e��Ü¼ 9, C ���#Q_� ³ð�&³�Ér s�\�¦ #Á	#Q��t�
·ú§��H��.

#define CPP LAST EQ CPP MAX

#define CPP FIRST DIGRAPH CPP HASH

#define CPP LAST PUNCTUATOR CPP DOT STAR
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5 #define TTYPE TABLE \
OP(CPP EQ = 0, "=") \
OP(CPP NOT, "!") \
OP(CPP GREATER, ">") /* ¨È¡À */ \
OP(CPP LESS, "<") \

10 OP(CPP PLUS, "+") /* ¬ÏáªÉá */ \
OP(CPP MINUS, "-") \
OP(CPP MULT, "*") \
OP(CPP DIV, "/") \
OP(CPP MOD, "%") \

15 OP(CPP AND, "&") /* bit ¡Òá¦Ïá */ \
OP(CPP OR, "|") \
OP(CPP XOR, "^") \
OP(CPP RSHIFT, ">>") \
OP(CPP LSHIFT, "<<") \

20 OP(CPP MIN, "<?") /* ³ÒÞ­Éò */ \
OP(CPP MAX, ">?") \

\
OP(CPP COMPL, "~") \
OP(CPP AND AND, "&&") /* £Ñá¦È */ \

25 OP(CPP OR OR, "| |") \
OP(CPP QUERY, "?") \
OP(CPP COLON, ":") \
OP(CPP COMMA, ",") /* ¡Æ¦Öî³½ */ \
OP(CPP OPEN PAREN, "(") \

30 OP(CPP CLOSE PAREN, ")") \
OP(CPP EQ EQ, "==") /* ¨È¡À */ \
OP(CPP NOT EQ, "!=") \
OP(CPP GREATER EQ, ">=") \
OP(CPP LESS EQ, "<=") \

35 \
OP(CPP PLUS EQ, "+=") /* ¬ÏáªÉá */ \
OP(CPP MINUS EQ, "-=") \
OP(CPP MULT EQ, "*=") \
OP(CPP DIV EQ, "/=") \

40 OP(CPP MOD EQ, "%=") \
OP(CPP AND EQ, "&=") /* bit ¡Òá¦Ïá */ \
OP(CPP OR EQ, "|=") \
OP(CPP XOR EQ, "^=") \
OP(CPP RSHIFT EQ, ">>=") \

45 OP(CPP LSHIFT EQ, "<<=") \
OP(CPP MIN EQ, "<?=") /* ³ÒÞ­Éò */ \
OP(CPP MAX EQ, ">?=") \
/* CPP FIRST DIGRAPH ¦¼ ªÈ­ÉÞ³ £́Ûá digraph ¤Ûå. */ \
OP(CPP HASH, "#") /* digraphs */ \

50 OP(CPP PASTE, "##") \
OP(CPP OPEN SQUARE, "[") \
OP(CPP CLOSE SQUARE, "]") \
OP(CPP OPEN BRACE, "{") \
OP(CPP CLOSE BRACE, "}") \

55 /* ¡Á¤Á­Íí¬¹ ¤µ³Éá remainder. ªÖáª £̧Ûá ªÉò¡Òá¬Íï¬Ûí. */ \
OP(CPP SEMICOLON, ";") /* ¡Á­¼¹כ */ \
OP(CPP ELLIPSIS, ". . .") \
OP(CPP PLUS PLUS, "++") /* ­Ûò¡´ */ \
OP(CPP MINUS MINUS, "--") \

60 OP(CPP DEREF, "->") /* ­Íî¡Ûá­´ */ \
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OP(CPP DOT, ".") \
OP(CPP SCOPE, "::") \
OP(CPP DEREF STAR, "->*") \
OP(CPP DOT STAR, ".*") \

65 OP(CPP ATSIGN, "@") /* Object C ¬¹ª¸ ª´¬Õò */ \
\
TK(CPP NAME, SPELL IDENT) /* ¤Éá¬¸ */ \
TK(CPP NUMBER, SPELL NUMBER) /* 34 be+ta */ \

\
70 TK(CPP CHAR, SPELL STRING) /* ’char’ */ \

TK(CPP WCHAR, SPELL STRING) /* L’char’ */ \
TK(CPP OTHER, SPELL CHAR) /* stray ¡Á¤Á­Íí */ \

\
TK(CPP STRING, SPELL STRING) /* ‘‘string’’ */ \

75 TK(CPP WSTRING, SPELL STRING) /* L‘‘string’’ */ \
TK(CPP HEADER NAME, SPELL STRING) /* #include ¬¹ª ¬̧Ç <stdio.h> */ \

\
TK(CPP COMMENT, SPELL NUMBER) /* Only if output comments. */ \

/* SPELL NUMBER happens to DTRT. */ \
80 TK(CPP MACRO ARG, SPELL NONE) /* Macro ¬Ýá­´. */ \

TK(CPP PADDING, SPELL NONE) /* cpp0 ¬Õò whitespace. */ \
TK(CPP EOF, SPELL NONE) /* ² ¬́Ýå ³ÑÞ¬Ûá ­Öå¬Ç ¢Ûö. */

#define OP(e, s) e,

85 #define TK(e, s) e,

enum cpp ttype

{
TTYPE TABLE

N TTYPES

90 };
#undef OP

#undef TK

V� 3 â�
 Ud»ÈÐ#a

\V���#Q��H “Reserved Words” [þt�̀¦ ��ØÔ�������H �¦̀�	כ ú̧� ·ú��¦ e���̀¦ �.���s	כ GCC \�"f��H y�� ���#Q ����_� \V
���#Q[þt�̀¦ ��t��¦ e����. s� \V���#Q\� @/K�"f ¶ú�(R�Ð�¦ �Å�#Q ���̧2�¤ 
���.
\V���#Q 3lq2�¤�Ér $prefix/gcc/c-parse.in ��{9�\� ������÷&#Q e����H ���%i� ���Ãº struct resword reswords[] \� �>r

F�ô�Ç��. s� \V���#Q\�¦ ½̈$í

���H ½̈�̧�̂\� @/K� ���r� [O�"î

��¦ �Å�#Q ����� ��A�ü< °ú ��.

struct resword
{
const char *word;
ENUM_BITFIELD(rid) rid : 16;
unsigned int disable : 16;

};

½̈$í
���¹�èכ word ��H \V���#Q_� s�2£§, rid ��H RID _� ì�rÀÓ°úכ, disable �Ér s� \V���#Q\�¦ z�́]j�Ð ��6 x½+É �����t	כ
\�¦ �����·p��.
���r� 0A disable ½̈$í
�\¹�èכ @/K� ¶ú�(R�:r Êê �Å�#Q�����,

#define D_TRAD 0x01 /* Traditional C ¬¹ª¸ ªÍå­Íò ¬Éá¤Ôí */
#define D_C89 0x02 /* C89 ¬¹ª¸ ªÍå­Íò ¬Éá¤Ôí */
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#define D_EXT 0x04 /* GCC extension */
#define D_EXT89 0x08 /* C99 ¬½ ¨Ïá³Òá¤Ôá GCC extension */
#define D_OBJC 0x10 /* ¬¼­ÝÞ Objective C */

0Aü< °ú �Ér mask °úכ[þt�̀¦ ��t��¦ ÷&#Q e����. z�́]j \V���#Q��H

(reswords[i].disable & mask)

°úכs� �ÃÐ{9� �â
Äº \V���#Q�Ð+� 1px2�¤îß�÷&>� ½̈$í
÷&#Q e����HX<, 0A_� define Ü¼�Ð �������)a ��Ér	כ mask +þAI�\�¦ 8Al�
M:ë�H\�, &, | ü< °ú �Ér AND, OR ���íß��̀¦ :�xK� #��Q>h\�¦ 1lxr�\� t�&ñ
½+É Ãº e����.

C \�"f��H #Q�"� \V���#Q�� �>rF�½+É �.�����	כ Õª��Ér	כ ��A�\� e����.

static const struct resword reswords[ ] =

{
{ "_Bool", RID BOOL, 0 },
{ "_Complex", RID COMPLEX, 0 },

5 { "__FUNCTION__", RID FUNCTION NAME, 0 },
{ "__PRETTY_FUNCTION__", RID PRETTY FUNCTION NAME, 0 },
{ "__alignof", RID ALIGNOF, 0 },
{ "__alignof__", RID ALIGNOF, 0 },
{ "__asm", RID ASM, 0 },

10 { "__asm__", RID ASM, 0 },
{ "__attribute", RID ATTRIBUTE, 0 },
{ "__attribute__", RID ATTRIBUTE, 0 },
{ "__bounded", RID BOUNDED, 0 },
{ "__bounded__", RID BOUNDED, 0 },

15 { "__builtin_choose_expr", RID CHOOSE EXPR, 0 },
{ "__builtin_types_compatible_p", RID TYPES COMPATIBLE P, 0 },
{ "__builtin_va_arg", RID VA ARG, 0 },
{ "__complex", RID COMPLEX, 0 },
{ "__complex__", RID COMPLEX, 0 },

20 { "__const", RID CONST, 0 },
{ "__const__", RID CONST, 0 },
{ "__extension__", RID EXTENSION, 0 },
{ "__func__", RID C99 FUNCTION NAME, 0 },
{ "__imag", RID IMAGPART, 0 },

25 { "__imag__", RID IMAGPART, 0 },
{ "__inline", RID INLINE, 0 },
{ "__inline__", RID INLINE, 0 },
{ "__label__", RID LABEL, 0 },
{ "__ptrbase", RID PTRBASE, 0 },

30 { "__ptrbase__", RID PTRBASE, 0 },
{ "__ptrextent", RID PTREXTENT, 0 },
{ "__ptrextent__", RID PTREXTENT, 0 },
{ "__ptrvalue", RID PTRVALUE, 0 },
{ "__ptrvalue__", RID PTRVALUE, 0 },

35 { "__real", RID REALPART, 0 },
{ "__real__", RID REALPART, 0 },
{ "__restrict", RID RESTRICT, 0 },
{ "__restrict__", RID RESTRICT, 0 },
{ "__signed", RID SIGNED, 0 },

40 { "__signed__", RID SIGNED, 0 },
{ "__typeof", RID TYPEOF, 0 },
{ "__typeof__", RID TYPEOF, 0 },
{ "__unbounded", RID UNBOUNDED, 0 },
{ "__unbounded__", RID UNBOUNDED, 0 },

45 { "__volatile", RID VOLATILE, 0 },
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{ "__volatile__", RID VOLATILE, 0 },
{ "asm", RID ASM, D EXT },
{ "auto", RID AUTO, 0 },
{ "break", RID BREAK, 0 },

50 { "case", RID CASE, 0 },
{ "char", RID CHAR, 0 },
{ "const", RID CONST, D TRAD },
{ "continue", RID CONTINUE, 0 },
{ "default", RID DEFAULT, 0 },

55 { "do", RID DO, 0 },
{ "double", RID DOUBLE, 0 },
{ "else", RID ELSE, 0 },
{ "enum", RID ENUM, 0 },
{ "extern", RID EXTERN, 0 },

60 { "float", RID FLOAT, 0 },
{ "for", RID FOR, 0 },
{ "goto", RID GOTO, 0 },
{ "if", RID IF, 0 },
{ "inline", RID INLINE, D TRAD|D EXT89 },

65 { "int", RID INT, 0 },
{ "long", RID LONG, 0 },
{ "register", RID REGISTER, 0 },
{ "restrict", RID RESTRICT, D TRAD|D C89 },
{ "return", RID RETURN, 0 },

70 { "short", RID SHORT, 0 },
{ "signed", RID SIGNED, D TRAD },
{ "sizeof", RID SIZEOF, 0 },
{ "static", RID STATIC, 0 },
{ "struct", RID STRUCT, 0 },

75 { "switch", RID SWITCH, 0 },
{ "typedef", RID TYPEDEF, 0 },
{ "typeof", RID TYPEOF, D TRAD|D EXT },
{ "union", RID UNION, 0 },
{ "unsigned", RID UNSIGNED, 0 },

80 { "void", RID VOID, 0 },
{ "volatile", RID VOLATILE, D TRAD },
{ "while", RID WHILE, 0 },

};

±ú�e���Ér éß�#Q[þts� [þt#Q�� e������H ��z�́�̀¦ ·ú� Ãº e���̀¦ J$�X<, 0A_� ë�H��\P�[þts� �&³F� GCC _� C ���#Q ��àÔ
\�"f \V���#Q��� éß�#Q[þts���.

