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2 23 ÌÁ %K�"���· k�¼ÇÐ� y 2

V� 1 â�
 23 ÌÁ %K�"���· k�¼ÇÐ� y

s���� ë�H"f\�"f��H 22 ÅÒ\�"f ���/åLÙþ¡~�� y�� ���Ãº_� ������s���~����, �<ÊÃº_� &ñ
_�[þt�Ér GCC \�"f z�́]j�Ð %�o��
>� |̈c M:, #Q*�ô�Ç operation s� {9�#Q����Ht�\� @/K�"f ¶ú�(R�̂¦ �.���s	כ

V� 2 â�
 Type �+ Ça��+

“Type _� &ñ
_�”����H ú́�ÂÒ'� [O�"î
�̀¦ ô�Ç�����, C ���#Q\�"f ���Ãº\�¦ ������½+É M:��H ìøÍ×¼r� Õª\� ú́���H K�{©� type
�̀¦ &ñ
_�\�¦ K�ÅÒ#Q�� ô�Ç��. Õª��Ér	כ int <�Ê�Ér float, double 1px1pxs� |̈c Ãº e���¦, ·ú¡\� register, static, extern 1px
1px_� storage class specifier [þt�̀¦ t�&ñ
K� ×�¦ Ãº e����. Óüt�:r attribute [þt�̧ s�\� K�{©�|̈c Ãº e����HX<, s�\� @/K�
"f��H �<ÊÃº�̧ ��ðøÍ��t��Ð &h�6 x�)a��. �<ÊÃº_� �â
Äº Õª �<ÊÃº�� %�o��� ¢-a«Ñ�)a Êê ìøÍ8̈�½+É return °úכ_� type �̀¦
t�&ñ
K� ×�¦ Ãº e����. ÕªA�"f z�́]j�Ð �̧��H ���Ãºü< �<ÊÃº�� K�$3�|̈c M:��H @/ÂÒì�r_� �â
Äº, type s� ���$� �̧�¦, ��
6£§\� ���Ãº_� s�2£§ <�Ê�Ér �<ÊÃº_� s�2£§s� �̧l� M:ë�H\� Type s� #Qb�G>� &ñ
_�÷&��Ht�\� @/K� ¶ú�(R�̂¦ ��¹כ��9 e��
��x�����x��.

Type �̀¦ $��©��>� ÷&��H ��Ér	כ $prefix/gcc/c-parse.in ��{9�\� &ñ
_�÷&#Q e����H 4 >h_� ���%i� ���Ãº\�¦ :�xK�"f
STACK +þAI��Ð �'ao��� ÷&>� �)a��.

• current declspecs

�&³F� declaration _� type �̀¦ ��t��¦ e����.

• prefix attributes

�&³F� declaration \� &ñ
_�÷&#Q e����H prefix attribute [þt�̀¦ ��t��¦ e����.

• all prefix attributes

�&³F� declaration \� &ñ
_��)a �̧��H attribute [þt\� @/ô�Ç list \�¦ ��t��¦ e����HX<, 0A\�"f �������)a
prefix attributes \�¦ �í�<Ê½+É ÷�rëß���m���, comma (,) +'\� �̀¦ Ãº e����H attribute [þt ¢̧ô�Ç �̧¿º
�í�<Êô�Ç��.

• declspec stack

·ú¡\�"f &ñ
_��)a [j>h_� ���%i����Ãº current declspecs ü< prefix attributes, all prefix attributes
�� $��©�|̈c ��¹כ��9 e���̀¦ �â
Äº, #�l�\� TREE LIST node \�¦ :�xK�"f $��©�÷&>� �)a��.

GCC \�"f��H 7á§ �8 ¼#�o��>� #��Q>h_� type &ñ
_� �'aº�� ÂÒì�r�̀¦ $��©��l� 0AK� STACK �̀¦ ��6 xô�Ç���¦ ·ú¡\�
"f ���/åL�%i���. s��Qô�Ç operation �̀¦ Ãº'���l� 0AK�"f, ¿º>h_� macro \�¦ ]j/BNô�Ç��. ���_� macro _� �â
Äº,
PUSH DECLSPEC STACK s� 9, [jÂÒ ?/6 x�Ér ��A�ü< °ú ��.

#define PUSH_DECLSPEC_STACK \

do { \

declspec_stack = tree_cons (build_tree_list (prefix_attributes, \

all_prefix_attributes), \

current_declspecs, \

declspec_stack); \

} while (0)

���Ér �����H POP DECLSPEC STACK macro s� 9, [jÂÒ ?/6 x�Ér ��A�ü< °ú ��.

#define POP_DECLSPEC_STACK \

do { \

current_declspecs = TREE_VALUE (declspec_stack); \

prefix_attributes = TREE_PURPOSE (TREE_PURPOSE (declspec_stack)); \

all_prefix_attributes = TREE_VALUE (TREE_PURPOSE (declspec_stack)); \

declspec_stack = TREE_CHAIN (declspec_stack); \

} while (0)



3 Declarator 3

PUSH DECLSPEC STACK macro _� �â
Äº, setspecs ��6\� (Yacc ë�HZO�\� &ñ
_��)a) _� �©�I�\� [þt#Q °ú� M:��
��  ñØ�¦÷&>� ÷& 9, POP DECLSPEC STACK _� �â
Äº, ���Ãº <�Ê�Ér �<ÊÃº_� ������s� ¢-a«Ñ�)a Êê  ñØ�¦÷&>� ÷&��H
��s	כ {9�ìøÍ&h�s���.
s�]j Õª!3�, z�́]j�Ð PUSH DECLSPEC STACK ��  ñØ�¦|̈c Ãº e����H �©�S!�\� @/K� ¶ú�(R�Ð�̧2�¤ ���. ����

±ú� Ãº e����H �©�S!��Ér ÕªXO�>� ���ª�ô�Ç ��Ér	כ ��m���.

• ���%i� ���Ãº\�¦ ������½+É M:, ���Ãº_� s�2£§�̀¦ %�o��l� ���\� µ1ÏÒqt½+É Ãº e���̀¦ �.���s	כ

• �<ÊÃº_� s�2£§�̀¦ %�o��l� ���\� µ1ÏÒqt½+É Ãº e���̀¦ �.���s	כ

• COMPOUND expression ?/ ·ú¡éß�\� ������÷&��H ���Ãº\�¦ %�o�½+É M: µ1ÏÒqt½+É Ãº e���̀¦ �.���s	כ

SX�z�́�>� ú́�½+É Ãº e����H ��Ér	כ ���Ãº_� ������ <�Ê�Ér �<ÊÃº_� ������s� s�ÀÒ#Q|9� M:, K�{©� ���Ãº_�, �<ÊÃº_� s�2£§�̀¦ %�
o��l� ���\� setspecs ��6\�s�  ñØ�¦÷&#Qt�>� �)a����H �.���s	כ

setspecs��6\�s�Ãº'��÷&��H1lxîß�, split specs attrs ()�<ÊÃº\�_�K�"f, current declspecsü< prefix attributes,
all prefix attributes �� \O�X<s�àÔ÷&>� �)a��. s�XO�>� \O�X<s�àÔ�)a [j >h_� ���%i� ���Ãº��H z�́]j�Ð declarator ��
6\��̀¦ %�o�½+É M:, ��6 x÷&l� ÷& 9, @/ÂÒì�r_� start ... () �<ÊÃº�� s��Qô�Ç &ñ
�Ð\�¦ ������Ð ~ÃÎ��[þts�>� �)a��.

V� 3 â�
 Declarator

s�!lo���\�"f��H declarator\�@/K�"f¶ú�(R�Ðl��Ð���x��.·ú¡!lo���\�"f���/åLô�Ç “Type_�&ñ
_�”��Hs� declarator
�� ��4R�� ½+É type \� @/K� &ñ
_�\�¦ ���H $í
���s� |9��ÉrX<, s� declarator \� @/K� &ñ
_�\�¦ ô�Ç�����, #Q�"� ���Ãº��
�<ÊÃº_� s�2£§�̀¦ �����·p���¦ çß�éß��>� ���/åL½+É Ãº e���̀¦ �.���s	כ
�t�ëß� declarator \� @/K�"f &ñ
SX��>� ���/åLô�Ç����� ��A�ü< °ú �Ér #��Q �©�S!��̀¦ {����H tree node ���¦ ½+É Ãº

e���̀¦ �.���s	כ

• IDENTIFIER

• ‘*’ IDENTIFIER

• IDENTIFIER [ expr ]

• IDENTIFIER ( parmlist )

• ( declarator )

• ....

Óüt�:r 0A\�"f �Ð��� ��\	כ ÆÒ��&h���� ÂÒì�r��t� #��Q �©�S!�s� �>rF�½+É Ãº e����HX<, ���õ�&h�Ü¼�Ð��H tree node \�¦ ½̈
$í
�#�, start ... () �<ÊÃº\� ���²ú��)a����H �Ü¼�Ð	כ É+½���¹כ Ãº e���̀¦ �.���s	כ
Õª!3� y�� �©�S!�\� ���� #Q*�ô�Ç declarator tree node �� Òqt$í
÷&>� ÷&��Ht� ¶ú�(R�Ð�̧2�¤ ���.

• int i;

éß�í�Hy� ���%i� ���Ãº +þAI��Ð int i ���¦ �������%i��̀¦ M:, declarator \� K�{©����H ÂÒì�r�Ér “i” ëß�
K�{©��̀¦ �>� ÷& 9, s�\� @/ô�Ç declarator tree node ��H ��A�ü< °ú s� Òqt$í
÷&>� �)a��.

<identifier_node 0x401819c0 i>

• int *a;

s����Ãº������\�@/ô�Ç declaratorÂÒì�r�Ér “*a”��K�{©�ÂÒì�r\�K�{©�÷& 9,s�\�@/ô�Ç tree node
��H ��A�ü< °ú s� Òqt$í
÷&>� �)a��.

<indirect_ref 0x401713fc
arg 0 <identifier_node 0x401819c0 a>>



3 Declarator 4

declarator �� ‘*’ �Ð r����½+É �â
Äº\���H $prefix/gcc/c-parse.in ��{9�\� ������÷&#Q e����H
make pointer declarator () �<ÊÃº\� _�K� Òqt$í
÷&��HX<, s� �<ÊÃº��H ‘*’ \�¦ �í�<Ê���H absolute
declarator ³ð�&³�̀¦ ìøÍ8̈�ô�Ç��. ���õ�&h�Ü¼�Ð��H INDIRECT REF \�¦ ìøÍ8̈��>� �)a��.

• int a[2];

s� ���Ãº ������\� @/ô�Ç declarator ÂÒì�r�Ér “a[2]” \� K�{©�� 9, s�\� @/ô�Ç tree node ��H ��A�ü<
°ú s� Òqt$í
�)a��.

<array_ref 0x4016c5e0
arg 0 <identifier_node 0x401819c0 a>
arg 1 <integer_cst 0x4016c5c0

type <integer_type 0x40166380 int> constant 2>>

ARRAY REF tree node _� �â
Äº, Yacc ë�HZO�_� array declarator ��6\�\�"f Òqt$í
÷&>� ÷& 9,
set array declarator type ()�<ÊÃº\�_�K�, arg 0\� “a” token\�K�{©����H identifier node��
[O�&ñ
÷&>� ÷&��H �.���s	כ

• int a[];

0A_� \V]jü< q�5pw�t�ëß�, [ ... ] ?/ÂÒ\� ³ð�&³d��s� �>rF��t� ·ú§�̀¦ �â
Äº, arg 1 �� [O�&ñ
÷&t�
·ú§�Ér �©�I�\�"f ARRAY REF tree node �� Òqt$í
÷&>� �)a��.

<array_ref 0x4016c5c0
arg 0 <identifier_node 0x401819c0 a>>

• int a[2][2];

ëß���� s�×�æ C�\P��̀¦ ���������� #Qb�G>� |̈ct� _�ë�Hs� [þt Ãº e����HX<, #�l�"f declarator ÂÒì�r�Ér
“a[2][2]” ÂÒì�rs�����H ��z�́�̀¦ s�]j ·ú� Ãº e���̀¦ �.���s	כ

<array_ref 0x4016c620
arg 0 <array_ref 0x4016c5e0

arg 0 <identifier_node 0x401819c0 a>
arg 1 <integer_cst 0x4016c5c0 constant 2>>

arg 1 <integer_cst 0x4016c600
type <integer_type 0x40166380 int> constant 2>>

• int abc ();

�<ÊÃº_� prototype ������s����Ãº_���������¦�©��'a\O��̀¦ �����¦Òqty�����H ì�r�̧ >�z�́ Ãºe����xt�
ëß�, Yacc ë�HZO�\�"f s��Qô�Ç ³ð�&³d���Ér fndef ��6\�\� �>rF����H ��s	כ ����� datadef ��6\� ÂÒì�r\�
K�{©�÷&��H ÂÒì�rs����¦ ½+É Ãº e����. #�l�"f declarator ÂÒì�r�Ér “abc ()” ÂÒì�r���X<, parameter
��H declarator \� �í�<Ê�)a����H ��z�́�̀¦ ·ú�l� ��êøÍ��. s�\� @/ô�Ç declarator tree node ��H ��A�
ü< °ú s� Òqt$í
÷&>� �)a��.

<call_expr 0x4016c5c0
arg 0 <identifier_node 0x401819c0 abc>
arg 1 <tree_list 0x401713fc>>

#�l�"f CALL EXPR node _� �â
Äº, build nt () �<ÊÃº\� _�K�"f Òqt$í
÷&>� �)a��.

• int abc (int a);

ëß���� parameter �� l�{9��)a prototype {9� �â
Äº��H, ��A�ü< °ú �Ér tree node �� Òqt$í
÷&>� �)a��.



4 Ø̧«Å�ÐÏ� (Expression) 5

<call_expr 0x4016c5c0
arg 0 <identifier_node 0x401819c0 abc>
arg 1 <tree_list 0x4017149c

purpose <parm_decl 0x40182540 a type <integer_type 0x40166380 int>
SI file <stdin> line 1
size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 result <integer_type 0x40166380 int>
initial <integer_type 0x40166380 int>
arg-type <integer_type 0x40166380 int>
arg-type-as-written <integer_type 0x40166380 int>>

chain <tree_list 0x40171474 value <integer_type 0x40166380 int>
chain <tree_list 0x40171488 value <void_type 0x4016a770 void>>>>>

#�l�"f declarator ÂÒì�r�Ér “abc (int a)” ÂÒì�rs� 9, parameter %�o��� #Qb�G>� tree node \�¦
Òqt$í
÷&>� ÷&��Ht���H ��A�\�"f >�5Åq ���/åLK� ��°ú� �.���s	כ

s�]j C ���#Q�©�\�"f ����±ú� Ãº e����H #��Q declarator \� @/K�"f �â
Äº\� ����, ¶ú�(R�Ð��¤��HX< s��Qô�Ç

declarator tree node \�¦ z�́]j�Ð ��6 x���H ÂÒì�r\� @/K�"f��H ��A�_� ���Ãºü< �<ÊÃº\�"f y��y�� ���/åLs� ÷&#Q
|9� �.���s	כ

V� 4 â�
 Ø̧«Å�ÐÏ� (Expression)

s� !lo���\�"f��H expression \� @/K�"f ·ú��� �Ð�̧2�¤ ���. {9�ìøÍ&h���� ���Ãº ������r�\���H ³ð�&³d��s� [þt#Q��t� ·ú§
��H��. �t�ëß�, C�\P��̀¦ ������ô�Ç���¦ ���©��%i��̀¦ M:, [ ... ] ��s�\� ³ð�&³d��s� [þt#Q��>� ÷&�¦ Õª ³ð�&³d���Ér ���õ�
&h�Ü¼�Ð C�\P�_� ß¼l�\�¦ �����·p��. Äº��� C�\P�\� @/K�"f ·ú����Ðl� s����\�, Operator ³ð�&³d��\� @/K�"f ���$� ·ú�
���Ð�̧2�¤ ���x��.

4.1 Operator Ø̧«Å�ÐÏ�

·ú¡_� ë�H"f\�¦ �Ð��� ·ú���xt�ëß�, ‘+’, ‘−’, ‘*’, ‘/’, ‘%’, LSHIFT, RSHIFT, ARITHCOMPARE, EQCOM-
PARE, ‘&’, ‘|’, ‘ˆ’ _� �â
Äº, �̧¿º parser build binary op () �<ÊÃº\� %�o�ô�Ç����H �¦̀�	כ �Ð��¤��. Õª!3� Äº���
parser build binary op () �<ÊÃº\�"f��H #Q�"� operation s� {9�#Q����Ht� ¶ú�(R�Ð�̧2�¤ ���. ���Ér operator ³ð�&³
d��\� @/K�"f��H >�5Åq ��A�\�"f [O�"î
K� ��°ú� �.���s	כ
s� �<ÊÃº��H binary operator [þt�̀¦ 0AK� parser \� _�K� ��6 x÷&#Qt���H entry point ���X<, ³ð�&³d���̀¦ ëß�[þt ÷�r

ëß� ��m���, Äºo���H ���Ér binary operator [þt\� _�K� æ¼#���� operand [þt\� @/K� ��6 x���� �D¥êøÍÛ¼XO�>� Ö¼��́
Ãº e����H ~½Ód��\� @/ô�Ç ������̧ ô�Ç��. �<ÊÃº\�¦ ¶ú�(R�Ð��� ·ú���xt�ëß�, @/ÂÒì�r_� Ãº'���Ér build binary op () \�"f s�
ÀÒ#Q�������H �¦̀�	כ ·ú�Ãº e���̀¦ J$�X<, Õª õ�&ñ
�̀¦ ¶ú�(R�Ð��� ��A�ü< °ú �Ér éß�>�\�¦ ���2;����H ��z�́�̀¦ SX����½+É Ãº e��
�̀¦ �.���s	כ

• ������Ð~ÃÎ��[þt��� arg 0õ� arg 1_� Type �̀¦���8̈����HÂÒì�r.#Q*�ô�Ç operator\�¦Ãº'�����HX<e��#Q"f��
�©�×�æ¹כô�Ç��_�ÉrÃº'��½+É@/�©�[þt	כ types���\�¦�â
Äº��µ1ÏÒqtô�Ç����H�Qô�Ç�s���.Õªo��¦Õª	כ operation �̀¦
&ñ
SX��>� Ãº'���l� 0AK�"f��H #Q�"� :£¤&ñ
 type Ü¼�Ð ���8̈�K� ÅÒ#Q�� ô�Ç����H �.���s	כ 7£¤ type s� narrow
÷&#Q�� ô�Ç����� a%v�Ér, wide ÷&#Q�� ô�Ç����� V,��Ér type �̀¦ ]j@/�Ð [O�&ñ
K� ÅÒ#Q�� ô�Ç��.

• ]j@/�Ð [O�&ñ
�)a Type �̀¦ :�xK�"f, z�́]j ���íß��̀¦ ½+É node \�¦ ëß���H��. s� ÂÒì�r\�"f��H ·ú¡ éß�>�\�"f %�o�ô�Ç
type õ� l��>r, arg 0 õ� arg 1 \�¦ s�6 x�#� z�́]j AST Ãºï�r\�"f_� ���íß�s� ]j@/�Ð s�ÀÒ#Q|9� Ãº e���̧2�¤
tree node \�¦ F�½̈$í
ô�Ç��.

• EXPR _� constant folding õ� ���Ér �'aº���)a simplification �̀¦ Ãº'��ô�Ç��. �'aº���)a simplification ��H x*1
=> x, x*0 => 0, l��� 1px1px�̀¦ �í�<Ê��¦ associative law _� application �̧ �í�<Êô�Ç��. Operator ³ð
�&³d�� %�o�_� ��t�}���Ér �½Ó�©� fold () �<ÊÃº\�¦  ñØ�¦�>� �)a��. “Constant folding” x9� “Associative law
simplification” _� �â
Äº, ���Ér ë�H"f\�"f ���/åL½+É �.���s	כ
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��A���H PLUS EXPR \� @/ô�Ç build binary op () �<ÊÃº_� operation s� ¦%3��̀&÷̈½¹כ M:, �<ÊÃº?/\�"f Ãº'��
���H ���'�� ~½ÓZO�\� @/K� çß�|ÄÌy� l�Õütô�Ç ?/6 xs���.

• PLUS EXPR

build binary op () �<ÊÃº_� �â
Äº build () �<ÊÃºü< ���Ér &h�s� e����HX<, �í���'�\� @/ô�Ç  »	!lr/õü�
!lr\� @/K�"f��H special handling �̀¦ � 9, Y>�Y>� þj&h��o�� s�ÀÒ#Qt�>� ÷&��HX<, PLUS EXPR
_� �â
Äº ��6£§õ� °ú �Ér operation s� {9�#Q��>� �)a��.
1. Arg 0 õ� arg 1 _� y�� type �̀¦ default conversion () �<ÊÃº\�¦ s�6 x�#� ���8̈��̀¦ �>� �)a��.
s� �<ÊÃº��H ³ð�&³d��\�"f ��6 x÷&��H C data \�¦ 0Aô�Ç default promotion [þt�̀¦ Ãº'��� 9 C�
\P�õ� �<ÊÃº[þt�Ér pointer �Ð ���8̈�÷& 9, enumeral type [þt <�Ê�Ér short, chat ��H int �Ð ���8̈�
�)a��. >�����, �����_� °úכs� ì�r"î
ô�Ç constants symbol [þt�Ér Õª °úכÜ¼�Ð @/�̂�)a��.

2. Arg 0 õ� arg 1 _� y�� type �̀¦ q��§\�¦ ���HX<, constant + constant +þAd��s� e���̀¦ Ãº e��
��xt�ëß�, pointer + constant +þAd��s� e���̀¦ Ãº e����. ëß���� pointer + constant +þAd��{9� �â

Äº pointer int sum () �<ÊÃº\�¦ :�xK�"f %�o���¦, constant + constant {9� �â
Äº, Arg 0 õ�
arg 1 _� /BN:�x type �̀¦ >�íß���̧2�¤ ô�Ç��.

3. z�́]j, /BN:�x type _� >�íß��Ér common type () �<ÊÃº\� _�K�"f Ãº'��÷& 9, >�íß�÷&#Q��� /BN
:�x type õ� default conversion () �<ÊÃº�Ð ���8̈��)a arg 0 õ� arg 1 �̀¦ ������Ð �#�, Dh�Ðs�
PLUS EXPR node \�¦ Òqt$í
ô�Ç��. s��Qô�Ç ���\O�s� ¹ô�Çכ��9 s�Ä»��H z�́]j�Ð PLUS EXPR
_� arg 0 õ� arg 1 s� ���Ér type _� °úכs� |̈c Ãº e��l� M:ë�Hs���.

4. Dh�Ð ëß�[þt#Q��� PLUS EXPR node \�¦ :�xK�"f, “Constant folding”�̀¦ Ãº'���>� �)a��. Õª
o��¦ ÕªXO�>� ëß�[þt#Q��� °ú̀�כ¦ ìøÍ8̈��>� �)a��.

s�]j &a, +1, −1, ++a, −−a, 1, !1, a++, a−−ü<°ú �Ér token �̀¦%�o����H build unary op ()�<ÊÃº\�¦¶ú�
(R�Ð�̧2�¤���.s��<ÊÃº��H unary expression\�@/ô�Ç TREE node|	�[O�x9�þj&h��o\�¦Ãº'�����H�<ÊÃºs���.�t�
ëß� build binary op () �<ÊÃºü< ����̂&h���� Ãº'�� Ð�o|ÃÌ�Ér °ú �ÉrX<, ���$� type �̀¦ &ñ
SX��>� ô�Ç Êê, Õª type �̀¦ ���½Ó
Ü¼�ÐK�"f,¹כ'õA�)a node\�¦ëß�[þt>��)a��. Assignment³ð�&³d�� ( a = 1; ) �̧ ��ðøÍ��t����¦½+ÉÃºe���̀¦�.���s	כ
&ñ
SX�ô�Ç Type [O�&ñ
�̀¦ �l� 0AK�"f, RHS _� type �̀¦ LHS \� _��>rK� ìøÍ%ò
�>� ÷& 9, convert for assignment
() �<ÊÃº\�¦ :�xK� Ãº'����¦, ���õ�&h�Ü¼�Ð build () �<ÊÃº\�¦ :�xK�"f, MODIFY EXPR �̀¦ Òqt$í
�>� �)a��.
Õª ü@_� operator ³ð�&³d��\� @/K�"f��H ���/åL�̀¦ �t� ·ú§��x��HX<, �=������ s� operation \�"f ×�æ¹כô�Ç ��Ér	כ

��6£§õ� °ú s� �l&÷���¹כ M:ë�Hs���.

• Type _� &ñ
SX�ô�Ç ���8̈�. convert (), convert for assignment () �<ÊÃº\�¦ ��6 x

• Constant folding x9� Associative law simplification þj&h��o. AST (Absract Syntax Tree) _� çß�éß�ô�Ç þj
&h��o.

