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�[j¹כ. &ñ
"é¶�§{9�m���. ]j�� �&³z�́y��y��s� é�HK�&����Ht� �̧ØÔ��xt�ëß� #QÖ¼Dh 4�§s� ¢-a���y� ü< e���8ç�H¹כ. #Q
]j �̧�½�ëß�\� ±ú�\� {9�#Q�� (- -; $���H �Ð:�x ��gË> 8 r�\� ��"f �̧Êê 5r�A£§ {9�#Qz��) µ1Ú\� �����Ðm� ]j�� {9��¦
e��~�� ��Ö�¦ ������� $�\�¦ W=�>� ëß�[þt�8ç�H¹כ. ]j�� Õª1lxîß� {9��¦ e��~�� 6�©�̀¦ �̧¿º �©�2�x5Åq\� V,�#Q !Qo��¦ 4�§ 6�©�̀¦
��?/ {9�%3�_þvm���. Dh�Ðî�r ��6£§Ü¼�Ð y©�_�\�¦ æ¼��H ���\O�õ� f���©� {9�[þt�̀¦ ½+É Ãº e��#Q �-Áº a%~_þvm���.
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y©�_��̧ ZO�+� 6 ÅÒP: ]X�#Q[þt���"f GCC \� @/K�"f ����̂&h���� r�y��Ü¼�Ð�̧ �Ð�¦, ?/ÂÒ\�"f ��6 x÷&��H �̀v���s�
#Q�"��
s�#Qb�G>�[O�&ñ	כ�þts�e���¦Õª]	כ÷&��Ht��̧ �Ð��¤_þvm���.Õªo��¦ lang hook\�@/K�"f�̧ �Ð��¤_þvm���.s�
��� 6 ÅÒ\�"f��H CPP (C pre-precessor) \�"f l��:rs� ÷&��H ½̈�̧�̂ cpp reader \� @/K�"f ·ú����Ð�̧2�¤ 
���x_þv
m���.

V� 2 â�
 struct cpp reader î5�?

struct cpp reader ��H $prefix/gcc/cpphash.h ��{9� ?/ÂÒ\� ������÷&#Q e��_þvm���. cpp reader ��H ���%�o�l� Ãº'��
“�©�I�”\�¦ Ö�sÕýt�o
��¦ e��_þvm���. ��A���H strcut cpp reader ½̈�̧�̂_� �̧_þv{9�m���. s� ½̈�̧�̂ ¢̧ô�Ç ú́§�Ér ���Ér

�0A ½̈�̧�̂[þt�̀¦ �í�<Ê
��¦ e��Ü¼ 9 s���_	כ l�0px\� @/K�"f��H �̧�FKm�� ·ú��� �Ð�̧2�¤ 
���x_þvm���. 
�t�ëß� �-Áº
ú́§�Ér U�·�Ér ?/6 x[þt�̀¦ {���̀¦�9�¦ 
�t���H ·ú§��x_þvm���. : ) ��z�́ $��̧ ú̧� �̧�Ér²ú�m���. �� �̂vr���!

struct cpp_reader
{
cpp_buffer *buffer;

struct lexer_state state;

struct line_maps line_maps;
const struct line_map *map;
unsigned int line;

unsigned int directive_line;

_cpp_buff *a_buff;
_cpp_buff *u_buff;
_cpp_buff *free_buffs;

struct cpp_context base_context;
struct cpp_context *context;

const struct directive *directive;

const cpp_hashnode *mi_cmacro;
const cpp_hashnode *mi_ind_cmacro;
bool mi_valid;

cpp_token *cur_token;
tokenrun base_run, *cur_run;
unsigned int lookaheads;

unsigned int keep_tokens;

unsigned int errors;

unsigned int mls_line;
unsigned int mls_col;

unsigned char *macro_buffer;
unsigned int macro_buffer_len;

struct splay_tree_s *all_include_files;
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unsigned int max_include_len;

cpp_token date;
cpp_token time;

cpp_token avoid_paste;
cpp_token eof;

struct deps *deps;

struct obstack hash_ob;
struct obstack buffer_ob;

struct pragma_entry *pragmas;

struct cpp_callbacks cb;

struct ht *hash_table;

struct cpp_options opts;

struct spec_nodes spec_nodes;

unsigned char print_version;
unsigned char our_hashtable;

};

y�� ½̈$í
�_¹�è[þtכ %i��Ö̧\� @/K�"f ·ú��� �̂vr���.