3.1 �� ��́Uc N±Ü"�

0A &ñ
_��)a ���%i� ���Ãº reswords \�¦ �Ð>� ÷&���, RID ... �Ð r����
���H ú́§�Ér \P����� \�¦ �̂¦ Ãº e����HX<, s� _�p�\�¦
¶ú�(R�:r Êê �Å�#Q���̧2�¤ 
���.
s� \P�����[þt�Ér $prefix/gcc/c-common.h \� ������÷&#Q e����H �Ü¼�Ð	כ \V����)a d��Z>���[þts���. s���Ér	כ C ü<,

C++, Objective C \�"f ��6 x÷&��H �̧��H key °úכ[þt_� �̧½+Ë�̀¦ ����?/�¦ e����.
s���_	כ ��6 x 3lq&h��Ér GCC \�"f ��6 x÷&��H \V���#Q[þt�̀¦ 0Aô�Ç 3lq2�¤s����¦ ½+É Ãº e����. 0A\�"f ���/åLô�Ç

cpp token �Ér \V���#Q\� @/K�"f�̧ CPP NAME Ü¼�Ð óøÍéß�÷&l� M:ë�H\� \V���#Qü< z�́]j identifier \�¦ ½̈ì�rK�
×�¦ Ãº e����H ½̈ì�r �̧|	�s� 
¹כ��9���.

enum rid

{
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/* Modifiers: */

/* C : ¡Ïò³Íí­ÍÞ ¨Ýá¤¼ªÁ¬¹ ¥ ¦́Ûá ªÖáª¸. */

5 RID STATIC = 0,

RID UNSIGNED, RID LONG, RID CONST, RID EXTERN,

RID REGISTER, RID TYPEDEF, RID SHORT, RID INLINE,

RID VOLATILE, RID SIGNED, RID AUTO, RID RESTRICT,

10 /* C ³ÒÞ­Éò¬Õò */

RID BOUNDED, RID UNBOUNDED, RID COMPLEX,

/* C++ */

RID FRIEND, RID VIRTUAL, RID EXPLICIT, RID EXPORT, RID MUTABLE,

15

/* ObjC */

RID IN, RID OUT, RID INOUT, RID BYCOPY, RID BYREF, RID ONEWAY,

/* C */

20 RID INT, RID CHAR, RID FLOAT, RID DOUBLE, RID VOID,

RID ENUM, RID STRUCT, RID UNION, RID IF, RID ELSE,

RID WHILE, RID DO, RID FOR, RID SWITCH, RID CASE,

RID DEFAULT, RID BREAK, RID CONTINUE, RID RETURN, RID GOTO,

RID SIZEOF,

25

/* C ³ÒÞ­Éò²Éá¤Ûå */

RID ASM, RID TYPEOF, RID ALIGNOF, RID ATTRIBUTE, RID VA ARG,

RID EXTENSION, RID IMAGPART, RID REALPART, RID LABEL, RID PTRBASE,

RID PTREXTENT, RID PTRVALUE, RID CHOOSE EXPR, RID TYPES COMPATIBLE P,

30

/* £ §̧Á §Éã¬Ûá §Öá­ ¬́Ïå¦¼ªÁ©Íås ³ÉíªÁ¬Ç ¬È¦Ûí¬Ûå ¬Íä£Ûá ¨Éò¨Íî

Too many ways of getting the name of a function as a string */

RID FUNCTION NAME, RID PRETTY FUNCTION NAME, RID C99 FUNCTION NAME,

35

/* C++ */

RID BOOL, RID WCHAR, RID CLASS,

RID PUBLIC, RID PRIVATE, RID PROTECTED,

RID TEMPLATE, RID NULL, RID CATCH,

40 RID DELETE, RID FALSE, RID NAMESPACE,

RID NEW, RID OPERATOR, RID THIS,

RID THROW, RID TRUE, RID TRY,

RID TYPENAME, RID TYPEID, RID USING,

45 /* Cast ¤Ûå

casts */

RID CONSTCAST, RID DYNCAST, RID REINTCAST, RID STATCAST,

50 /* ¤Ñò¬Ýå³Éá ­Íåכ ¤́Ûå

alternate spellings */

RID AND, RID AND EQ, RID NOT, RID NOT EQ,

RID OR, RID OR EQ, RID XOR, RID XOR EQ,

55 RID BITAND, RID BITOR, RID COMPL,

/* Objective C */

RID ID, RID AT ENCODE, RID AT END,

RID AT CLASS, RID AT ALIAS, RID AT DEFS,
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60 RID AT PRIVATE, RID AT PROTECTED, RID AT PUBLIC,

RID AT PROTOCOL, RID AT SELECTOR, RID AT INTERFACE,

RID AT IMPLEMENTATION,

RID MAX,

65

RID FIRST MODIFIER = RID STATIC,

RID LAST MODIFIER = RID ONEWAY,

RID FIRST AT = RID AT ENCODE,

70 RID LAST AT = RID AT IMPLEMENTATION,

RID FIRST PQ = RID IN,

RID LAST PQ = RID ONEWAY

};

0A_� o�Û¼àÔ��H Õª ì�rÀÓ RID _� ����̂&h���� î�rFỲs���. Õª!3� �&³F� GCC _� C ���#Q��H s� RID \�¦ yacc token
��� ñ�Ð #Qb�G>� ���8̈�
��¦ e����Ht�\� @/K� ·ú���ú<�� ½+É �.���s	כ
Õª K�{©� ���8̈� table �Ér $prefix/gcc/c-parse.in \� ������÷&#Q e����H ���%i� ���Ãº

static const short rid_to_yy[RID_MAX]

\� \P���÷&#Q e��Ü¼ 9, ��6£§õ� °ú s� B�u�H�d�̀¦ ·ú�l� ��êøÍ��.

static const short rid to yy[RID MAX] =

{
/* RID STATIC */ SCSPEC,

/* RID UNSIGNED */ TYPESPEC,

5 /* RID LONG */ TYPESPEC,

/* RID CONST */ TYPE QUAL,

/* RID EXTERN */ SCSPEC,

/* RID REGISTER */ SCSPEC,

/* RID TYPEDEF */ SCSPEC,

10 /* RID SHORT */ TYPESPEC,

/* RID INLINE */ SCSPEC,

/* RID VOLATILE */ TYPE QUAL,

/* RID SIGNED */ TYPESPEC,

/* RID AUTO */ SCSPEC,

15 /* RID RESTRICT */ TYPE QUAL,

/* C ³ÒÞ­Éò¤Ûå

C extensions */

/* RID BOUNDED */ TYPE QUAL,

20 /* RID UNBOUNDED */ TYPE QUAL,

/* RID COMPLEX */ TYPESPEC,

/* C++ */

/* RID FRIEND */ 0,

25 /* RID VIRTUAL */ 0,

/* RID EXPLICIT */ 0,

/* RID EXPORT */ 0,

/* RID MUTABLE */ 0,

30 /* ObjC */

/* RID IN */ TYPE QUAL,

/* RID OUT */ TYPE QUAL,

/* RID INOUT */ TYPE QUAL,
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/* RID BYCOPY */ TYPE QUAL,

35 /* RID BYREF */ TYPE QUAL,

/* RID ONEWAY */ TYPE QUAL,

/* C */

/* RID INT */ TYPESPEC,

40 /* RID CHAR */ TYPESPEC,

/* RID FLOAT */ TYPESPEC,

/* RID DOUBLE */ TYPESPEC,

/* RID VOID */ TYPESPEC,

/* RID ENUM */ ENUM,

45 /* RID STRUCT */ STRUCT,

/* RID UNION */ UNION,

/* RID IF */ IF,

/* RID ELSE */ ELSE,

/* RID WHILE */ WHILE,

50 /* RID DO */ DO,

/* RID FOR */ FOR,

/* RID SWITCH */ SWITCH,

/* RID CASE */ CASE,

/* RID DEFAULT */ DEFAULT,

55 /* RID BREAK */ BREAK,

/* RID CONTINUE */ CONTINUE,

/* RID RETURN */ RETURN,

/* RID GOTO */ GOTO,

/* RID SIZEOF */ SIZEOF,

60

/* C ³ÒÞ­Éò¤Ûå

C extensions */

/* RID ASM */ ASM KEYWORD,

/* RID TYPEOF */ TYPEOF,

65 /* RID ALIGNOF */ ALIGNOF,

/* RID ATTRIBUTE */ ATTRIBUTE,

/* RID VA ARG */ VA ARG,

/* RID EXTENSION */ EXTENSION,

/* RID IMAGPART */ IMAGPART,

70 /* RID REALPART */ REALPART,

/* RID LABEL */ LABEL,

/* RID PTRBASE */ PTR BASE,

/* RID PTREXTENT */ PTR EXTENT,

/* RID PTRVALUE */ PTR VALUE,

75

/* RID CHOOSE EXPR */ CHOOSE EXPR,

/* RID TYPES COMPATIBLE P */ TYPES COMPATIBLE P,

/* RID FUNCTION NAME */ STRING FUNC NAME,

80 /* RID PRETTY FUNCTION NAME */ STRING FUNC NAME,

/* RID C99 FUNCTION NAME */ VAR FUNC NAME,

/* C++ */

/* RID BOOL */ TYPESPEC,

85 /* RID WCHAR */ 0,

/* RID CLASS */ 0,

/* RID PUBLIC */ 0,

/* RID PRIVATE */ 0,

/* RID PROTECTED */ 0,

90 /* RID TEMPLATE */ 0,
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/* RID NULL */ 0,

/* RID CATCH */ 0,

/* RID DELETE */ 0,

/* RID FALSE */ 0,

95 /* RID NAMESPACE */ 0,

/* RID NEW */ 0,

/* RID OPERATOR */ 0,

/* RID THIS */ 0,

/* RID THROW */ 0,

100 /* RID TRUE */ 0,

/* RID TRY */ 0,

/* RID TYPENAME */ 0,

/* RID TYPEID */ 0,

/* RID USING */ 0,

105

/* Cast ¤Ûå

casts */

/* RID CONSTCAST */ 0,

/* RID DYNCAST */ 0,

110 /* RID REINTCAST */ 0,

/* RID STATCAST */ 0,

/* ¤Ñò¬Ýå³Éá ­Íåכ ¤́Ûå

alternate spellings */

115 /* RID AND */ 0,

/* RID AND EQ */ 0,

/* RID NOT */ 0,

/* RID NOT EQ */ 0,

/* RID OR */ 0,

120 /* RID OR EQ */ 0,

/* RID XOR */ 0,

/* RID XOR EQ */ 0,

/* RID BITAND */ 0,

/* RID BITOR */ 0,

125 /* RID COMPL */ 0,

/* Objective C */

/* RID ID */ OBJECTNAME,

/* RID AT ENCODE */ ENCODE,

130 /* RID AT END */ END,

/* RID AT CLASS */ CLASS,

/* RID AT ALIAS */ ALIAS,

/* RID AT DEFS */ DEFS,

/* RID AT PRIVATE */ PRIVATE,

135 /* RID AT PROTECTED */ PROTECTED,

/* RID AT PUBLIC */ PUBLIC,

/* RID AT PROTOCOL */ PROTOCOL,

/* RID AT SELECTOR */ SELECTOR,

/* RID AT INTERFACE */ INTERFACE,

140 /* RID AT IMPLEMENTATION */ IMPLEMENTATION

};

ëß���� s� enum RID \P�����\�¦ Ãº&ñ

��¦�� ô�Ç����� �̧��H type modifier [þt�Ér r����r� 
���_� block ?/\� ìøÍ
×¼r� e��#Q�� 
���HX< Õª��Ér	כ mask bit �Ð+� ��6 x÷&l� M:ë�Hs���. 27 >h_� type modifier [þts� e��Ü¼ 9 ëß���� Äº
o��� 7á§ �8 ÆÒ��r��������� mask mechanism �̀¦ ìøÍ×¼r� F�[O�>� K��� ½+É �.���s	כ
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3.2 Ud»ÈÐ#a�+ �� ��́

s�\V���#Q_�1px2�¤�Ér $prefix/gcc/c-parse.in\�������÷&#Qe����H init reswords ()�<ÊÃº\�"f%�o�
�>��)a��.7£¤0A
\�"f��\P�ô�Ç���%i����Ãº reswords_�y��y���̀¦ $prefix/gcc/c-common.c\�������÷&#Qe����H���%i����Ãº ridpointers
\� V,�>� �)a��.

tree *ridpointers;

0Aü< °ú �Ér "é¶+þA�̀¦ ����� ���%i� ���Ãº ridpointers _� element [þt�Ér \V����)a type s�2£§[þtõ� storage class [þt�̀¦ 0A
ô�Ç identifier node [þt{9�m���. Õª��Ér	כ RID ... °úכ\� ���� ��\P�÷&#Q e����. ��A�ü< °ú �Ér pseudo �ï×¼�Ð ³ð�&³½+É
Ãº e���̀¦ �.���s	כ

³ÉíªÁ init_reswords
{
¬ÑîªÏá¬¹ ¥ ¦́Ûá mask ¨È¡À

ridpointers ¡Ñò¡Éá ³Éå¤Éò

for ( ¬»¬ËÞ¬¸ ªÖð­´ °Æ¡È §Éá°Ûí}
{
§Éá¬ËÞ (mask ¬½ ¨È³ÒåªÍò³½¡´ ªÍå­Íò¤¿¬¸ ¬Ýñ¤ §́Ïá)
£Íí¬ ¡̧Éí

get_identifier () ³ÉíªÁ¦Ûå ±Ñò³µ ¬»¬ËÞ¬ ¦̧Ûå ident_hash ¬¹ ¤Ûò¦ÑÞ

§µ°Æ¦¼ C_RID_CODE ¦¼ RID code ¤Ûò¦ÑÞ
§µ°Æ¦¼ C_IS_RESERVED_WORD ¦¼ 1 ¤Ûò¦ÑÞ
ridpointers ¬¹ RID code ¨Íá³¼¤µ¦¼ £Íø¬Ûí

}
}

V� 4 â�
 yylex () Áþ�ÊÁ

GCC \�"f��H LALR(1) ë�HZO��̀¦ ��6 x
�l� 0AK�"f bison �̀¦ ��6 x
��¦ e��Ü¼ 9 LALR(1) ë�HZO�s� ��6£§ status �Ð
������
�l� 0AK� {9�#Q[þts���H token �Ér $prefix/gcc/c-parse.in ?/\� ������÷&#Q e����H yylex () �<ÊÃº\� _�K� %�o�
�)a��.
����̂&h���� yylex _� �̧_þv�Ér ·ûª�Ér wrapper �Ð+�, z�́|9�&h���� ÂÒì�r�Ér yylex () �<ÊÃº\�"f %�o�ô�Ç��. 0A\�"f

���/åLÙþ¡1pws�, yacc 6 x token õ� C 6 x token s� %3����y� �>rF�
���HX<, yylex () �<ÊÃº_� %i��Ö̧�Ér GCC \�"f K�$3�
ô�Ç C 6 x token �̀¦ yacc 6 x token Ü¼�Ð ���8̈�K�"f yacc \�>� ~��4RÅÒ��H �.���s	כ Õªo��¦ yacc _� stack \� Áú¢s�
>� ÷&��H yylval \�>� &h�{©�ô�Ç °ú̀�כ¦ [O�&ñ
K� ÅÒ��H �.���s	כ
z�́|9�&h�Ü¼�Ð C ���#Q �èÛ¼��H $prefix/gcc/c-lex ��{9�\� ������÷&#Q e����H c lex () ?/\�"f �̧¿º s�ÀÒ#Qt�>� ÷&

 9, y�� identifier \�¦ string pool \� $��©�
�����, �̧¿º tree ½̈�̧\�¦ ëß�×¼��H �,	כ 7£¤, yacc \�>� status �� ���²ú�÷&
l� ���\� s�ÀÒ#Q4R�� 
���H �̧��H Ãº'���̀¦ #�l�"f 
�>� �)a��.
#�l�\�"fÅÒ_�U�·>���ÀÒ#Q��½+ÉÂÒì�r�Ér CPP NAMEÜ¼�Ðì�rÀÓ�)a�þt���X<,\V���#Q]	כ (\V\�¦[þt���, if, for,

while 1px1px) �� z�́]j identifier [þts� �̧¿º s� type Ü¼�Ð ì�rÀÓ÷&l� M:ë�Hs���. Õªo��¦ z�́]j Õª\� ú́���H yacc 6 x
token �Ér yylexname () �<ÊÃº�� %�o�
�#� ìøÍ8̈�
�>� �)a��.

yylexname () �<ÊÃº\�¦ ¶ú�(R�Ð��� ��A�ü< °ú s� ¿º��t� �©�S!�Ü¼�Ð ½̈ì�r½+É Ãº e����.