• Òqt$í
 �̧|	�s� ú́�t� ·ú§��H �̧ÀÓ_� �����.

• s��Qô�Ç õ�&ñ
s� ¢-a«Ñ�)a Êê, õA�)a'¹כ TREE node _� Òqt$í
. build (), build nt (), build binary op (),
build unary op () 1px1px_� �<ÊÃº\�¦ :�xK�"f Ãº'��ô�Ç��.

4.2 Statement Ø̧«Å�ÐÏ�

s� �0A !lo����Ér q�2�¤ “³ð�&³d��” ]X�\� [þt#Qü< e��t�ëß�, s� ë�H"f_� 0A\�"f ÂÒ'� ��A��Ð Õª@/�Ð {9�l��'p í�H"f&h�
��� Áºo��� e��l� M:ë�H\�, “�<ÊÃº” ]X��̀¦ ���$� {9��Ér Êê s� �0A !lo���õ� ��A� �0A !lo����̀¦ >�5Åq {9�l� ��êøÍ��.
Õª!3� s�]jÂÒ'�, statement ³ð�&³d��\� @/K�"f ·ú����Ð�̧2�¤ ���. ·ú¡ ÅÒ\�"f ���/åL÷&%3�~�� \V]j\�¦ ���½ÓÜ¼�Ð

K�"f &h�#Q�����̧2�¤ ���x��.

(1) IF %K�

IF ë�H�̀¦ ¶ú�(R�Ðl� s����\�, IF ë�Hõ� �'aº���)a ½̈�̧�̂\� @/K�"f ¶ú�(R�Ð�̧2�¤ ���. if statement [þt�̀¦ stack +þAd��
Ü¼�Ð �'ao��l� 0AK� GCC \�"f��H if stack s�����H ½̈�̧�̂\�¦ ��6 x���HX<, if keyword ��t� �Ð���, compound
statement [þt_� Ì�	Ãº ÷�rëß� ��m���, line number ü< if �� �������)a file �̀¦ l�2�¤�>� ÷& 9, ëß���� ���F�&h���� �̧ ñ
ô�Ç else �� �Ðs������, Õª ��z�́�̀¦ ¢̧ô�Ç l�2�¤�>� �)a��. ÕªA�"f enclosing if statement �� else branch \�¦ ��t�
�¦ e��t� ·ú§����H SX����s� [þt M:, �â
�¦\�¦ ?/�Ð?/>� �)a��. s�\� @/ô�Ç ½̈�̧�̂��H ��A�ü< °ú ��.
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typedef struct
{
int compstmt_count;
int line;
const char *file;
int needs_warning;
tree if_stmt;

} if_elt;
static if_elt *if_stack;

s� ½̈�̧�̂��H $prefix/gcc/c-common.c ��{9�\�"f ¶ú�(R�̂¦ Ãº e���¦, s�ü< �8Ô�¦#Q if stack ½̈�̧�̂\�¦ 0Aô�Ç Y>�Y>�
���%i� ���Ãº\� @/K�"f�̧ ��A�\�"f ¶ú�(R�Ð��.

• if stack space

if statement stack ?/ /BNçß�_� �ª�.

• if stack pointer

Stack pointer

s� ½̈�̧�̂ x9� ���%i����Ãº��H c expand start cond () �<ÊÃº�� Ãº'��÷&���"f [O�&ñ
÷&>� �)a��.
¢̧, IF STMT node \� ~1�>� ]X���H½+É Ãº e���̧2�¤ accessor B�ß¼�Ð\�¦ GCC \�"f ]j/BN���HX<, s�\� @/K�"f��H

��A�ü< °ú ��.

/* IF_STMT Íî¡Ûá ¤́Ûå. If statement ¬Ç condition ¬¹ ¤µ³Éá, if statement ¬Ç
block ¬¹ ¤µ³Éá, §Éá¬ËÞ else block ¬È Ñáµ³Éá¤ §́Ïá, if statement ¬Ç else block
¬¹ ¤µ³Éá Íî¡Ûá¬Ûå ¤¼¬½Öá¤´. */

#define IF_COND(NODE) TREE_OPERAND (IF_STMT_CHECK (NODE), 0)
#define THEN_CLAUSE(NODE) TREE_OPERAND (IF_STMT_CHECK (NODE), 1)
#define ELSE_CLAUSE(NODE) TREE_OPERAND (IF_STMT_CHECK (NODE), 2)

Äº��� ���©� çß�éß�ô�Ç if ½̈ë�HÂÒ'� ¶ú�(R�Ð�̧2�¤ ���. @/ÂÒì�r_� statement ��H Yacc ë�HZO�×�æ select or iter stmt
��6\�\�"f r����ô�Ç���¦ ·ú¡\�"f s���l� �%i���. Õª×�æ if ½̈ë�H�Ér simple if ��6\�s� ELSE token ·ú¡éß���t� %�o��
�¦, ELSE token +'�Ð��H ��r� stmt ��6\�s� �̧�̧2�¤ C�u��#�, else if ½̈ë�Hs� e���̀¦ Ãº e����H �¦̀�	כ %�o���̧2�¤
÷&#Q e����. Õª!3� ��A�ü< °ú �Ér çß�éß�ô�Ç if ½̈ë�H�Ér #Qb�G>� %�o�÷&��Ht� 7á§ �8 ��[jy� ·ú����Ð�̧2�¤ ���.

if (1) { }

Äº��� IF token �̀¦ K�$3����H if prefix ��6\�ÂÒ'� ¶ú�(Rú<�� ½+É �.���s	כ IF ½̈ë�H�Ér condition �̀¦ K�$3��l� ���\�
IF STMT node \�¦ ìøÍ×¼r� build K��� ���HX<, Õª s�Ä»��H STMT LINENO �� “if” �� e����H ×�¦�̀¦ ��ØÔv�>�
�l� 0AK�"f s���. if ½̈ë�H_� r�����Ér c begin if stmt () �<ÊÃº�Ð r�������HX<, s� �<ÊÃº��H IF STMT node \�¦ ìøÍ
8̈���¦, Äºo���H ��×�æ\� condition õ� ���Ér ÂÒì�r[þt�̀¦ G�Ö�¦ Ãº e���̧2�¤ c expand start cond \�>� ���²ú��>� �)a
��. Äº��� c begin if stmt () �<ÊÃº�� ìøÍ8̈�ô�Ç, %�6£§_� IF STMT node \�¦ �Ð��� ��A�ü< °ú ��.

<if_stmt 0x401e0600>

��ÅÒ çß�éß��>� ½̈$í
÷&#Q e����HX<, ��f�� condition 1px_� &ñ
�Ð�� l�{9�÷&t� ·ú§��¤l� M:ë�Hs���. s�XO�>� Òqt$í
�)a
IF STMT node ��H c expand start cond () �<ÊÃº\� ·ú¡\�"f {9��Ér expr ��6\� (IF ½̈ë�H_� condition. #�l�\�"f
_� condition ³ð�&³d���Ér truthvalue conversion () �<ÊÃº\� _�K�"f Ñüt�Q����� �̧_þv�̀¦ ��¦ e���̀¦ �(.���s	כ õ� �<Ê
a� ���²ú�÷&>� ÷&��HX<, s� �<ÊÃº\�"f��H if stack ½̈�̧�̂\�¦ :�xK�"f if statement \� @/ô�Ç stack �'ao�\�¦ �>� �)a��.
#�l�\� ���²ú��)a condition _� �â
Äº, “1” s� ���ÂÒs�l� M:ë�H\� condition �Ér ��A�ü< °ú �Ér node \�¦ �Ð{9� �.���s	כ

<integer_cst 0x401d7c80 type <integer_type 0x401da380 int> constant 1>

s� �<ÊÃº\�"f z�́'��÷&��H ½̈ë�H�Ér ��A�_� ?/6 xs� ���ÂÒs���.
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IF_COND (if_stmt) = cond;
add_stmt (if_stmt);

/* ¬È if statement ¦Ûå ¡È¦ÑÞ³Éá¤´. */
if_stack[if_stack_pointer].compstmt_count = compstmt_count;
if_stack[if_stack_pointer].file = input_filename;
if_stack[if_stack_pointer].line = lineno;
if_stack[if_stack_pointer].needs_warning = 0;
if_stack[if_stack_pointer].if_stmt = if_stmt;
if_stack_pointer++;

���õ�&h�Ü¼�Ð Dh�Ðs� Òqt$í
�)a IF STMT node ��H add stmt () �<ÊÃº\� _�K�"f last tree \� 1px2�¤÷&>� ÷& 9, ¢̧ô�Ç
if stack ½̈�̧�̂\��̧ 1px2�¤÷&>� �)a��.
s�]j IF ½̈ë�H_� body �̀¦ K�$3�K��� ���HX<, �&³ \V]j\�"f��H �������)a ��s	כ �>rF��t� ·ú§t�ëß� { ... } �� ���

���÷&#Q e��l� M:ë�H\�, {, } token s� #Qb�G>� %�o�÷&��Ht�\�¦ �Ð�̧2�¤ ���. ���õ�&h�Ü¼�Ð compstmt start ��6\�õ�
compstmt nostart ��6\�\�"f %�o��>� ÷&��HX<, compstmt start ��6\�\�"f COMPOUND STMT node �� Òqt
$í
� 9, s� node \�¦ last tree \� 1px2�¤�#�, 0A\�"f Òqt$í
�)a if stack ½̈�̧�̂_� CHAIN Ü¼�Ð 1px2�¤÷&>� ÷& 9,
c finish then () �<ÊÃº\� _�K�"f IF STMT node _� THEN CLAUSE \� COMPOUND STMT �� 1px2�¤÷&>�
�)a��. Õª!3� IF STMT node _� �̧_þv�Ér þj7áx&h�Ü¼�Ð ��A�ü< °ú �Ér �̧_þv{9� �.���s	כ

<if_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171488>>

s�]j c finish then () �<ÊÃº�� =åQ��u����, c expand end cond () �<ÊÃº\�¦  ñØ�¦�#� If-then ½̈ë�H_� =åQ�̀¦ l�2�¤ô�Ç
��. s� �<ÊÃº��H ���%i� ���Ãº if stack pointer \�¦ 1 y���èr�v��¦, last expr type \�¦ NULL TREE �Ð �íl��o�<ÊÜ¼
�Ð+� s�ÀÒ#Q�����.
Õª!3� IF ½̈ë�H\� @/ô�Ç ��A�ü< °ú �Ér ���Ér \V]j\�¦ �Ð�̧2�¤ ���.

if (1) { } else { }

s� ½̈ë�H�Ér “if (1) { }” �� %�o�|̈c M:��t���H ·ú¡_� \V]jü< °ú t�ëß� +'\� { ... } \�¦ %�o����H ÂÒì�rs� ELSE ÂÒì�r
\� K�$3��l� M:ë�H\�, s�\� @/ô�Ç %�o��� ÆÒ��&h�Ü¼�Ð s�ÀÒ#Qt�>� �)a��. ELSE ½̈ë�H�̀¦ %�o��l� ���\�, ELSE
½̈ë�H_� r�����̀¦ ·ú�o���H c expand start else () �<ÊÃº��  ñØ�¦÷& 9, ELSE ½̈ë�H_� =åQ\� �̧²ú�����, c finish else
() �<ÊÃºü< c expand end cond () �<ÊÃº�� y��y��  ñØ�¦÷&#Q �����. c expand start else () �<ÊÃº��H then-clause ü<
else-clause ��s�\�  ñØ�¦÷&>� ÷&��HX<, s� ÂÒì�r\�"f enclosing if statement \� @/ô�Ç else branch \�¦ �̂¦ Ãº \O��̀¦
�â
Äº, ambiguous else �â
�¦\�¦ Òqt$í
�>� �)a��. �̧ ñô�Ç else \� @/ô�Ç q��§���H �̧|	��Ér ��A�ü< °ú ��.

if (warn_parentheses
&& if_stack_pointer > 1
&& (if_stack[if_stack_pointer - 1].compstmt_count

== if_stack[if_stack_pointer - 2].compstmt_count))
if_stack[if_stack_pointer - 2].needs_warning = 1;

s�]j, c expand end cond () �<ÊÃº�� z�́'��÷&�¦, IF ½̈ë�H K�$3��Ér ��}9� �.���s	כ ÕªA�"f þj7áx&h�Ü¼�Ð Òqt$í
�)a
IF STMT node ��H ��A�ü< °ú �Ér �̧_þv�̀¦ �>� |̈c �.���s	כ

<if_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171488>
arg 2 <compound_stmt 0x401714b0>>

¢̧ ���Ér if ½̈ë�H \V]j\� @/K�"f ¶ú�(R�Ð�̧2�¤ ���.

if (1) { } else if (1) { }
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s�\V]j��H·ú¡_�¿º if ½̈ë�H_�K�$3�õ�&ñ
s�ìøÍ4�¤÷&>��)a��.���$�\V]j_� else��t�0A\V]j¿º���P:ü<°ú >�'��1lq
��¦,+'_� if ½̈ë�H\�"f��H'Í	���P:\V]jü<°ú �ÉrÃº'���̀¦�>��)a��.��A�\�s�\�¦:�xK�Òqt$í
÷&��Hþj7áx IF STMT
node �� e����.

<if_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171488>
arg 2 <if_stmt 0x4016c620 arg 0 <integer_cst 0x40163c80 1>

arg 1 <compound_stmt 0x401714c4>>>

(2) FOR %K�

s�]j for ½̈ë�H\� @/K�"f ·ú����Ð�̧2�¤ ���. FOR STMT node \�¦ 0Aô�Ç accessor [þts� �>rF�ô�Ç��.

#define FOR_INIT_STMT(NODE) TREE_OPERAND (FOR_STMT_CHECK (NODE), 0)
#define FOR_COND(NODE) TREE_OPERAND (FOR_STMT_CHECK (NODE), 1)
#define FOR_EXPR(NODE) TREE_OPERAND (FOR_STMT_CHECK (NODE), 2)
#define FOR_BODY(NODE) TREE_OPERAND (FOR_STMT_CHECK (NODE), 3)

for ½̈ë�H_� �â
Äº, node +þA$í
 õ�&ñ
\�"f 4�¤ú̧�ô�Ç +þAI�\�¦ 8At� ·ú§��H��. FOR token �̀¦ {9�%3��̀¦ M:, ���©� çß�
éß�ô�Ç +þAI�_� FOR STMT node \�¦ ��t�>� ÷& 9, s� M:��H �íl��o, �̧|	�, update �̧|	�s� K�$3�÷&l� ���s�m�,
NULL TREE \�¦ �������. node Òqt$í
 Êê, add stmt () \�¦ ÆÒ��r�&�"f last stmt \�¦ update ��¦, y��y�� �íl��o,
�̧|	�, update �̧|	��̀¦ K�$3�ô�Ç��. “�íl��o”\�¦ K�$3�ô�Ç Êê Õª\� @/ô�Ç statement \�¦

RECHAIN_STMTS ($<ttype>2, FOR_INIT_STMT ($<ttype>2)); }

\�¦ s�6 x�#� update �>� ÷& 9, “�̧|	�” �Ér

FOR_COND ($<ttype>2) = truthvalue_conversion ($6);

\�¦ :�xK�"f 1px2�¤÷&�¦, ��t�}�� “update �̧|	�” ¢̧ô�Ç xexpr ��6\�s� ìøÍ8̈�ô�Ç $$ °ú̀�כ¦ ������Ð �#�

FOR_EXPR ($<ttype>2) =$9;

\� 1px2�¤�>� �)a��. ��t�}�� BODY _� �â
Äº, last tree \�¦ s�6 x�#�

RECHAIN_STMTS ($<ttype>2, FOR_BODY ($<ttype>2));

FOR BODY \� V,�>� �)a��. s� \V]j\� @/ô�Ç þj7áx node ��H ��A�ü< °ú s� �)a��.

<for_stmt 0x4016c600
arg 0 <expr_stmt 0x40171474>
arg 3 <compound_stmt 0x40171488>>

(3) DO WHILE %K�

DO WHILE ½̈ë�H\� @/ô�Ç accessor �Ð��H ��6£§õ� °ú �Ér ��þts]	כ �>rF�ô�Ç��.

/* DO_STMT accessor ¤Ûå. ¬È¡Íð¬Ûá ¡ÉÞ¡ÉÞ do statement ¬Ç condition ¡½
do statement ¬Ç body ¬¹ Íî¡Ûá³Éå ªÁ ¬Ýñ¤¼¦ÑÞ ³Éá¤´. */

#define DO_COND(NODE) TREE_OPERAND (DO_STMT_CHECK (NODE), 0)
#define DO_BODY(NODE) TREE_OPERAND (DO_STMT_CHECK (NODE), 1)

Ãº'�� õ�&ñ
�Ér ��6£§õ� °ú ��.

1. DO token �̀¦ K�$3�ô�Ç f��Êê, DO STMT node \�¦ Òqt$í
 Êê add stmt () �<ÊÃº\�¦ s�6 x�#� last tree \�¦
update ô�Ç��. Õªo��¦ DO STMT node _� DO COND \�¦ error mark node �Ð l�2�¤ô�Ç��. ÕªXO�t� ·ú§�̀¦
�â
Äº, Äºo���H RTL-generation M: crash ½+É �.���s	כ
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2. s�]j body \�¦ K�$3�ô�Ç��.

3. WHILE token �̀¦ ëß�z�¤�̀¦ M:, ·ú¡\�"f K�$3��)a body \�¦ DO BODY \� V,���H��. s�]j ( ... ) ��s�\� e����H
condition �̀¦ K�$3� Êê, truthvalue conversion () �<ÊÃº\�¦ :�xK� condition �̀¦ ���8̈�Êê, DO COND \� V,�>�
�)a��.

��A�ü< °ú �Ér \V]j\�¦ z�́]j GCC \�"f K�$3��̀¦ Ùþ¡�̀¦ �â
Äº,

do { } while (1);

��6£§õ� °ú �Ér DO STMT node �� Òqt$í
÷&>� �)a��.

<do_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171474>>

(4) WHILE %K�

WHILE ½̈ë�H\� @/ô�Ç accessor \�¦ ¶ú�(R�Ð��� ��A�ü< °ú ��.

/* WHILE_STMT accessors. ¬È¡Íð¬Ûá ¡ÉÞ¡ÉÞ while statement ¬Ç condition ¡½
while statement ¬Ç body ¬¹ Íî¡Ûá³Éå ªÁ ¬Ýñ¤¼¦ÑÞ ³Éá¤´. */

#define WHILE_COND(NODE) TREE_OPERAND (WHILE_STMT_CHECK (NODE), 0)
#define WHILE_BODY(NODE) TREE_OPERAND (WHILE_STMT_CHECK (NODE), 1)

WHILE ½̈ë�H_� �â
Äº, c begin while stmt () �<ÊÃº\� _�K�"f ���©� çß�éß�ô�Ç WHILE STMT �� Òqt$í
÷&�¦, ( ...
) ��s�\� �>rF����H condition s� Òqt$í
÷&���, c finish while stmt cond () �<ÊÃº\�¦  ñØ�¦�#�, WHILE COND
\� V,�>� �)a��. Óüt�:r {©����y� condition �Ér truthvalue conversion () �<ÊÃº\� _�K�"f ���8̈�s� s�ÀÒ#Qt�>� �)a
��. #�l���t� Ãº'����¦ add stmt () �<ÊÃº\�¦ :�xK� last tree \� ÆÒ��ô�Ç��. s�]j while _� body \�¦ {9��Ér Êê,
WHILE BODY \� RECHAIN STMTS B�ß¼�Ð\�¦ s�6 x�#� body \�¦ V,��Ér Êê operation s� ��u�>� �)a��. þj
7áx&h�Ü¼�Ð Òqt$í
�)a while ½̈ë�H�Ér ��A�_� \V]j\�¦ ��6 x�%i��̀¦ M:, ��6£§õ� °ú >� �)a��.

while (1) { }

\� @/K� ��6£§_� ���õ��� ���:r��.

<while_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171488>>

(4) SWITCH %K�

SWITCH ½̈ë�H\� @/ô�Ç accessor �Ð��H ��A�_� ��s	כ �>rF�ô�Ç��.

/* SWITCH_STMT accessors. ¬È¡Íð¬Ûá ¡ÉÞ¡ÉÞ switch statement ¬Ç condition ¡½
body, original condition (¬ ¥̧Íá compiler ¨Ïá³Òá¬È ¬Ýñ¡È Íá) ¬¹ ¤µ³µ Íî¡Ûá³ ¤́¼¦ÑÞ

³Éá¤´. */
#define SWITCH_COND(NODE) TREE_OPERAND (SWITCH_STMT_CHECK (NODE), 0)
#define SWITCH_BODY(NODE) TREE_OPERAND (SWITCH_STMT_CHECK (NODE), 1)
#define SWITCH_TYPE(NODE) TREE_OPERAND (SWITCH_STMT_CHECK (NODE), 2)

SWITCH ½̈ë�H_� �â
Äº, struct c switch ½̈�̧�̂\�¦ stack +þAd��Ü¼�Ð ��6 x÷&��HX<, s�\� @/K�"f ���r� ¶ú�(R�Ð�̧
2�¤ ���.

struct c_switch {
tree switch_stmt;
splay_tree cases;
struct c_switch *next;

};



4.2 Statement Ø̧«Å�ÐÏ� 11

y�� element ��H ��A�ü< °ú �Ér ?/6 xs���.

• switch stmt

Òqt$í
×�æ��� SWITCH STMT.

• cases

case range _� low element \�¦ high element �Ð mapping ���H splay-tree Dh case label s� s�
��� case label õ� ×�æ4�¤÷&��Ht� �����t�\�¦ ���&ñ
���HX<, ��6 x�)a��. Äºo���H çß�éß�ô�Ç hash table �Ð
��, tree �� ,>¹ô�ÇXכ��9 �=������ GNU case range extension1 M:ë�Hs���.

• next

Stack �©�_� ��6£§ node.

¢̧ô�Ç �&³F� active switch statement ��ØÔv�t� 0Aô�Ç ���%i� ���Ãº�� ��� �>rF����HX<, ��A�ü< °ú ��.

/* ³Ïáµ active switch statement ¤Ûå¬Ç stack. ¡ ́Éò £µ̈Á switch statement
£Ûá stack ¬Ç top ¬¹ ¬Ýñ¤´. ³ÉíªÁ¬Ç body ¦Ûå כ ¦̧È³ £́Ûá ¤Ñò¬Éá ¬È stack ¬È
¬Å¬Ýå³ ¡́¹ active ³ ¡́È ¥µ§Öá¬¹ garbage collection ¬¹ stack ¬Ûå ¡È¦ÑÞ³Éå ²Ýå¬À¡´

¬Íï¤´. ¥¼³Éá ¬Á¦È£Ûá ¬È ªÈÍí¬¹ª £̧Ûá Íá³º collect ¦Ûå ³ ́È ¬Éã£Ûá¤´. */
static struct c_switch *switch_stack;

SWITCH ½̈ë�H_��â
Äº ( ... ) ?/\��í�<Ê�)a³ð�&³d���Ér integer#������HX<, SWITCH token �̀¦K�$3���¦ (
... ) ?/ÂÒ\�¦K�$3�ô�ÇÊê, c start case ()�<ÊÃº\�_�K�"f condition\�@/ô�Ç�����\�¦z�́r�ô�ÇÊê SWITCH STMT
node �� Dh�Ðs� Òqt$í
÷&>� �)a��. ¢̧ô�Ç struct c switch \�¦ update �>� �)a��.

/* Stack ¬¹ ªµ SWITCH_STMT ¦Ûå ¤ ³̧Éá¤´. */
cs = (struct c_switch *) xmalloc (sizeof (*cs));
cs->switch_stmt = build_stmt (SWITCH_STMT, exp, NULL_TREE, orig_type);
cs->cases = splay_tree_new (case_compare, NULL, NULL);
cs->next = switch_stack;
switch_stack = cs;

Õª���Êê add stmt () \�¦ :�xK� last tree \� 1px2�¤�̀¦ �>� �)a��.
��A�_� \V�Ð [O�"î
�̀¦ ��̧2�¤ ���� ��6£§õ� °ú >� �)a��.

switch (1) { case ’a’: break; default: break;}

1. switch (1) ÂÒì�r��t��� 0A\�"f [O�"î
ô�Ç switch stack \� SWITCH STMT ��H ½̈$í
�+¹�è�Ðכ V,���H ÂÒì�r
s���.