• buffer
buffer stack _� TOP.

• state
Lexer �©�I�.

• line maps
map, line Source ×�¦��� ñ ÆÒ&h� �'aº��.

• directive line
�&³F� directive ‘#’ _� ×�¦��� ñ.

• a buff
Aligned permanent storage.

• u buff
Unaligned permanent storage.

• free buffs
Free buffer chain.

• base context, context
Context stack �'aº�� ÂÒì�r

• directive
ëß���� in directive �����, ���d��ô�Ç directive \�¦ ��f��.
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• mi cmacro, mi ind cmacro, mi valid
Multiple include optimisation.

• cur token
y�� token �̀¦ K�$3�½+É M: ���� �&³F� K�$3�ô�Ç token _� &ñ
�Ð\�¦ ú̧��¦ e����H cpp token ½̈�̧�̂\�¦ ��t��¦ e��
��. s�\�¦ s�6 x
�#� �&³F� GCC �� Áº��H token �̀¦ K�$3�
�%i���Ht� SX����½+É Ãº e����.

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

• lookaheads
Lexing �'aº�� ÂÒì�r

• keep tokens
°úכs� 0 s� ��u�́ �â
Äº lexer �� token _� z�́'���̀¦ F���6 x
���H �Ü¼�Ð	כ ÂÒ'� }��_þvm���.

• errors
exit code \�¦ 0Aô�Ç �̧ÀÓ counter.

• mls line, mls col
ë�H��\P� constant (multi-line ë�H��\P�[þt)\�"f newline s� %�6£§ �Ð%i�~�� '��õ� \P�.

• macro buffer, macro buffer len
Macro &ñ
_� ë�H��\P�[þt�̀¦ ú̧��¦ e���̀¦ buffer.

• all include files
���Ér include �)a ��{9�\� �'aô�Ç TREE. cppfiles.c ��{9��̀¦ �Ð[j¹כ.

• max include len
include ��{9�[þt�̀¦ 0Aô�Ç �ÃÐÒ�o �â
�Ð\�"f_� n��7��Ðo� s�2£§ ×�æ �&³F� þj@/ U�́s�. (Äºo��� %3��Ér ��õ	כ 1lx{9�.)

• date, time
±ú���ü< r�çß� token [þt. ëß���� Õª��þts]	כ >�íß�|̈c 
¹$íכ��9s� e���̀¦ �â
Äº >�íß�H�d.

• avoid paste, eof
EOF token õ� ·¡­s�l� y©�]j �rx� (forcing paste avoidance) token.

• deps
mkdeps.c _� _��>r$í
[þt�̀¦ ��ÀÒ��H opaque. -M �̀v���1px\�"f ��6 xH�d.

• hash ob
Obstack �Ér �̧��H macro hash node [þt�̀¦ ��t��¦ e��_þvm���. s���Ér	כ ����ï ×�¦#Q[þt���� Ãº»¡¤
�t� ·ú§_þvm�
��. cpphash.c \�¦ �Ðz��r��̧.

• buffer ob
buffer ü< conditional ½̈�̧�̂[þt�̀¦ ��t��¦ e����H obstack. s���Ér	כ z�́]j stack {9�m���. cpplib.c \�¦ �Ð[j
.¹כ

• pragmas
Pragma _�s��̂¦ - ��s�ÚÔ�Qo� ��6 x���� ���d���)a pragma [þt\� @/ô�Ç 3lq2�¤�̀¦ ÆÒ��½+É Ãº e��l� M:ë�H\� 1lx
&h�e��.

• cb
Call back [þt.
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• hash table
d��Z>���(identifier) hash table.

• opts
��6 x���� �̂¦ Ãº e����H �̀v���[þt�̀¦ {���¦ e��_þvm���. s�\� @/ô�Ç ��[jô�Ç [O�"î
�Ér ��A�\�"f >�5Åq
�>� |̈em���.