1. \V���#Q{9� �â
Äº

• STRING FUNC NAME ��� �â
Äº

• STRING FUNC NAME �� ����� �â
Äº

2. \V���#Q�� ��u�́ �â
Äº

\V���#Q{9� �â
Äº, ��A�\�"f ��ÀÒ>� ÷&��xt�ëß� c lex () �<ÊÃº��H yylval _� ttype \�¦ [O�&ñ

�>� ÷&��HX<, s�\�¦
C IS RESERVED WORD B�ß¼�Ð�Ð z�́]j SX���� #�ÂÒ\�¦ óøÍ��2£§ô�Ç��.
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ëß���� K�$3�ô�Ç token s� STRING FUNC NAME ��� �â
Äº�� �>rF�½+É Ãº e����HX<, s� �â
Äº�� µ1ÏÒqt½+É
Ãº e����H �©�S!��Ér “ FUNCTION ” �� “ PRETTY FUNCTION ” ü< °ú �Ér \V���#Q\�¦ ��6 x
�#�
code \�¦ ���$í
ô�Ç �â
Äº s���.

STRING FUNC NAME �� ����� �â
Äº, RID code \� ���� ���%i����Ãº ridpointers \� _�K� yyl-
val.ttype �� Dh�Ðs� [O�&ñ
s� ÷& 9, RID code \�¦ yacc token Ü¼�Ð ���8̈�ô�Ç °úכs� ìøÍ8̈�÷&#Qt�>� �)a
��.

\V���#Q����u�́ �â
Äº, lookup name ()�<ÊÃº\�¦:�xK�"f DECL �̀¦ ½̈ô�ÇÊêÕª��s	כ TYPE DECLs���u�́ �â

Äº, IDENTIFIER \�¦, TYPE DECL {9� �â
Äº, TYPENAME �̀¦ ìøÍ8̈�
�>� �)a��.
Õª!3� s�]j ��6£§ 
�0A !lo���\�"f c lex () �<ÊÃº\�¦ s�K�
�l� 0AK�"f��H Áº%Á	�̀¦ s�K�K��� 
���Ht� ¶ú�(R�:r Êê

�Å�#Q���̧2�¤ 
���.

4.1 c lex () Áþ�ÊÁ

z�́|9�&h���� GCC _� C ���#Q token �̀¦ Òqt$í

���H /BM�Ér s� �<ÊÃº\�"f {��{©��̀¦ 
��¦ e��Ü¼ 9, 
���_� token �Ér ½̈
�̧�̂ struct cpp token \� �̧��H &ñ
�Ð�� [þt#Q��>� �)a��. s� ½̈�̧�̂\� @/K�"f��H 6 ÅÒ ë�H"f��� “l�ìøÍ ���\O� (1)
struct cpp reader êøÍ” \� ½̈�̧�̂\� @/ô�Ç [O�"î
s� [þt#Q�� e��l� M:ë�H\� Õª�¦̀�	כ �ÃÐ�̧
�l� ��êøÍ��.
s� �<ÊÃº��H  ñØ�¦÷&���"f yylval _� ½̈$í
 ���¹�èכ ttype �̀¦ ������Ð ~ÃÎ��[þts�>� ÷&��HX<, s���_	כ C 6 x token

_� type \� ���� %�o�ô�Ç Êê s� type �̀¦ ìøÍ8̈�
���H �Ü¼�Ð	כ �̧��H {9��̀¦ ��u�>� �)a��. 7£¤ z�́|9�&h���� 
���_� token
�̀¦ %�o�
���H ��Ér	כ cpp get token () �<ÊÃº\�>� ú́ |����. ú́ �Ér �<ÊÃº��H token _� type s� CPP PADDING �� |̈c
M: ��t� >�5Åq loop \�¦ [�t 9 %�o�
�>� ÷&��H �.���s	כ s� �<ÊÃº\� @/K�"f��H ��6£§ !lo���\�"f ·ú����Ð�̧2�¤ 
���x��.

c lex () �<ÊÃº_� ÅÒ¹כ 3lq&h��Ér yylval _� ½̈$í
 ���¹�èכ ttype �̀¦ ]j@/�Ð [O�&ñ

���H �.���s	כ ÂÒõ�&h���� {9��Ð ���
%i����Ãº indent level \�¦ [O�&ñ

���H �̧�	כ e����. Õª!3� cpp get token () �<ÊÃº�� ìøÍ8̈�ô�Ç cpp token *tok _� type
\� ���� #Q*�ô�Ç Ãº'���̀¦ 
���Ht� ·ú����Ð�̧2�¤ 
���.

• CPP OPEN BRACE

���%i� ���Ãº indent level _� °ú̀�כ¦ 1 7£x�� r������. s� ���%i� ���Ãº��H C ���#Q\�"f { _� Ì�	Ãº\�"f }
_� Ì�	Ãº\�¦ �É� Ãº\�¦ �����·p��.

• CPP CLOSE BRACE

���%i� ���Ãº indent level _� °ú̀�כ¦ 1 y���è r������.

• CPP OTHER

&h�{©�ô�Ç �̧ÀÓ\�¦ Ø�¦§4�ô�Ç Êê F�r��̧\�¦ 
�>� �)a��.

• CPP NAME

��A�_� operation �̀¦Ãº'��
�>��)a��.#�l�"f value��H c lex ()�<ÊÃº_�������Ð|	�W1&��~�� yylval
_� ttype s���.

*value = HT_IDENT_TO_GCC_IDENT (HT_NODE (tok->val.node));

• CPP NUMBER

��A�_� operation �̀¦ Ãº'��
�>� �)a��.

*value = lex_number ((const char *)tok->val.str.text, tok->val.str.len);

• CPP CHAR <�Ê�Ér CPP WCHAR

��A�_� operation �̀¦ Ãº'��
�>� �)a��.

*value = lex_charconst (tok);

• CPP STRING <�Ê�Ér CPP WSTRING
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��A�_� operation �̀¦ Ãº'��
�>� �)a��.

*value = lex_string (tok->val.str.text, tok->val.str.len,
tok->type == CPP_WSTRING);

4.1.1 lex number

cpp get token () �<ÊÃº\�"f #Q*�ô�Ç Ãº'���̀¦ Ùþ¡���¦ ��&ñ

��¦, #�l���t� �̧²ú�
�%i������ 0A\�"f ���/åLô�Ç
cpp get token () �<ÊÃº\�¦ �̧¿º Ãº'��
�#� cpp token?/_� �̧��H °ú̀�כ¦ ]j@/�ÐV,�%3�6£§�̀¦ _�p�ô�Ç��. s�]j yacc��
��6 x
���H yylval _� ½̈$í
���¹�èכ ttype �̀¦ ]j@/�Ð [O�&ñ

�l�ëß� 
���� ÷&��H �.���s	כ

cpp token _� type s� CPP NUMBER �Ð K�$3��)a ��Ér	כ lex number () �<ÊÃº\�¦ :�xK�"f TREE �� ëß�[þt#Q
�����.

C ���#Q\�"f��H Õüw��_� +þAI���H #��Q ��t��� ��\P�|̈c Ãº e����HX<, @/ÂÒì�r 10 ���Ãº <�Ê�Ér 16 ���Ãº\�¦ 2[½+É ��s	כ
��. Õª\� @/ô�Ç °úכ ¢̧ô�Ç y��  Q���s� {���̀¦ Ãº e����H 6 x|¾Ó_� ß¼l�\�¦ ú́�2X4R�� ½+É �.���s	כ Õª!3� lex number () �<Ê
Ãº��H Õüw��\�¦ #Qb�G>� {���� ?/�¦ e����Ht� ¶ú�(R�Ð�̧2�¤ 
���.

#define TOTAL_PARTS ((HOST_BITS_PER_WIDE_INT / HOST_BITS_PER_CHAR) * 2)
unsigned int parts[TOTAL_PARTS];

Äºo���Hz�́]j�Ðy�� part?/\� �̧f�� HOST BITS PER CHAR bit[þtëß�$��©�ô�Ç��. PartC�\P��̀¦G�Ö�¦
��A� code��H host int��H host char�Ð��þj�è¿ºC�s��©�ß¼l�s��¦, HOST BITS PER WIDE INT
��H HOST BITS PER CHAR _� ���Ãº C�s����¦ ��&ñ
ô�Ç��. ¿º HOST WIDE INT [þt�Ér Äºo���
$��©�½+É Ãº e����H ���©� 	�H int literal s���. ��A�\� overflow \�¦ y��t�
�l� 0AK�"f, Part [þt (TO-
TAL PARTS) _� >hÃº��H ¿º HOST WIDE INT [þt_� bit [þt�̀¦ ú̧��¦ e����HX< ¹ô�Çכ��9 &ñ
SX�ô�Ç part
[þt_� number #���ëß� ô�Ç��.

s� ���Ãº\�¦ :�xK�"f {9�éß� ���©�&h�Ü¼�Ð V,�>� ÷&��HX<, 0A_� [O�"î
\�"f ·ú� Ãº e��1pws� y�� C�\P� ¹�èכ ����
HOST BITS PER CHAR ëß��puëß� $��©��̀¦ 
�>� ÷&#Q e����. {9�ìøÍ&h���� K$�w�%3�4 (��ÉÓ'�\�"f��H 8 >h_� C�\P�s�
½+É{©��)a��. s� C�\P�?/\� 1lqwn�&h�Ü¼�Ð °ú��̀¦ $��©�K� Z�~��"f ���Ér  Q���[þtçß�\� e���̀¦ Ãº e����H unsigned int ��,
unsigned char ß¼l�_� s�|9�$í
�̀¦ \O�Ó�xÜ¼ 9, ��×�æ\� z�́]j TREE +þA$í
½+É M:��H Õª °úכs� &ñ
Ãº���t�, z�́Ãº���t�\�¦
½̈ì�r
�#� node �� Òqt$í
÷&#Q �����.
Õª!3� &ñ
Ãº\�¦ ëß�[þt M:\�¦ ·ú����Ð�̧2�¤ 
���. z�́]j &ñ
Ãº\�¦ 0Aô�Ç TREE node ��H HOST WIDE INT ß¼l��Ð,

high ü< low \�¦ ��A�_� ÀÒ�2;�̀¦ ��6 x
�#� ëß�[þt>� �)a��.

for (i = 0; i < HOST_BITS_PER_WIDE_INT / HOST_BITS_PER_CHAR; i++)
{

high |= ((HOST_WIDE_INT) parts[i + (HOST_BITS_PER_WIDE_INT
/ HOST_BITS_PER_CHAR)]

<< (i * HOST_BITS_PER_CHAR));
low |= (HOST_WIDE_INT) parts[i] << (i * HOST_BITS_PER_CHAR);

}

þj7áx&h�Ü¼�Ðëß�[þt#Qt���H TREE��H��A�_�ÀÒ�2;�̀¦ :�xK�"f GCC ��K�$3�ô�Ç Õüw��\�@/ô�Ç z�́]j TREE node��
ëß�[þt#Qt�>� �)a��.

value = build_int_2 (low, high);

þj7áx&h�Ü¼�Ð Õüw��\�¦ 0Aô�Ç node �� Òqt$í
÷&%3������, TREE TYPE (value) \� @/K�"fëß� [O�&ñ
K�ÅÒ��� ¢-a«Ñ�� ÷&
��H �.���s	כ #�l�"f type �̀¦ �¦\�¦ M:��H ���r� Òqty��K� ú<�� ½+É ��s	כ e����HX<, Traditional type s� e���¦ ISO type
¿º >h�� �>rF�ô�Ç����H �.���s	כ ú́§�Ér %ò
�¾Ó�̀¦ ÅÒ��H ��Ér	כ ��m�t�ëß�, #Q�"� type �̀¦ ��6 x
�Ö¼��\� ����"f &ñ
Ãº+þA
node �� ��t���H type s� ²ú���t�>� �)a��.

�t�ëß� ¼#�
�t� ·ú§��H ��Ér	כ ³ðï�r C &ñ
Ãº type [þt ?/\�"f ²ú���t���H �.���s	כ ���r� ³ðï�r C &ñ
Ãº type [þt\�

@/K�"f ���/åL
���� ��A�ü< °ú s� ������÷&#Q e����.
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/* ²À­Öá C ­ÍòªÁ type ¤Ûå. ¬È ¨µ¬Ïå£µ¬Ç ªÖáª £̧Ûá integer_type_kind ¦Ûå
ª ¬́Õò³Éî£È¤´. */

extern tree integer_types[itk_none];

#define char_type_node integer_types[itk_char]
#define signed_char_type_node integer_types[itk_signed_char]
#define unsigned_char_type_node integer_types[itk_unsigned_char]
#define short_integer_type_node integer_types[itk_short]
#define short_unsigned_type_node integer_types[itk_unsigned_short]
#define integer_type_node integer_types[itk_int]
#define unsigned_type_node integer_types[itk_unsigned_int]
#define long_integer_type_node integer_types[itk_long]
#define long_unsigned_type_node integer_types[itk_unsigned_long]
#define long_long_integer_type_node integer_types[itk_long_long]
#define long_long_unsigned_type_node integer_types[itk_unsigned_long_long]

0Ao�Û¼àÔ?/\� type[þt×�æ&h�{©�ô�Ç�
s����&ñ	כ÷&#Ql�2�¤÷&>�÷&��HX<,&h�{©�ô�Ç��¹1Ô��HÀÒ�2;s¦̀�	כ int fits type p
() �<ÊÃºs���. s� �<ÊÃº��H K�{©� value \� @/ô�Ç &h�{©�ô�Ç type �̀¦ ¹1Ô�̀¦ �â
Äº true \�¦ ìøÍ8̈�ô�Ç��.
Õª!3� &ñ
Ãº+þAI��� ����� t�Ãº+þAI��� z�́Ãº +þAd��Ü¼�Ð ��� ñ�� [þt#Q�̧��� #Qb�G>� |̈c��? Äº���&h�Ü¼�Ð ����̂&h�

��� Õüw��_� "é¶+þA�̀¦ copy ����H ���Ãº\� V,�_þvm���. \V\�¦ [þt#Q [O�"î
�̀¦ ô�Ç�����, ��A�ü< °ú �Ér ���Ãº\�¦ ������½+É M:,
lex number �� t�Ãº\�¦ K�$3�K��� ½+É ���½Ós� e���̀¦ M:, copy ���Ãº\� “0.23e-01” \�¦ 4�¤��K� Z�}��H��.

int we=0.23e-01;

Õª���Êê Õüw�� +'\� ·¡­�̀¦ Ãº e����H suffix \� @/ô�Ç %�o�\�¦ 
�>� �)a��. Õüw��\� @/ô�Ç &ñ
�Ð�� °úכs� e���̀¦ Ãº e���¦,
suffix \� @/ô�Ç l� ñ�̧ e���̀¦ Ãº e��l� M:ë�H\� éß�{9��o 
�l� 0AK� ��A�ü< °ú �Ér ½̈�̧�̂\�¦ ��6 xK�"f $��©�
�>� �)a
��.

struct pf_args
{
/* Input */
const char *str;
int fflag;
int lflag;
int base;
/* Output */
int conversion_errno;
REAL_VALUE_TYPE value;
tree type;

};

y��y��\� @/K� ���r� [O�"î
�̀¦ ô�Ç����� ��A�ü< °ú ��.