2. s�]jy����6\�_��â
Äº, Yaccë�HZO�×�æ case ½̈ë�H�̀¦��ÀÒ��HÂÒì�r�Ér label��6\�\�"fs���.z�́]jy�� case ½̈ë�H
�Ér do case () �<ÊÃº\�¦  ñØ�¦�t�ëß� z�́]j %�o�÷&��H ÂÒì�r�Ér s� �<ÊÃº?/\�"f  ñØ�¦÷&��H c add case label ()
�<ÊÃºs���. s� \V]j_� �â
Äº, GNU case extension s� \O�l� M:ë�H\�, s�\� @/K�"f��H ����â
æ¼t� ·ú§��x��. z�́
]j CASE ½̈ë�H_� ’a’��H c add case label ()�<ÊÃº_� low value�Ð[þt#Q��>�÷&�¦, check case value ()�<Ê
Ãº\�¦:�xK�"f,°ú̀�כ¦�����ô�ÇÊê, convert and check ()�<ÊÃº\�¦:�xK�"f, SWITCH ½̈ë�H\��������)a condition
s� ��t���H type Ü¼�Ð ���8̈��>� �)a��. z�́]j�Ð case ½̈ë�H_� �â
Äº, splay tree \�¦ s�6 x�#� �'ao��>� ÷&��H
X<, ×�æ4�¤÷&��H case ³ð�&³d��s� \O���Ht� SX�����>� �)a��. GNU case extension _� �â
Äº s� case range ü< ��
�Ér case range ��s�\� overlap s� e���̀¦ Ãº e���¦ Äºo���H #Q*�ô�Ç overlapping case range [þt�̀¦ )�|ÃÌ�t�
·ú§l� M:ë�H\�, LOW VALUE �Ð�� ����Ér ���©� 	�H low case \�¦ ¹1Ô�¦, LOW VALUE �Ð�� 	�H ���©� ����Ér
case label �̀¦ ¹1Ô�̀¦ ��¹כ��9 e����. ëß���� overlap s� �>rF�ô�Ç�����, ¿º range [þt_� ���\�"f µ1ÏÒqt½+É �.���s	כ

1�Ð:�x case ½̈ë�H_� �â
Äº #3�0A\�¦ t�&ñ
K� ×�¦ Ãº \O���HX< @/ÂÒì�rs�t�ëß�, GNU (����{9��Q\�"f��H ’a’ ... ’b’ ü< °ú s� �������#� CASE ½̈
ë�H_� #3�0A\�¦ t�&ñ
K� ×�¦ Ãº e����.
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<case_label 0x4016c660
arg 0 <integer_cst 0x4016c640 type <integer_type 0x40166380 int> constant 97>
arg 2 <label_decl 0x40182700 VOID file <stdin> line 2

align 1 context <function_decl 0x401825b0 main>>>

s�]j statement-tree \� CASE LABEL \�¦ �8�>� ÷& 9, splay tree \� ¢̧ô�Ç low value \�¦ key �Ð ��¦
Òqt$í
�)a CASE LABEL �̀¦ °úכÜ¼�Ð �#� 1px2�¤÷&>� �)a��. 0A\� �Ðs���H CASE LABEL s� case ’a’ \� K�
{©����H node ��� �.���s	כ

3. s�]j break ½̈ë�Hs� K�$3�÷&#Q BREAK STMT node �� Òqt$í
÷&#Q statement-tree \� �8�>� �)a��.
statement-tree �8ô�Ç����H ��s	כ add stmt () �<ÊÃº\�¦ :�xK� last tree \�¦ update ô�Ç����H �¦����s	כ ·ú¡\�
"f ���/åL�%i���.

���õ�&h�Ü¼�Ð ��A�ü< °ú �Ér SWITCH node �� ëß�[þt#Qt�>� �)a��.

<switch_stmt 0x4016c600
arg 0 <integer_cst 0x40163c80 type <integer_type 0x40166380 int> constant 1>
arg 1 <compound_stmt 0x40171488

arg 0 <scope_stmt 0x4017149c tree_0
chain <case_label 0x4016c660

arg 0 <integer_cst 0x4016c640 constant 97>
arg 2 <label_decl 0x40182700>
chain <break_stmt 0x40176a00

chain <case_label 0x4016c680
arg 2 <label_decl 0x40182770>
chain <break_stmt 0x40176a10

chain <scope_stmt 0x401714d8>>>>>>>
arg 2 <integer_type 0x40166380 int SI

size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401635a0 -2147483648>
max <integer_cst 0x401635c0 2147483647>
pointer_to_this <pointer_type 0x4016e620>>>

0A_� node \�¦ �Ð���, ×�æçß�\� SCOPE STMT �� [þt#Qçß� ÂÒì�r\� @/K�"f [O�"î
�̀¦ ��̧2�¤ ���x��. s� ÂÒì�r�Ér
compstmt nostart ��6\�_� �0A ��6\�[þt��� pushlevel ��6\� (pushlevel () �<ÊÃº �D¥1lx�t� ��[j¹כ.) \�"f s�ÀÒ#Q
t���H operation s���. pushlevel ��6\�\�"f��H { ... } ü< °ú �Ér Dh�Ðî�r sope �� µ1ÏÒqt½+É �â
Äº, Binding level �̀¦
pushlevel () �<ÊÃº\�¦ :�xK�"f ëß�[þt�¦, last expr type \�¦ 0 Ü¼�Ð [O�&ñ
��¦ add scope stmt () �<ÊÃº\�¦ :�xK�"f
SCOPE STMT \�¦ statement list \� ÆÒ���>� �)a��. add scope stmt () �<ÊÃº_� [O�"î
�Ér ��6£§õ� °ú ��.

statement-tree \� scope-statement \�¦ ÆÒ��ô�Ç��. BEGIN P ��H s� statements �� scope \�¦ open
<�Ê�Ér close Ùþ¡��Ht� ��ØÔ�����. PARTIAL P ��H ÂÒì�r&h���� scope \� @/K�"f true ���X<, 7£¤ scope ��H
cleanups��9¹כ�ô�Ç object��Òqt$í
÷&%3��̀¦M:��6\�+'ÂÒ'�r����ô�Ç��.ëß���� BEGIN P�� 0s���m�
����� SCOPE STMT stack _� top \�¦ ����?/��H Dh TREE LIST \�¦ ìøÍ8̈�ô�Ç��. TREE PURPOSE
��H Dh SCOPE STMT s���. ëß���� BEGIN P �� 0 s���� TREE VALUE �� Dh SCOPE STMT s�
�¦ TREE PURPOSE�� SCOPE BEGIN P setõ�B�g�A���H SCOPE STMT��� TREE LIST\�¦
ìøÍ8̈�ô�Ç��.

���õ�&h�Ü¼�Ð SWITCH ½̈ë�H_� condition s� parsing �)aÊê, CASE ½̈ë�H��t� �̧¿º K�$3���¦ ��t�}�� poplevel
��6\��̀¦ :�xK� add scope stmt () �<ÊÃº�� z�́'��|̈c M:��H ��A�ü< °ú �Ér �̧_þv�̀¦ ���%i� ���Ãº c scope stmt stack ��
��t�>� �)a��. c scope stmt stack ���Ãº��H �&³F�_� scope statement stack �̀¦ �����·p��.
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<tree_list 0x401714b0
purpose <scope_stmt 0x4017149c tree_0

chain <case_label 0x4016c660
arg 0 <integer_cst 0x4016c640 constant 97>
arg 2 <label_decl 0x40182700>
chain <break_stmt 0x40176a00

chain <case_label 0x4016c680 arg 2 <label_decl 0x40182770>
chain <break_stmt 0x40176a10>>>>>

value <scope_stmt 0x401714d8>
chain <tree_list 0x40171460

purpose <scope_stmt 0x4017144c tree_0
chain <switch_stmt 0x4016c600

arg 0 <integer_cst 0x40163c80 constant 1>
arg 2 <integer_type 0x40166380 int>
chain <compound_stmt 0x40171488

chain <scope_stmt 0x4017149c>>>>>>

0A_� TREE LIST node _� Òqt$í
õ�&ñ
\� @/K�"f Âúª>� [O�"î
����, SWITCH ½̈ë�H_� condition s� K�$3��)a Êê
add scope stmt () �<ÊÃº��  ñØ�¦÷&��H õ�&ñ
\�"f TREE LIST _� CHAIN \� l��>r_� c scope stmt stack °úכs�
[þt#Q��>� ÷&�¦, purpose ��H éß�í�Hô�Ç +þAI�_� SCOPE STMT ëß� ��&���̀¦ �.���s	כ 7£¤, SCOPE STMT node _�
chain �Ér \O�%3��̀¦ �.���s	כ �t�ëß�, ½̈ë�Hs� K�$3�÷&���"f add stmt \� _�K�"f s�\� @/ô�Ç node [þts� chain Ü¼�Ð
Óü�s�>� ÷&#Q TREE LIST _� chain õ� purpose �� 0A_� �̧�ª��̀¦ ��t�>� ÷&%3��̀¦ �.���s	כ ��f�� value ��H [O�&ñ

÷&t� ·ú§��¤��. Õª!3� SWITCH ½̈ë�H_� ��t�}��\� poplevel ��6\�\� _�K�"f add scope stmt () �<ÊÃº�� ���Ér �����
°ú̀�כ¦ ������̂  ñØ�¦÷&>� ÷&��HX<, s� ÂÒì�r\�"f TREE LIST _� value �� scope stmt \�¦ ��t�>� �)a��.

SCOPE STMT ��H Y>� >h_� accessor �� �>rF����HX<, s�\� @/K�"f ��t�}��Ü¼�Ð ·ú����Ð�̧2�¤ ���.

/* §Éá¬ËÞ ¬È SCOPE_STMT ¡´ scope ¬Ç ªÈÉÞ¬Ûå ¬Ä³Éá ¡Íð¬È¦ §́Ïá 0 ¬È ¬ £́Ýá ¡Éï¬Ûå ¡ ́Ýá¤´. */
#define SCOPE_BEGIN_P(NODE) \
(TREE_LANG_FLAG_0 (SCOPE_STMT_CHECK (NODE)))

/* §Éá¬ËÞ ¬È statement ¡´ partial scope ¦Ûå ¬Ä³Éá SCOPE_STMT ¬Ýå ¡Ïò¬Á, 0 ¬È
¬ £́Ýá ¡Éï¬Ûå ¡ ́Ýá¤´. ¬»¦Ûå ¤Ûå§Ïá ¬ ¦́µ¬½ ¡Éö¤´.

S s;
l:
S s2;
goto l;

‘l’ ¤Ä¬¹£Ûá ¨È¦ÑÞ curly brace ( {...} ¡Éö¬Ûá) ¡´ ¬ÍïÈ§Éá, ( §ÖÞªÈÍÞ¬Æ¦¼) ªµ
scope ¡´ ¬Ýñ¤´. ±ÛÞ³È ¬Á¦È¡´ goto ¦Ûå hit ³Éå¥µ ¬Á¦È£Ûá s2 ¦Ûå ¨Éá¤ÆªÈ destroy
¦Ûå ³ ¡́¼ ¡Æ¡Íð¬Ûå µ construct ³µ¬¶ ³Éá¤´. §ÖÞªÈÍÞ¬Ýá scope ¦Ûå ¬Ä³µ,
SCOPE_PARTIAL_P ¡´ ªÍåÍò¤Ôå ¡Íð¬È¤´. */

#define SCOPE_PARTIAL_P(NODE) \
(TREE_LANG_FLAG_4 (SCOPE_STMT_CHECK (NODE)))

4.3 Label Ø̧«Å�ÐÏ�

s�]j label ³ð�&³d��\� @/K�"f ·ú����Ð�̧2�¤ ���. Äº��� label ³ð�&³d��\� @/ô�Ç &h�{©�ô�Ç \V\�¦ [þt�̧2�¤ ���.

int
main ()
int i = 0;

l:
i++;
goto l;
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0A_�\V]j��#Qb�G>�K�$3�÷&��Ht�\�@/K�"f·ú����Ð���,z�́]j��6\� Ls�K�$3�÷&��HÂÒì�r�Ér Yaccë�HZO�_� label��
6\�\�"f K�$3�÷& 9, s��Qô�Ç J�����̀¦ ëß�z�¤�̀¦ M:, GCC \�"f Ãº'�����H ��Ér	כ Äº���, define label () �<ÊÃº\�¦ :�xK�"f,
LABEL DECL node \�¦ Òqt$í
�>� ÷&��HX<, s�XO�>� Òqt$í
�)a node \� decl attributes () �<ÊÃº\�¦ :�xK�"f label \�
ÅÒ#Q��� attribute \�¦ node \� &h�6 x��¦, LABEL STMT node \�¦ LABEL DECL node \�¦ ������Ð �#� Òqt$í

½+É �.���s	כ Õª��� Êê Statement Tree \� �8ô�Ç��. z�́]j Òqt$í
�)a node \�¦ ¶ú�(R�Ð��� ��A�ü< °ú �Ér �̧�ª��̀¦ ��t��¦
e����.

<label_stmt 0x40171488
arg 0 <label_decl 0x40182700 l

type <void_type 0x4016a770 void VOID
align 8 symtab 0 alias set -1
pointer_to_this <pointer_type 0x4016a7e0>>

VOID file <stdin> line 2
align 1 context <function_decl 0x401825b0 main>
initial <error_mark 0x40168a20>>>

s�]j GOTO ë�H�̀¦ �Ð�̧2�¤ ���. GOTO ë�H_� &ñ
_���H Yacc ë�HZO�_� stmt ��6\�\� &ñ
_�÷&#Q e��Ü¼ 9,
lookup label () �<ÊÃº\�¦ :�xK�"f, ·ú¡\�"f &ñ
_�ô�Ç LABEL DECL node \�¦ identifier \�¦ l�ìøÍÜ¼�Ð ��t�>� �)a
��. 7£¤ 0A\�"f LABEL DECL node �� Òqt$í
|̈c M:, K�{©� identifier _� IDENTIFIER LABEL VALUE �� s�
LABEL DECL node �Ð 1px2�¤÷&>� �)a��. s�XO�>� ¹1Ô�Ér node \�¦ s�6 x�#�, GOTO STMT node \�¦ Òqt$í
ô�Ç Êê,
Statement Tree \� �8ô�Ç��. �������)a node ��H ��A�ü< °ú �Ér �̧�ª��̀¦ ��t�>� |̈c �.���s	כ

<goto_stmt 0x401714d8
arg 0 <label_decl 0x40182700 l

type <void_type 0x4016a770 void VOID
align 8 symtab 0 alias set -1
pointer_to_this <pointer_type 0x4016a7e0>>

used VOID file <stdin> line 2
align 1 context <function_decl 0x401825b0 main>
initial <error_mark 0x40168a20>>>

V� 5 â�
 £o>ÊÁ

C ���#Q\�"f_� ���Ãº��H ú́§�Ér /BM\�"f ����±ú� Ãº e���¦, ������÷&#Q|9� Ãº e����HX<, ���%i� ���Ãº�Ð t�&ñ
|̈c Ãº�̧, �<ÊÃº
\�¦������½+ÉM:_� parameter�Ð�̧,�<ÊÃº?/ÂÒ\�"f�̧������÷&#Q|9�Ãºe����.s�!lo���\�"f��H���Ãº\�¦t�&ñ
½+ÉM:,#Q
*�ô�Ç operation s� GCC ?/\�"f µ1ÏÒqt÷&��Ht� ¶ú�(R�Ð�̧2�¤ ���.

22 ÅÒ ë�H"f “C ���#Q\�¦ 0Aô�Ç Yacc ë�HZO�” \�"f s�p� ¶ú�(R�Ð��¤1pws�, ���Ãº_� �â
Äº y�� ���Ãº\� @/ô�Ç �íl�°úכ
s� �>rF��Ö¼�� �t� ·ú§Ö¼��\� ����, ���çß�_� ���Ér Ãº'��s� s�ÀÒ#Qt�>� ÷& 9, �íl�°úכs� �>rF��t� ·ú§�̀¦ �â
Äº,
start decl () �<ÊÃºü< finish decl () �<ÊÃºëß�  ñØ�¦÷&t�ëß� �íl��o°úכs� e���̀¦ �â
Äº, start init () �<ÊÃºü< finish init
() �<ÊÃº�� ¢̧ô�Ç  ñØ�¦�)a>� �)a��.

5.1 �ïe��ª�� á�!ÐM� £o>ÊÁ Ça��+ (start decl)

ëß���� K�{©� ���Ãº\� @/ô�Ç �íl��o°úכs� �>rF��t� ·ú§�̀¦ �â
Äº\� @/K�"f ���$� ¶ú�(R�Ð�̧2�¤ ���. ·ú¡\�"f ���/åLÙþ¡1pw
s�, s��Qô�Ç �â
Äº start decl () �<ÊÃºü< finish decl () �<ÊÃº��  ñØ�¦÷&>� ÷&��HX<, �íl��o�� \O���H ���Ãº_� �������Ér
#��Q ��t� Ä»+þAs� e���̀¦ Ãº e����HX<, ��� ��� ��\P�½+É Ãº��H \O�Ü¼Ù¼�Ð ß¼>� ��¾º#Q Òqty��K� �Ð��x��. (1) Äº���
���Ãº_� ������\�"f ���©� ·ú¡éß�\� �̀¦ Ãº e����H ÂÒì�rs���.

• SC (storage class)

• TS (type specifier)

• SA (start attribute)
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• EA (end attribute)

(2) Õªo��¦ z�́]j declarator _� s�2£§�̀¦ t�&ñ
K� ×�¦ Ãº e����H ÂÒì�rs� ���Ð +'\� ���̧>� ÷&��HX<, ��6£§õ� °ú �Ér #�
�Q �©�S!�s� e���̀¦ Ãº e����.

• IDENTIFIER

• ‘*’ IDENTIFIER

• IDENTIFIER [ ]

• IDENTIFIER ( parmlist )

• ( declarator )

(3) Õªo��¦ ��r� s� ÂÒì�r +'\���H

• ASM

• ATTRIBUTE [þt

s� �̀¦ Ãº e����. 0A\�"f ���/åLô�Ç ß¼>� [j ÂÒì�rs� �íl��o�� &ñ
_�÷&#Q e��t� ·ú§�Ér ���Ãº\�¦ ½̈$í
���H ÂÒì�rs���.
z�́]j�Ð start decl () �<ÊÃºü< finish decl () �<ÊÃº��  ñØ�¦÷&��H r�l���H (3) éß�>���t� Ãº'��s� ¢-a«Ñ�)a Êê\�

 ñØ�¦s� ÷&��HX<, #�l�"f ÅÒ_�K��� ½+É ÂÒì�r�Ér (1) éß�>��� Ãº'���)a Êê\���H Õª\� @/ô�Ç tree node �� ���%i� ���Ãº
current declspecs ü< all prefix attributes \� s�p� [þt#Q�� e��l� M:ë�H\�, (2) éß�>�, (3) éß�>��� ìøÍ4�¤÷& 9 Ãº'��
s� ÷& 9, (1) éß�>���H ô�Ç	�YVëß� Ãº'��s� s�ÀÒ#Q��� Êê ��r� Ãº'��÷&t� ·ú§��H����H &h�s���. ÕªA�"f ��A�ü< °ú s� °ú 
�Ér type \� #��Q>h_� ���Ãº\�¦ ������K��� ½+É M:�� e���̀¦ �â
Äº, s�\�¦ :�xK� K�$3��̀¦ "é¶½+É�>� ½+É Ãº e��>� �)a��.

int a, b, c;

z�́]j�Ð, start decl () �<ÊÃº��  ñØ�¦÷&#Q|9� M:, #��Q��t� parameter [þts� ���²ú�s� ÷&��HX<, ���%i����Ãº
all prefix attributes \� [þt#Q e����H tree node ü< (3) éß�>�\�"f K�$3��)a ATTRIBUTE [þt�Ér chainon () �<ÊÃº\�
_�K� ������÷&#Q ���²ú��)a����H �¦̀�	כ ·ú�l� ��êøÍ��. start decl () �<ÊÃº\� ���²ú�÷&��H ?/6 x�Ér ��6£§õ� °ú ���¦ ½+É Ãº
e����x��.

• Declarator

s� tree node ��H ·ú¡_� (2) éß�>�\�"f K�$3��)a tree node \�¦ ��t��¦ e����.

• Declarator specs

s� tree node ��H ���%i� ���Ãº current declspecs \� $��©�÷&#Q e����H node &ñ
�Ðs���.

• �íl��o #�ÂÒ
ëß���� parameter ��� initialized ���Ãº_� °úכs� 0 {9� �â
Äº, �íl��o\�¦ Ãº'���t� ·ú§��H����H �,¦��s	כ
1 {9� �â
Äº �íl��o°ú̀�כ¦ ��t��¦ e������H �.���s	כ

• Attribute [þt

·ú¡\�"f s� ���Ãº\�¦ z�́]j�Ð Òqt$í
�l���t� �̧�Ér ATTRIBUTE tree node &ñ
�Ð\�¦ ��t��¦ e����H
���%i� ���Ãº all prefix attributes \� (3) éß�>�\�"f K�$3��)a ATTRIBUTE [þt�Ér chainon () ô�Ç
node �� ���²ú�÷&>� �)a��.

Õª!3� s�]jÂÒ'� start decl () �<ÊÃº_� %i��Ö̧\� @/K�"f ·ú����Ð�¦, z�́]j�Ð %�o� [jÂÒ õ�&ñ
\� @/K�"f ¶ú�(R�Ð
�̧2�¤ ���.

start decl () �<ÊÃº��H �Ð:�x_� ������ (declaration) <�Ê�Ér data &ñ
_� (definition) \�"f_� �������� (declarator)
\�¦ K�1lq���H %i��Ö̧�̀¦ ���HX<, s� �<ÊÃº��H ëß���� �íl��o�� (initializer) �� �>rF�ô�Ç����� Õª���\� type &ñ
�Ðü< ���Ãº
s�2£§�̀¦ K�$3��������  ñØ�¦÷&#Q�����. #�l�"f Äºo���H ... DECL node \�¦ Òqt$í
� 9 Õª��_	כ type ÂÒì�r�̀¦ G�Äº
�¦ Õª�¦̀�	כ �&³F� context \�¦ 0Aô�Ç decl [þt_� o�Û¼àÔ\� Õª�¦̀�	כ �̀¦�9Z�~��H %i��Ö̧�̀¦ ô�Ç��. ... DECL node ��H °úכÜ¼
�Ð+� ìøÍ8̈�÷&#Q�����. %�o�õ�&ñ
\�"f \Vü@���½Ós� �>rF�\�¦ ���HX<, U�́s��� &ñ
_�÷&t� ·ú§��H C�\P�_� �â
Äº type �Ér
NULL �Ð z����t�>� ÷&�¦ Õª��Ér	כ s�Êê\�  ñØ�¦÷&��H ‘finish decl () �<ÊÃº’ \�"f G�0>t�>� �)a��.

start decl () �<ÊÃº��H ��6£§õ� °ú s� ß¼>� ��¾º#Q Òqty�� ÷&#Q|9� Ãº e����.
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1. ÅÒ#Q��� declarator, current declspecs, �íl��o#�ÂÒ &ñ
�Ð\�¦ s�6 x�#� Õª\� ú́���H ... DECL tree node \�¦
½̈$í
���H ÂÒì�r

2. �íl��o°úכs� �&³F� ���������H ���Ãº\�>� �>rF��#��̧ ÷&��H �¦�\����t	כ SX�������H õ�&ñ
 x9� DECL INITIAL
(decl) [O�&ñ
���H ÂÒì�r. s� [O�&ñ
�̀¦ :�xK�, ‘pushdecl’ �<ÊÃº\�"f s���Ér	כ �íl��o�)a decl e���̀¦ ú́�K�ÅÒ�¦,
‘finish decl’ �<ÊÃº\�>� z�́]j �íl��o��\�¦ $��©�½+É �s�����H	כ �¦̀�	כ çß�]X�&h�Ü¼�Ð ú́�ô�Ç��.

3. ... DECL tree node \� 0A\�"f parameter �Ð |	�W1~ÃÎ�Ér attribute [þt�̀¦ [O�&ñ
���H ÂÒì�r

4. �&³F� binding level \� s� ... DECL tree node \�¦ ÆÒ�����H ÂÒì�r.

s�]j y�� ÂÒì�r\� @/K�"f 7á§ �8 [jÂÒ&h�Ü¼�Ð ¶ú�(R�Ð�̧2�¤ ���.

5.1.1 ... DECL tree node ��· Ä©Å]��ÐM� ÉÙ&P�

start decl () �<ÊÃº��  ñØ�¦|̈c M: |	�W1���, declarator, declspecs, initialized ���Ãº\�¦ s�6 x�#�, grokdeclarator ()
�<ÊÃº\�¦  ñØ�¦�>� �)a��. s� �<ÊÃº_� %i��Ö̧�Ér ÅÒ#Q��� declspecs ü< declarator \�¦ :�xK�"f �������)a object _� s�2£§
õ� type �̀¦ ���&ñ
��¦ Õª�¦̀�	כ 0Aô�Ç ... DECL node \�¦ |	�[O��>� �)a��. (#Q�"� �â
Äº Äºo���H .. TYPE �̀¦ @/���
ìøÍ8̈�½+É Ãº e��Ü¼ 9, ú̧�3lw�)a {9�§4�_� �â
Äº M:M:�Ð 0 �̀¦ ìøÍ8̈�ô�Ç��.) ������Ð �Å�#Q��>� ÷&��H y�� argument \� @/
ô�Ç �¦̀�	כ ¶ú�(R�Ð��� ��A�ü< °ú s� [O�"î
�̀¦ ½+É Ãº e����HX<,

1. DECLSPECS ��H �9�×¼_� °úכs� storage class [þtõ� type specifier [þt�Ð ½̈$í
�)a tree list node [þt_� chain
s���.

2. DECLARATOR ��H ·ú¡\�"f [O�"î
�%i���.

3. DECL CONTEXT ��H s� declaration s� #Q�"� syntactic context \� 5Åq���Ht� ú́�ô�Ç��

NORMAL : @/ÂÒì�r_� context 6 x. VAR DECL <�Ê�Ér FUNCTION DECL <�Ê�Ér TYPE DECL \�¦
ëß�[þvm���.