• spec nodes
:£¤Z>�ô�Ç node [þt - ���%�o�l�\�¦ 0AK� p�o� &ñ
_��)a _�p�\�¦ ��t���H
d��Z>���(identifier) [þt�̀¦ 0Aô�Ç �.	כ

• print version
Äºo�_� version number \�¦ Ø�¦§4�½+Ét� îß�½+Ét�. s�XO�>� �<ÊÜ¼�Ð+� -v -version [þt M:ë�H\� ¿º��� °ú̀�כ¦ %3�t�
·ú§_þvm���.

• our hashtable
cpplib �� hashtable �̀¦ �èÄ»
��¦ e����Ht� \O���Ht�.

s� ½̈�̧�̂��H %�6£§ lang hook.init options () �<ÊÃº\� _�K� �íl��o÷&��HX<, C ���#Q_� �â
Äº $prefix/gcc/c-
common.c ��{9�\� ������÷&#Q e����H cpp create reader () �<ÊÃº\� _�K�"f �íl��o�� s�ÀÒ#Q |9�m���. s� �<ÊÃº\�
"f s�ÀÒ#Qt���H Ãº'��\� @/K�"f��H ���Ér ]X�\�"f 
��̧2�¤ 
���x_þvm���.
s� ½̈�̧�̂��H ���Ér ú́§�Ér ½̈�̧�̂[þt�̀¦ ?/ÂÒ\� �í�<Ê
��¦ e��_þvm���. �í�<Ê÷&��H ½̈�̧�̂��H s� ½̈�̧�̂?/\�"fëß�

��6 x÷&��H �̧�	כ e���¦, ���Ér /BM\�"f�̧ ��6 x÷&��H ½̈�̧�̂[þts� e��_þvm���. Äº��� s� 
�0A ]X��Ð+� y��y��\� �í�<Ê÷&
��H ½̈�̧�̂\�¦ ���½ÓÜ¼�Ð 
�#�"f &h�#Q �����̧2�¤ 
���x_þvm���. �Ð>�|̈c ½̈�̧�̂_� í�H"f��H ��A�ü< °ú _þvm���.

1. struct cpp options

2. cpp buffer

3. struct lexer state

4. struct line maps

5. cpp buff

6. struct cpp context

7. struct directive

8. cpp hashnode

9. cpp token

10. tokenrun

11. struct deps

12. struct pragma entry

13. struct cpp callbacks

14. struct ht

15. struct spec nodes

Êë �©�{©�y� ú́§ç�H¹כ. Õªo��¦ s� ?/ÂÒ\��̧ ���Ér ½̈�̧�̂�� �í�<Ê÷&#Q e���̀¦ �.¹כ̈½�s	כ �̧�FKm�� �Ð�̧2�¤ 
���x_þvm�
��. struct cpp options ÂÒ'� r����
���x_þvm���.
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2.1 struct cpp options

s� ½̈�̧�̂��H struct cpp reader ?/\� nest ÷&��H ½̈�̧�̂{9�m���. Õªo��¦ command line \�"f �̂¦Ãº e����H ú́§�Ér
option [þt�̀¦ t�m��¦ e��_þvm���. ½̈�̧�̂_� �̧_þv�Ér ��A�ü< °ú _þvm���. �©�{©�y� ú́§�Ér |¾Ó_� �̀v����̀¦ ��t��¦ e������H
��z�́�̀¦ ��z�́ Ãº e��_þvm���. 0A\�"fü< ��ðøÍ��t��Ð y�� �½Ó3lq\� @/ô�Ç [O�"î
�̀¦ ��A�\�"f ��\P�
��̧2�¤ 
���x_þvm���.