• str

0A\�"f ���/åLô�Ç copy ���Ãº_� �í���'��� #�l� $��©��)a��.

• fflag

‘f’ <�Ê�Ér ‘F’ suffix \�¦ 0Aô�Ç �.���s	כ s� suffix �� [O�&ñ
|̈c �â
Äº 1 �Ð �íl��o�)a��.

• lflag

‘l’ <�Ê�Ér ‘L’ suffix \�¦ 0Aô�Ç �Ü¼�Ð	כ [O�&ñ
�)a �â
Äº 1 �Ð [O�&ñ
�)a��.

• base
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t��FK K�$3�
��¦ e����H Õüw��_� ���Ãº\�¦ ú́�ô�Ç��. Õüw��_� +þAI��� 10 ���Ãºs����, °úכ 10 s� $��©�÷&#Q
e���¦, 16 ���Ãºs���� °úכ 16 s� $��©�÷&#Q e����.

• conversion errno

z�́]j decimal-to-binary���8̈��̀¦
���H1lxîß�µ1ÏÒqtô�Ç �̧ÀÓ��� ñ.7£¤ë�H��\P��Ð ½̈$í
�)aÕüw��\�¦z�́
]j REAL VALUE TYPE Ü¼�Ð ����â

����"f µ1ÏÒqtô�Ç errno \�¦ ú́�ô�Ç��. �ÃÐ�¦&h�Ü¼�Ð ú́�
�t�ëß�
REAL VALUE TYPE ��H �9����� ��6 x
���H (��ÉÓ'�\�"f��H int[5] �Ð ½̈$í
�)a C�\P�s���.

• value

z�́]j decimal-to-binary ���8̈��̀¦ :�xK� ����o�)a output °úכ. #�l�\� (��ÉÓ'��� ·ú����Ðl� a%~>� ���
+þA�)a °úכs� z�́]j �>rF�ô�Ç��. s���s	כ ��×�æ\� TREE node \�¦ ½̈$í

���HX< ìøÍ%ò
�)a��.

• type

s� °úכs� ��4R�� 
���H TREE node _� type �̀¦ ���&ñ
ô�Ç��. l��:r&h�Ü¼�Ð “double” +þA�̀¦ ÆÒ��;
�
�¦ e��Ü¼��, ½̈$í
���¹�èכ fflag �� 1 �Ð [O�&ñ
÷&#Q e���̀¦ �â
Äº “float”, lflag �� [O�&ñ
÷&#Q e���̀¦ �â

Äº “long double”, ���%i� ���Ãº flag single precision constant �� [O�&ñ
÷&#Q e���̀¦ �â
Äº, “float”
�� [O�&ñ
�)a��.

z�́]j Output �̀¦ REAL VALUE TYPE \� {����H ���\O��Ér ��A�_� ÀÒ�2;s� }����H��.

if (args->base == 16)
args->value = REAL_VALUE_HTOF (args->str, TYPE_MODE (args->type));

else
args->value = REAL_VALUE_ATOF (args->str, TYPE_MODE (args->type));

s�]j 0A\�¦ :�xK� Ãº|9�ô�Ç &ñ
�Ð\�¦ :�xK�"f z�́]j TREE node \�¦ ½̈$í
ô�Ç��. z�́]j TREE node ½̈$í
�Ér ��A�_� ÀÒ
�2;\�"f }����H��.

if (imag)
value = build_complex (NULL_TREE, convert (type, integer_zero_node),

build_real (type, real));
else

value = build_real (type, real);

s� ÀÒ�2;\�"f imag ����H ���Ãº��H ‘i’ <�Ê�Ér ‘I’ suffix �� Õüw��+'\� ·¡­#Qe��Ü¼���, 1 �Ð [O�&ñ
�)a��. 7£¤ 4�¤�èÃº Òqt$í
s�
É+½¹כ��9 �â
Äº\�ëß� build complex () �<ÊÃº��  ñØ�¦÷& 9, z�́Ãº Òqt$í
r�\���H build real () �<ÊÃº\�¦  ñØ�¦
�>� �)a��.

4.1.2 lex charconst

s� ��Ér	כ CPP CHAR <�Ê�Ér CPP WCHAR ü< °ú �Ér token s� ���d��÷&%3��̀¦ M:  ñØ�¦÷&��H �Ü¼�Ð	כ ��A�ü< °ú s�
‘ë�H��’ �� ������|̈c M:  ñØ�¦�)a���¦ �Ð��� �)a��.

int we=’a’;

s� �<ÊÃº��H 4�¤���ô�Ç {9��̀¦ 
�t� ·ú§Ü¼ 9, ë�H��\P��Ð ½̈$í
÷&#Q e����H ë�H��\�¦ HOST WIDE INT �Ð ���8̈�r�v���H �	כ
s� �̧��H {9�s���. s� ë�H��_� TREE node _� type \� @/K�"f�̧ Òqty��K� ú<�� 
���HX<, C \�"f ë�H�� �©�Ãº��H type
‘int’ \�¦ ��t� 9, C++ \�"f��H ‘char’ \�¦ ��t��¦ e��t�ëß� multi-char charconst [þt�Ér type ‘int’ \�¦ ��t��¦ e����.
build int 2 () �<ÊÃº\�¦ :�xK�"f l��:r&h���� TREE node \�¦ ëß�[þt�¦ ��t�}��Ü¼�Ð &h�{©�ô�Ç type �̀¦ V,�#Q ÅÒ>� �)a��.

4.1.3 lex string

CPP STRING<�Ê�Ér CPP WSTRINGs�K�$3�÷&%3��̀¦M:,s�\� ú́���H TREE node\�¦Òqt$í

�l�0AK�s��<ÊÃº\�¦
��6 x
���HX<,s��<ÊÃº_�%i��Ö̧�Ér×�æ¹כô�Ç�.������ëß�%i���H�����,çß�éß�K	כ build string ()�<ÊÃº\�¦:�xK�"f TREE\�
@/ô�Ç@/ÂÒì�r_�l��:r[O�&ñ
�)a node\�¦ëß���HÊês���s	כ CPP STRING{9�M:��H typeÜ¼�Ð char array type node
\�¦, CPP WSTRING {9� �â
Äº wchar array type node \�¦ [O�&ñ

���H ��s	כ ���ÂÒs���.
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4.2 cpp get token () Áþ�ÊÁ

s� �<ÊÃº\�¦  ñØ�¦
�>� ÷&��H c lex () �<ÊÃº��H z�́]j�Ð C �èÛ¼�Ð ÂÒ'� token �̀¦ 
��� 
��� {9�#Q"f K�$3�
�t� ·ú§�¦,
CPP PADDING \�¦ l�ï�rÜ¼�Ð %�o�
�>� ÷&��HX<, #�l�"f CPP PADDING ��H C �èÛ¼_� white space \�¦ ��ØÔ
v���H �Ü¼�Ð	כ /BNÑþ�s���, tab ë�H��[þts� #�l�\� K�{©�|̈c Ãº e����. /BNÑþ�Ü¼�Ð ��è�H Êê, �� Qt� ÂÒì�r\� @/K�"f��H
s� !lo���\�"f ���/åL½+É cpp get token () �<ÊÃº�� %�o�
�>� �)a��. s� �<ÊÃº_� %i��Ö̧�Ér cpp token ½̈�̧�̂\�¦ ¢-a$í
r�
v���H �.���s	כ

context→prev �� NULL {9� �â
Äº, cpp lex token () �<ÊÃº\�¦  ñØ�¦
�>� �)a��. @/ÂÒì�r_� �â
Äº s� �<ÊÃº��  ñ
Ø�¦÷&>� �)a��. s� �<ÊÃº\�"f��H token �̀¦ {���̀¦ /BNçß�, 7£¤ tokenrun s� ÂÒ7á¤½+É �â
Äº G�Äº�¦, ��r� cpp lex direct
() �<ÊÃº�Ð �Å�l�>� �)a��.

cpp lex token () �<ÊÃº\�"f ¢̧ô�Ç C ���#Q\�"f ��6 x÷&��H macro \� @/K�"f�̧ %�o�
�>� ÷&��HX<, s�\� @/K�
"f��H ���Ér !lo���\�"f ���/åL
���2�¤ 
���x��.

cpp lex direct () �<ÊÃºÂÒ'� �:r���&h�Ü¼�Ð y�� token _� 'Í	���P: /åJ��\� ���� #Qb�G>� %�o�÷&Ö¼���� ½̈ì�r÷&
#Q�����. Äº��� Õª ½̈ì�r\� [þt#Q��l� ·ú¡"f ���r� ���/åLK��� ½+É ÂÒì�rs� e����HX<, [j��t� &ñ
�̧s���.
'Í	P:, s� �<ÊÃº_� ���õ��Ð ìøÍ8̈�÷&��H result _� ÅÒ�è��H pfile→cur token++ _� °úכs���. ��A�_� !lo��� “Token

_� �'ao�” \�¦ �Ð��� ���̧��xt�ëß�, tokenrun �̀¦ :�xK� �'ao�÷&l� M:ë�H\� s��Qô�Ç operation �̀¦ Ãº'��½+É Ãº e����.
ÑütP:, z�́]j C �èÛ¼��H pfile→buffer ?/\� �>rF�ô�Ç��. z�́]j Õª token _� 'Í	���P: ë�H��\�¦ SX����
�l� 0AK�"f ��

A�ü< °ú s� ]X���H
�#� {9���H��.

buffer = pfile->buffer;
c = *buffer->cur++;

s� ���Ãº c °úכ\� ���� %�o�÷&��H ½̈ì�rs� ²ú���t���H �.���s	כ
!Ó	P:, ���õ��Ð ìøÍ8̈�÷&��H result→flags °úכ�Ér buffer→saved flags _� °úכ\� %ò
�¾Ó�̀¦ ~ÃÎ��H����H �.���s	כ Dh�Ðs�

result /BNçß��̀¦ ½+É{©� ~ÃÎ�Ér Êê, result→flags °úכs� s� �<ÊÃº_� %�6£§ ÂÒì�r\�"f buffer→saved flags �Ð [O�&ñ
s� ÷&
#Q�����.
s�]j �:r���&h�Ü¼�Ð y�� c °úכ\� ���� %�o� õ�&ñ
�̀¦ �Ð>� |̈cJ$�X<, Õª %�o�\� ·ú¡"f Äºo�\�>� ×�æ¹כô�Ç ��Ér	כ s� �<Ê

Ãº�ÐÂÒ'� ìøÍ8̈�÷&��H result _� ½̈$í
��¹�èכ #Qb�G>� [O�&ñ
÷&��Ht��� ���©� ×�æ¹כ
�l� M:ë�H\� s� &h��̀¦ ×�æ&h�&h�Ü¼�Ð
�Ð 9, Õª ü@ ���Ér %ò
�¾Ó�̀¦ p�u�t� ·ú§��H ÂÒì�r�Ér skip ½+É �.���s	כ

• /BNÑþ�ë�H�� <�Ê�Ér \0
c °úכs� /BNÑþ� ë�H��{9� �â
Äº, ���ÂÒ skip 
�>� �)a��. ëß���� c °úכs� ‘\0’ \�¦ ����è­q �â
Äº, ���õ�°úכ_�
type �Ér CPP EOF �� �)a��.

• \n <�Ê�Ér \r
GCC �� �'ao�
���H '��, \P�\� @/K� Dh�Ðs� &ñ
o�
��¦, Õª ×�¦s� ��t���H :£¤fç
, 7£¤ cpp buffer
_� saved flags [þt�̀¦ Dh�Ðs� [O�&ñ
K� ï�r��. ëß���� s� ×�¦_� _�p��� directive �� ��u�́ �â
Äº,
pfile→keep token s� [O�&ñ
÷&#Q e��t� ·ú§Ü¼���, tokenrun �̀¦ Dh�Ðs� [O�&ñ

��¦ goto ë�HÜ¼�Ð Dh
r����ô�Ç��. ëß���� s� ×�¦_� _�p��� directive {9� �â
Äº, ���õ�°úכ_� type �̀¦ CPP EOF �Ð [O�&ñ

�
�¦ =åQ���2;��.

• ‘?’ <�Ê�Ér \\
C ���#Q\�"f \\ _� _�p���H #��Q ×�¦\� ���5g statement \�¦ ���$í
½+É M: ��6 x
�l� M:ë�H\� ×�æ¹כ
�
t� ·ú§�¦, ‘?’ �� �̀¦ �â
Äº ���õ�°úכ_� type �̀¦ CPP QUERY �Ð [O�&ñ
ô�Ç��.