FUNCDEF : �<ÊÃº &ñ
_� 6 x. NORMAL ��¦ q�5pw�t�ëß� y��y��_� �â
Äº\� ���� �̧ÀÓ Bj[jt�\�"f
���çß�_� 	�s��� e��_þvm���. ëß���� s� &ñ
_��� K�$3��l�\���H �-Áº '�Áºm�\O��̀¦ �â
Äº, s�\�¦ ���²ú��l�
0AK� 0 �̀¦ ìøÍ8̈�½+É Ãº e����.

PARM : parameter ������ 6 x. (�<ÊÃº prototype ?/\� ?/�©��)a ���s	כ��� �<ÊÃº 3lu�̂(body) ·ú¡\� e����H
�(	כ PARM DECL �̀¦ ëß�[þt���� void type node \�¦ ìøÍ8̈�½+Ëm���.

TYPENAME ��H typename (cast s�����, sizeof ���) \� @/ô�Ç �.���s	כ DECL node \�¦ ëß�[þtt� ·ú§_þv
m���; éß�t� ... TYPE node \�¦ ìøÍ8̈�½+Ëm���.

FIELD ��H struct <�Ê�Ér union �9�×¼\�¦ 0Aô�Ç �;	כ FIELD DECL \�¦ ëß�[þvm���.

BITFIELD ��H t�&ñ
�)a U�́s�\�¦ ��t���H �9�×¼.

4. INITIALIZED ��H ëß���� decl s� �íl��o��(initializer)\�¦ ��t��¦ e������� 1 �̀¦ ��|9�m���.

���õ�&h�Ü¼�Ð grokdeclarator () �<ÊÃº�� K�$3�÷&>� ÷&��H tree node _� CODE ��H ARRAY REF,
INDIRECT REF, CALL EXPR, TREE VALUE, IDENTIFIER NODE �Ð ·ú�»¡¤|̈c Ãº e����. s�\�¦ #Á	#Qèß�
CODE\�@/K�, grokdeclarator ()�<ÊÃº\�¦ ñØ�¦K�"f��Hîß��)a��. grokdeclarator ()�<ÊÃº��H���õ�&h�Ü¼�Ð ... DECL
node \�¦ ìøÍ8̈����H ��s	כ 3lq&h�Ü¼�Ð ìøÍ8̈�÷&��H node \�¦ ¶ú�(R�̂¦ �â
Äº, ��A�ü< °ú �Ér node �� ìøÍ8̈�÷&#Q|9� Ãº e��6£§
�̀¦ SX����½+É Ãº e����.

• TYPE DECL

• PARM DECL

• FIELD DECL

• FUNCTION DECL
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• VAR DECL

... DECL node \�¦ Òqt$í
½+É M:��H, build decl () �<ÊÃº\� _�K�"f Òqt$í
÷&>� �)a��. ?/ÂÒ\�"f ��6 x÷&��H :£¤Z>�ô�Ç _�
p�\�¦ ��t���H ½̈�̧�̂��~����, ���%i� ���Ãº��H �>rF��t� ·ú§t�ëß�, ���õ�&h�Ü¼�Ð ... DECL node \�¦ Òqt$í
���HX< e��#Q
"f %ò
�¾Ó�̀¦ p�u���H ��Ér	כ {©�������. Õª!3� z�́]j�Ð ... DECL node \�¦ Òqt$í
���HX< %ò
�¾Ó�̀¦ p�u���H ���Ãº[þt\� @/
K�"f ¶ú�(R�Ð�¦, s��Qô�Ç ��s	כ #Qb�G>� [O�&ñ
÷&��Ht� ·ú����Ð�̧2�¤ ���.

• decl context ��H ·ú¡\�"f [O�"î
�%i�1pws�, K�{©� ���Ãº�� �������)a syntactic context �� #Qn�\� 5Åq���Ht�\�¦
ú́�K�ï�r��. #Q�"� ���Ãº\�¦ \V�Ð ��H�����, C ���#Q\�"f ���%i� ���Ãº�Ð ������|̈c Ãº�̧ e���¦, #Q�"� parameter _�
������Ð ������|̈c Ãº�̧ e���¦, �Ð(�� ���Ãº�Ð ������|̈c Ãº �̧ e����. Õª\� @/ô�Ç 0Au�\�¦ �©�@/&h�Ü¼�Ð ��ØÔ&� ÅÒ
l� 0AK�"f �>rF�ô�Ç��.

• specbits _� �â
Äº, enum rid \� @/ô�Ç mask °ú̀�כ¦ ��t���H ���Ãºs���. ��[jô�Ç ���½Ó�Ér enum rid _� ÅÒ$3��̀¦
¶ú�(R�Ð��� ·ú� Ãº e����HX<, ��A�ü< °ú s� [O�"î
s� ÷&#Q e����.

[enum rid[O�"î
]\V����)ad��Z>���[þt.s���Ér	כ Cü<, C++, Objective C\�"f��6 x÷&��H �̧��H key
°úכ[þt_� �̧½+Ë{9�m���. �̧��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��_þvm���; ëß����
Äºo��� 7á§ �8 ÆÒ��r��������� mask mechanism �̀¦ ìøÍ×¼r� F�[O�>� K��� ½+É �.���9�m}	כ

s� °úכ_� �©�I�\� ����, ?/ÂÒ ���Ãº_� constp, restrictp, volatilep, inlinep °úכs� 0 <�Ê�Ér 1 �Ð [O�&ñ
s�
÷& 9, s� W1��t� °úכ\� ����, type quals °úכ ¢̧ô�Ç ����>� �)a��. s� ���Ãº��H t�&ñ
�)a(specified) modifier [þt
�̀¦ %�o���¦ ú̧�3lw�)a �̧½+Ë(combination)[þt�̀¦ ��������HX< ��6 x÷&>� �)a��. \V\�¦ ��H�����, ¿º��t� storage
class [þts� ÅÒ#Q&���̀¦ �â
Äº�� e���̀¦ Ãº�̧ e��Ü¼ 9, °ú �Ér storage class �� ¿º��� s��©� ������÷&%3��̀¦ �â
Äº\��̧
ë�H]j�� |̈c Ãº e��l� M:ë�H\�, s�\� @/ô�Ç �â
�¦ Bj[jt�\�¦ Òqt$í
½+É Ãº e����.

• typedef decl, typedef type _� �â
Äº, �&³F� K�$3���¦ e����H declspecs \�"f_� &ñ
�Ð\�¦ ��t�>� ÷&��HX<,
typedef decl���Ãº_��â
Äº, Type\�@/ô�Ç tree node��� TYPE DECL node �̀¦��t�>�÷& 9, typedef type
_� �â
Äº, s� TYPE DECL node _� type &ñ
�Ð\�¦ ��t�>� �)a��. ‘int’ ü< °ú s� p�o� Òqt$í
÷&#Q e����H node
_� �â
Äº\���H lookup name () �<ÊÃº\�¦ :�xK� K�{©� node \�¦ ¹1Ô�� s�\� @/ô�Ç &ñ
�Ð\�¦ l�2�¤�>� �)a��.

• innermost code ��H �<ÊÃº &ñ
_� (definition) _� declarator �� �<ÊÃº �������� +þAd���̀¦ ��t��¦ e����Ht� �����
���HX< ��6 x�)a��.

• l��� ���Ér ���Ãº�̧ �>rF����, Ãº'�� ���õ�\� %ò
�¾Ó�̀¦ ß¼>� p�u�t� ·ú§��H ��Ér	כ ]jü@�%i���.

Õª!3�, y�� �©�S!�\� ����"f, ... DECL node �� #Qb�G>� ½̈$í
÷&��Ht�, f��]X� tree debugging �̀¦ :�xK�"f ¶ú�(R�Ð
�̧2�¤ ���.

• int i; (���%i� ���Ãº�Ð ������|̈c �â
Äº)

���Ãº i _� �â
Äº, ���%i� ���Ãº�Ð ������÷&l� M:ë�H\�, t�%i� ���Ãºü< ���çß� 	�s��� e�����¦ ½+É Ãº e����H
X<, grokdeclarator () �<ÊÃº�Ð ���²ú��)a argument [þt_� ?/6 x�Ér ��A�ü< °ú ���¦ ½+É Ãº e����.

– declarator
<identifier_node 0x401819c0 i>

– declspecs
<tree_list 0x401713c0 static

value <identifier_node 0x40169100 int tree_0
global <type_decl 0x40166a80 int

type <integer_type 0x40166380 int>
VOID file <built-in> line 0
align 1>

rid 0x40169100 "int">>
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grokdeclarator () �<ÊÃº\�"f µ1ÏÒqt���H [jÂÒ ��[jô�Ç operation \� @/K�"f��H f��]X� �ï×¼\�¦ �ÐU�́
���� 9, #�l�\�"f��H çß�|ÄÌ�>� t�%i� ���Ãº\� #Qb�G>� [O�&ñ
÷&��Ht�ëß� �̂¦ Òqty��s���. t�%i� ���Ãº
name \� “i” �� [þt#Q��>� ÷& 9, t�%i� ���Ãº explicit int ��H 1, typedef decl ��H “int” \� @/ô�Ç
TYPE DECL node �� typedef type \���H typedef decl _� TREE TYPE s� [þt#Q��>� �)a��.
0Aü< °ú s� �������)a �â
Äº, t�%i� ���Ãº specbits ��H 0 s� [O�&ñ
÷&#Q constp, restrictp, volatilep,
inlinep_�°úכ�Ér �̧¿º 0Ü¼�Ð[O�&ñ
÷&#Q���õ�&h�Ü¼�Ð��6£§õ�°ú �Ér VAR DECLs�Òqt$í
÷&>�÷&
��H �.���s	כ

<var_decl 0x40182540 i
type <integer_type 0x40166380 int SI

size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401635a0 -2147483648>
max <integer_cst 0x401635c0 2147483647>
pointer_to_this <pointer_type 0x4016e620>>

SI file <stdin> line 1 size <integer_cst 0x40163540 32>
unit size <integer_cst 0x401635e0 4>
align 32>

s�ü<°ú �Ér VAR DECLs�Òqt$í
�)aÊê,s����Ãº�����%i����Ãº���t��Ð(�����Ãº���t�\�����"fþj7áx
&h�Ü¼�Ð Òqt$í
÷&��H ... DECL _� ½̈$í
 ¹�èכ TREE PUBLIC (decl) ü< TREE STATIC (decl)
_� °úכs� ²ú���t�>� �)a��. þj7áx&h�Ü¼�Ð Òqt$í
�)a VAR DECL �Ér ��A�ü< °ú >� �)a��.

<var_decl 0x40182540 i
type <integer_type 0x40166380 int SI

size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401635a0 -2147483648>
max <integer_cst 0x401635c0 2147483647>
pointer_to_this <pointer_type 0x4016e620>>

public static SI file <stdin> line 1 size <integer_cst 0x40163540 32>
unit size <integer_cst 0x401635e0 4>
align 32>

• char a; (�Ð(�� ���Ãº�Ð ������|̈c �â
Äº)

0A \V]jü< ��_� °ú �Ér \V]js� 9, �<ÊÃº?/\�"f �������)a ���Ãº\� @/ô�Ç �.���s	כ

– declarator
<identifier_node 0x401819c0 i>

– declspecs
<tree_list 0x40171474 static

value <identifier_node 0x40165d80 char tree_0
global <type_decl 0x40166af0 char

type <integer_type 0x40166230 char>
VOID file <built-in> line 0
align 1 chain <type_decl 0x40166a80 int>>

rid 0x40165d80 "char">>

t�%i����Ãº explicit char�� 1�Ð[O�&ñ
.���õ�&h�Ü¼�Ð���̧��H VAR DECL�Ér��A�ü<°ú ��.Õªü@
_� �̧��H ÂÒì�rs� ���%i� ���Ãº int a; ������õ� °ú 6£§.

<var_decl 0x40182700 a
type <integer_type 0x40166230 char QI
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size <integer_cst 0x401633e0 constant 8>
unit size <integer_cst 0x40163400 constant 1>
align 8 symtab 0 alias set -1 precision 8
min <integer_cst 0x401634a0 -128> max <integer_cst 0x401634c0 127>
pointer_to_this <pointer_type 0x4016ac40>>

QI file <stdin> line 2 size <integer_cst 0x401633e0 8>
unit size <integer_cst 0x40163400 1>
align 8>

• extern int i;

���%i� ���Ãº +þAI��Ð �������)a �,s� 9	כ ·ú¡\� extern token s� ·¡#Qe����.

– declspecs
<tree_list 0x401713d4 static

value <identifier_node 0x40169100 int tree_0
global <type_decl 0x40166a80 int

type <integer_type 0x40166380 int>
VOID file <built-in> line 0
align 1>

rid 0x40169100 "int">
chain <tree_list 0x401713c0

value <identifier_node 0x40165f80 extern tree_0
rid 0x40165f80 "extern">>>

– declarator
<identifier_node 0x401819c0 i>

extern s� &ñ
_�÷&#Q e��l� M:ë�H\�, t�%i����Ãº specbits _� °úכs� 0x10 (2 ���Ãº�Ð 10000) Ü¼�Ð [O�
&ñ
H�d. s���Ér	כ enum rid _� RID EXTERN _� mask \�¦ _�p�. s��Ð ���K� extern ref �� 1 �Ð [O�
&ñ
÷&>� �)a��. ÕªA�"f DECL EXTERNAL (decl) \� &ñ
�Ð�� l�2�¤÷&>� ÷& 9, s� \V]j��H ���%i�
���Ãº �©�I�\�"f �������)a ��s�l	כ M:ë�H\� ��A�ü< °ú s� VAR DECL s� ëß�[þt#Q t�>� �)a��.

<var_decl 0x40182540 i
type <integer_type 0x40166380 int SI

size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401635a0 -2147483648>
max <integer_cst 0x401635c0 2147483647>
pointer_to_this <pointer_type 0x4016e620>>

public external SI file <stdin> line 1
size <integer_cst 0x40163540 32> unit size <integer_cst 0x401635e0 4>

• int *a;

– declspecs
<tree_list 0x401713c0 static

value <identifier_node 0x40169100 int tree_0
global <type_decl 0x40166a80 int

type <integer_type 0x40166380 int>
VOID file <built-in> line 0
align 1>

rid 0x40169100 "int">>

– declarator
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<indirect_ref 0x401713fc
arg 0 <identifier_node 0x401819c0 a>>

declarator \�¦ K�$3����H 1lxîß�, t�%i����Ãº innermost code �� [O�&ñ
�)a��. declarator �� éß�í�H
ô�Ç IDENTIFIER �� ����� �̧�FK �8 4�¤ú̧�ô�Ç ½̈�̧�Ð s�ÀÒ#Q|9� �â
Äº, node \�¦ y���èr�&� �����
"f, 7á§ �8 4�¤ú̧�ô�Ç type �̀¦ Äºo��� �������)a identifier (<�Ê�Ér absolute declarator ?/ �>rF����H
NULL TREE)\� �̧²ú�|̈cM:��t�Òqt$í
�>��)a��. declarator�� INDIRECT REF nodes�l�
M:ë�H\�, declspecs \�"f ½̈ô�Ç “int” _� TREE TYPE �̀¦ build pointer type () �<ÊÃº\�¦ s�6 x�
#� POINTER TYPE node \�¦ Òqt$í
�>� �)a��. ���õ�&h�Ü¼�Ð ��A�ü< °ú �Ér POINTER TYPE
s� ìøÍ8̈�÷&>� �)a��.

<pointer_type 0x4016e620
type <integer_type 0x40166380 int SI

size <integer_cst 0x40163540 constant 32>
unit size <integer_cst 0x401635e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401635a0 -2147483648>
max <integer_cst 0x401635c0 2147483647>
pointer_to_this <pointer_type 0x4016e620>>

unsigned SI
size <integer_cst 0x40163b80

type <integer_type 0x4016a540 bit_size_type> constant 32>
unit size <integer_cst 0x40163be0

type <integer_type 0x4016a4d0 unsigned int> constant 4>
align 32 symtab 0 alias set -1>

s�>� ‘*’ �Ð ���K�"f POINTER TYPE �̀¦ ëß�[þt%3�l� M:ë�H\�, s�]j declarator �Ð arg 0 ���
IDENTIFIER NODE �Ð ��Ë̈>� ÷& 9, 0A_� ���Ér \V]jü< ��ðøÍ��t��Ð POINTER TYPE ü<
IDENTIFIER NODE �Ð ���÷¶ declarator \�¦ ��6 x�#�, VAR DECL node \�¦ ��t�}��Ü¼�Ð Òqt
$í
ô�Ç��.

• int a[2];

– declspecs
<tree_list 0x401713c0 static

value <identifier_node 0x40169100 int tree_0
global <type_decl 0x40166a80 int

type <integer_type 0x40166380 int>
VOID file <built-in> line 0
align 1>

rid 0x40169100 "int">>

– declarator
<array_ref 0x4016c5e0

arg 0 <identifier_node 0x401819c0 a>
arg 1 <integer_cst 0x4016c5c0

type <integer_type 0x40166380 int> constant 2>>

�íl�\� innermost code �� [O�&ñ
÷&��H ÂÒì�r�Ér 0A \V]jü< °ú Ü¼ 9, s� \V]j��H C�\P�s�l� M:ë�H\�,
ARRAY REF _� %�o��� s�ÀÒ#Q|9� �,s� 9	כ z�́]j�Ð C�\P�_� ß¼l���H 2 ���¦ &ñ
_�÷&#Q e��t�ëß�,
0 ÂÒ'� 1 ��t�_� 8úx 2 >h_� /BNçß��̀¦ ½+É{©��>� �)a����H _�p�\�¦ ����èq �.���s	כ s��Qô�Ç �¦̀�	כ %�
o��l� 0AK�"f��H arg 0 \� e����H ��Ér	כ declarator �Ð F� t�&ñ
��¦, arg 1 \� e����H �¦̀�	כ F�%�o�
�>� ÷&��HX<, arg 1 �Ér C�\P�_� z�́]j ß¼l�\�¦ t�&ñ
���H ³ð�&³d��s���. q�2�¤ s� \V]j\�"f��H 2 ü<
°ú s� éß�í�Hy� constant \�¦ V,�%3�t�ëß�, 4�¤ú̧�ô�Ç ³ð�&³d��s� s�/BM\� ����±ú� Ãº e���̀¦ �.���s	כ ���õ�
&h�Ü¼�Ð��H GCC ��H ARRAY TYPE node \�¦ Òqt$í
�#��� ���HX<, �¦�9K��� ½+É ��s	כ e����HX<,
Õª��H ��6£§õ� °ú �Ér ?/6 xs���.
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1. C�\P�\�"f_� _�p�%�!3� °ú �Ér TYPE _� ��s	כ #��Q>h Óüæ5g��� +þAI�\�¦ ����?/#Q�� ô�Ç��.
2. C�\P�_� ß¼l�\�¦ ����?/��H tree node ��H #��Q ³ð�&³d��_� 4�¤½+Ë&h���� node �Ð ½̈$í
÷&#Q e���̀¦
Ãº e����.

3. C�\P�_� ß¼l��� t�&ñ
s� îß�|̈c Ãº �̧ e����.
4. C�\P�_� ß¼l���H 6£§Ãº�� ��m���.

C�\P�_� ß¼l�\�¦ ����?/��H ³ð�&³d���Ér

<integer_cst 0x4016c5c0 type <integer_type 0x40166380 int> constant 2>

s�t�ëß�, Äºo���H s���_	כ °ú̀�כ¦ 2 �� ����� 1 �Ð ����â
K��� ½+É �.���s	כ s� ß¼l�\�¦ ����?/��H node
��H 4�¤ú̧�ô�Ç ³ð�&³d���̀¦ ��t��¦ e���̀¦ Ãº e��l� M:ë�H\�, TREE AST Ãºï�r\�"f %�o��� s�ÀÒ#Q4R
�� � 9, s��Qô�Ç �¦̀�	כ t�"é¶�l� 0AK� GCC \�"f��H “folding”�̀¦ ��6 xô�Ç��.

itype = fold (build (MINUS_EXPR, index_type,
convert (index_type, size),
convert (index_type, size_one_node)));

“folding” �̀¦t�"é¶�l�0AK�"f�>rF����H fold ()�<ÊÃº_��â
Äº $prefix/gcc/fold-const.c��{9�\�
�>rF��>� �)a��. s� Êê\�, build index type () �<ÊÃº\�¦ :�xK�"f index type \�¦ Òqt$í
�>� ÷&�¦,
(#�l�"f index type s�êøÍ C�\P�_� ß¼l�\�¦ ��ØÔv�>� |̈c index _� type �̀¦ ú́�ô�Ç��. ) s� index
type õ� l��>r type �̀¦ s�6 xK�"f, z�́]j C�\P� type �̀¦ 0Aô�Ç node \�¦ build array type () �<ÊÃº
\�¦ :�xK�"f Òqt$í
�>� �)a��. Õª��� Êê s�]j build decl () \�¦ :�xK�"f, VAR DECL tree node \�¦
Òqt$í
�>� ÷&��H �.���s	כ s� õ�&ñ
?/\�"f ��f�� ���/åL�t� ·ú§�Ér Type <�Ê�Ér Decl \� @/ô�Ç layout
�̀¦ Ãº'���>� ÷&��HX<, s�\� @/ô�Ç ÂÒì�r ¢̧ô�Ç ���Ér ë�H"f\�"f ���/åLK� ������x��. s�XO�>� K�"f ���
õ�&h�Ü¼�Ð ��A�ü< °ú �Ér node �� ëß�[þt#Qt�>� �)a��.

<var_decl 0x401f6620 a
type <array_type 0x401f65b0

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 32 symtab 0 alias set -1
domain <integer_type 0x401df070

type <integer_type 0x401de4d0 unsigned int> SI
size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d7c00 0>
max <integer_cst 0x401d7b60 1>>>

public static DI file <stdin> line 1
size <integer_cst 0x401d7900 64>
unit size <integer_cst 0x401d7b20 8>
align 32>

“folding”\� @/K�"f��H ���Ér ë�H"f\�"f s���l� ��̧2�¤ ���x��.

• int abc ();
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– declspecs
<tree_list 0x401e53c0 static

value <identifier_node 0x401dd100 int tree_0
global <type_decl 0x401daa80 int

type <integer_type 0x401da380 int>
VOID file <built-in> line 0
align 1>

rid 0x401dd100 "int">>

– declarator
<call_expr 0x401e05c0

arg 0 <identifier_node 0x401f59c0 abc>
arg 1 <tree_list 0x401e53fc>>

declarator �� CALL EXPR s��¦ arg 1 \���H parameter \� @/ô�Ç node �� �̧>� ÷&��HX<,
arg 1 �Ér grokparms () �<ÊÃº\�¦ :�xK�"f t�%i� ���Ãº arg types \� &h�{©�ô�Ç type �̀¦ V,��Ér Êê,
build function type () �<ÊÃº\�¦ :�xK�"f, z�́]j �<ÊÃº\� &h�6 x½+É, type �̀¦ Òqt$í
�>� �)a��. Õª���Êê
arg 0 �̀¦ declarator �Ð F�t�&ñ
ô�Ç��. ëß�[þt#Q��� type �Ér ��A�ü< °ú �Ér �̧�ª��̀¦ ��t�>� �)a��.

<function_type 0x401e28c0
type <integer_type 0x401da380 int SI

size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900

type <integer_type 0x401de540 bit_size_type> constant 64>
unit size <integer_cst 0x401d7b20

type <integer_type 0x401de4d0 unsigned int> constant 8>
align 64 symtab 0 alias set -1>

s�]j, FUNCTION TYPE õ�, Dh\�v>� t�&ñ
�)a declarator \�¦ s�6 x�#�, build decl () \�¦ :�xK�
"f, FUNCTION DECL node \�¦ Òqt$í
�>� ÷& 9, ��A�ü< °ú �Ér �̧�ª��̀¦ ��t�>� �)a��. Óüt�:r ��
A�\� ��ü< e����H public, external õ� °ú �Ér [O�&ñ
�Ér ���%i� ���Ãº current binding level �� t�%i� ���
Ãº specbits \� _�K�"f %ò
�¾Ó�̀¦ ~ÃÎ�� [O�&ñ
÷&��H ÂÒì�rs���.