struct cpp_options
{
const char *in_fname;
const char *out_fname;

unsigned int tabstop;

struct cpp_pending *pending;

const char *deps_file;

struct search_path *quote_include;
struct search_path *bracket_include;

struct file_name_map_list *map_list;

const char *include_prefix;
unsigned int include_prefix_len;

const char *user_label_prefix;

enum c_lang lang;

unsigned char verbose;
unsigned char signed_char;
unsigned char cplusplus;
unsigned char cplusplus_comments;
unsigned char objc;
unsigned char discard_comments;
unsigned char trigraphs;
unsigned char digraphs;
unsigned char extended_numbers;
unsigned char print_deps;
unsigned char deps_phony_targets;
unsigned char print_deps_missing_files;
unsigned char print_deps_append;
unsigned char print_include_names;
unsigned char pedantic_errors;
unsigned char inhibit_warnings;
unsigned char warn_system_headers;
unsigned char inhibit_errors;
unsigned char warn_comments;
unsigned char warn_trigraphs;
unsigned char warn_import;
unsigned char warn_traditional;
unsigned char warnings_are_errors;
unsigned char no_output;
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unsigned char remap;
unsigned char no_line_commands;
unsigned char ignore_srcdir;
unsigned char dollars_in_ident;
unsigned char warn_undef;
unsigned char c99;
unsigned char pedantic;
unsigned char preprocessed;
unsigned char no_standard_includes;
unsigned char no_standard_cplusplus_includes;
unsigned char dump_macros;
unsigned char dump_includes;
unsigned char show_column;
unsigned char operator_names;
unsigned char help_only;

};

y�� ½̈$í
�\¹�èכ @/ô�Ç ��[jô�Ç [O�"î
�Ér ��A�ü< °ú _þvm���.

• in fname, out fname
input õ� output ��{9�[þt_� s�2£§.

• tabstop
Tab stop ��s�_� ë�H��Ãº.

• pending
Pending option [þt : -D, -U, -A, -I, -ixxx.

• deps file
deps �� written 
��¦ e���̀¦ ��{9�s�2£§. ëß���� deps �� stdout \� written 
��¦ e������� °úכ�Ér 0 s� H�d.

• quote include, bracket include
include ��{9�[þt�̀¦ 0Aô�Ç ¹1Ôl� �â
�Ð[þt. #�l�"f quote include ��H “” \�¦ ����?/�¦, bracket include ��H <>
\�¦ ����è­sm���.

• map list
Headers�2£§[þtõ���{9�s�2£§[þtçß�_� map, s���Ér��{9�s�2£§_�U�́s���]jô�Çs�e����H	כ DOS�©�\�"fëß���6 x
|̈em���.

• include prefix, include prefix len
³ðï�r include ��{9� n��7��Ðo�[þt?/\�"f
‘/usr/lib/gcc-lib/TARGET/VERSION’ \�¦ @/�̂K��� 
���H n��7��Ðo� ]X�¿º��.

• user label prefix
-fleading underscore �̀v���s� s��¦̀�	כ “ ” �Ð [O�&ñ
.

• lang
Äºo��� ���%�o�
��¦ e����H ���#Q.

• verbose
0 s� ��u�́ �â
Äº �̀v��� -v �� [O�&ñ
÷&%3�6£§�̀¦ _�p�½+Ëm���. ÕªA�"f include n��7��Ðo�[þt_� �̧��H ���½Ó�̀¦ Ø�¦
§4�½+Ëm���.

• signed char
0 s� ��u�́ �â
Äº char ��H sign �̀¦ _�p�½+Ëm���.
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• cplusplus
0 s� ��u�́ �â
Äº C++ 6 x extra default include directory [þt�̀¦ ��6 x
���H �¦̀�	כ _�p�½+Ëm���.

• cplusplus comments
0 s� ��u�́ �â
Äº C++ Û¼��{9�_� ÅÒ$3��̀¦ ��ÀÒ��H �¦̀�	כ _�p�½+Ëm���.

• objc
0 s� ��u�́ �â
Äº objective C 6 x #import \�¦ ��ÀÒ��H �¦̀�	כ _�p�½+Ëm���.

• discard comments
0 s� ��u�́ �â
Äº output ��{9�\� comment [þt�̀¦ 4�¤��
�t� ·ú§_þvm���.

• trigraphs
0 s� ��u�́ �â
Äº ISO trigraph sequence [þt�̀¦ %�o��<Ê�̀¦ _�p�.

• digraphs
0 s� ��u�́ �â
Äº ISO digraph sequence [þt�̀¦ %�o��<Ê�̀¦ _�p�.