• Õüw�� (0 ÂÒ'� 9 ��t�)

���õ�°úכ_� type �̀¦ CPP NUMBER �Ð [O�&ñ

��¦ ��A�_� ½̈ë�H�̀¦ Ãº'��ô�Ç��.

parse_number (pfile, &result->val.str, c, 0);

• ‘L’
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L �Ð r����½+É �â
Äº :£¤Z>�ô�Ç _�p�\�¦ ��t��¦ e����HX<, wide character [þt <�Ê�Ér ë�H��\P�[þt_� r����
°ú9}כ�Ãºe��l�M:ë�Hs���.ëß���� wide character[þt<�Ê�Érë�H��\P�[þt_�r����°ú9}כ��â
Äº,K�{©����½Ó
�̀¦ %�o�
��¦ ìøÍ8̈��)a��. s�XO� �â
Äº ���õ�°úכ_� type �Ér CPP WSTRING <�Ê�Ér CPP WCHAR
�Ð [O�&ñ
÷& 9, ë�H��\P��̀¦ K�$3�
�l� 0AK� ��A�_� ÀÒ�2;s�  ñØ�¦�)a��.

parse_string (pfile, result, c);


�t�ëß� ÅÒ_�K��� ½+É ��s	כ e����HX<, @/ë�H�� L �Ð r����
���H identifier �̧ �>rF�½+É Ãº e��l� M:ë�H
s���. ��A�\�"f identifier \� @/K� ·ú����Ð��x��.

• @/�èë�H�� [a-zA-Z ]

���õ�°úכ_� type \� CPP NAME �̀¦ [O�&ñ

��¦ ��A�_� ÀÒ�2;�̀¦ Ãº'��ô�Ç��.

result->val.node = parse_identifier (pfile);

0A_� ÀÒ�2;�̀¦ Ãº'��ô�Ç Êê Named operator [þt�̀¦ Õª[þt &h�{©�ô�Ç type [þt�Ð ���8̈�ô�Ç��. Named
operator °ú �Ér �â
Äº C++ \�"fëß� K�{©�÷&l� M:ë�H\� �¦�9½+É ¹��Hכ��9 \O��̀¦ �.���s	כ

• ‘\” <�Ê�Ér ‘”’

ë�H��\P� <�Ê�Ér ë�H��_� r����e���̀¦ ·ú� Ãº e����. ë�H��\P�{9� �â
Äº ���õ�°úכ_� type �Ér CPP STRING
Ü¼�Ð, ë�H��{9� �â
Äº CPP CHAR �� [O�&ñ
÷& 9, ��A�_� ÀÒ�2;s� Ãº'���)a��.

parse_string (pfile, result, c);

• ‘/’

s� ë�H����H #��Q _�p�\�¦ ��|9� Ãº e����H ë�H���Ð+�, GCC \�"f��H ��A�ü< °ú �Ér _�p�\�¦ ?/�í½+É
Ãº e����.

/* ü< °ú �Ér C ���#Q comment _� r���� ë�H��.
×�æ¹כô�Ç ?/6 xs� \O�Ü¼m�, Skip.

// ü< °ú �Ér C++ ���#Q comment _� r���� ë�H��.
×�æ¹כô�Ç ?/6 xs� \O�Ü¼m�, Skip.

/= ü< °ú �Ér ��¾ºl� ���íß�
���õ�°úכ_� type �̀¦ CPP DIV EQ �Ð [O�&ñ
ô�Ç��. Õªü@_� {9��Ér 
�t� ·ú§��H��.

/ ü< °ú �Ér ��¾ºl� ���íß�
buffer→backup to\�e����H°ú̀�כ¦ buffer→cur\�V,��¦���õ�°úכ_� type �̀¦ CPP DIV
�Ð [O�&ñ
ô�Ç��. Õªü@_� {9��Ér 
�t� ·ú§��H��.

• ‘<’

s� ë�H���̧ #��Q _�p�\�¦ ��|9� Ãº e����H ë�H���Ð+�, GCC \�"f��H ��A�ü< °ú �Ér _�p�\�¦ ?/�í½+É
Ãº e����.

Directive ?/\�"f_� _�p�{9� �â
Äº
s� �â
Äº��H ��A�ü< °ú s� include ½̈ë�H�̀¦ K�$3�½+É M: $í
wn�|̈c Ãº e����.
#include <stdio.h>

s� °ú �Ér �â
Äº < ë�H���� [þt#Q��l� M:ë�H���X<, GCC \�"f��H
pfile→state.angled headers \�¦ [O�&ñ
�<ÊÜ¼�Ð+� �&³F�_� 0Au�\�¦ ·ú��9ï�r��.

<= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP LESS EQ �Ð [O�&ñ

��¦ =åQ�·p��.

<< {9� �â
Äº

���õ�°úכ_� type �̀¦ CPP LSHIFT �Ð [O�&ñ

��¦ =åQ�·p��.
<<= {9� �â
Äº
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���õ�°úכ_� type �̀¦ CPP LSHIFT EQ �Ð [O�&ñ

��¦ =åQ�·p��.
<? {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MIN �Ð [O�&ñ

��¦ =åQ�·p��.

<? = {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MIN EQ �Ð [O�&ñ

��¦ =åQ�·p��.

<: {9� �â
Äº
���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP OPEN SQUARE �Ð Ãº&ñ
ô�Ç��.

<% {9� �â
Äº
���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP OPEN BRACE �Ð Ãº&ñ
ô�Ç��.

< {9� �â
Äº

buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦ ���õ�°úכ_� type �̀¦
CPP LESS �Ð [O�&ñ
ô�Ç��. Õªü@_� {9��Ér 
�t� ·ú§��H��.

• ‘>’

s� ë�H���̧ #��Q _�p�\�¦ ��|9� Ãº e����H ë�H���Ð+�, GCC \�"f��H ��A�ü< °ú �Ér _�p�\�¦ ?/�í½+É
Ãº e����.

<= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP GREATER EQ �Ð [O�&ñ

��¦ =åQ�·p��.

>> {9� �â
Äº

���õ�°úכ_� type �̀¦ CPP RSHIFT �Ð [O�&ñ

��¦ =åQ�·p��.
>>= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP RSHIFT EQ �Ð [O�&ñ

��¦ =åQ�·p��.

>? {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MAX �Ð [O�&ñ

��¦ =åQ�·p��.

>? = {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MAX EQ �Ð [O�&ñ

��¦ =åQ�·p��.

> {9� �â
Äº

buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦ ���õ�°úכ_� type �̀¦
CPP GREATER �Ð [O�&ñ
ô�Ç��. Õªü@_� {9��Ér 
�t� ·ú§��H��.

• ‘%’

%= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MOD EQ �Ð [O�&ñ

��¦ =åQ�·p��.

%: {9� �â
Äº
���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP HASH �Ð Ãº&ñ

� 9, buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,���H
��.

%:%: {9� �â
Äº
���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP PASTE �Ð Ãº&ñ
ô�Ç��.

%> {9� �â
Äº

���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP CLOSE BRACE �Ð Ãº&ñ
ô�Ç��.

% {9� �â
Äº
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buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦ ���õ�°úכ_� type �̀¦
CPP MOD �Ð Ãº&ñ
ô�Ç��.

• ‘.’

. {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP DOT �Ð [O�&ñ

��¦ buffer→backup to \� e����H °ú̀�כ¦

buffer→cur \� V,���H��.
... {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP ELLIPSIS �Ð [O�&ñ

��¦ =åQ�·p��.

.[0-9] {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP NUMBER �Ð [O�&ñ

��¦, ��A�ü< °ú �Ér ÀÒ�2;�̀¦ Ãº'��ô�Ç��.
parse_number (pfile, &result->val.str, c, 1);

.* {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP DOT STAR �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘+’

++ {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP PLUS PLUS �Ð [O�&ñ

��¦ =åQ�·p��.

+= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP PLUS EQ �Ð [O�&ñ

��¦ =åQ�·p��.

+ {9� �â
Äº
buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦, ���õ�°úכ_� type �̀¦
CPP PLUS �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘−’

− > {9� �â
Äº

���õ�°úכ_� type �̀¦ CPP DEREF �Ð [O�&ñ

��¦ =åQ�·p��.
− > ∗ {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP DEREF STAR �Ð [O�&ñ

��¦ =åQ�·p��.

−− {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MINUS MINUS �Ð [O�&ñ

��¦ =åQ�·p��.

− = {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MINUS EQ �Ð [O�&ñ

��¦ =åQ�·p��.

− {9� �â
Äº
buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦, ���õ�°úכ_� type �̀¦
CPP MINUS �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘&’

&& {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP AND AND �Ð [O�&ñ

��¦ =åQ�·p��.

&= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP AND EQ �Ð [O�&ñ

��¦ =åQ�·p��.

& {9� �â
Äº
buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦, ���õ�°úכ_� type �̀¦
CPP AND �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘|’
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|| {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP OR OR �Ð [O�&ñ

��¦ =åQ�·p��.

| = {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP OR EQ �Ð [O�&ñ

��¦ =åQ�·p��.

| {9� �â
Äº
buffer→backup to\�e����H°ú̀�כ¦ buffer→cur\�V,��¦,���õ�°úכ_� type �̀¦ CPP OR
�Ð [O�&ñ

��¦ =åQ�·p��.

• ‘:’

:: {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP SCOPE �Ð [O�&ñ

��¦ =åQ�·p��.

:> {9� �â
Äº
���õ�°úכ_� flags \� DIGRAPH \�¦ OR ���íß�K�"f �8
��¦ ���õ�°úכ_� type �̀¦
CPP CLOSE SQUARE �Ð Ãº&ñ
ô�Ç��.

: {9� �â
Äº
buffer→backup to \� e����H °ú̀�כ¦ buffer→cur \� V,��¦, ���õ�°úכ_� type �̀¦
CPP COLON �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘*’

*= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MULT EQ �Ð [O�&ñ

��¦ =åQ�·p��.

* {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP MULT �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘=’

== {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP EQ EQ �Ð [O�&ñ

��¦ =åQ�·p��.

= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP EQ �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘!’

!= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP NOT EQ �Ð [O�&ñ

��¦ =åQ�·p��.

! {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP NOT �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘ˆ’

ˆ= {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP XOR EQ �Ð [O�&ñ

��¦ =åQ�·p��.

ˆ {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP XOR �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘#’

## {9� �â
Äº
���õ�°úכ_� type �̀¦ CPP PASTE �Ð [O�&ñ

��¦ =åQ�·p��.

# {9� �â
Äº
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���õ�°úכ_� type �̀¦ CPP HASH �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘∼’

���õ�°úכ_� type �̀¦ CPP COMPL �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘,’

���õ�°úכ_� type �̀¦ CPP COMMA �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘(’

���õ�°úכ_� type �̀¦ CPP OPEN PAREN �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘)’

���õ�°úכ_� type �̀¦ CPP CLOSE PAREN �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘[’

���õ�°úכ_� type �̀¦ CPP OPEN SQUARE �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘]’

���õ�°úכ_� type �̀¦ CPP CLOSE SQUARE �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘{’
���õ�°úכ_� type �̀¦ CPP OPEN BRACE �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘}’
���õ�°úכ_� type �̀¦ CPP CLOSE BRACE �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘;’

���õ�°úכ_� type �̀¦ CPP SEMICOLON �Ð [O�&ñ

��¦ =åQ�·p��.

• ‘@’

���õ�°úכ_� type �̀¦ CPP ATSIGN �Ð [O�&ñ

��¦ =åQ�·p��. @ ��H objective C _� punctuator s�
��.

• ‘$’

ëß���� CPP OPTION (pfile, dollars in ident) �� [O�&ñ
÷&#Q e�������, 7£¤ identifier \� $ ë�H��\�¦
��6 x
��̧2�¤ )�|ÃÌô�Ç����� identifier �Ð K�$3�|̈c �.���s	כ

• Õªü@_� �̧��H ë�H��
���õ�°úכ_� type �̀¦ CPP OTHER �Ð [O�&ñ

��¦ ���õ�°úכ_� val.c \� t��FK ì�rÀÓ_� l�ï�rs� ÷&��H
ë�H�� c \�¦ V,��¦ =åQ�·p��.
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4.3 Number ÿ? String, Identifier �+ %�h�

GCC �� Õüw��\�¦ ëß�z�¤�̀¦ M: #Qb�G>� %�o�\�¦ ½+É��? (7£¤, #�l�\�"f��H parse number () �<ÊÃº_� ÀÒ�2;�̀¦ [O�"î
Ùþ¡
��.) Õüw��\�¦ %�o�ô�Ç����H ��Ér	כ [0-9\.+\-eEpP] \�¦ %�o�ô�Ç����H �¦̀�	כ ú́�ô�Ç��. Õª!3� GCC �� K�$3�ô�Ç Õüw����H #Q
n�\� $��©�|̈c��? Õª\� @/ô�Ç ²ú��̀¦ ¹1Ô�̀¦�9��� ���%i� ���Ãº parse in _� u buff ½̈$í
¦�\¹�èכ ¶ú�(R�Ð��� ²ú�s� �Ð{9� �	כ
s���. s���Ér	כ unaligned +þAI�\�¦ ��t���H ë�H��\P� $��©��ès���. GCC \�"f��H Õüw��\�¦ %�o�½+É M: s�/BM\� $��©��̀¦

��¦ Õª\� @/ô�Ç pointer \�¦ cpp token _� val.str \� l�2�¤ô�Ç��.