<function_decl 0x401f65b0 abc
type <function_type 0x401e28c0

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1>

public external QI file <stdin> line 1>

• int abc (int a);
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·ú¡_� \V]jü< ��_� q�5pw�t�ëß�, ?/ÂÒ\� parameter �� z�́]j�Ð ������÷&#Q e����H �â
Äº���X<, %�o�
õ�&ñ
�Ér·ú¡_�\V]jü<°ú t�ëß�, grokparms ()�<ÊÃº\�"fìøÍ8̈�÷&��H���õ�°úכõ� build function type
() �̀¦ :�xK�"f ëß�[þt#Q��� ?/6 x�Ér 0Aü< ��ØÔ���¦ ½+É Ãº e����.

– declspecs
<tree_list 0x401e53c0 static

value <identifier_node 0x401dd100 int tree_0
global <type_decl 0x401daa80 int

type <integer_type 0x401da380 int>
VOID file <built-in> line 0
align 1>

rid 0x401dd100 "int">>

– declarator
<call_expr 0x401e05c0

arg 0 <identifier_node 0x401f59c0 abc>
arg 1 <tree_list 0x401e549c

purpose <parm_decl 0x401f6540 a
type <integer_type 0x401da380 int>
SI file <stdin> line 1
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>>

chain <tree_list 0x401e5474 value <integer_type 0x401da380 int>
chain <tree_list 0x401e5488

value <void_type 0x401de770 void>>>>>

Parameter �� �>rF��l� M:ë�H\�, arg 1 �� �>rF��>� ÷& 9, grokparms () �<ÊÃº\� _�K�"f ��A�
ü< °ú s� ÅÒ#Q��� PARM DECL node \�¦ K�$3��>� �)a��.

<tree_list 0x401e5474
value <integer_type 0x401da380 int SI

size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

chain <tree_list 0x401e5488
value <void_type 0x401de770 void VOID

align 8 symtab 0 alias set -1
pointer_to_this <pointer_type 0x401de7e0>>>>

K�$3�s� �)a Êê, build function type () �<ÊÃº\�¦ :�xK�"f, ·ú¡_� grokparms () �<ÊÃº�� K�$3�ô�Ç
arg types õ� �̧½+Ë�#�, ���õ�&h�Ü¼�Ð FUNCTION DECL node \�¦ ¢-a$í
�>� �)a��.

<function_decl 0x401f6620 abc
type <function_type 0x401e32a0

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
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max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1
arg-types <tree_list 0x401d8adc value <integer_type 0x401da380 int>

chain <tree_list 0x401d8974 value <void_type 0x401de770 void>>>>
public external QI file <stdin> line 1>

5.1.2 �ïe��ªG±ê�+ ×iµ=� (�×@� ��Èê�>

0A_� �0A !lo���\�"f, grokdeclarator () �<ÊÃº_� operation \� @/K�"f ú́��%i���. s�]j s� �<ÊÃº_� Ãº'��s� =åQ
èß� Êê\�, µ1ÏÒqt÷&��H operation \� @/K� s���l� ��̧2�¤ ���x��. start decl () �<ÊÃº\�¦ :�xK�"f [þt#Q�:r initialized
�����\� ���� z�́'�� #�|	�s� ²ú���t���HX<, �íl��o°úכs� e���̀¦ �â
Äº, initialized ���Ãº_� °úכ�Ér 1, \O��̀¦ �â
Äº 0 Ü¼
�Ð [jh�A�)a���¦ ú́��%i���. ���$� �íl��o°úכs� �>rF�\�¦ K��̧ Þ�¶¹1Þ�Ért� �����\�¦ �>� �)a��. ��������H node ��H
TYPE DECL, FUNCTION DECL, PARM DECL \� @/K�"f �������¦ Ô�¦¢-a���ô�Ç type \� @/K�"f�̧ �íl��o
\�¦ �t� ·ú§�̧2�¤ Ãº&ñ
ô�Ç��.
Õª!3� ���õ�&h�Ü¼�Ð finish decl () �<ÊÃº <�Ê�Ér pushdecl () �<ÊÃº�� �&³F� ��������¦ e����H, 7£¤ grokdeclarator ()

�<ÊÃº\� _�K�"f Òqt$í
�)a DECL s� �íl��o|̈c �����t	כ �����t�\�¦ #Qb�G>� ½̈ì�r���Ht�\� @/K�"f ·ú����Ð���,

DECL_INITIAL (decl) = error_mark_node;

0Aü< °ú s� error mark node \�¦ V,�6£§Ü¼�Ð+� ‘pushdecl’ �<ÊÃº\�"f s���Ér	כ �íl��o�)a decl e���̀¦ ú́�ô�Ç��. q�2�¤ ��
f�� Äºo���H initializer expression \�¦ ��t�t� 3lwÙþ¡t�ëß� ú́�s���. ¢̧ô�Ç ‘finish decl’ �<ÊÃº\�>� z�́]j �íl��o��\�¦
$��©�½+É �s�����H	כ �¦̀�	כ ú́�ô�Ç��.

5.1.3 Attribute �+ à�
Ça�

Attibute _� [O�&ñ
�Ér decl attributes () �<ÊÃº\� _�K�"f [O�"î
÷& 9, start decl () �<ÊÃº_� argument �Ð [þt#Q�:r,
attributes \�¦ s�6 x�#� [O�&ñ
÷&>� �)a��. s� �<ÊÃº_� [O�"î
�Ér ��A�ü< °ú ��.

ATTRIBUTES ?/\� list ÷&#Q e����H attribute [þt�̀¦ %�o���¦ Õª[þt�̀¦ *NODE ?/\� [O�u�½+Ëm���.
*NODE��H DECL (TYPE DECL �̀¦�í�<Ê)<�Ê�Ér TYPEÑüt×�æ���\�¦��|9������9�m���.ëß}	כ DECL
s������, Õª��o�\�"f Ãº&ñ
÷&#Q�� ��|ÃÐf��½+É �;���s	כ ëß���� TYPE s������,
ATTR FLAG TYPE IN PLACE�� FLAGS\�[O�&ñ
÷&#Qe��t�·ú§�Érs��©�,4�¤���:rs�Òqt$í
÷&#Q��
ô�Ç��. FLAGS ��H ÆÒ��&h���� &ñ
�Ð\�¦ ÅÒ 9, tree.h ��{9�_� enum attribute flags \�¦ bitwise OR _�
+þAI��Ð ]j/BN ô�Ç��. s��Qô�Ç flags [þt�̀¦ l�ìøÍÜ¼�Ð, Y>�Y>� attribute [þts� ��×�æ\� e���̀¦ stage \� &h�6 x
÷&l� 0AK� ìøÍ8̈�÷&#Q|9� Ãº e����. (\V\�¦ [þt���, decl attribute \�¦ Õª��_	כ type �Ð�� declaration \�
&h�6 x½+É M:) ëß����, ATTR FLAG BUILT IN �� [O�&ñ
÷&#Q e��t� ·ú§�¦, *NODE �� DECL s����, s�
DECL \� &h�6 x½+É Y>�Y>� default attribute [þts� e���̀¦ Ãº e����Ht� ¢̧ô�Ç �¦�9ô�Ç��; ëß���� ÕªXO������,
decl attributes ��H s� attribute [þtõ� ATTR FLAG BUILT IN set [þt�̀¦ ������Ð F�)&h�Ü¼�Ð  ñØ�¦
|̈c �.���s	כ

s� �<ÊÃº_� [j���P: ������Ð ���²ú�÷&��H enum attribute flags \� @/K�"f ���r� ¶ú�(R�Ð��� ��A�ü< °ú �Ér ?/6 xs���.

enum attribute_flags
{
ATTR_FLAG_DECL_NEXT = 1,
ATTR_FLAG_FUNCTION_NEXT = 2,
ATTR_FLAG_ARRAY_NEXT = 4,
ATTR_FLAG_TYPE_IN_PLACE = 8,
ATTR_FLAG_BUILT_IN = 16

};



5.1 �ïe��ª�� á�!ÐM� £o>ÊÁ Ça��+ (start decl) 25

y�� �\¹�èכ @/K�"f [O�"î
�̀¦ ����, ��A�ü< °ú �Ér ?/6 xs���.

• ATTR FLAG DECL NEXT

���²ú�÷&��H type s� DECL _� type s� 9, type s� ìøÍ8̈�÷&l� �Ð�� DECL \� &h�6 x�l� 0AK� ��
r� ���²ú�÷&#Q4R�� ���H #Q�"� attribute [þts���.

• ATTR FLAG FUNCTION NEXT

���²ú�÷&��H type s� function return type s� 9, return type s� ìøÍ8̈�÷&l� �Ð�� function type
\� &h�6 x�l�0AK� ��r� ���²ú�÷&#Q4R�� ���H #Q�"� attribute [þts���.

• ATTR FLAG ARRAY NEXT

���²ú�÷&��H type s� array element type s� 9, element type s� ìøÍ8̈�÷&l� �Ð�� array type \�
&h�6 x�l�0AK� ��r� ���²ú�÷&#Q4R�� ���H #Q�"� attribute [þts���.

• ATTR FLAG TYPE IN PLACE

���²ú�÷&��H type �Ér Òqt$í
|̈c structure <�Ê�Ér union, enumeration type s� 9, Õª ��o�\�"f Ãº&ñ

÷&#Q�� ô�Ç��.

• ATTR FLAG BUILT IN

attribute[þt�Érl��:r&h�Ü¼�Ð library function_�s�2£§s� known behavior\�¦��ØÔv���H��h&�\	כ
6 x÷&��H ×�æs� 9, ëß���� Õª��s	כ ��z�́ function type õ�  ñ8̈�s� ÷&t� ·ú§�̀¦ �â
Äº �̧6 xy� Áºr�÷&
#Q 4R�� ô�Ç��.

5.1.4 Binding Level Uc ... DECL node �+ ÍÙ��

Dh�Ðî�r ... DECL node \�¦ t��FK��t� Òqt$í
��¦, attribute ��t� &h�6 x�%i���. ÕªXO�>� Òqt$í
�)a node \�¦ �&³F�_�
binding level \� 1px2�¤K��� ���H {9�s� ��t�}��Ü¼�Ð z���� e����. s��Qô�Ç operation �Ér pushdecl () �<ÊÃº\� _�K�
"f s�ÀÒ#Qt���HX<, s�\� @/K�"f s�]j ·ú����Ð�̧2�¤ ���.

pushdecl () �<ÊÃº\�¦ :�xK� Ãº'���̀¦ ����, þj7áx&h�Ü¼�Ð �&³F� <�Ê�Ér Global binding level _� names \� �&³F� ���
���×�æ��� ... DECL �̀¦ 1px2�¤�>� �)a��. ëß���� ���%i� ���Ãº�Ð+� “int a;” \�¦ ������½+É �â
Äº, ��6£§õ� °ú �Ér ½̈$í
�̀¦ �Ð{9�
�.���s	כ 7£¤ binding level _� b ���¦ Ùþ¡�̀¦ M:, b→names _� ½̈$í
�Ér ��A�ü< °ú >� �)a��.

<var_decl 0x401f6540 a
type <integer_type 0x401da380 int SI

size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

public static common SI file <stdin> line 17
size <integer_cst 0x401d7540 32> unit size <integer_cst 0x401d75e0 4>
align 32 chain <type_decl 0x401eed90 __g77_ulongint>>

names _� 3lq2�¤ list ��H TREE CHAIN (x) \� _�K�"f s�ÀÒ#Qt�>� ÷& 9, tree _� common.chain �̀¦ :�xK�"f "f
�Ð ������÷&>� �)a��. s� ... DECL \�¦ V,��̀¦ M: ìøÍ@/ í�H"f�Ð list \� decl [þt�̀¦ Z�~��HX<, Dh�Ðî�r ��s	כ ·ú¡\� �̧>� �)a
��. s���Ér	כ ��×�æ\� ¹כ��9������ Äºo���H Õª�¦̀�	כ ��r� ��Ë̈�Ð ½+É �.���s	כ
�t�ëß� pushdecl () �<ÊÃº\�"f��H �&³F� binding level _� names \� ... DECL node ëß� V,���H ��Ér	כ �����X<,

���%i� ���Ãº <�Ê�Ér t�%i� ���Ãº, �<ÊÃº 1px1px [þt#Q�̧��H ... DECL \� @/ô�Ç DECL NAME (x) \�¦ %�o��>� �)a��.
@/ÂÒì�r_� s�2£§�Ér IDENTIFIER NODE tree node \�¦ :�xK�"f ½̈$í
÷&#Q e��Ü¼ 9, ·ú¡_� ë�H"f\�"f s�p� ���/åL
Ùþ¡1pws�, z�́]j identifier node tree node \� ¹ô�Çכ��9 ½̈�̧�̂ ß¼l� �Ð�� ���çß� �8 	�H /BNçß�s� ½+É{©�÷&#Q e����H
X<, 7£¤ struct lang identifier ½̈�̧�̂ ½̈$í
¦�\¹�èכ s�ÀÒ��H element ëß��pu �8 ½+É{©��)a���¦, ·ú¡\�"f ú́��%i���.
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lookup name current level () �<ÊÃº\�¦ :�xK�"f, K�{©� °ú̀�כ¦ ½̈�#�"f IDENTIFIER NODE \�¦ 0AK� &h�{©�ô�Ç [O�
&ñ
�̀¦ �>� �)a��.
\V\�¦ [þt#Q, ���%i� ���Ãº “int a;”\� @/K� ú́��̀¦ ����, {9�ìøÍ&h�Ü¼�Ð s��Qô�Ç %�o��� e��l� ���

IDENTIFIER NODE tree node _� �â
Äº, ��A�ü< °ú �Ér �̧_þv�̀¦ �>� ÷&��HX<,

<identifier_node 0x401f59c0 a>

%�o��� e���Ér Êê ��A�ü< °ú s� ����>� �)a��.

<identifier_node 0x401f59c0 a public
global <var_decl 0x401f6540 a

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

public static common SI file <stdin> line 17
size <integer_cst 0x401d7540 32> unit size <integer_cst 0x401d75e0 4>
align 32>>

s��Qô�Ç %�o��� e����H s�Ä»��H y�� identifier �� #Q*�ô�Ç ������Ü¼�Ð ëß�[þt#Q��� �����t	כ ·ú��9ÅÒl� 0AK�"fs���. ëß����
“int main () ” ü< °ú s� çß�éß�ô�Ç �<ÊÃº �������̀¦ ½+É �â
Äº ��A�ü< °ú s� main IDENTIFIER NODE �� [O�&ñ
÷&>�
�)a��.

<identifier_node 0x401ed6c0 main public
global <function_decl 0x401f65b0 main

type <function_type 0x401e28c0 type <integer_type 0x401da380 int>
DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1>

public static QI file <stdin> line 15 initial <error_mark 0x401dca20>>>

5.2 �ïe��ª�� á�!ÐM� £o>ÊÁ Ça��+ (finish decl)

·ú¡\�"fs���l�Ùþ¡1pws�, finish decl ()�<ÊÃº\�"f��H·ú¡\�"f������ô�Ç ... DECL node��Ô�¦¢-a���ô�Ç type �̀¦��t��¦
e���̀¦ �â
Äº, s� �<ÊÃº\�"f �íl��o°ú̀�כ¦ �Ð�¦ Õª\� @/K� &ñ
_�\�¦ �>� ÷&#Q e����. Ô�¦¢-a���ô�Ç type ���t� �����t�\�¦
��o���H ÂÒì�r�Ér DECL SIZE (decl) �� [O�&ñ
÷&#Q e��Ö¼�� ��m���\� ²ú��9 e����HX<, s��Qô�Ç ÂÒì�r�̀¦ [O�&ñ
���H ÂÒ
ì�rs� layoutÂÒì�rs��¦,Ô�¦¢-a���ô�Ç ... DECL node_��â
Äº, layouts�z�́'��÷&t�·ú§��¤6£§�̀¦_�p�ô�Ç��. finish decl
() �<ÊÃº��H ¢̧ô�Ç �íl�°úכ(�íl��o��) \�¦ [O�u�ô�Ç��. ¢̧ ëß���� C�\P� type _� U�́s��� ·ú¡\�"f ·ú��9t�t� ·ú§��¤����� Õª
��\	כ @/K� �íl�°úכÜ¼�ÐÂÒ'� ·ú���?/#Q s�]j ������K���ëß� ô�Ç��. ëß���� ÕªXO�t� 3lw½+É �â
Äº �̧ÀÓ�� �)a��.
���%i� ���Ãº���t�, t�%i� ���Ãº���t�\� @/ô�Ç ½̈ì�r�Ér DECL CONTEXT (decl) �� [O�&ñ
÷&#Q e����H��_� ë�H]j���

X<, Õª s�Ä»��H pushdecl () �<ÊÃº\�"f ��A�ü< °ú �Ér operation s� {9�#Q��l� M:ë�Hs���.

DECL_CONTEXT (x) = current_function_decl;

���%i� ���Ãº{9� �â
Äº, rest of decl compilation () �<ÊÃº�� Ãº'��÷&#Q %�o�÷& 9, t�%i� ���Ãº{9� �â
Äº, add decl stmt
() �<ÊÃº��  ñØ�¦|̈c Ãº e����.

5.3 �ïe�G±êl� ÑÏ�ÐM� £o>ÊÁ Ça��+

s�]j K�{©� ���Ãº_� �íl��o�� (initializer) �� �>rF�½+É �â
Äº, GCC \�"f��H #Qb�G>� %�o�÷&��Ht� ·ú����Ð�̧2�¤ �
��. ·ú¡_� ë�H"f\�"f �íl��o���� K�$3�÷&l� ���\�, start init () �<ÊÃº��  ñØ�¦÷&�¦, finish decl () �<ÊÃº\�¦ :�xK�, ���
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Ãº_� �������̀¦ =åQ?/l� ���\�, finish init () �<ÊÃº\�¦  ñØ�¦ô�Ç����H �¦̀�	כ ���/åL�%i���. �íl��o��\�¦ $��©��l� 0AK�"f,
GCC \�"f��H struct initializer stack ½̈�̧�̂\�¦ s�6 x�#� stack +þAI��Ð $��©��>� ÷&��HX<, Äº��� s� ½̈�̧�̂\�
@/K� ���$� ·ú����Ð�̧2�¤ ���.

struct initializer_stack
{
struct initializer_stack *next;
tree decl;
const char *asmspec;
struct constructor_stack *constructor_stack;
struct constructor_range_stack *constructor_range_stack;
tree elements;
struct spelling *spelling;
struct spelling *spelling_base;
int spelling_size;
char top_level;
char require_constant_value;
char require_constant_elements;
char deferred;

};

s� ½̈�̧�̂ stack �Ér nest �)a ì�ro��)a initializer [þt�̀¦ l�2�¤ô�Ç��. Nest �)a initializer [þt�Ér ANSI C \�"f��H µ1ÏÒqt
½+É Ãº \O�t�ëß�, GNU C \�"f��H { ... (struct foo) { ... } ... } ü< °ú �Ér �â
Äº )�|ÃÌô�Ç��. ��6£§Ü¼�Ð s� ½̈�̧�̂��
�í�<Ê��¦ e����H ���Ér ½̈�í]j\� @/K�"f ·ú����Ð�̧2�¤ ���.

struct constructor_stack
{
struct constructor_stack *next;
tree type;
tree fields;
tree index;
tree max_index;
tree unfilled_index;
tree unfilled_fields;
tree bit_index;
tree elements;
struct init_node *pending_elts;
int offset;
int depth;
/* If nonzero, this value should replace the entire

constructor at this level. */
tree replacement_value;
struct constructor_range_stack *range_stack;
char constant;
char simple;
char implicit;
char erroneous;
char outer;
char incremental;
char designated;

};

s� stack �Ér ���©� ü@FỲ_� �¦̀�	כ �í�<Ê�#�, y��y�� �íl��o��\�¦ ëß�×¼��H implicit <�Ê�Ér explicit level 6 x level �̀¦ ��
t��¦ e����. s���Ér	כ 0A ���Ãº[þt_� @/ÂÒì�r_� °úכ[þt�̀¦ $��©�ô�Ç��.
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struct constructor_range_stack
{
struct constructor_range_stack *next, *prev;
struct constructor_stack *stack;
tree range_start;
tree index;
tree range_end;
tree fields;

};

s� stack �Ér list ?/ Y>�Y>� range designator ÂÒ'� ��t�}�� designator ��t� designator [þt�̀¦ �����·p��.

struct spelling
{
int kind;
union

{
int i;
const char *s;

} u;
};

s�2£§_� component[þts� push<�Ê�Ér pop |̈cÃºe���̧2�¤���H spelling stack\�¦Ãº'��ô�Ç��. stack�©�_�y�� element
��H s� ½̈�̧�̂s���. y�� ½̈$í
�\¹�èכ @/K� [O�"î
�Ér ���� ��A�ü< °ú ��.

• kind

Kind ��H [j ��t� 7áxÀÓ_� °ú̀�כ¦ ��t� 9, ��A�ü< °ú �Ér °úכs� �>rF�½+É Ãº e����.

#define SPELLING_STRING 1
#define SPELLING_MEMBER 2
#define SPELLING_BOUNDS 3

• union u

z�́]j °úכs� [þt#Q°ú� /BMs���.

Õª ü@, s��Qô�Ç spelling stack �̀¦ 0Aô�Ç MACRO �� ��Ãº �>rF����HX<, PUSH SPELLING,
SAVE SPELLING DEPTH ü< °ú �Ér macro [þt�̀¦ $prefix/gcc/c-typeck.c ��{9�\�"f ¶ú�(R�ÐU�́ ��êøÍ��.
Õª!3� z�́]j�Ð 0A_� ½̈�̧�̂\� #Q*�ô�Ç °úכ[þts� $��©�÷&>� ÷&��Ht� ·ú����Ð�̧2�¤ ���. z�́]j�Ð $��©����H ÂÒì�r�Ér

start init () �<ÊÃº\� $��©�÷&#Q e����HX<, struct initializer stack ½̈�̧�̂\� @/ô�Ç pointer ��� p �� e�����¦ ��&ñ
Ùþ¡
�̀¦ M:, z�́]j °úכ�Ér ��A�ü< °ú s� [O�&ñ
÷&>� �)a��.

p->decl = constructor_decl;
p->asmspec = constructor_asmspec;
p->require_constant_value = require_constant_value;
p->require_constant_elements = require_constant_elements;
p->constructor_stack = constructor_stack;
p->constructor_range_stack = constructor_range_stack;
p->elements = constructor_elements;
p->spelling = spelling;
p->spelling_base = spelling_base;
p->spelling_size = spelling_size;
p->deferred = constructor_subconstants_deferred;
p->top_level = constructor_top_level;
p->next = initializer_stack;
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0A\�"f [O�&ñ
÷&��H °úכ[þt�Ér �̧¿º ���%i����Ãº�Ð+� $prefix/gcc/c-typeck.c ��{9�\� ������÷&#Q e����. y��y��\� @/ô�Ç [O�
"î
�̀¦ ���� ��A�ü< °ú ��.

• constructor decl

initializer �� {9�#Qt��¦ e����H DECL node. °úכs� 0 {9� �â
Äº, Äºo��� (struct foo) ... ü< °ú �Ér
constructor expression \�¦ {9��¦ e��6£§�̀¦ _�p�ô�Ç��.

• constructor asmspec

start init ��H really start incremental init \�¦ 0AK� #�l� ASMSPEC arg \�¦ $��©�ô�Ç��.

• require constant value

��f�� &ñ
SX�ô�Ç [O�"î
s� \O�6£§.

• require constant elements

��f�� &ñ
SX�ô�Ç [O�"î
s� \O�6£§.

• constructor stack

��f�� &ñ
SX�ô�Ç [O�"î
s� \O�6£§.

• constructor range stack

��f�� &ñ
SX�ô�Ç [O�"î
s� \O�6£§.

• constructor elements

ëß����Äºo��� element[þt�̀¦½+É{©��l��Ð��,]X������¦��ô�Ç�����.s����Ért��FK��t	כ element[þt
_� list (Reverse í�H"fs� 9, ���©� þj��Hs� ���$� �:r��.) s���.

• spelling

(��6 x îß��)a) ��6£§ stack element.

• spelling base

Spelling stack base.

• spelling size

Spelling stack _� ß¼l�.

• constructor subconstants deferred

ëß���� defer addressed constants ��  ñØ�¦�)a &h�s� e������� 1.

• constructor top level

ëß���� s���s	כ top-level decl \�¦ 0Aô�Ç initializer {9� �â
Äº 0 s� ��m���.

• initializer stack

struct initializer stack linked-list _� %�6£§�̀¦ ��ØÔv���H pointer.

Õªü@\� ÆÒ��&h�Ü¼�Ð start init () �<ÊÃº?/\�"f �íl��o�� s�ÀÒ#Qt���H ���%i����Ãº�� ¢̧ô�Ç �>rF����HX<, Õª\�
@/K�"f çß�éß�y� [O�"î
�̀¦ ���� ��A�ü< °ú ��.