• extended numbers
0 s� ��u�́ �â
Äº hexadecimal float [þtõ� LL ]X�p���\�¦ )�6 x�<Ê�̀¦ _�p�.

• print deps
0 s� ��u�́ �â
Äº ���%�o��)a output �Ð�� include �)a ��{9�[þt_� s�2£§�̀¦ ���$� Ø�¦§4��<Ê�̀¦ _�p�½+Ëm���. 1 �Ér
éß�í�Hy� #include “...” \�¦ _�p�
��¦ 2 ��H #include <...> \�¦ _�p�½+Ëm���.

• deps phony targets
0 s� ��u�́ �â
Äº y�� header \�¦ 0Aô�Ç %í
'�o�(phony) target [þts� Òqt$í
|̈em���.

• print deps missing files
0 s� ��u�́ �â
Äº -M output ?/\�"f .h ��{9�[þts� ��4Re���̀¦ �â
Äº ��{9�[þts� Òqt$í
÷&%3��¦ �̧ÀÓ��H \O�%3����¦
��&ñ
½+Ëm���.

• print deps append
ëß���� �ÃÐs���� fopen (deps file, “a”) ÕªXO�t� ·ú§Ü¼��� fopen (deps file, “w”).

• print include names
0 s� ��u�́ �â
Äº header ��{9�[þt_� s�2£§�̀¦ Ø�¦§4�½+Ëm���. (-H)

• pedantic errors
0 s� ��u�́ �â
Äº cpp pedwarn s� hard error \�¦ µ1ÏÒqt�<Ê�̀¦ _�p�.

• inhibit warnings
0 s� ��u�́ �â
Äº �â
�¦ Bj[jt�[þt�̀¦ Ø�¦§4�
�t� ·ú§6£§�̀¦ _�p�.

• warn system headers
0 s� ��u�́ �â
Äº system header [þt�ÐÂÒ'�_� �â
�¦\�¦ ņul�t� ·ú§6£§�̀¦ _�p�.

• inhibit errors
0 s� ��u�́ �â
Äº �̧ÀÓ Bj[jt�[þt�̀¦ Ø�¦§4�
�t� ·ú§_þvm���. Õª�¦̀�	כ ���×þ�
���H �̀v����Ér \O�t�ëß� cpplib _� ��6 x
��\� _�K�"f [O�&ñ
÷&#Q |9� Ãº e��_þvm���. (\V\�¦ [þt���, fix-header)

• warn comments
0 s� ��u�́ �â
Äº comment ?/ÂÒ\� slash-start(/*) �� ����èß������ �â
�¦�<Ê�̀¦ _�p�.

• warn trigraphs
0 s� ��u�́ �â
Äº ëß���� #Q*�ô�Ç trigraph �� �>rF�ô�Ç����� �â
�¦�<Ê�̀¦ _�p�.

• warn import
0 s� ��u�́ �â
Äº ëß���� #import �� ��6 x÷&��� �â
�¦
��̧2�¤ ½+Ëm���.
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• warn traditional
0 s� ��u�́ �â
Äº traditional C ü< q� ñ8̈�&h���� #��Q �\¹�èכ �'aK�"f �â
�¦�<Ê�̀¦ _�p�.

• warnings are errors
0 s� ��u�́ �â
Äº �â
�¦\�¦ �̧ÀÓ�Ð ����â
½+Ëm���.

• no output
0 s� ��u�́ �â
Äº output �̀¦ ?/Z�~t� ·ú§_þvm���, 
�t�ëß� side effect \�¦ ��t���H #define õ� °ú �Ér directive [þt
�Ér #����y� Õª@/�Ð ¹¡§f��{9�m���.

• remap
0 s� ��u�́ �â
Äº Äºo���H ��{9� s�2£§[þt�̀¦ remap 
�l�0AK� header.gcc ��{9�[þt�̀¦ ¶ú�(R�Ð���� ½+Ëm���.

• no line commands
0 s� ��u�́ �â
Äº ×�¦ ��� ñ(line number) &ñ
�Ð\� @/ô�Ç output �̀¦ 
�t� ·ú§_þvm���.