(parse string () �<ÊÃº\� @/ô�Ç [O�"î
) ë�H��\P� ¢̧ô�Ç ���%i� ���Ãº parse in _� u buff ½̈$í
�\¹�èכ $��©�H�d�̀¦ SX�
���½+É Ãº e����. 
�t�ëß� ë�H��\P� %�o� õ�&ñ
\�"f è�H\� 8A��H &h��̀¦ g1LÜ¼�����, Trigraph ü< Digraph \�¦ %�o�
���H
õ�&ñ
s� �>rF�ô�Ç����H �.���s	כ Õª ü@\��̧ #include directive ü< °ú �Ér �̧�	כ s� parse string () �<ÊÃº\�"f %�o��)a
����H &h�s���. ë�H��\P��̧ ��ðøÍ��t��Ð u buff \� $��©�
��¦ Õª\� @/ô�Ç �í���'�\�¦ val.str \� l�2�¤ô�Ç��.
0A ���%i� ���Ãº parse in _� u buff ½̈$í
�\¹�èכ @/K�"f��H 6 ÅÒ ë�H"f��� “l�ìøÍ ���\O� (1) struct cpp reader êøÍ”

\�¦ �ÃÐ�̧
���.
(parse identifier () �<ÊÃº\� @/ô�Ç [O�"î
) GCC �� identifier \�¦ ëß�z�¤�̀¦ �â
Äº��H ��6£§õ� °ú s� %�o�ô�Ç��. @/éß�

ô�Ç ?/6 x�Ér \O��¦, ���õ�&h�Ü¼�Ð �èÛ¼ �ï×¼�� e����H pfile→buffer→cur \�¦ {9�#Q"f, ISIDNUM B�ß¼�Ð�� �ÃÐ{9� M:
��t� ������ô�Ç Êê, K�$3�ô�Ç s�2£§�̀¦ l�ìøÍÜ¼�Ð ��A�ü< °ú �Ér ÀÒ�2;�̀¦ z�́'��ô�Ç��.

result = (cpp_hashnode *)
ht_lookup (pfile->hash_table, base, cur - base, HT_ALLOC);

���õ�&h�Ü¼�Ð���%i����Ãº ident hash\�$��©�÷&>�÷& 9, ht lookup�<ÊÃº��ìøÍ8̈�ô�Ç result��H cpp token→val.node
\� [þt#Q�� ìøÍ8̈�÷&>� �)a��.
ëß���� identifier��#��Q×�¦\����5ge������, dollar($)<�Ê�Ér ?l� ñ��[þt#Q��e���̀¦�â
Äº, parse identifier slow

() �<ÊÃº\�¦  ñØ�¦
�>� �)a��.

V� 5 â�
 Token �+ ®̧�h�

GCC \�"f��H Ãºú́§�Ér token [þt�̀¦ ëß���>� |̈cJ$�X<, Õª[þt�Ér #Qb�G>� s� ú́§�Ér �¦̀�	כ �'ao�
�>� ÷&��H �����? Õª��\	כ
@/K�"f��H struct tokenrun ½̈�̧�̂\�¦ ·ú����� ½+É �.���s	כ s� ½̈�̧�̂\� @/K�"f��H 6 ÅÒ ë�H"f��� “l�ìøÍ ���\O� (1)
struct cpp reader êøÍ” \� ½̈�̧�̂\� @/ô�Ç [O�"î
s� [þt#Q�� e��l� M:ë�H\� Õª�¦̀�	כ �ÃÐ�̧
�l� ��êøÍ��.

struct tokenrun ½̈�̧�̂��H GCC �� {9�#Q[þts���H Ãºú́§�Ér token �̀¦ �'ao�
���H ½̈�̧�̂s���. s� ½̈�̧�̂��H
struct cpp reader *parse in ?/ÂÒ\� ������÷&#Q e����HX<, Õª ×�æ base run ½̈$í
¹�è��Hכ ����̂&h���� tokenrun _� r�
��� ÂÒì�r�̀¦ ��ØÔv���H .���¹�èsכ 7£¤, s� ½̈$í
�_¹�èכ prev �� next �� Òqt�����8���̧, %�6£§\� ëß�[þt#Q ��� ��s	כ
s��¦������s	כ >�5Åq ��ØÔv��¦ e����. cur run ½̈$í
¹�è��Hכ �&³F� �Ö̧1lx×�æ��� tokenrun �̀¦ ��ØÔv��¦ e����. @/ÂÒì�r
250 >h &ñ
�̧_� token �̀¦ 0Aô�Ç /BNçß��̀¦ ��t��¦ e��Ü¼ 9, s� /BNçß�s� Tq̀ ���ÃÛ�̀¦ �â
Äº\�, cur run �Ér Dh�Ðî�r °úכÜ¼
�Ð ����â
÷&>� �)a��.
Õª!3� ���]js� /BNçß�s� Tq̀ ���ÃÛ��Ht�\�¦ �����
���H ��ÕªÂÒì?���9}	כr�Ér cpp lex token_�%�6£§ÂÒì�r\�l�Õüt÷&

#Q e����. Õªo��¦ s� /BNçß�s� ����o
���H ì�rl�&h��Ér �>rF�
�t� ·ú§��H��? Õª ÂÒì�r�Ér token s� ‘\n’ õ� °ú �Ér newline
ë�H��\�¦ ëß�z�¤�̀¦ M: ������ 9, cpp lex direct () �<ÊÃº\� �Ð�����. í�H"f@/�Ð ��r� &h�Ü¼��� ��A�ü< °ú s� É+½���¹כ
Ãº e����x��.

• struct cpp reader *parse in �̀¦ %�6£§ ëß�[þt M:, %�6£§Ü¼�Ð base run ½̈$í
�_¹�èכ token /BNçß��̀¦ 250 >h �Ö̧
{©�
��¦, cur run s� s��¦̀�	כ ��ØÔv�>� [O�&ñ
ô�Ç��. Õªo��¦ cur token �̀¦ cur run.base �Ð ��ØÔv�>� ëß�[þt
#Q Z�~��H��.

• Õª��� ��6£§\� token �̀¦ \P�d��y� K�$3�ô�Ç��. y�� token \� ���� cur run _� /BNçß��̀¦ cur token \� ½+É{©�
���H
ÂÒì�r�Ér cpp lex direct _� 'Í	ÂÒì�r\� ��ü< e����.

• token �̀¦K�$3�
�����s� token �̀¦V,��̀¦/BNçß�s�ÂÒ7á¤ô�Çt������\�¦
�>�÷&��HX<,ÕªÂÒì�rs� cpp lex token
() �<ÊÃº ÂÒì�rs���. next tokenrun () �<ÊÃº\�¦ ��6 x
�#� Dh�Ðî�r cur run 6 x token /BNçß��̀¦ ëß�×¼��HX<, s����
\� æ¼~�� /BNçß��Ér cur run.prev \� V,��¦, cur token �̀¦ Dh�Ð ½+É{©��)a cur run.base \� V,�6£§Ü¼�Ð+� linked
list \�¦ ëß���H��.

• ��r� \P�d��y� token �̀¦ K�$3�
� 9 Áú¢��H��.
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• cpp lex direct () �<ÊÃº\�"f token %�o�\�¦ 
����� ‘\n’ <�Ê�Ér ‘\r’ \�¦ ëß������, t��FK K�$3�
���H statement
�� directive �� ��u�́ �â
Äº, parse in ½̈$í
¹�èכ ×�æ 
������ keep tokens \�¦ ¶ú�(R�Ð>� ÷&��HX< ëß���� token
�̀¦Ä»t�½+É�9¹כ���\O�Ü¼��� cur run �̀¦ base runÜ¼�ÐF�[O�&ñ

��¦���õ�°ú̀�כ¦{���̀¦ result\�¦ base run.base
�Ð [O�&ñ
ô�Ç��. ��t�}��Ü¼�Ð �&³F� %�o�
��¦ e����H token �̀¦ ��ØÔv���H cur token °ú̀�כ¦ result + 1 °úכÜ¼�Ð
[O�&ñ

�>� �)a��.

���r� ��[jy� ¶ú�(Rú<�� ½+É ÂÒì�r�̧ e����HX<, parse in ½̈$í
¹�èכ ×�æ 
������ keep tokens �� Õª�.���s	כ token
�̀¦ K�$3�
����Ð��� Õªzª� Õª /BNçß��̀¦ F���6 x½+É Ãº�̧ e����H �â
Äº�� e����HX<, s� °úכs� 1 s� ��u�́ �â
Äº, token s� F�
��6 x÷&t� ·ú§��H��.

V� 6 â�
 Macro �+ %�h�

s� /BM\�"f��H GCC \�"f directive \�¦ #Qb�G>� %�o�
���Ht�\� @/K�"f ·ú����Ð�̧2�¤ 
���.

6.1 Directive �+ Ä©Å]�

GCC \�"f ��6 x
���H directive [þt�Ér B�ß¼�Ð DIRECTIVE TABLE \� ��[jy� [O�"î
÷&#Q e����. ��A�\�"f ��[j
ô�Ç &ñ
_�\�¦ �̂¦ Ãº e����.

/* struct directive ¬Ç ¡È¬×á field ¦Ûå ¬Ä³Éá ¡Éï¤Ûå. KANDR directive ¤Ûå¬Ûá

traditional (K&R) C ¬¹ª¸ ¬Å¦µ¤¿¬ÍñªÛî£È¤´. STDC89 directive ¤Ûå¬Ûá

1989 C standard ¬¹ª¸ ¬Å¦µ¤¿¬ÍñªÛî£È¤´. EXTENSION directive ¤Ûå¬Ûá

³ÒÞ­Éò²Éá¬Ýî£È¤´. */

5 #define KANDR 0

#define STDC89 1

#define EXTENSION 2

/* struct directive ¬Ç flags field ¦Ûå ¬Ä³Éá ¡Éï¤Ûå. COND £Ûá ­¼¡Íá̈Á¦Ûå

10 ¡ ¦́Æ°Ýî£È¤´; IF COND £Ûá opening conditional ¦Ûå ¬Ç§È. INCL £Ûá ‘‘. . .’’

¬½ <. . .> ¦Ûå ¡ÉÞ¡ÉÞ q-char ¬½ h-char ¦¼ Ä¡Ûî³Éí¬Ûåכ ¬Ç§È³Éî£È¤´. IN I £Ûá

¬È directive ¡´ -fpreprocessed ¬¹ ¬Ïò³Ëò¬Ûå ¨Éä¤ ¦̧´¡¼ ¤ ¦́Á¬ ­̧º¬¶ ³Éí¬Ûå

¬Ç§È³Éî£È¤´. (Callback hook ¤Ûå¬Ûå ¡ ­́È£Ûá directive ¤Ûå¬È ­Ñá­µ³Éî£È¤´.) */

#define COND (1 << 0)

15 #define IF COND (1 << 1)

#define INCL (1 << 2)

#define IN I (1 << 3)

/* ¬È¡Íð¬Ûá directive handler ¤Ûå¬Ç table ¬È¤´. ¬È¡Íð¬Ûá ¨ÉåªÊò ¨Ýá¤¼¬¹ ¥´¦´ ­Íò¦Ïå¤¿¬¸

20 ¬Ýñ¬Æ§º, ¢Ûö ¨Íá³¼£Ûá ³Ïá­µ ¬Á¦È¡´ ª¼ªÆ code ­Íá¹¬¹כª¸ ª´¬Õò¤¿£Ûá directive ¬Ç ªÁ¬È¤´.

(1999-05-18 £Éå egcs ¬½ libc CVS, ¡¸¡È¬¹ grub-0.5.91 ¬½ linux-2.2.9,

pcmcia-cs-3.0.9 ¦Ûå ¤ ³̧Éá¤´.) ¬È­¹ directive lookup ¬È O(1) ¦ £́Ûá ¡Íð¬Ûá ¨Ïå¦¼

­Öò¬À³´­È ¬Éã¤´. #warning £´ #include next ¬½ ¡Éö¬Ûá ¤ ¦́Ûá ³ÒÞ­Éò¤Ûå¬Ûá §¼¤Á © ­́º

¬Ýñ¤´. ¬È¦Ûí¬Ûá ³ÒÞ­Éò¬È ¬ ¤̧È¬¹ª¸ £ ±́ £́´£Ûá­È¦Ûå £´± £́µ¡¼ ¬Ýñ¤´. */

25

#define DIRECTIVE TABLE \
D(define, T DEFINE = 0, KANDR, IN I) /* 270554 */ \
D(include, T INCLUDE, KANDR, INCL) /* 52262 */ \
D(endif, T ENDIF, KANDR, COND) /* 45855 */ \

30 D(ifdef, T IFDEF, KANDR, COND | IF COND) /* 22000 */ \
D(if, T IF, KANDR, COND | IF COND) /* 18162 */ \
D(else, T ELSE, KANDR, COND) /* 9863 */ \
D(ifndef, T IFNDEF, KANDR, COND | IF COND) /* 9675 */ \
D(undef, T UNDEF, KANDR, IN I) /* 4837 */ \

35 D(line, T LINE, KANDR, 0) /* 2465 */ \
D(elif, T ELIF, STDC89, COND) /* 610 */ \
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D(error, T ERROR, STDC89, 0) /* 475 */ \
D(pragma, T PRAGMA, STDC89, IN I) /* 195 */ \
D(warning, T WARNING, EXTENSION, 0) /* 22 */ \

40 D(include next, T INCLUDE NEXT, EXTENSION, INCL) /* 19 */ \
D(ident, T IDENT, EXTENSION, IN I) /* 11 */ \
D(import, T IMPORT, EXTENSION, INCL) /* 0 ObjC */ \
D(assert, T ASSERT, EXTENSION, 0) /* 0 SVR4 */ \
D(unassert, T UNASSERT, EXTENSION, 0) /* 0 SVR4 */ \

45 SCCS ENTRY /* 0 SVR4? */

/* #sccs £Ûá ³ÉòªÉò ¬ÝáªÝÞ¤¿­È£Ûá ¬Éã£Ûá¤´. */

#ifdef SCCS DIRECTIVE

# define SCCS ENTRY D(sccs, T SCCS, EXTENSION, 0)

50 #else

# define SCCS ENTRY /* nothing */

#endif

��t�}��\� �̂¦ Ãº e����H SCCS ENTRY ��H #sccs directive \�¦ ����?/��HX<, s���Ér	כ �½Ó�©� ��6 x÷&��H ��s	כ ��
m�l� M:ë�H\�,  Q������� ²ú���|9� Ãº e����.
Õª!3� s� B�ß¼�Ð\�¦ #Qb�G>� ��6 x½+É��? GCC \�"f��H s� B�ß¼�Ð\�¦ s�6 xK�"f ¹ô�Çכ��9 #��Q &ñ
�Ð\�¦ Òqt$í
ô�Ç��.

Õª ×�æ #��Q &ñ
�Ð\�¦ {���̀¦ ½̈�̧�̂ ¢̧ô�Ç ]j/BN
���HX<, struct directive �� Õª�s� 9	כ ��A�\� ��\P�
�%i���.

typedef void (*directive_handler) PARAMS ((cpp_reader *));
typedef struct directive directive;
struct directive
{
directive_handler handler;
const U_CHAR *name;
unsigned short length;
unsigned char origin;
unsigned char flags;

};

s� ½̈�̧�̂��H 
���_� #-directive \�¦ &ñ
_�
� 9 Õª�¦̀�	כ #Qb�G>� ��Ò�¦ ��\����t	כ @/ô�Ç ?/6 x�̧ �í�<Êô�Ç��. Äº��� y��
½̈$í
�_¹�èכ l�0pxÂÒ'� ��A�\� ��\P�
��̧2�¤ 
���x��.