• constructor designated
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s� initializer \� #Q*�ô�Ç member designator [þts� �>rF�½+É �â
Äº 0 s� ����� °úכ.

• missing braces mentioned

ëß���� Äºo��� s�p� s� �íl��o�� ?/\� “missing braces around initializer” Bj[jt�\�¦ Ø�¦§4�ô�Ç
&h�s� e���̀¦ �â
Äº, 0 s� ����� °ú̀�כ¦ ��f��.

���%i����Ãº constructor decl, constructor asmspec, constructor top level ��H y��y�� start init () �<ÊÃº��  ñØ�¦
|̈c M: ���²ú��)a argument �Ð [O�&ñ
s� ÷& 9, require constant value ü< require constant elements ��H y�� K�{©�
... DECL node _� static x9� TREE CODE \� ���� °úכs� ²ú��������. Õª ü@_� �� Qt� ���%i� ���Ãº��H �̧¿º 0 <�Ê
�Ér NULL �Ð [O�&ñ
÷&>� �)a��. Õªo��¦ �&³F� ... DECL node _� IDENTIFIER POINTER �� �>rF�½+É �â
Äº, s�
\�¦ 0Aô�Ç push string () �<ÊÃº��  ñØ�¦÷& 9,  ñØ�¦�)a s� �<ÊÃº\�"f��H struct spelling \� K�{©� s� �<ÊÃº_� s�2£§�̀¦
l�2�¤�>� �)a��.
s�]j finish init () �<ÊÃº��  ñØ�¦÷&���, K�{©� initializer _� �̧��H constructor stack �̀¦ free ��¦ Õª ü@ �� Q

t� operation �Ér ��A�\� e����H ��s	כ ���ÂÒs���.

constructor_decl = p->decl;
constructor_asmspec = p->asmspec;
require_constant_value = p->require_constant_value;
require_constant_elements = p->require_constant_elements;
constructor_stack = p->constructor_stack;
constructor_range_stack = p->constructor_range_stack;
constructor_elements = p->elements;
spelling = p->spelling;
spelling_base = p->spelling_base;
spelling_size = p->spelling_size;
constructor_subconstants_deferred = p->deferred;
constructor_top_level = p->top_level;
initializer_stack = p->next;
free (p);

z�́]j�Ð�íl��o°úכs� ... DECL node\�&h�6 x÷&��H��Ér	כ finish decl ()�<ÊÃº�� ñØ�¦÷&#Q|9�M:���¦ ú́��%i���.
Õª×�æ TREE CODE (decl) �� TYPE DECL �� ����� �̧��H �â
Äº, store init value () �<ÊÃº\�"f z�́]j ... DECL
node\��íl��o°ú̀�כ¦ìøÍ%ò
�>��)a��.s��<ÊÃº��H���Ãº_��íl�°úכ\�&h�{©�ô�Ç���8̈��̀¦Ãº'��ô�ÇÊê declaration DECL
?/ $��©���¦ &h�{©�ô�Ç #Q�"� �̧ÀÓ Bj[jt�[þt�̀¦ Ø�¦§4�ô�Ç��. ëß���� init �� Ä»ò́�t� ·ú§�����, ERROR MART �̀¦ $�
�©�ô�Ç��. ���õ�&h�Ü¼�Ð��H DECL INITIAL (decl) \� °ú̀�כ¦ V,�>� �)a����H �¦̀�	כ ·ú¡\�"f ú́��%i���.

V� 6 â�
 Áþ�ÊÁ

z�́]j�Ð�<ÊÃº\�¦%�o�½+É M:#Q*�ô�Ç{9�s�µ1ÏÒqt�>�÷&��Ht�\�@/K���A�ÂÒ'�¶ú�(R�Ð�̧2�¤���x��.�<ÊÃº_��â
Äº,
ß¼>�W1ÂÒì�rÜ¼�Ð ½̈ì�r½+ÉÃºe����x��HX<,'Í	���P:��H type specifier,¿º���P:��H�<ÊÃº_�s�2£§,[j���P:��H argument,
W1���P:��H �<ÊÃº_� body {9� �.���s	כ type specifier _� �â
Äº ·ú¡\�"f ���/åLô�Ç “Type _� &ñ
_�”\�"f #Á	#Q����H ?/
6 xs� ��m�l� M:ë�H\�, s�\� @/ô�Ç [O�"î
�Ér ¹כ��9�t� ·ú§Ü¼o��� �:r��.

6.1 ê�>��

�<ÊÃº_� �â
Äº, %�6£§ &ñ
_�\�¦ ½+É M:��, z�́]j�Ð ���Ér �<ÊÃº ?/\�"f  ñØ�¦�̀¦ ½+É �â
Äº, \P�\� parameter [þt�̀¦ ~ÃÎ��[þt
s�>� ÷&��HX<, s� ÂÒì�r\� @/ô�Ç %�o���H #Qb�G>� ÷&��Ht� s� �0A!lo���\�"f ¶ú�(R�Ð��.
z�́]j �<ÊÃº_� �����\�¦ %�o����H Yacc ì�rZO��Ér parmlist or identifiers <�Ê�Ér parmlist ��6\�\�"f %�o�ô�Ç���¦

½+É Ãº e����. Parameter [þt�̀¦ %�o��l� ���\� Y>���t� ï�rq� ���\O��̀¦ ���H ��s	כ e����.

• Dh�Ðî�r binding level �̀¦ Òqt$í
ô�Ç��. pushlevel () �<ÊÃº\�"f Ãº'���)a��. Binding level \� @/K�"f��H ��A�
ÂÒì�r\�"f ¶ú�(R�Ð�̧2�¤ ���.
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• Dh�Ðs� ëß�[þt#Q��� binding level _� ½̈$í
 ���¹�èכ parm order \�¦ NULL TREE �Ð �íl��oô�Ç��.
clear parm order () �<ÊÃº\�"f Ãº'���)a��.

• s� binding levels� parameter\�¦0Aô�Ç level�Ð��6 x�)a����H��z�́�̀¦��ØÔv��̧2�¤ ½̈$í
���¹�èכ parm flag
\�¦ 1 �Ð [O�&ñ
ô�Ç��. declare parm level () �<ÊÃº\�"f Ãº'���)a��.

s�XO�>� ï�rq��� �)a Êê, ( ... ) ��s�\� �������)a y�� ���Ãº\�¦ K�$3��>� �)a��. ëß���� Old-style _� parameter ������{9�
�â
Äº, ���Ér ���Ãº ������õ� ��ðøÍ��t��Ð %�o�÷&Ù¼�Ð 0A\�"f [O�"î
ô�Ç “���Ãº” !lo����̀¦ �ÃÐ�¦½+É Ãº e���̀¦ �.���s	כ Óüt
�:r ( ... ) ��s�\� Type õ� Declrator �̧ Óüt�:r ��_� ��ØÔt� ·ú§��. 	�s�&h�s� e�������, y�� Type õ� Declarator
\�¦ build tree list () �<ÊÃº\�¦ :�xK� ���_� node �Ð Óü��Ér Êê\� push parm decl () �<ÊÃº\�¦  ñØ�¦�>� �)a����H �	כ
s���. ëß���� Parameter \� int a ���¦ ������Ùþ¡�����, ëß�[þt#Qt���H node ��H ��A�ü< °ú ��.

<tree_list 0x401e5438
purpose <tree_list 0x401e53fc static

value <identifier_node 0x401dd100 int tree_0 global <type_decl 0x401daa80 int>
rid 0x401dd100 "int">>

value <identifier_node 0x401f5a00 a>>

ëß���� char *argv[] ü< °ú s� �������%i������, ��A�ü< °ú �Ér �̧+þA�̀¦ ��t�>� �)a��.

<tree_list 0x401e544c
purpose <tree_list 0x401e53fc static

value <identifier_node 0x401d9d80 char tree_0 global <type_decl 0x401daaf0 char>
rid 0x401d9d80 "char">>

value <indirect_ref 0x401e5438
arg 0 <array_ref 0x401e05c0

arg 0 <identifier_node 0x401f5a00 argv>>>>

s�XO�>� ëß�[þt#Q��� Tree node ��H push parm decl () �<ÊÃº\� _�K�"f %�o��� ÷&>� ÷&��HX<, s� �<ÊÃº��H ÅÒ#Q���
parsed parameter declaration \�¦ PARM DECL �Ð K�$3���¦ �&³F� binding level \� push ���H %i��Ö̧�̀¦ � 9,
¢̧ô�Ç ·ú¡Ü¼�Ð parm decls _� s�1pq�̀¦ 0AK� �&³F� binding level _� ‘parm order’ \� ÅÒ#Q��� parm [þt_� í�H"f\�¦
l�2�¤�>� �)a��. Óüt�:r ���Ãº\�¦ ������½+É M:ü< ��ðøÍ��t��Ð, PARM DECL \�¦ ëß�[þtl� 0AK�, grokdeclarator () �<Ê
Ãº\�¦  ñØ�¦��¦, z�́]j�Ð ���Ãº\�¦ �&³F�_� Binding level \� ìøÍ%ò
�l� 0AK�, pushdecl () �<ÊÃº��  ñØ�¦÷& 9, ��t�
}��Ü¼�Ð finish decl () �<ÊÃº��  ñØ�¦÷&>� �)a��.
s�]j push parm decl () _� operation s� =åQz�¤�����, get parm info () �<ÊÃº��  ñØ�¦÷&>� �)a��. s� ÂÒì�r\�"f

_� %�o� õ�&ñ
�Ér ��6£§õ� °ú ��. �&³F� binding level \���H ������Ùþ¡~�� ���Ãº\� @/ô�Ç ‘names’ &ñ
�Ð�� l�2�¤÷&#Q e���̀¦
�â
Äº, Õªo��¦ ‘parm order’ \���H ���Ãº_� í�H"f�� l�2�¤÷&#Q e���̀¦ �,>���X	כ s���Ér	כ %i�í�HÜ¼�Ð l�2�¤÷&#Q e���̀¦ �	כ
s���. ëß���� (int a, char *ar[]) s�����H parameter \�¦ V,�%3������ ��6£§õ� °ú �Ér �̧_þvÜ¼�Ð ‘parm order’ \� l�2�¤÷&
#Q e���̀¦ �.���s	כ

<tree_list 0x401e54ec
value <parm_decl 0x401f6690 ar

type <pointer_type 0x401f65b0 type <pointer_type 0x401dec40>
unsigned SI
size <integer_cst 0x401d7b80 constant 32>
unit size <integer_cst 0x401d7be0 constant 4>
align 32 symtab 0 alias set -1>

unsigned SI file <stdin> line 1
size <integer_cst 0x401d7b80 32> unit size <integer_cst 0x401d7be0 4>
align 32 result <pointer_type 0x401f65b0>
initial <pointer_type 0x401f65b0> arg-type <pointer_type 0x401f65b0>
arg-type-as-written <pointer_type 0x401f65b0>
chain <parm_decl 0x401f6540 a type <integer_type 0x401da380 int>

SI file <stdin> line 1
size <integer_cst 0x401d7540 constant 32>
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unit size <integer_cst 0x401d75e0 constant 4>
align 32 result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>>>

chain <tree_list 0x401e5460 value <parm_decl 0x401f6540 a>>>

s� &ñ
�Ð\�¦ ���½ÓÜ¼�Ð K�"f, z�́]j ‘names’ &ñ
�Ð\�¦ ��A�ü< °ú s� í�H"f\� ú́�>� F�&ñ
o�K� Z�~��H��. s�\�¦ 0AK�"f
nreverse () �<ÊÃº\�¦ ��6 x���HX<, éß�í�Hy� �ÃÐ�̧�l� ��êøÍ��.

<parm_decl 0x401f6540 a
type <integer_type 0x401da380 int SI

size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

SI file <stdin> line 1 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32 result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 ar>>

Dh\�v>� &ñ
o��� =åQ�����, ‘names’ &ñ
�Ð\�¦ Dh\�v>� \O�X<s�àÔ\�¦ ��¦, ìøÍ8̈��Ö̧ TREE LIST node \�¦ ëß�[þt>� ÷&��H
X<,0A_�\V\�¦>�5Åq��H�����,��A�ü<°ú �Ér node��ëß�[þt#Q4RìøÍ8̈�÷&>��)a��. Purpose\���HK�{©� PARM DECL
node _� chain s� Chain \���H K�{©� type _� chain s� [þt#Q��>� �)a��.

<tree_list 0x401e553c
purpose <parm_decl 0x401f6540 a type <integer_type 0x401da380 int>

SI file <stdin> line 1
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 ar>>

chain <tree_list 0x401e5500 value <integer_type 0x401da380 int>
chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>

chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>

s�XO�>� %�o��)a node ��H �©�0A Yacc ë�HZO�_� ��6\�\�>� �Å�l�>� ÷& 9, parmlist tags warning () �<ÊÃº\�¦  ñØ�¦�
#�, ¢-a«Ñ|̈c Ãº \O���H struct <�Ê�Ér union, enum tag [þt\� �'aK� �â
�¦\�¦ ô�Ç��. Õªo��¦ poplevel () �<ÊÃº\�¦ :�xK�
"f �&³F� binding level \�"f »1ÏØ�¦�>� �)a��. poplevel () �<ÊÃº\� @/ô�Ç ��[jô�Ç [O�"î
�Ér ��A�_� !lo��� “Binding
Level” �̀¦ �ÃÐ�̧�l� ��êøÍ��.
s�XO�>�%�o���¢-a«Ñ��÷&���,0A_� node��H CALL EXPRõ����½+Ë�#� start function ()�<ÊÃº\����²ú�÷& 9,

s� �<ÊÃº\�¦ :�xK�"f Y>�Y>� ���%i� ���Ãºü< FUNCTION DECL node �� Òqt$í
 x9� [O�&ñ
�)a��. Õª���Êê start function
() �<ÊÃº�� ¢-a«Ñ�� �)a Êê, store parm decls () �<ÊÃº��  ñØ�¦÷&>� �)a��. start function () �<ÊÃº\� @/K�"f��H ��A�
\�"f [O�"î
ô�Ç “�<ÊÃº_� r���� (start function)” section �̀¦ �ÃÐ�̧�l� ��êøÍ��.
Õª!3� ��A�ÂÒ'���H �&³F� �<ÊÃº ������?/\� parameter ������[þt�̀¦ $��©����HX< ��6 x÷&��H store parm decls () �<Ê

Ãº\� @/K�"f ·ú����Ð�̧2�¤ ���. s� �<ÊÃº_� �â
Äº, s� ü@\��̧ 7á§ �8 ú́§�Ér {9��̀¦ ?/ÂÒ\�"f Ãº'���̀¦ ��¦ e����HX<,
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�<ÊÃº\�¦ 0Aô�Ç RTL code \�¦ �íl��o ô�Ç������, statement tree \�¦ r�������H {9� 1px1px �̀¦ �>� �)a��. 7£¤, z�́]j�Ð
function _� body \�¦ K�$3��l� ���\� s�ÀÒ#Q4R�� ½+É {9��̀¦ ��Áºo� f±	��H $í
����̀¦ °ú s� �������.
Äº��� s� �<ÊÃº_� �:rA�_� 3lq&h���� current function decl \� parameter �������̀¦ $��©����H ÂÒì�r�̀¦ ¶ú�(R�Ð�̧

2�¤ ���. C ���#Q\�"f��H ¿º ��t� prototype �̀¦ &ñ
_�K� ÅÒ��H ��s	כ ��0px�l� M:ë�H\�, ANSI prototype <�Ê�Ér
old-style definition ×�æ #Q�"� �Ü¼�Ð	כ &ñ
_�K� ÅÒ%3�Ö¼��\� ����"f Ãº'�� ~½ÓZO�s� ²ú���t�>� �)a��. ��A�\�"f��H
ANSI prototype +þAd��Ü¼�Ð &ñ
_�\�¦ �%i��̀¦ M:\�¦ ¶ú�(R�Ð�̧2�¤ ���.

ANSI prototype _� �â
Äº, Parm [þts� s�p� decl [þt�̀¦ ��t��¦ e��#Q"f, z�́]j�Ð Õª[þt�̀¦ &h�6 x�l� 0AK� l�2�¤
���H �¦̀�	כ ]jü@��4H ½+É {9��Ér \O���. y�� PARM DECL \� @/K� pushdecl () \�¦ z�́'�� ô�Ç Êê, "é¶A� chain order
+þAI��Ð decl \�¦ %3�#Q funciton \� l�2�¤ô�Ç��. 7£¤ ��A�ü< °ú �Ér Ãº'���̀¦ :�xK�"f parameter \�¦ $��©��>� �)a��.

DECL_ARGUMENTS (fndecl) = getdecls ();

Õªo��¦ enum constant [þt�Ér pushdecl ô�ÇÊê, tags [þt�̀¦ $��©��<ÊÜ¼�Ð+�, $��©� ÂÒì�r�̀¦ ¢-a«Ñ�>� �)a��.

int
main (int argc, char *argv[]) {
}

\�¦ \V]j�Ð, #�l���t� ¢-a«Ñ÷&%3��̀¦ M:, z�́]j, FUNCTION DECL _� TREE node \�¦ ¶ú�(R�:r�����, ��A�ü< °ú 
�Ér �̧_þv�̀¦ �>� �)a��.

<function_decl 0x401f6770 main
type <function_type 0x401f6700

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1
arg-types <tree_list 0x401e5500 value <integer_type 0x401da380 int>

chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>
chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>

public static QI file <stdin> line 2
arguments <parm_decl 0x401f6540 argc type <integer_type 0x401da380 int>

SI file <stdin> line 2 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32 context <function_decl 0x401f6770 main>
result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 argv type <pointer_type 0x401f65b0>

unsigned SI file <stdin> line 2
size <integer_cst 0x401d7b80 constant 32>
unit size <integer_cst 0x401d7be0 constant 4>
align 32 context <function_decl 0x401f6770 main>
result <pointer_type 0x401f65b0>
initial <pointer_type 0x401f65b0>
arg-type <pointer_type 0x401f65b0>
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arg-type-as-written <pointer_type 0x401f65b0>>>
result <result_decl 0x401f67e0 type <integer_type 0x401da380 int>

SI file <stdin> line 2 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32> initial <error_mark 0x401dca20>

(mem:QI (symbol_ref:SI ("main")) [0 S1 A8])
chain <type_decl 0x401eed90 __g77_ulongint>>

s� ÂÒì�r��t� ¢-a«Ñ�� ÷&%3������, z�́]j�Ð FUNCTION DECL \� @/ô�Ç [O�&ñ
�Ér ×�æìøÍ ÂÒì�r��t� ¢-a«Ñ�� ÷&
%3����¦ ½+É Ãº e����HX<, store parm decls () �<ÊÃº_� �� Qt� ÂÒì�r\�"f��H init function start () �<ÊÃº x9� be-
gin stmt tree () �<ÊÃº\�¦ z�́'���>� ÷& 9, z�́]j �<ÊÃº ½̈�̧�̂��� struct function �̀¦ 0Aô�Ç Y>�Y>� %�o��� s�ÀÒ#Qt�
>� �)a��. s� ÂÒì�r\� @/K�"f��H s� ÂÒì�r\�"f ���/åL�t� ·ú§��x�¦, ��A�_� “�<ÊÃº_� ×�æçß�” subsection �̀¦ �Ðl� ��
êøÍ��.

6.2 Áþ�ÊÁ�+ k�¼ÇÐ (start function)

�<ÊÃº_� &ñ
_�\�¦ %�o����H õ�&ñ
\�"f old style parm decls (Yacc ë�HZO�) ��6\�\� �̧²ú��l� ���\�, GCC \�"f��H
�<ÊÃº_� r�����̀¦ ·ú�o�l� 0AK� start function () �<ÊÃº\�¦  ñØ�¦�>� ÷& 9, ������Ð+�, �&³F� �<ÊÃº�� ������÷&�¦ e����H
Type, 7£¤ current declspecs, ���Ð ·ú¡ éß�\�"f [O�"î
ô�Ç Declarator (Óüt�:r parm list \�¦ �í�<Êô�Ç), Õªo��¦ �&³F� �<Ê
Ãº\� &h�6 x|̈c Attribute [þt, all prefix attributes \�¦ ���²ú��>� �)a��.
�&³F� type õ�, attribute _� �â
Äº, ·ú¡"f [O�"î
ô�Ç ���Ãº_� ������õ� Õª_� °ú �Ér, setspecs ��6\�\� _�K�"f l�2�¤

÷&��H °úכs�l� M:ë�H\� s�\� @/K�"f��H [O�"î
�t� ·ú§��xt�ëß�, declarator \� @/K�"f��H ·ú¡ éß�\�"f ½̈ô�Ç parm list
node ü< �<ÊÃº_� s�2£§�̀¦ 0Aô�Ç identifier node �� CALL EXPR �Ð ëß�[þt#Q4R�� �l� M:ë�H\� s�\� @/K� [O�"î

�̀¦ ���çß� ���x��.
·ú¡_� “�����” ÂÒì�r\�"f get parm info () �<ÊÃº�� ÅÒ%3�~�� node ü< z�́]j �<ÊÃº_� s�2£§�̀¦ ��ØÔv���H identi-

fier node \�¦ build nt () �<ÊÃº\�¦ s�6 x�#� CALL EXPR tree node \�¦ ëß�[þt>� ÷&��HX<,
s� node �� start function \� |	�W1t�>� ÷& 9, s�\�¦ s�6 x�#� FUNCTION DECL tree node �� Dh\�v>� ëß�[þt
#Qt�>� �)a��. ���õ�&h�Ü¼�Ð ëß�[þt#Qt���H CALL EXPR node _� �â
Äº, ��A�ü< °ú �Ér �̧+þA�̀¦ ��t�>� �)a��.

<call_expr 0x401e05e0
arg 0 <identifier_node 0x401ed6c0 main>
arg 1 <tree_list 0x401e553c

purpose <parm_decl 0x401f6540 argc type <integer_type 0x401da380 int>
SI file <stdin> line 1
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 argv>>

chain <tree_list 0x401e5500 value <integer_type 0x401da380 int>
chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>

chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>>

Õª!3� s�]jÂÒ'� �:r���&h�Ü¼�Ð start function () �<ÊÃº\�"f µ1ÏÒqt���H %�o� ÂÒì�r\� @/K�"f �Ð>� ÷&��x��HX<, �
�� ��� [O�"î
�l�\���H �̧ ñô�Ç ÂÒì�rs� e��l� M:ë�H\�, \V]j\�¦ Z�~�¦ Õª \V]j�� #Qb�G>� %�o�÷&��Ht�\� @/K� ¶ú�
(R�Ð�̧2�¤ ���. \V]j�Ð��H ��A�ü< °ú s� C ���#Q_� ���©� @/³ð&h���� �<ÊÃº\� @/K� ·ú����Ð��x��.

int
main (int argc, char *argv[]) {
}
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Äº���s�XO�>��<ÊÃº��&ñ
_�÷&%3��̀¦M:, start function ()\�>����²ú�÷&��H�����[þtÂÒ'�¶ú�(R�Ð�̧2�¤���. declarator
_� �â
Äº, ���Ð 0A\�"f �Ð��� CALL EXPR node �̧�ª��̀¦ °ú�>� �)a��. declspecs _� �â
Äº, ��A�ü< °ú �Ér �̧+þA�̀¦
��t�>� �)a��.

<tree_list 0x401e53c0 static
value <identifier_node 0x401dd100 int tree_0

global <type_decl 0x401daa80 int type <integer_type 0x401da380 int>
VOID file <built-in> line 0
align 1>

rid 0x401dd100 "int">>

Õªo��¦ attributes ��H &ñ
_��)a ��s	כ \O�l� M:ë�H\�, NULL °ú̀�כ¦ ��t��¦ e����. Äº��� start function \�"f��H ���%i�
���Ãº Y>� >h\�¦ 0 Ü¼�Ð �íl��o r������.

current_function_returns_value = 0;
current_function_returns_null = 0;
current_function_returns_abnormally = 0;
warn_about_return_type = 0;
current_extern_inline = 0;
c_function_varargs = 0;
named_labels = 0;
shadowed_labels = 0;
immediate_size_expand = 0;

0Aü< °ú �Ér ��Ér	כ ?/6 x���X<, y�� ���Ãº_� [O�"î
�Ér ��A�ü< °ú ��.

• current function returns value

�<ÊÃº &ñ
_�_� %�6£§\���H s��¦̀�	כ 0 Ü¼�Ð [O�&ñ
½+Ëm���. ëß���� return °ú̀�כ¦ ����?/��H return state-
ment �� �Ð{9� �â
Äº 1 �Ð [O�&ñ
½+Ëm���.

• current function returns null

�<ÊÃº &ñ
_�_� %�6£§\���H s��¦̀�	כ 0 Ü¼�Ð [O�&ñ
½+Ëm���. ëß���� ������� \O���H return statement ��
�Ð{9� �â
Äº 1 �Ð [O�&ñ
½+Ëm���.