• ignore srcdir
0 s� ��u�́ �â
Äº -I- �� µ1Ï|
�÷&%3�Ü¼ 9 ÕªA�"f source-file n��7��Ðo�\�"f_� #include “foo” \�¦ ¶ú�(R�Ðt�
·ú§_þvm���.

• dollars in ident
°úכs� 0 s���� dollar ³ðr���H ½̈¿º&h�(punctuation)e���̀¦ _�p�.

• warn undef
0 s� ��u�́ �â
Äº #if ?/\�"f &ñ
_�÷&t� ·ú§�Ér d��Z>����� ��ÀÒ#Qt���H ��\	כ @/K�"f �â
�¦�<Ê�̀¦ _�p�.

• c99
0 s� ��u�́ �â
Äº corrigenda ü< amendments \�¦ �í�<Êô�Ç 1999 C Standard \�¦ ��ØÔ(��.

• pedantic
0 s� ��u�́ �â
Äº ANSI ³ðï�rs� 
̈½¹כ���H �̧��H �̧ÀÓ Bj[jt�\�¦ ³ðr��<Ê�̀¦ _�p�.

• preprocessed
0 s� ��u�́ �â
Äº Äºo���H s�p� ���%�o��� =åQèß� code \�¦ �Ð�¦ e����H >pwÜ¼�Ð macro expansion õ� °ú �Ér �¦̀�	כ
Ãº'��
���HX< õ��Ð0>
�t� ·ú§���̧ �)a����H _�p�{9�m���.

• no standard includes
0 s� ��u�́ �â
Äº header [þt�̀¦ 0Aô�Ç �̧��H ³ðï�r n��7��Ðo�[þt�̀¦ disable ½+Ëm���.

• no standard cplusplus includes
0 s� ��u�́ �â
Äº header [þt�̀¦ 0Aô�Ç C++-specific ³ðï�r n��7��Ðo�[þt�̀¦ disable ½+Ëm���.

• dump macros
0 s� ��u�́ �â
Äº Y>�Y>� Ä»+þA_� macro [þt�̀¦ dump �<Ê -¿ 0A\�¦ �ÃÐ�̧.

• dump includes
0 s� ��u�́ �â
Äº #include �'aº�� '��[þt�̀¦ output Ü¼�Ð ?/�Ð?/!Qo��¦ :�xõ�½+Ëm���.

• show column
�̧ÀÓ Bj[jt�\� column ��� ñ\�¦ Ø�¦§4�½+Ëm���.

• operator names
0 s� ��u�́ �â
Äº C++ alternate operator name [þt�̀¦ ��ÀÒ��H �¦̀�	כ _�p�½+Ëm���.

• help only
ëß���� option \�"f –help <�Ê�Ér –version, –target-help �� �Ð�������� �ÃÐ{9�m���. Stand-alone CPP ��H �̀v���
�̀¦ K�$3�ô�Ç Êê ��4R������ ½+Ëm���; driver [þt�Ér help _� Ø�¦§4��̀¦ >�5Åq
�U�́ "é¶½+É �.���9�m}	כ

s� ½̈�̧�̂��H q�2�¤ ½̈�̧�̂ struct cpp reader \� �í�<Ê÷&��H ��s�t�ëß	כ s� ½̈�̧�̂ ¢̧ô�Ç ���Ér ½̈�̧�̂\�¦ �í�<Ê

��¦ e��_þvm���. s� ?/ÂÒ&h���� ��\þt]	כ @/K�"f F�g&h�Ü¼�Ð ���¦[þt#Q�� �̂vm���. (#QÖ¼ ¾º�� ���$� t�u���H�� �̂vr�
��. - -;) ��6£§ �̀s�t�\�"f ëß¹כ���.
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2.1.1 struct cpp pending

���$� ½̈�̧�̂ struct cpp options \� �í�<Ê÷&#Q e����H #��Q ½̈�̧�̂ ×�æ\�"f struct cpp pending ½̈�̧�̂\� @/K�
"f ·ú��� �̂vr���. s� ½̈�̧�̂��H $prefix/gcc/cppinit.c ��{9�\� ������÷&#Q e��Ü¼ 9 ½̈�̧�̂_� �̧_þv�Ér ��A�ü< °ú _þv
m���.