• handler

Directive \�¦ ��Ò�¦ �<ÊÃº.

• name

Directive _� s�2£§.

• length

s�2£§_� U�́s�.

• origin

Directive _� l�"é¶

• flags

s� Directive \�¦ ³ð�&³
���H l� ñ

s� ½̈�̧�̂\�¦ s�6 x
�#� ���%i� ���Ãº dtable \� y��y��\� @/ô�Ç l�2�¤�̀¦ 
�>� ÷& 9, ���%i� ��� dtable �Ér ��6£§õ� °ú �Ér
B�ß¼�Ð_� ���1lx�̀¦ :�xK� [O�&ñ
�)a��.
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#define D(name, t, origin, flags) \
{ CONCAT2(do_,name), (const U_CHAR *) STRINGX(name), \
sizeof STRINGX(name) - 1, origin, flags },

static const directive dtable[] =
{
DIRECTIVE_TABLE
};
#undef D
#undef DIRECTIVE_TABLE

0A_� ?/6 x�̀¦ �Ð��� CONCAT2 B�ß¼�Ð\�¦ ?/ÂÒ\�"f ��6 x
��¦ e��6£§�̀¦ ·ú� Ãº e����HX<, y�� B�ß¼�Ð s�2£§\� do ...
s� ·¡­s���H �¦̀�	כ _�p�
� 9, \V\�¦ ��H�����, define directive _� �â
Äº, CONCAT2 B�ß¼�Ð\� _�K� do define ����H
s�2£§Ü¼�Ð [O�&ñ
÷&>� �)a��. _�p�\�¦ ����������, do ... [þt�Ér �̧¿º handler �Ð+� z�́]j y�� directive \�¦ ëß�z�¤�̀¦ M:
%�o�½+É �<ÊÃº [þts���. ¢̧ô�Ç s� handler \� @/ô�Ç �������̧ K�1>�� ½+É �.���s	כ s� �<ÊÃº��H ��A�ü< °ú s� ������ô�Ç��.

#define D(name, t, o, f) static void CONCAT2(do_,name) PARAMS ((cpp_reader *));
DIRECTIVE_TABLE
#undef D

¢̧ô�Ç y�� directive \� @/ô�Ç s�2£§�̀¦ \P����� (enum) �Ð ��6 x
�l� 0AK� ��A�ü< °ú s� ������
�l��̧ ô�Ç��.

#define D(n, tag, o, f) tag,
enum
{
DIRECTIVE_TABLE
N_DIRECTIVES

};
#undef D

6.2 Directive �+ �� ��́

s�]j 0A\�"f ���/åLô�Ç directive ½̈$í
"é¶[þt�Ér z�́]j Lexer �� C �èÛ¼\�¦ %�o�
����"f µ1Ï|
�
�>� ÷&��� s�\�¦ %�o�½+É
Ãº e���̧2�¤ ëß�[þt#Q1>�� ô�Ç��. s���Ér	כ “���#Q _��>r&h� �íl��o”\�"f s�ÀÒ#Qt�>� ÷&��HX<, t��FK��t�_� ë�H"f\�"f
��H s� ÂÒì�r\� @/K�"f��H ���/åLô�Ç &h��Ér \O�%3���. p�o� s� macro %�o� ÂÒì�r\� @/K�"fëß� ���/åLô�Ç����� z�́]j 1px2�¤
�Ér cpp init directives () �<ÊÃº\� _�K�"f s�ÀÒ#Qt�>� �)a��.
çß�éß�ô�Ç �<ÊÃºs� 9, ��A�ü< °ú �Ér õ�&ñ
s� �̧¿º ��s���.

void
_cpp_init_directives (pfile)

cpp_reader *pfile;
{
unsigned int i;
cpp_hashnode *node;

for (i = 0; i < (unsigned int) N_DIRECTIVES; i++)
{

node = cpp_lookup (pfile, dtable[i].name, dtable[i].length);
node->directive_index = i + 1;

}
}

Óüt�:r ��r� ���/åL
�t� ·ú§���̧ ÷&��xt�ëß�, ��r� ú́�
���� cpp lookup () �<ÊÃº\�¦ :�xK�"f s�2£§�̀¦ 1px2�¤½+É �â
Äº,
���õ�&h�Ü¼�Ð String Pool �̀¦ {��{©�
���H ���%i� ���Ãº ident hash \� $��©�|̈c �.���s	כ #�l�"f ¶ú�(Rú<�� ½+É ��Ér	כ
directive index \�¦ [O�&ñ
ô�Ç����H �.���s	כ
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6.3 %�h�ø5� directive $�*�×�¿�æ·

s� 
�0A !lo���\�"f��H directive \�¦ %�o�½+É M: Õª directive _� �̧��H &ñ
�Ð\�¦ $��©�½+É M: ��6 x
���H ½̈�̧�̂ü< z�́]j
GCC �èÛ¼\�"f %�o�ô�Ç B�ß¼�Ð\�¦ &h�6 x½+É M: ��6 x
���H ½̈�̧�̂\� @/K� ·ú����Ð�̧2�¤ 
���. GCC \�"f��H struct
cpp macro ½̈�̧�̂\�¦ ��6 x
�#� y�� directive \� @/ô�Ç &ñ
�Ð\�¦ $��©�
�>� ÷&��HX<, ��[jô�Ç ���½Ó�Ér ��A�ü< °ú ��.

struct cpp_macro
{
cpp_hashnode **params;
cpp_token *expansion;
unsigned int line;
unsigned int count;
unsigned short paramc;
unsigned int fun_like : 1;
unsigned int variadic : 1;
unsigned int syshdr : 1;

};

y�� �\¹�èכ @/K�"f [O�"î
�Ér 
���� ��A�ü< °ú ��.

• params

s� �������)a directive _� parameter [þt�̀¦ ��t��¦ e����.

• expansion

Replacement list _� %�6£§ token �̀¦ ��t��¦ e����HX<, #�l�"f replacement list êøÍ

\#define foo(a) int a, b;

���¦ ������
�%i������, “int a, b;”\�¦ ��t�>� �)a����H �.���s	כ

• line

s� directive �� �������)a ×�¦ ��� ñ

• count

Replacement list _� (7£¤, expansion \�"f_�) token >hÃº.

• paramc

Parameter [þt_� Ì�	Ãº.

• fun like

ëß���� function-like macro ����� [O�&ñ
.

• variadic

ëß���� variadic macro ����� [O�&ñ
.

• syshdr

ëß���� system header \� &ñ
_��)a macro ����� [O�&ñ
.

s� ½̈�̧�̂\� directive \� @/ô�Ç �̧��H &ñ
�Ð\�¦ l�2�¤
�>� �)a��. Õª!3� z�́]j�Ð s� ½̈�̧�̂�� #Qb�G>� ��6 x÷&��Ht�\�
@/K�"f��H ��6£§ !lo���ÂÒ'� ���/åL|̈c �.���s	כ
s�]j GCC \� z�́]j B�ß¼�Ð�� &h�6 x÷&%3��̀¦ M: Õª\� @/ô�Ç ?/6 x�̀¦ &h�6 x
���HX<, ��6 x÷&��H ½̈�̧�̂\� @/K� ·ú�

���Ð�̧2�¤ 
���. ��A�\�"f ¶ú�(R�̂¦ ½̈�̧�̂��H �<ÊÃº +þAI��Ð ������÷&#Q e����H B�ß¼�Ð�� ���Ér �þt\�"f]	כ �̂¦ Ãº e��
��H argument [þt�̀¦ {����HX<, ��6 x÷&��H �.���s	כ \V\�¦ [þt#Q [O�"î
ô�Ç�����, ��A�ü< °ú �Ér \V]j�� ÅÒ#Q&���̀¦ M:
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#define foo(a, b) (a > b)
foo(1, 2)

0A_� ¿º���P: ×�¦\�"f ‘(’ ü< ‘)’ ��s�\� e����H 1 õ� 2 \�¦ $��©�
���H �¦̀�	כ ú́�ô�Ç��. s� ½̈�̧�̂_� "é¶+þA�Ér ��A�ü< °ú 
s� ������÷&#Q e����.

typedef struct macro_arg macro_arg;
struct macro_arg
{
const cpp_token **first;
const cpp_token **expanded;
const cpp_token *stringified;
unsigned int count;
unsigned int expanded_count;

};

y��y��\� @/ô�Ç [jÂÒ [O�"î
�Ér ��A�ü< °ú s� &ñ
_�÷&#Q e����.

• first

Unexpanded argument ?/ 'Í	���P: token.

• expanded

Macro-expanded argument.

• stringified

Stringified argument.

• count

Argument ?/ token [þt_� #.

• expanded count

Expanded argument ?/ token [þt_� #.

6.4 Directive �+ %�h�

t��FK��t� GCC \�"f ��6 x
���H directive \� Áº%Á	s� e��Ü¼ 9, #Qn�\�"f 1px2�¤
���Ht� Õªo��¦ #Qn�\� $��©�÷&��H
t� ·ú����Ð��¤��. s�]j z�́]j�Ð GCC \�"f��H s� directive \�¦ ���d��
���� #Qb�G>� '��1lx
���Ht� ·ú����Ð�̧2�¤ ô�Ç��.

C ���#Q\�"f��H Lexer �� directive \�¦ ëß�z�¤�̀¦ �â
Äº, Õª\� @/K� 
���m�� :�xG��Ð %�o�\�¦ 
�>� �)a��. y�� token
\� @/K�"f yacc \�>� [�t�9ÅÒ#Q yacc �� %�o�
��̧2�¤ 
���H ��s	כ ��m���, # (CPP HASH) token �̀¦ ëß�z�¤�̀¦ �â

Äº, Õªü< �'aº���)a �̧��H token [þt�̀¦ %�o�ô�Ç Êê �Å�#Q��>� �)a��.

C ���#Q\�"f��H s���s	כ directive ���t� �����t�\�¦ ½̈ì�r
���H l�ï�rs� # l� ñ s� 9, GCC �� s� # l� ñ\�¦ K�
$3�½+É�â
ÄºìøÍ8̈��Ö̧ cpp token_� typeÜ¼�Ð CPP HASH\�¦[O�&ñ

�>��)a��.
�t�ëß�s� CPP HASHl� ñ��H��
�Ð yacc \� ìøÍ%ò
÷&t���H ·ú§�¦ cpp lex token () �<ÊÃº\� ������÷&#Q e����H cpp handle directive () �<ÊÃº\� _�K�
%�o��� ¢-a«Ñ�)a +' >�5Åq %�o�÷&>� �)a��.
ú́��Ð [O�"î

�l�\���H ô�Ç>��� e��Ü¼m�, \V]j\�¦ :�xK�"f [O�"î

��̧2�¤ 
���x��.

#define foo(a) b

0Aü< °ú �Ér ë�H�©��̀¦ %�o�ô�Ç���¦ Òqty��
����, ��A�ü< °ú s� ��\P�½+É Ãº e����x��.

1. Äº��� 
���_� token �̀¦ %�o�
�l� 0AK�"f cpp get token () �<ÊÃº��  ñØ�¦|̈c �.���s	כ

2. Äº��� cpp lex token () �<ÊÃº��H ��r� cpp lex direct () �<ÊÃº\�¦  ñØ�¦½+É �.���s	כ
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3. s� �<ÊÃº\�¦ :�xK�"f 'Í	���P: token s� # e���̀¦ ���d��
��¦ CPP HASH ���¦ [O�&ñ
ô�Ç Êê ������̀¦  ñØ�¦ô�Ç �<Ê
Ãº\�>� cpp token ���õ�\�¦ ìøÍ8̈�ô�Ç��.

4. cpp lex token () �<ÊÃº\�"f��H �&³F� %�o�
��¦ e����H token s� directive ����H ��z�́�̀¦ ·ú���¤l� M:ë�H\�,
cpp handle directive () �<ÊÃº\�¦ :�xK�"f >�5Åq %�o�
��̧2�¤  ñØ�¦ô�Ç��.

5. cpp lex token () �<ÊÃº��H ��r� cpp lex token () �<ÊÃº\�¦  ñØ�¦
�#� # ��6£§\� e����H token �̀¦ {9�#Q [þt���
��. s� �<ÊÃº\�"f ident hash \� [þt#Q e����H “define” identifier \� @/ô�Ç cpp hashnode \�¦ %3�>� �)a��. Õª
o��¦ s�p� 0AK�"f K�{©� cpp hashnode→directive index \� “���#Q 1lqwn�&h� �íl��o”\�"f ��� ñ\�¦ �íl��o
K�Z�~��¤l� M:ë�H\� s�\�¦ s�6 x
�#� K�{©� directive \� @/ô�Ç handler \�¦ ½̈½+É Ãº e����.

6. cpp hashnode→directive index \�¦ :�xK� K�{©� directive _� handler \�¦ ���%i����Ãº dtable \�"f ½̈ô�Ç��.

7. ���d��ô�Ç struct directive _� °ú̀�כ¦ parse in→directive \� V,��¦, z�́]j handler ��� do define () �<ÊÃº\�¦ Ãº
'��ô�Ç��.

6.5 Directive handler

0A_� \V]j\�¦ >�5Åq [O�"î

��̧2�¤ 
���. #define ½̈ë�H_� �â
Äº do define () handler �<ÊÃº�� Ãº'��÷&��HX<, s�/BM
\� Äº��� lex macro node () �<ÊÃº\�¦ :�xK� define _� s�2£§�̀¦ %3�>� �)a��. s�\� @/ô�Ç s�2£§s� e���̀¦ �â
Äº, z�́]j�Ð
cpp create definition () �<ÊÃº\�¦ s�6 x
�#� s�\� @/ô�Ç &ñ
�Ð\�¦ ëß�[þt>� ÷& 9, cpp create definition () �<ÊÃº��H
cpp macro \� &ñ
�Ð\�¦ $��©�
�>� �)a��. z�́]j�Ð cpp macro \�¦ Dh�Ðs� Òqt$í

��¦ Õª\� @/ô�Ç &ñ
�Ð\�¦ V,���H ��Ér	כ
�̧¿º s� �<ÊÃº\�"f Ãº'��
�>� �)a��.
���õ�&h�Ü¼�Ð Õª!3� cpp macro ½̈�̧�̂��H #Qn�\� [þt#Q����H �?���9}	כ do define () �<ÊÃº\�"f��H K�{©� #define

s� C ���#Q\�"f ��6 x|̈c s�2£§\� @/ô�Ç node \�¦ ½̈
�%i���HX<, Õª node \�¦ cpp create definition () �<ÊÃº\�>� |	�
?/%3���. 7£¤ cpp macro ½̈�̧�̂��H s� node \� [þt#Q��>� �)a��. #Qb�G>� #Q�"� í�H"f�Ð [þt#Q����Ht���H s�]j ·ú���
�Ð�̧2�¤ 
���.
��A���H cpp create definition () �<ÊÃº_� Ãº'��õ�&ñ
s���.