• current function returns abnormally

�<ÊÃº &ñ
_�_� %�6£§\���H s��¦̀�	כ 0 Ü¼�Ð [O�&ñ
½+Ëm���. ëß���� noreturn �<ÊÃº�Ð_�  ñØ�¦ (call) s�
�Ð{9� �â
Äº 1 �Ð [O�&ñ
½+Ëm���.

• warn about return type

Return type s� l��:r(defaluted)Ü¼�Ð [O�&ñ
�)a �<ÊÃº\�¦ ‘grokdeclarator’�� %�o�½+É M: s�\� @/
ô�Ç �â
�¦ Bj[jt�_� µ1ÏÒqts� �����a(�̈½¹כ °úכs� 0 s� ����� �Ü¼�Ð	כ [O�&ñ
½+Ëm���.

• current extern inline

�<ÊÃº ������s� ‘extern inline’ Ü¼�Ð r����½+É �â
Äº 0 s� ����� °ú̀�כ¦ ��|9�m���.

• c function varargs

store parm decls ��  ñØ�¦÷&#Q|9� M:, °úכs� 0 s� ��_���Ér s���s	כ varargs function e���̀¦ ��ØÔ���
��. store parm decls ��  ñØ�¦�)a Êê_� °úכ_� ����o��H _�p��� \O���.

• named labels
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s�2£§�̀¦ ��t��¦ e����H �<ÊÃº?/\�"f_� �̧��H LABEL DECL [þt_� list (TREE LIST node [þt_�
chain). s�XO�>� �<ÊÜ¼�Ð+� Äºo���H �<ÊÃº_� =åQ\�"f Õª[þt s�2£§[þt_� &ñ
_�[þt�̀¦ L:�FMy� ½+É Ãº e��
_þvm���.

• shadowed labels

�&³F� shadow ÷&#Q4R e����H outer context [þt�ÐÂÒ'� LABEL DECL [þt_� list.

• immediate size expand

0 s� ��u�́ �â
Äº s�]j îß�����>� expand expr \�¦  ñØ�¦½+É Ãº \O�6£§�̀¦ _�p�½+Ëm���. ÕªA�"f @/���
\� ‘pending sizes’ �©�\� ���Ãº ß¼l�[þt�̀¦ Z�~_þvm���.

�íl��o�� ¢-a«Ñ�)a Êê\�, declarator ü< declspecs \�¦ ������Ð �#�, grokdeclarator () �<ÊÃº\�¦  ñØ�¦�>� �)a��.
Óüt�:r s� �<ÊÃº��H tree node [þt�̀¦ K�$3�K�"f &h�{©�ô�Ç FUNCTION DECL �̀¦ ìøÍ8̈��>� �)a��. Óüt�:r {9�§4��)a ���
���� s��©�½+É �â
Äº function definition \� &h�{©��t� ·ú§��, syntax error \�¦ µ1ÏÒqtr�~�́ �.���s	כ ¢̧ô�Ç declarator
�� K�$3�÷&��H 1lxîß� ���%i����Ãº last function parms, last function parm tags ��H s� �<ÊÃº ?/ÂÒ\�"f  ñØ�¦÷&��H
grokparms () �<ÊÃº\� _�K�"f Dh\�v>� [O�&ñ
|̈c �.���s	כ grokdeclarator () �<ÊÃº\�¦ ��5g Òqt$í
�)a tree node ��H ��
A�ü< °ú s� ����>� �)a��.

<function_decl 0x401f6770 main
type <function_type 0x401f6700

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1
arg-types <tree_list 0x401e5500 value <integer_type 0x401da380 int>

chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>
chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>

public external QI file <stdin> line 2>

s�]j��H declarator ü< declspecs @/���\�, 0A node \�¦ ��6 x�>� |̈c �.���s	כ Õªo��¦ grokdeclarator () �<ÊÃº_�
z�́'��s� ¢-a«Ñ�)a Êê [O�&ñ
÷&��H ���%i� ���Ãº\�¦ V,�>� ÷&��HX<,

current_function_parms = last_function_parms;
current_function_parm_tags = last_function_parm_tags;

��H store parm decls () �<ÊÃº�� s� �<ÊÃº_� declarator �ÐÂÒ'� parm names ü< decl \�¦ ¹1Ô�̀¦ Ãº e���̧2�¤ $��©�ô�Ç
��. store parm decls () �<ÊÃº��H start function () �<ÊÃº�� ¢-a«Ñ÷&�¦, Old-style _� parameter K�$3��̀¦ ��ðøÍÊê\�
z�́'��÷&��H �<ÊÃºs���. Õªo��¦ 0A_� last ... ���Ãº��H grokparms () �<ÊÃº\�"f [O�&ñ
�)a���¦ ·ú¡\�"f ú́��%i���. ���
r�, y�� ���%i����Ãº\� @/K� [O�"î
�̀¦ ���� ��A�ü< °ú ��.

• current function parms

function definition \�¦ r�������H declarator \�¦ K�$3�ô�Ç Êê, ‘start function’ ��H #�l�\� param-
eter names _� list <�Ê�Ér decl [þt_� chain �̀¦ Z�~��H��. Õªo��¦ ‘store parm decls’ �� #�l�"f s�
�Qô�Ç &ñ
�Ð\�¦ ¹1Ô��H��.

• current function parm tags
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0Aü< q�5pw�t�ëß�, last function parm tags 6 xs���.

• last function parms

function declaratorK�$3�����#�l�\� parameter names_� list<�Ê�Ér parameter decls_� chain
\�¦ z��|����.

• last function parm tags

function declaratorK�$3�����#�l�\� parmlist?/&ñ
_��)a enum type[þtõ� structure_� chain
�̀¦ z��|����.

Õª���Êê, TREE STATIC (decl1) \� 1 �̀¦ V,�6£§Ü¼�Ð+�, static storage \� �>rF���̧2�¤ ô�Ç��.
s�]j Function name s� &ñ
_��)a decl \�¦ l�2�¤�>� ÷&��HX<, pushdecl () �<ÊÃº\�¦ :�xK�"f �&³F� binding level

\� l�2�¤�>� ÷&��HX<, ëß���� Äºo��� s� s�2£§\� @/ô�Ç decl \�¦ s�p� ��t��¦ e���¦, Õª��s	כ FUNCTION DECL s�
�����, s���� decl \�¦ ��6 x�>� �)a��. Õªo��¦ ��A�_� operation �̀¦ :�xK�"f Dh�Ðî�r binding level �̀¦ ëß���H��.

pushlevel (0);
declare_parm_level (1);
current_binding_level->subblocks_tag_transparent = 1;

0A_� ?/6 x�Ér parameter \�¦ %�o�½+É M:, ·ú¡\�"f ��6 xÙþ¡~�� ½̈ë�H���X<, subblocks tag transparent \� 1 �̀¦ V,���H
ÂÒì�rs� ��ØÔ��.
s�]j make decl rtl () �<ÊÃº\�¦ s�6 x�#�, FUNCTION DECL �̀¦ 0Aô�Ç DECL RTL �̀¦ Òqt$í
�>� �)a��. s�

\V]j_� �â
Äº, ���õ�&h�Ü¼�Ð ��A�ü< °ú �Ér RTX �� Òqt$í
÷&>� �)a��.

(mem:QI (symbol_ref:SI ("main")) [0 S1 A8])

s�XO�>� Òqt$í
�)a RTX �̀¦ SET DECL RTL B�ß¼�Ð\�¦ :�xK�"f l�2�¤ô�Ç��. s�]j ìøÍ8̈�°úכ\� @/ô�Ç node \�¦ ëß�[þt#Q
�� ���HX<, ��A�ü< °ú �Ér operation �̀¦ :�xK�"f ëß�[þt#Qt�>� �)a��.

restype = TREE_TYPE (TREE_TYPE (current_function_decl));
DECL_RESULT (current_function_decl)

= build_decl (RESULT_DECL, NULL_TREE, restype);

s�]j, ���%i� ���Ãº immediate size expand _� °ú̀�כ¦ 4�¤½̈ô�Ç Êê, start fname decls () �<ÊÃº\�¦  ñØ�¦��¦
start function () �<ÊÃº\�¦ ��u�>� �)a��. �<ÊÃº_� °úכs� ¢-a«Ñ�)a Êê_� current function decl node _� �̧_þv�̀¦ �Ð���
��A�ü< °ú ��.

<function_decl 0x401f6770 main
type <function_type 0x401f6700

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
align 64 symtab 0 alias set -1
arg-types <tree_list 0x401e5500 value <integer_type 0x401da380 int>

chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>
chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>

public static QI file <stdin> line 2
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result <result_decl 0x401f67e0 type <integer_type 0x401da380 int>
SI file <stdin> line 2 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32> initial <error_mark 0x401dca20>

(mem:QI (symbol_ref:SI ("main")) [0 S1 A8])
chain <type_decl 0x401eed90 __g77_ulongint>>

6.3 Áþ�ÊÁ�+ 
ä»ë5Ñ

s� ÂÒì�r\�"f��H, store parm decls () �<ÊÃº\�"f prototype �̀¦ FUNCTION DECL \� &h�6 x�̀¦ ô�Ç Êê, �� Qt� ÂÒ
ì�r\�"f µ1ÏÒqt���H operation \� @/K� ���/åL��̧2�¤ ���x��.
�<ÊÃº_� body \�¦ {9�l� ���\�, K�Z�~��H {9�s� e����HX<, Õª��Ér	כ ���%i� ���Ãº cfun \�¦ �íl��o��¦ �&³F� FUNC-

TION DECL \�¦ &h�6 x���H {9�õ�, statement tree \�¦ Òqt$í
���H {9�s���. �������H init function start () �<ÊÃº\�¦
:�xK�"f s�ÀÒ#Qt��¦, Êê����H begin stmt tree () �<ÊÃº\�¦ :�xK�"f s�ÀÒ#Qt�>� �)a��.
Äº��� init function start () �<ÊÃº\� @/K�"f ¶ú�(R�Ð�̧2�¤ ���. s� �<ÊÃº_� operation �Ér ��A�ü< °ú ��.

1. prepare function start () �<ÊÃº\�¦ z�́'��r�&�, struct function ½̈�̧�̂\�¦ �íl��oô�Ç��. s�\� @/ô�Ç ��[jô�Ç
[O�"î
�Ér 20 ÅÒ ë�H"f “l�ìøÍ ���\O� : (7) struct function s�êøÍ?” \�¦ �ÃÐ�¦�l� ��êøÍ��.

2. �íl��o�� ¢-a«Ñ�� ÷&%3�l� M:ë�H\�, �&³F���t� S\�1pqô�Ç &ñ
�Ð\�¦ struct function \� l�2�¤ô�Ç��. l�2�¤÷&��H ��
�½Ó�Ér ��A�ü< °ú ��.

• current function name

�&³F� �<ÊÃº_� s�2£§s� cfun→name \� l�2�¤|̈c �.���s	כ

• cfun→decl

�&³F� �<ÊÃº_� FUNCTION DECL node \�¦ l�2�¤ô�Ç��.

• current function needs context

ëß���� s���s	כ static chain �̀¦ ��6 x���H nested function {9� �â
Äº, °úכs� 0 s� ��m���.

• current function returns struct

• current function returns pointer

0A �½Ó3lq\� @/ô�Ç y��y��\� @/ô�Ç [O�"î
�Ér 20 ÅÒ ë�H"f\� ��ü< e��Ü¼Ù¼�Ð Õª�¦̀�	כ �ÃÐ�¦�l� ��êøÍ��.

3. emit line note () �<ÊÃºü< emit note () �<ÊÃº\�¦ y��y�� z�́'���>� ÷&��HX<, emit line note () �<ÊÃº_� �â
Äº �<Ê
Ãº_� 'Í	���P: instruction \�¦ ���]j��9��H r��̧\�¦ }��l� 0AK�"f s� 9, ¢̧ô�Ç final \�>� function prologue
���\� linenum �̀¦ #Qb�G>� output ½+Ét�\�¦ ú́��l� 0AK�"fs���. emit note () �<ÊÃº�� z�́'��÷&��H s�Ä»��H Äº
o��� linenum [þt�̀¦ "é¶�t� ·ú§��H�� ��8���̧, 'Í	���P: insn ��H note e���̀¦ SX�z�́y� �l� 0AK�"fs���. s��	כ
�Ér 'Í	���P: insn ��H ]X�@/ t�0>t�t� ·ú§�̧2�¤ ô�Ç��. ¢̧ô�Ç final ��H ��l�\� note �� ����±ú� ���� \V�©�ô�Ç��.

emit line note () �<ÊÃº_� �â
Äº, z�́'�� õ�&ñ
s� emit note ü< Z>�ìøÍ ��ØÔt� ·ú§��HX<, cfun→stmt
\� emit filename ü< emit lineno \�¦ l�2�¤���H ÂÒì�rs� ��ØÔ 9, ���Ér ÂÒì�r\�"f��H �̧¿º °ú ��.
emit note () �<ÊÃº_� �â
Äº ¿º���P: ������Ð enum insn note \�¦ V,��̀¦ Ãº e����HX<, ¿º���P: �����
��H line number �Ð+�, 0 �Ð�� 	�H °ú̀�כ¦ ��t�>� l��:r&h�Ü¼�Ð ��t�>� ÷&t�ëß�, enum insn note ��
°ú s� ��6 x÷&l� 0AK�"f, insn note _� �â
Äº, 6£§Ãº\�¦ ��6 x�#� ½̈ì�r�>� �)a��.

(note 2 0 0 NOTE\_INSN\_DELETED)

0Aü<°ú �Ér note��ëß�[þt#Q������¦��&ñ
�̀¦�%i��̀¦M:, emit note ()�<ÊÃº\�_�K�"fÒqt$í
�)a rtx
node ��H add insn () �<ÊÃº\�¦ :�xK�"f, first insn ü< last insn B�ß¼�Ð\�¦ :�xK�,
cfun→emit→x first insn ü< fun→emit→x last insn \� y��y�� K�{©� rtx node �� l�2�¤÷&>� �)a
��.

���õ�&h�Ü¼�Ð��H cfun _� ?/ÂÒ\�¦ [O�&ñ
���H ÂÒì�rs� �)a��.
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s�]j init function start () �<ÊÃº_� Ãº'��s� =åQ����� �������)a �<ÊÃº\�¦ 0Aô�Ç statement tree \�¦ ��A�_� ½̈ë�H�̀¦
z�́'���<ÊÜ¼�Ð+�, r�����>� �)a��.

begin_stmt_tree (&DECL_SAVED_TREE (current_function_decl));

begin stmt tree () �<ÊÃº_� �â
Äº, çß�éß�ô�Ç operation s� {9�#Q����H �<ÊÃº�Ð ��A�_� ?/6 xs� ���ÂÒ���¦ ½+É Ãº e����.

/* ¬Á¦È£Ûá ª´ª¼³Éá EXPR_STMT ¦Ûå ªÊòªÍò³ ¬́ºª¸ last_tree ¡´ §Á¬Íð¬È ¥ ¦́Æ¡Íá, Íå¤µ
NULL ¬È ¬ £́È¤¼¦ÑÞ ³Éá¤´. ¬Á¦È£Ûá finish_stmt_tree £µ ¡Òá¡»¬Íï¬Ûá statement
¦Ûå ¹¡ ³̧Éá¤´. */

*t = build_nt (EXPR_STMT, void_zero_node);
last_tree = *t;
last_expr_type = NULL_TREE;
last_expr_filename = input_filename;

*t ÂÒì�r_� tree node ��H z�́]j ¶ú�(R�̂¦ �â
Äº, ��A�ü< °ú �Ér �̧�ª��̀¦ °ú�>� �)a��.

<expr_stmt 0x401e5550
arg 0 <integer_cst 0x401e0340 type <void_type 0x401de770 void> constant 0>>

���õ�&h�Ü¼�Ð DECL SAVED TREE (current function decl) \� EXPR STMT node \�¦ V,�>� ÷&��HX<, s�\� @/
ô�Ç node &ñ
�Ð\�¦ y�� [j >h_� B�ß¼�Ð (0A_� ?/6 xs� ���%i� ���Ãº%�!3� �Ð{9�t� �̧ØÔt�ëß�, %3����y� B�ß¼�Ðs���.) \�
y��y�� ·ú�ú́�>� $��©��>� �)a��. ��A�_� �0A!lo���\�"f statement list \� @/K�"f ·ú��� �Ð�̧2�¤ ���.

6.3.1 Statement Tree

Statement Tree ��H �<ÊÃº�� K�$3�ô�Ç statement \� @/ô�Ç node \�¦ �'ao����H list s���. C ���#Q\�"f��H ���%i� ½̈�̧
�̂ ���Ãº c stmt tree �� s�\� @/ô�Ç &ñ
�Ð\�¦ ��t��¦ e����HX<, ���õ�&h�Ü¼�Ð struct stmt tree s \�¦ ¶ú�(R4�§Ü¼�Ð+�,
statement tree \�¦ ·ú� Ãº e����x��.

Statement tree \� �'aô�Ç ½̈�̧�̂��H $prefix/gcc/c-common.h ��{9�\� &ñ
_�÷&#Q e��Ü¼ 9 ��A�ü< °ú �Ér �̧�ª�
�̀¦ ��t��¦ e����.

struct stmt_tree_s {
tree x_last_stmt;
tree x_last_expr_type;
const char *x_last_expr_filename;
int stmts_are_full_exprs_p;

};

y�� ½̈$í
 �\¹�èכ @/K�"f [O�"î
�̀¦ ���� ��A�ü< °ú ��.

• x last stmt

Tree \� ÆÒ���)a ��t�}�� statement.

• x last expr type

��t�}�� expression statement _� type. (s� &ñ
�Ð��H statement-expression extension l�0px�̀¦
½̈�&³���HX< (.���Ëm+½¹כ��9

• x last expr filename

Äºo��� l�2�¤ô�Ç ��t�}�� filename.

• stmts are full exprs p
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C++ \�"f Äºo���, statement \�¦ full expression Ü¼�Ð 2[/åLK��� ½+É �â
Äº 0 s� ����� °ú̀�כ¦ ��
�����. :£¤y�, s� ���Ãº��H statement _� =åQ ÂÒì�r\�"f Äºo��� K�{©� statement 1lxîß� Òqt$í
�)a #Q�"�
e��r�&h���� �¦þt�̀]	כ ]j��K��� ½+É �â
Äº 0 s� ����� °úכs���. q�5pw�>�, ëß���� block _� =åQ ÂÒì�r\�
"f, Äºo��� s� block ?/ #Q�"� local variable [þt�̀¦ ]j��K��� ½+É �â
Äº�� �>rF�½+É Ãº e����. �Ð:�x,
s� ���Ãº��H 0 s� �����X<, ÕªA�"f s���Ér	כ C++ _� normal semantic ��� �â
Äº�� ú́§��.
�t�ëß� tree structure �Ð+� aggregate initialization code \�¦ ����?/l� 0AK�"f Äºo���H state-
ment expression [þt�̀¦ ��6 xô�Ç��. statement expression ?/ statement [þt�Ér ����̂ enclosing
statement �� ¢-a«Ñ|̈c M:��t�, cleanup _� z�́'��Ü¼�Ð ��Áºo�t�#Q4R"f��H îß��)a��.
s� flag ��H C \�"f��H %ò
�¾Ó§4��̀¦ ��t�t� ·ú§��H��.

·ú¡\�"f begin stmt tree () �<ÊÃº\�"f ��M®o~�� ��A�_� [j>h_� B�ß¼�Ð\� @/K�"f ¶ú�(R�Ð��� ��A�ü< °ú ��.

• #define last tree (current stmt tree ()→x last stmt)

Statement-tree \�¦ Òqt$í
½+É M:, s���Ér	כ tree \� ÆÒ���)a ��t�}�� statement s���.

• #define last expr type (current stmt tree ()→x last expr type)

Äºo��� ¶ú�(R�:r ��t�}�� expression-statement _� type.

• #define last expr filename (current stmt tree ()→x last expr filename)

Äºo��� �:r ��t�}�� file _� s�2£§.

#�l�"f current stmt tree \� @/K� ¶ú�(R�Ð���, ���%i� ½̈�̧�̂ ���Ãº c stmt tree \� @/ô�Ç ÅÒ�è\�¦ ìøÍ8̈����H éß�í�H
ô�Ç �<ÊÃºe���̀¦ SX����½+É Ãº e����.

6.4 Áþ�ÊÁ�+ =³¿ (finish function)

�<ÊÃº��H Type, Declrator, Body �Ð s�ÀÒ#Q�������H ��Ér	כ �̧¿º ·ú��.���s	כ Body \�¦ K�$3��l� ���\� GCC \�"f��H
r����õ� =åQ�̀¦ ½̈ì�r���HX<, r�����Ér start function () �<ÊÃºs� 9, =åQ�Ér finish function () �<ÊÃº�Ð ��Áºo�ô�Ç��. ·ú¡
\�"f��H start function () �<ÊÃº\� @/K�"f s���l� �%i���. s�]j s�/BM\�"f��H finish function () �<ÊÃº\� @/K�"f
s���l� ½+É�.���s	כ ëß���� #��Q ³ð�&³d��s� �<ÊÃº_� body \� ������÷&#Q e���̀¦ �â
Äº, 4�¤ú̧�K�4R [O�"î
�l� #Q�9Ö�¦ Ãº
e��Ü¼m�, 0A\�"f ���/åLÙþ¡~�� ���©� çß�éß�ô�Ç �<ÊÃº ������\� @/K�"f ��A�\�"f�̧ s�\�¦ ×�æd��Ü¼�Ð [O�"î
���x��. çß�éß�ô�Ç
�<ÊÃº ������s�êøÍ ��A�_� ?/6 xs���.

int
main (int argc, char *argv[]) {
}

0A \V]j_� body \���H ��Áº�̧�	כ �������)a ��s	כ \O�l� M:ë�H\�, start function () �<ÊÃº��  ñØ�¦÷&�� ���� fin-
ish function () �<ÊÃº ¢̧ô�Ç  ñØ�¦÷&>� �)a��. Äº��� current function decl \� @/K� SX�z�́y� �l� 0AK� s�\� @/ô�Ç
tree node \�¦ ��r� ô�Ç��� �Ð�¦ ����. finish function () �<ÊÃº�� z�́'��÷&%3��̀¦ �íl�_� �̧_þvs���.

<function_decl 0x401f6770 main
type <function_type 0x401f6700

type <integer_type 0x401da380 int SI
size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

DI
size <integer_cst 0x401d7900 constant 64>
unit size <integer_cst 0x401d7b20 constant 8>
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align 64 symtab 0 alias set -1
arg-types <tree_list 0x401e5500 value <integer_type 0x401da380 int>

chain <tree_list 0x401e5514 value <pointer_type 0x401f65b0>
chain <tree_list 0x401e5528 value <void_type 0x401de770 void>>>>>

public static QI file <stdin> line 1
arguments <parm_decl 0x401f6540 argc type <integer_type 0x401da380 int>

SI file <stdin> line 1 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32 context <function_decl 0x401f6770 main>
result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 argv type <pointer_type 0x401f65b0>

unsigned SI file <stdin> line 1
size <integer_cst 0x401d7b80 constant 32>
unit size <integer_cst 0x401d7be0 constant 4>
align 32 context <function_decl 0x401f6770 main>
result <pointer_type 0x401f65b0>
initial <pointer_type 0x401f65b0>
arg-type <pointer_type 0x401f65b0>
arg-type-as-written <pointer_type 0x401f65b0>>>

result <result_decl 0x401f67e0 type <integer_type 0x401da380 int>
SI file <stdin> line 1 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32> initial <error_mark 0x401dca20>

(mem:QI (symbol_ref:SI ("main")) [0 S1 A8])
chain <type_decl 0x401eed90 __g77_ulongint>>

Äº��� çß�|ÄÌô�Ç finish function () �<ÊÃº_� z�́'�� í�H"f\�¦ ·ú����Ð�̧2�¤ ���.

1. poplevel () �<ÊÃº\�¦ z�́'��r�&�"f, store parm decls () �<ÊÃº\�"f z�́'��ô�Ç pushlevel () �<ÊÃºü< ����̀¦ ��
ð�r��. poplevel () �<ÊÃº_� z�́'���̀¦ ¶ú�(R�Ð��. s� �<ÊÃº��  ñØ�¦|̈c M:, ������Ð keep õ� functionbody
�� y��y�� 1 �Ð [O�&ñ
÷&#Q  ñØ�¦÷&��HX<, s��Ð ���K� Òqtl���H _�p���H ��A�\�"f �̧�FKm�� ¶ú�(R�̂¦ �.���s	כ
current binding level→names ?/6 x�̀¦ ¶ú�(R�Ð��� ��A�ü< °ú s� ·ú¡\�"f �����\�¦ ������½+É M: &ñ
_��%i�~��,
PARM DECL [þts� �>rF��<Ê�̀¦ SX����½+É Ãº e���̀¦ �.���s	כ

<parm_decl 0x401f6540 argc
type <integer_type 0x401da380 int SI

size <integer_cst 0x401d7540 constant 32>
unit size <integer_cst 0x401d75e0 constant 4>
align 32 symtab 0 alias set -1 precision 32
min <integer_cst 0x401d75a0 -2147483648>
max <integer_cst 0x401d75c0 2147483647>
pointer_to_this <pointer_type 0x401e2620>>

SI file <stdin> line 1 size <integer_cst 0x401d7540 32>
unit size <integer_cst 0x401d75e0 4>
align 32 context <function_decl 0x401f6770 main>
result <integer_type 0x401da380 int>
initial <integer_type 0x401da380 int>
arg-type <integer_type 0x401da380 int>
arg-type-as-written <integer_type 0x401da380 int>
chain <parm_decl 0x401f6690 argv>>
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s���� _�ë�Hs� [þt Ãº e����HX<, 7£¤ ( ... ) ��  ñØ�¦÷&���"f poplevel s� s�p�  ñØ�¦÷&%3���HX<, ( ... ) _� binding
levels��= function body_� binding level\��>rF��Ö¼���¦Óüt�̀¦Ãºe���̀¦�s���.s���H	כ store parm decls
() �<ÊÃº�� z�́'��÷&���"f K�{©� PARM DECL [þt�̀¦ function body _� binding level \� pushdecl �>� ÷&
l� M:ë�Hs���. �©�d��&h�Ü¼�Ð Òqty���̀¦ K��Ð���, main �<ÊÃº_� body \�"f�̧ argc, argv ���Ãº\�¦ ��6 x�l� M:ë�H
\� function _� body \� s���þts]	כ e����H ��Ér	כ {©����½+É Ãº e����.

poplevel _� �������� keep õ� functionbody �� 1 s�l� M:ë�H\� BLOCK tree node \�¦ Òqt$í
�>� �)a��. Dh
�Ðs�ëß�[þt#Q��� BLOCK node\���H BLOCK VARS (block)ü< BLOCK SUBBLOCKS (block)��y��y��
[O�&ñ
÷&>� �)a��. �&³F� %�o���¦ e����H ��s	כ function body s�l� M:ë�H\� clear limbo values () �<ÊÃº\�¦ z�́
'����¦, BLOCK VARS (block) \�¦ 0 Ü¼�Ð �íl��oô�Ç��. �=������ s���s	כ function _� top level block
{9� �â
Äº Var [þt�Ér function _� parameter [þts� 9, s��þt�Ér]	כ FUNCTION DECL \�"f @/��� µ1Ï|
�÷&l�
M:ë�H\� ²DIs� BLOCK \� z��U�́ ��¹כ��9 \O�l� M:ë�Hs���. s�]j DECL INITIAL (current function decl)
\� BLOCK node \�¦ $��©��̀¦ ��¦ TREE USED (block) \�¦ 1 �Ð [O�&ñ
ô�Ç Êê, binding level �̀¦ pop ô�Ç��.

2. DECL INITIAL (fndecl) ü< DECL RESULT (fndecl) _� ?/6 x�̀¦ update ô�Ç��.
BLOCK SUPERCONTEXT (DECL INITIAL (fndecl)) ü< DECL CONTEXT (DECL RESULT (fn-
decl)) \� y��y�� �&³F� FUNCTION DECL �̀¦ l�2�¤�>� �)a��.

3. ëß���� ‘setjmp’ �� s� fn ?/\�"f  ñØ�¦÷&%3������, ‘register’ declaration �̀¦ ��ØÔ�̧2�¤ setjmp protect ... ()
�<ÊÃº\�¦ z�́'��ô�Ç��.

4. finish fname decls () �<ÊÃº\�¦ z�́'��ô�Ç��.

5. s��<ÊÃº\�¦0Aô�Ç statement tree\�¦B�[þvf±	l�0AK� finish stmt tree ()�<ÊÃº\�¦z�́'��ô�Ç��. begin stmt tree
\�"fÆÒ���)a fake extra statement\�¦]j����¦, last treeB�ß¼�Ð\�¦s�6 x�#�°ú̀�כ¦ NULL TREE�Ð���
8̈�ô�Ç��.

6. �8 s��©� �O\¹כ��9��H memory \�¦ L:�FMy� �l� 0AK� free after parsing () �<ÊÃº\�¦ z�́'��r������. Function _�
K�$3�s� =åQèß� Êê (��f�� compile ÷&t���H ·ú§��¤6£§) garbage collection s� memory \�¦ �rÃº½+É Ãº e���̧2�¤, îß�
����>� ]j��|̈c Ãº e����H cfun ?/ÂÒ_� state �'aº�� �̧��H ÂÒì�r[þt�̀¦ L:�FMy� ½+Ëm���.

7. free after compilation () �<ÊÃº\�¦ z�́'��r������. s� ¢̧ô�Ç cfun ?/ÂÒ_� #��Q ½̈�̧�̂\�¦ free �����, NULL
°úכÜ¼�Ð ���8̈�ô�Ç��.

8. ���%i� ���Ãº cfun �̀¦ NULL �Ð ô�Ç��.

9. �&³F� �������)a �<ÊÃº�� nested function s� ��u�́ �â
Äº, s� �<ÊÃº_� body \�¦ 0Aô�Ç RTL �̀¦ Òqt$í
�l� 0AK�
c expand body () �<ÊÃº\�¦ z�́'��ô�Ç��. z�́'��s� ¢-a«Ñ�)a Êê error reporting routine [þts� Äºo��� func-
tion µ1Ú\� e��6£§�̀¦ ·ú��̧2�¤ �l� 0AK�, ���%i� ���Ãº current function decl \�¦ NULL �Ð [O�&ñ
ô�Ç��. Õª
!3� c expand body () �<ÊÃº\� @/K�"f çß�|ÄÌy� �Ð�¦ �Å�#Q���̧2�¤ ���x��. s� �<ÊÃº_� �â
Äº, y�� FUNC-
TION DECL node �� ¢-a$í
�)aÊê, optimization �̀¦ Ãº'����¦, Õª\� @/ô�Ç assembly output \�¦ ?/�Ð��H �	כ
��t� �í�<Ê���H F�g#3�0Aô�Ç ß¼l�s���. s�\� @/ô�Ç [O�"î
�Ér s� y©�_��� =åQ��}9� M:��t� s�ÀÒ#Q|9� #3�0As�l�
M:ë�H\�, #�l�\�"f��H ��[j�>� ���/åL�t� ·ú§�̀¦ �.���s	כ �=������ ·ú¡Ü¼�Ð�̧ >�5Åq +������� ½+É #3�0As�l�
M:ë�Hs���. s� �<ÊÃº_� ?/\�"f��H ��6£§õ� °ú �Ér operation s� {9�#Q��>� �)a��.

(a) optimize inline calls () �<ÊÃº\�¦ Ãº'���#�, FN _� body ?/ inline function [þt�Ð_�  ñØ�¦�̀¦ expand
ô�Ç��.

(b) init function start () �<ÊÃº\�¦ Ãº'���#�, �<ÊÃº\�¦ 0Aô�Ç RTL code \�¦ �íl��oô�Ç��.

(c) expand function start () �<ÊÃº\�¦ Ãº'���#�, Dh �<ÊÃº\�¦ 0Aô�Ç RTL \�¦ r������¦, RTL �̀¦ emit ���H
X< ��6 x÷&��H ���Ãº\�¦ [O�&ñ
ô�Ç��.

(d) expand main function () �<ÊÃº\�¦ Ãº'���#�, s� �<ÊÃº�� ‘main’ s����, global initializer 1px l��� 1px
1px�̀¦ z�́'��r�v�l� 0AK� ‘ main’ �Ð_� call \�¦ emit ô�Ç��.

(e) expand stmt () �<ÊÃº\�¦ Ãº'���#� Statement T ü< Õª��_	כ substatement [þt, Õª��_	כ nesting level
\�"f_� ���Ér statement [þt�̀¦ 0Aô�Ç RTL �̀¦ Òqt$í
ô�Ç��.
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(f) expand function end () �<ÊÃº\�¦ Ãº'���#�, �&³F� �<ÊÃº_� =åQ ÂÒì�r�̀¦ 0Aô�Ç RTL �̀¦ Òqt$í
ô�Ç��.

(g) rest of compilation () �<ÊÃº\�¦ Ãº'���#� �&³F� function <�Ê�Ér variable \� @/ô�Ç assembler code \�¦
output ô�Ç��. s� �<ÊÃº��H y�� top-level definition s� K�$3��)a Êê (yyparse ?/) inish function �ÐÂÒ'�
 ñØ�¦�)a��.

c expand body () �<ÊÃº\� @/ô�Ç [O�"î
�Ér s� &ñ
�̧\�"f ��Áºo� ��̧2�¤ ���x��. ���õ�&h�Ü¼�Ð��H
FUNCTION DECL node \� @/ô�Ç assembly code \�¦ ?/�Ðèq �.���s	כ s�\� @/K�"f��H ���Ér ÅÒ\�"f 7á§ �8 ��
[j�>� ¶ú�(R�̂¦ �.���s	כ

V� 7 â�
 Binding Level

��A�\�"f��H 0A_� #Q�"� { ... } �� ( ... ), compound statement ü< °ú �Ér block çß�\� ½̈ì�r½+É M: ��6 x|̈c ��¹כ��9
e���̀¦ �â
Äº ��6 x�>� ÷&��H binding level \� @/K�"f ·ú����Ð�̧2�¤ ���x��.

7.1 Binding Level Ä©«Å�£�· �Dø5� Ä©�¿W�

struct binding_level
{

tree names;
tree tags;
tree shadowed;
tree blocks;
tree this_block;

struct binding_level *level_chain;

char parm_flag;
char tag_transparent;
char subblocks_tag_transparent;
char keep;
char keep_if_subblocks;

int n_incomplete;

tree parm_order;
};

y�� binding level ½̈�̧�̂\�¦ s�ÀÒ��H ½̈$í
 �_¹�èכ %i��Ö̧\� @/K�"f ¶ú�(R�Ð�̧2�¤ ���.

• names

�̧��H variable, constant, function, typedef type [þt�̀¦ 0Aô�Ç DECL �̧×¼[þt_� chain. s��þt]	כ
�Ér ]j/BN�)a ìøÍ@/ í�H"f�Ð e����.

• tags

Tags�2£§[þt�̀¦¹1Ôl�0Aô�Ç structureü< union, enum&ñ
_�(definition)[þt_�o�Û¼àÔ. TREE LIST
node[þt_� chainÜ¼�Ð+�,y��y��_���_	כ TREE PURPOSE��Hs�2£§s�����, NULL TREEs���;
¢̧ y��y��_� TREE VALUE ��H RECORD TYPE <�Ê�Ér UNION TYPE, ENUMERAL TYPE
node s���.

• shadowed
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y�� level �̀¦ 0Aô�Ç �,Ü¼�Ð	כ s� level s� pop ÷&#Q|9� M: 4�¤½̈÷&#Q�� ���H shadowed outer-level
local definition [þt_� list s���. y�� link ��H TREE LIST s� 9, s���_	כ TREE PURPOSE ��H
identifier s��¦, s���_	כ TREE VALUE ��H Õª��_	כ old definition (... DECL node 7áxÀÓ���) s�
��.

• blocks

y�� level �̀¦ 0Aô�Ç �Ü¼�Ð	כ (Global ��� ��Ér	כ ]jü@��¦), �̧��H level \� @/K� ô�Ç level ��A��Ð [þt
#Qy�¤����, ��4R��M®o~�� BLOCK node [þt_� chain.

• this block

ëß���� p�o� ½+É{©��)a �,������s	כ s� level �̀¦ 0Aô�Ç BLOCK node s���. ëß���� 0 {9� �â
Äº, BLOCK
�Ér level s� pop ÷&#Q|9� M: ¹ô�Çכ��9) �â
Äº) ½+É{©�÷&#Q�����.

• level chain

s���s	כ �í�<Ê÷&��H (#Q�"� ��'Ü¼�ÐÂÒ	כ ?/�9�̧��H) binding level.

• parm flag

0 s� ��u�́ �â
Äº �<ÊÃº_� parameter \�¦ ��t��¦ e����H YU6\��̀¦ 0AK� ��6 xH�d.

• tag transparent

ëß���� s� YU6\�(level)s� tag [þt�̀¦ 0AK� “�>rF��t� ·ú§�̀¦” �â
Äº 0 s� ����� °ú̀�כ¦ ��|9�m���.

• subblocks tag transparent

ëß����s� level_� sublevel[þts� tag[þts� “�>rF��t�·ú§�̀¦�â
Äº” 0s���m���.s���Ér	כ function
body \�¦ {9���H 1lxîß� �<ÊÃº &ñ
_�\�¦ parm level \�"f [O�&ñ
�)a��. ÕªA�"f function body _� ���©�
ü@FỲ block �Ér tag-transparent {9� �.���s	כ

• keep

ëß���� °úכs� 0 s� ��m������, ���Ér ��\	כ �©��'a\O�s� s� level �̀¦ 0Aô�Ç BLOCK �̀¦ ëß�[þt����H _�p�
s���.

• keep if subblocks

0s���u�́ �â
Äºëß����s�YU6\�(level)s�#Q�"��0A�̂¦!3�(subblock)[þt�̀¦��t��¦e������� BLOCK
�̀¦ ëß�[þvm���.

• n incomplete

Ô�¦¢-a���ô�Ç structure <�Ê�Ér union type [þt�̀¦ ��t��¦ e����H ‘names’ ?/ÂÒ_� decl [þt_� Ì�	Ãº.

• parm order

Parmlist ?/ #Q�"� forward-decl [þt�̀¦ �í�<Ê�t� ·ú§�¦ parm [þt_� (\V����)a) specified order \�¦
ÅÒ��H decl [þt_� list. s��Ü¼�Ð	כ assign parms \�¦ 0Aô�Ç &h�{©�ô�Ç order \�¦ parm [þt\� Z�~�̀¦ Ãº e��
��.
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7.2 Binding Level £�· �Dø5� ¦�>�]� £o>ÊÁ

Binding Level �̀¦ ò́Ö�¦&h�Ü¼�Ð ��6 x�l� 0AK�"f, GCC \�"f��H $prefix/gcc/c-decl.c ��{9�\� binding level õ�
�'aº���#� #��Q ���%i� ���Ãº\�¦ �������#� ��6 xô�Ç��.

static struct binding_level *current_binding_level;

�&³F� %ò
�¾Ó§4��̀¦ e����H binding level.

static struct binding_level *free_binding_level;

F���6 x�̀¦ l���o���H binding level ½̈�̧�̂_� chain.

static struct binding_level *global_binding_level;

File scope _� s�2£§[þt�̀¦ 0Aô�Ç ���©� ü@y��_� binding level. s���Ér	כ (����{9��Q�� r����|̈c M: Òqt$í
÷&
 9 z�́'��÷&��H 1lxîß� >�5Åq �>rF��#� %ò
�¾Ó�̀¦ p�u�>� �)a��.

static struct binding_level clear_binding_level
= {NULL, NULL, NULL, NULL, NULL, NULL_BINDING_LEVEL, 0, 0, 0, 0, 0, 0,

NULL};

Binding level ½̈�̧�̂[þt�Ér s��¦̀�	כ 4�¤���<ÊÜ¼�Ð+� �íl��o|̈em���.

static int keep_next_level_flag;

°úכs� 0 s� ��u�́ �â
Äº, Áº�̧|	� push �)a ��6£§ level �̀¦ 0Aô�Ç BLOC �̀¦ Òqt$í
�<Ê�̀¦ _�p�ô�Ç��.

static int keep_next_if_subblocks;

°úכs� 0 s� ��u�́ �â
Äº, ëß���� push �)a ��6£§ level s� subblock [þt�̀¦ ��t��¦ e���̀¦ �â
Äº BLOCK �̀¦
ëß�×¼��H �¦̀�	כ _�p�ô�Ç��.

7.3 Binding Level �+ ��*�× gCy�� level �+ �ïe��ª

z�́]j�Ð binding level �̀¦ C ���#Q\�¦ K�$3����H õ�&ñ
\�"f ��6 x�l� 0AK�"f, 0A �0A !lo���\�"f ���/åLô�Ç ���%i� ���
Ãº\�¦ �íl��o½+É ��¹כ��9 e����HX<, �íl��o�� s�ÀÒ#Qt���H ���Ãº��H global binding level ü< current binding level
s���. s� �íl��o�� s�ÀÒ#Qt���H ÂÒì�r�Ér z�́]j�Ð Yacc parser \� _�K�"f y��y��_� �Ð	�Hs� K�$3�÷&>� ÷&��H r�&h�s�
�����, “���#Q _��>r&h���� �íl��o”�� s�ÀÒ#Qt���H 1lxîß� Ãº'��÷&>� ÷& 9,$prefix/gcc/c-decl.c ��{9�\� ������÷&#Q e��
��H c init decl processing () �<ÊÃº\� _�K�"f s�ÀÒ#Qt�>� �)a��.

pushlevel (0);
global_binding_level = current_binding_level;

éß�í�Hy���6£§õ�°ú �Ér operations�Ãº'��÷&���"fs�ÀÒ#Q������¦½+ÉÃºe����HX<,���õ�&h�Ü¼�Ð��H global binding level
ü< current binding level �� °ú �Ér °ú̀�כ¦ ��t�>� �)a��.

7.4 pushlevel ø� poplevel Áþ�ÊÁ�æ·

z�́]j Binding level �̀¦ ëß�×¼��H ÂÒì�rs� pushlevel () �<ÊÃº\�"f ���H {9�s� 9, �&³F� &h�6 x÷&��H binding level \�"f
��4R ���̧��H ÂÒì�r�̀¦ poplevel () �<ÊÃº�� ���H {9����X<, pushlevel () �<ÊÃº_� �â
Äº, éß�í�Hy� struct binding level
½̈�̧�̂\�¦ ½+É{©������ F��Ö̧6 xK�"f l��>r_� binding level \�¦ 0Aô�Ç ���%i� ���Ãº_� °ú̀�כ¦ V,����� �íl��o���H Ãºï�r
_� {9�ëß�ô�Ç��. 7£¤ ���¹כ���� ��A�ü< °ú �Ér �ï×¼�� ���ÂÒs���.
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*newlevel = clear_binding_level;
newlevel->tag_transparent

= (tag_transparent
|| (current_binding_level

? current_binding_level->subblocks_tag_transparent
: 0));

newlevel->level_chain = current_binding_level;
current_binding_level = newlevel;
newlevel->keep = keep_next_level_flag;
keep_next_level_flag = 0;
newlevel->keep_if_subblocks = keep_next_if_subblocks;
keep_next_if_subblocks = 0;

�t�ëß� poplevel ()�<ÊÃº_��â
Äº, pushlevel�Ð����H�©�@/&h�Ü¼�Ð4�¤ú̧�ô�ÇX<,K�{©� level\�"f pop off��¦,s�
level \� [þt#Q�̧l� ���\� %ò
�¾Ó§4��̀¦ '����Ùþ¡%3�~�� identifier-decl mapping [þt_� �©�I�\�¦ 4�¤½̈K��� � 9, poplevel
() �<ÊÃº��  ñØ�¦|̈c M: {9�§4�÷&��H parameter \� ����, ���1lxs� ²ú���t�>� �)a��. y�� parameter \� @/K� [O�"î
�̀¦ �
���, KEEP õ� FUNCTIONBODY, REVER �� �>rF�ô�Ç��.
ëß���� KEEP s� 0 s� ��u�́ �â
Äº, s� level �Ér explicit declaration [þt�̀¦ ��t��¦ e��#Q"f, Õª��_	כ declaration

[þtõ� symbol table output �̀¦0Aô�Ç subblock[þt�̀¦l�2�¤�l�0AK�K�{©� level �̀¦0Aô�Ç ”block” (BLOCK node)
\�¦ Òqt$í
ô�Ç��.
ëß���� FUNCTIONBODY �� 0 s� ����� °úכs������ s� level �Ér �<ÊÃº_� body \�¦ ��ØÔ~��m���. ÕªA�"f ��u�

KEEP s� [O�&ñ
÷&#Q e����H ��3!�%	כ block �̀¦ Òqt$í
½+Ëm���. �̧��H label s�2£§[þt�̀¦ L:�FMy� t�Ö�̈m���.
ëß���� REVERSE �� 0 s� ����� °úכs������ Õª[þt�̀¦ BLOCK 5Åq\� V,�l� ���\� decl [þt_� í�H"f\�¦ ìøÍ@/�Ð ½+Ëm�

��.
poplevel () �<ÊÃº_� operation \� @/K�"f ��\P����� ��A�ü< °ú �Ér í�Hs���.

1. Decl [þts� æ¼#���� í�H"f@/�Ð ÷&#Q e����H decl [þt�̀¦ %3���H��. �Ð:�x current binding level→names ��H %i�í�H
s�t�ëß�, parameter decls �Ér ·ú¡\�"f forward order �Ð Z�~��¤%3���.

2. s� block ?/ #Q�"� nested inline function [þts� ��f�� ouput ÷&t� ·ú§��¤�̀¦ �â
Äº s�\�¦ output ô�Ç��.

3. expand end bindings ?/ RTL �̀¦ Òqt$í
���H 1lxîß� ��6 x÷&t� ·ú§�Ér ���Ãº\� @/K� �â
�¦\�¦ �%i���. �t�ëß�
function-at-a-time mode\�"f��H���)� functionÜ¼�ÐSX��©��l�·ú§l�M:ë�H\�, (\V\�¦[þt���, auto inlining)
Äºo���H s��¦̀�	כ s�]j ì�r"î
y� ô�Ç��.

4. ëß����K�{©� level?/\�#Q�"� declaration[þt<�Ê�Ér structure tag[þts��>rF������ëß����s� levels� function
body s������, s� �<ÊÃº_� life \�¦ 0AK� Õª[þt�̀¦ l�2�¤��̧2�¤ BLOCK �̀¦ Òqt$í
ô�Ç��.

5. y�� subblock \�����, s� block s� superior ���¦ l�2�¤ô�Ç��.

6. s� level _� local variable [þt_� _�p�\�¦ L:�FMy� ô�Ç��.

7. s� level \� _�K� shadow ÷&#Q&��éß� outer level [þt_� �̧��H name-meaning [þt�̀¦ 4�¤½̈ô�Ç��.

8. ëß���� exit ÷&#Qt��¦ e����H level s� �<ÊÃº_� top level {9� �â
Äº, �̧��H level [þt�̀¦ �������¦, Õª[þt_� names
_� �&³F� (function local) meaning [þt�̀¦ L:�FMy� ô�Ç��.

9. �&³F� level �̀¦ pop ��¦, F��Ö̧6 x�̀¦ 0AK� structure \�¦ free ô�Ç��.

10. Y>�Y>��8Z�}�Ér level[þt\�ëß�[þt%3�~�� block[þt�̀¦&ñ
o�ô�Ç��.s�]j}�� Exit�)a level �̀¦0Aô�Ç block �̀¦Äºo���
ëß�[þtt� ·ú§��¤�̀¦ �â
Äº, Inner level [þt�̀¦ 0AK� ëß�[þt#Q&��~�� #Q�"� block [þt (ÕªA�"f K�{©� level _� subblock
[þt�Ð l�2�¤|̈c Ãº \O�l� M:ë�H\�) �Ér ìøÍ×¼r� ·ú¡Aá¤Ü¼�Ð �̀���4R�� � 9 ÕªA�"f Õª[þts� ��×�æ\� ���Ér ��_	כ
subblock s� |̈c Ãº e���̧2�¤ ô�Ç��.
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11. s� binding contour \� ��ØÔ��H, �̧��H tagged type [þt�̀¦ 0Aô�Ç TYPE CONTEXT [þt�̀¦ [O�&ñ
ô�Ç��. ÕªA�
"f Õª[þts� &h�{©�ô�Ç construct \�¦ ��ØÔv�>� ÷&��HX<, 7£¤ �&³F� FUNCTION DECL node \�¦ ��ØÔ~�́ Ãº�̧
e���¦, s�]j}�� |	�[O��)a BLOCK node \�¦ ��ØÔ~�́ Ãº e����.

tagged types _� scope �� Y>�Y>� function type specification \�¦ 0Aô�Ç formal parameter list {9� �â
Äº,
Äºo���H #�l�"f Õª[þt_� TYPE CONTEXT [þt�̀¦ &h�{©�y� [O�&ñ
½+É Ãº \O���HX<, Õª��Ér	כ Äºo��� s�6 x��0px
ô�Ç &h�{©�ô�Ç FUNCTION TYPE node �Ð_� pointer \�¦ ��t��¦ e��t� ·ú§�¦ e��l� M:ë�He���̀¦ �ÃÐ�¦���.
s��Qô�Ç �â
Äº\�¦ 0AK�"f relevant tagged type node [þt_� TYPE CONTEXT [þt�Ér s��Qô�Ç ”parameter
list local” tagged types [þt�̀¦ 0Aô�Ç ”scope” \�¦ ����?/��H FUNCTION TYPE node �� Òqt$í
÷&������
‘grokdeclarator’ \� _�K�"f [O�&ñ
s� |̈c �.���s	כ