1. Äº��� cpp macro \�¦ 
��� ½+É{©�ô�Ç��. s� ½̈�̧�̂\� @/K�"f��H 0A_� “%�o�ô�Ç directive $��©��è” !lo����̀¦ �ÃÐ
�̧
�l� ��êøÍ��. Dh�Ðs� ½+É{©��̀¦ ô�Ç cpp macro \� ½̈$í
¹�èכ line �̀¦ [O�&ñ
ô�Ç��.

2. s�]jÂÒ'� z�́]j B�ß¼�Ð s�2£§ foo ��6£§ÂÒ'� >�5ÅqK�"f token �̀¦ K�$3�K� ������ ô�Ç��. 0A_� \V]j\�"f��H
“(a) b”�� z���� e��Ü¼Ù¼�Ð, ‘(’ �Ð	�HÂÒ'� K�$3�|̈c �.���s	כ #�l�"f ���/åLK��� ½+É ��Ér	כ ‘(’ ü< ‘)’ ��s�\� �>r
F�
���H ��Ér	כ parameter [þts�����H �.���s	כ ���õ�&h�Ü¼�Ð s� parameter [þt�Ér cpp macro _� params \� [þt
#Q��>� ÷&�¦, Õª parameter [þt_� Õüw���� paramc \� [þt#Q��>� �)a��. Õª!3� s� paramter [þt�Ér #Qn�\� $�
�©�÷&��Ht��� ë�H]j���X<, s� parameter [þt�Ér parse in→a buff \� í�H"f@/�Ð $��©��)a��.

3. ‘(’ ü< ‘)’ ��s�\� parameter [þts� �>rF�
�l� M:ë�H\�, s� define ½̈ë�H�Ér �<ÊÃº +þAI�s�l�\� cpp macro ½̈
$í
���¹�èכ fun like �� 1 �Ð [O�&ñ
�)a��.

4. s�]j “b” \�¦ K�$3�K��� ½+É 	�YVs���. s� &ñ
�Ð��H z�́]j ��×�æ\� C ���#Q\�"f foo(LLL) s����¦ ������
�%i��̀¦
M:, “b” �Ð ����oK��� M:ë�H\�, s� &ñ
�Ð[þt�Ér �̧¿º expansion \� [þt#Q���� ½+É �.���s	כ #�l�"f K�$3��)a �̧
��H token ¢̧ô�Ç parse in→a buff \� í�H"f@/�Ð $��©�÷&>� ÷& 9, token _� Õüw���� ½̈$í
���¹�èכ count \� [þt
#Q��>� �)a��.

5. s�]j cpp macro \�¦ ½̈$í
K��� ½+É ¹�è[þt�Érכ �̧¿º [þt#Q��>� ÷&%3���. s�]j s� cpp macro \�¦ define B�ß¼
�Ð s�2£§ node \� V,�#Q�� 
���HX<, ��A�ü< °ú s� Ãº'��K�"f V,���H��.

node->type = NT_MACRO;
node->value.macro = macro;

y�� ½̈$í
�\¹�èכ @/ô�Ç &ñ
�Ð��H “06-l�ìøÍ ���\O� (1) struct cpp reader êøÍ” ë�H"f\�¦ �ÃÐ�̧
�l� ��êøÍ��.
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6.6 %�h�ø5� directive �+ �\�£� 

s� 
�0A !lo���\�"f��H 0A\�"f %�o�
�#� Òqt$í
�)a B�ß¼�Ð\� @/ô�Ç &h�6 xs� #Qb�G>� s�ÀÒ#Qt���Ht� ¶ú�(R�Ð�̧2�¤ 
�

��. ��A�\� 0A_� \V]j\�¦ ���çß� Ãº&ñ
ô�Ç Dh�Ðî�r \V]j\�¦ �Ð��.

#define foo(a) int a;
foo(b)

Òqt$í
�)a B�ß¼�Ð_� s�2£§�Ér foo s���. #define ½̈ë�HÜ¼�Ð ��6 x
�%i�l� M:ë�H\�, ��A�ÂÒ'� foo ����H identifier \�¦
ëß������ ‘int a’ ½̈ë�HÜ¼�Ð ����â
�̀¦ K�1>�� ô�Ç��. 0A_� \V]j\�"f��H foo(b) \�¦ ������÷&%3�l� M:ë�H\�, ���õ�&h�Ü¼�Ð��H

int b;

0A_� \V]j�� �������)a ��õ	כ ��ðøÍ��t��Ð &h�6 x÷&��H �.���s	כ Õª!3� GCC \���H s�XO�>� %�o�
�l� 0AK� #Qb�G>� 
�
�¦ e����Ht� ��A�\�"f ¶ú�(R�Ð�̧2�¤ 
���.
0A\�"f��H foo ����H B�ß¼�Ð�� #Qb�G>� Òqt$í
÷&��Ht� �Ð��¤��. ��6£§ ¿º���P: ×�¦\���H s� �������)a B�ß¼�Ð\�¦ ������

ô�Ç ½̈ë�Hs� ���:r��. ¿º���P: ×�¦_� foo \�¦ ëß�z�¤�̀¦ M:, GCC \�"f #Qb�G>� '��1lx
���Ht�\� @/K� �̧"î
�̀¦ K��� ½+É �	כ
s���.

1. Lexer �� foo \�¦ {9�>�÷&��HX<, s�p� 0A\�"f ���%i� ���Ãº ident hash \� foo \�¦ #define s� ������|̈c M:, ëß�[þt
#Q Z�~��¤l� M:ë�H\�, K�{©� foo \� @/ô�Ç cpp hashnode \�¦ %3�>� �)a��. s� node→type = NT MACRO s�
�¦, node→value.macro = macro �� ������÷&%3�6£§�̀¦ 0AK�"f ú́�
�%i���.

2. s�]j s� ���õ�°ú̀�כ¦ ìøÍ8̈�~ÃÎ�Ér cpp get token �<ÊÃº\�"f��H s� node \�¦ SX���� ô�Ç Êê NT MACRO {9� �â
Äº,
enter macro context () �<ÊÃº\�¦  ñØ�¦�<ÊÜ¼�Ð+� B�ß¼�Ð\�¦ %�o�½+É ï�rq�\�¦ ô�Ç��. Õª!3� ï�rq� õ�&ñ
�Ér #Qb�G
>� 
���H �?���9}	כ Õª\� @/ô�Ç ²ú��Ér cpp context ½̈�̧�̂�� ��t��¦ e����. s� ½̈�̧�̂_� [O�&ñ
�Ér “06-l�ìøÍ ���
\O� (1) struct cpp readerêøÍ”ë�H"f\�¦�ÃÐ�̧
�l����� 9, cpp context ½̈�̧�̂?/\�@/�̂½+É token[þt_� list
V,��¦, Õª\� @/ô�Ç list \�¦ parse in→context \� V,�6£§Ü¼�Ð+� ï�rq�\�¦ ¢-a«Ñ
�>� �)a��.

3. Õª!3�ï�rq���¢-a«Ñ�)aÊê,#Q�"�õ�&ñ
�̀¦��u���Ht�\�@/K�s���l�\�¦ô�Ç�����, cpp get token ()�<ÊÃº\�¦¶ú�(R
4�§Ü¼�Ð+�,s�K�½+ÉÃºe����.7£¤,s��<ÊÃº_��â
Äº, parse in→context\�¦¶ú�(R�Ð�¦°úכs��>rF�½+É�â
Äº,îß�\�
�>rF�
���H token[þt�̀¦ c lex ()�<ÊÃº\�>��Ð?/>��)a��.°úכs��>rF�
�t�·ú§��H�����,{9�ìøÍ&h���� cpp lex token
() �<ÊÃº��  ñØ�¦÷&#Q �����. cpp context ½̈�̧�̂�� �>rF�
���H s�Ä»��H directive �Ð ���K� ?/ÂÒ identifier ��
@/�̂|̈c ��¹כ��9 e���̀¦ �â
Äº, @/�̂|̈c token [þt�̀¦ ú̧��¦ e��l� 0AK�"f s���.

4. s�]j �̧��H context \�¦ @/�̂Ùþ¡�̀¦ �â
Äº, Õª\� @/ô�Ç context \�¦ free r�(��Ü¼�Ð+� ��6£§ token [þts� %ò
�¾Ó�̀¦
~ÃÎt� ·ú§�̧2�¤ ô�Ç��.

0A\�"f��H @/|ÄÌ&h���� õ�&ñ
\� @/K�"f ��\P��̀¦ 
�%i�l� M:ë�H\�, ��A�ÂÒ'���H z�́]j cpp context \�¦ G�Äº��H õ�
&ñ
�̀¦ Ãº'��
���H enter macro context () �<ÊÃº\� @/K� �8 ��[jy� ·ú����Ð�̧2�¤ 
���.

1. s� �<ÊÃº��t� [þt#Q�̧>� |̈c �â
Äº, 0A_� \V]j\�"f ���/åLÙþ¡1pws� foo identifier \�¦ ���d��ô�Ç �â
Äºs� 9 s�
identifier _� node _� type �Ér NT MACRO s� 9, K�{©� macro \� @/ô�Ç &ñ
�Ð��H node→value.macro \�
[þt#Q�� e����.

2. s�]j s� macro �� builtin B�ß¼�Ð���t� �����t�\�¦ ½̈ì�r
���HX<, 0A\�"f &ñ
_�ô�Ç foo ��H builtin s� ��m� 9,
�<ÊÃº +þAd��s�l� M:ë�H\� z�́]j �èÛ¼\� &ñ
_��)a parameter [þt�̀¦ K�$3�
���H éß�>�\� [þt#Qçß���.

3. 0A_� �èÛ¼\�"f��H ‘(’ ü< ‘)’ ��s�\� b ë�H�� 
���ëß� [þt#Q�� e��Ü¼ 9, z�́]j b token �̀¦ K�$3�
���H �<ÊÃº��H
funlike invocation p () �<ÊÃº?/\�"f �̧¿º Ãº'��
�>� �)a��. Äº��� s� �<ÊÃº\� [�t{9�
�l� ���\� Y>�Y>� state [þt
�̀¦ [O�&ñ
K� ×�¦ ��¹כ��9 e����.

pfile->state.prevent_expansion++;
pfile->keep_tokens++;
pfile->state.parsing_args = 1;
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y��y��_�_�p���H “06-l�ìøÍ���\O� (1) struct cpp readerêøÍ”ë�H"f\�¦�ÃÐ�̧
�l����� 9,z�́]j�Ð ‘(’ü< ‘)’��s�
_� token �̀¦ �̧Ü¼l�r����ô�Ç��.Õª!3�s� parameter (#�l�\�"f ‘b’ëß��>rF�
���HX<)[þts�#Qb�G>�&ñ
o�÷&#Q
$��©�|̈c �?�����	כ ��A� ÕªaË> 1 \�¦ �ÃÐ�̧
���� s�K�
�l� ��\�¦ �.���s	כ Parameter _� Ãº ëß��pu macro arg ½̈
�̧�̂\�¦ cpp buff \� ½+É{©�
��¦, y�� parameter ���� ��t��¦ e����H token _� Ãº ëß��pu macro arg→first[...]
\� V,�>� �)a��. Óüt�:r macro arg→first[...] \�¦ 0Aô�Ç /BNçß� ¢̧ô�Ç ·ú¡\�"f ��6 xô�Ç cpp buff ü< °ú �Ér /BM\� 0A
u�ô�Ç��.

ÕªaË> 1: %�o�ô�Ç directive _� &h�6 x

4. 0A��t� �������)a foo B�ß¼�Ð_� parameter &ñ
�Ð\�¦ ���d��
�%i�Ü¼m�, s�]j s� parameter &ñ
�Ð\�¦ z�́]j�Ð
#define \� ������÷&#Q e����H ��\	כ &h�6 x
���H ��s	כ z����¤��. 7£¤, �§�̂\�¦ K��� 
���HX<, Õª l�0px�̀¦ 
���H �<Ê
Ãº�� replace args () �<ÊÃºs���. Äº��� z�́]j SX��©��̀¦ 
�l� 0AK� ��6 x÷&��H macro arg→expanded[...] \�
argument [þt_� token [þt�̀¦ V,���H �.���s	כ V,���H õ�&ñ
�Ér expand arg () �<ÊÃº\�"f Ãº'��K� ï�r��.

5. macro arg→expanded[...] \� argument [þts� [þt#Qy�¤�����, s�]j s� argument [þt�̀¦ cpp buff \� V,�#Q��
ô�Ç��. s� cpp buff \� �̧��H �§�̂�)a token [þts� Áú¢s�>� ÷&��H �.���s	כ Óüt�:r Õª ?/6 x�Ér
macro arg→expanded[...] \�"f memcpy �Ð 4�¤���)a �.���s	כ 4�¤���� ¢-a«Ñ÷&��� s�\�¦
push ptoken context () �<ÊÃº\�¦ s�6 x
�#� Dh�Ðî�r context\�¦ ëß�[þt#Q1px2�¤
��¦ parse in→context \�V,�
��H��.

parse in→context \� ��t�}��Ü¼�Ð 1px2�¤�̀¦ 
��¦ ���2; enter macro context () �<ÊÃºÂÒ'���H s�]j s� context \�¦
%�o�
���H ��\	כ �í&h�s� ú́�2X4R e����. ���õ�&h�Ü¼�Ð padding token () �<ÊÃº\�¦ :�xK� CPP PADDING �̀¦ c lex ()
�<ÊÃº\� ìøÍ8̈�
����, s�]j context \� l�ìøÍô�Ç %�o��� s�ÀÒ#Qt�l� M:ë�Hs���.