struct cpp_pending
{
struct pending_option *directive_head, *directive_tail;

struct search_path *quote_head, *quote_tail;
struct search_path *brack_head, *brack_tail;
struct search_path *systm_head, *systm_tail;
struct search_path *after_head, *after_tail;

struct pending_option *imacros_head, *imacros_tail;
struct pending_option *include_head, *include_tail;

};

‘pending’ ½̈�̧�̂��H Äºo��� cpp read main file �<ÊÃº\�¦  ñØ�¦
�l� �����t� z�́]j�Ð %�o�÷&t� ·ú§��H �̧��H �̀v���[þt
�̀¦ �̧��Z�~��H ½̈�̧�̂{9�m���. s���Ér	כ #��Q list [þtõ� �̀v���_� y�� type �̀¦ 0Aô�Ç �þt�Ð]	כ s�ÀÒ#Q4R e��_þvm���. Õªo�
�¦ quick insertion �̀¦ 0Aô�Ç head ü< tail �í���'�[þt�̀¦ ��t��¦ e��_þvm���.
Ô�¦'��
�>��̧ s� ½̈�̧�̂ ��$� ?/ÂÒ ���Ér ½̈�̧�̂\�¦ ��t��¦ e��_þvm���. #�l�\� �í�<Ê÷&#Q e����H ½̈�̧�̂\� @/

ô�Ç �¦̀�	כ >�5Åq ÆÒ&h�K� ��°ú�r���. ���$� struct pend option �̀¦ �̂vr���. ÕªaË> 1 \� "é¶+þAs� e��_þvm���.

typedef void (* cl_directive_handler)
PARAMS ((cpp_reader *, const char *));

struct pending_option
{
struct pending_option *next;
const char *arg;
cl_directive_handler handler;

};

ÕªaË> 1: struct pending option

‘struct pending option’ ��H 
���_� -D <�Ê�Ér -A, -U, -include, -imacros switch \�¦ l�%3�
���H %i��Ö̧�̀¦ 
���H
½̈�̧�̂{9�m���. s� ½̈�̧�̂��H $prefix/gcc/cpphash.h \� ������÷&#Q e��_þvm���.
��6£§Ü¼�Ð struct search path ½̈�̧�̂\� @/K� ¶ú�(R�Ð�̧2�¤ ½+Ër���. "é¶+þA�Ér ÕªaË> 2 �̀¦ �Ðr���� |̈em���.
s� ½̈�̧�̂��H include ��{9�[þt�̀¦ ¶ú�(R�̂¦ n��7��Ðo�[þt_� 3lq2�¤�̀¦ �í�<Ê
��¦ e��_þvm���. y�� �\¹�èכ @/K�"f çß�

éß�
�>� ���/åL½+Ëm���.

• name, len
NAME �Ér �&³F� ��{9�_� n��7��Ðo�_� �â
Äº\� ë�H��\P�s� null �Ð =åQ��t� ·ú§�̀¦ Ãº e��_þvm���!

• ino, dev
#�l�"f ���/åL�)a n��7��Ðo��� search path �©�\�"f_� s���� n��7��Ðo�ü< ×�æ4�¤�)a����H ��z�́\� @/K� ú́�
���H
X< ��6 x½+Ëm���.

• sysp
0 s� ��u�́�â
Äº s���Ér	כ system include n��7��Ðo�{9�m���.

• name map
s� n��7��Ðo�\�¦ 0Aô�Ç ��{9� s�2£§[þt\� @/ô�Ç mapping. éß�t� MS-DOS ü< �'a>�÷&��H e�¦Ï?@;�§\�"fëß� ��6 x|̈e
m���.
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struct search_path
{
struct search_path *next;

const char *name;
unsigned int len;
ino_t ino;
dev_t dev;
int sysp;
struct file_name_map *name_map;

};

ÕªaË> 2: struct search path

s� ½̈�̧�̂ ¢̧ô�Ç struct file name map ����H ½̈�̧�̂\�¦ �í�<Ê
��¦ e��ç�H¹כ. ÆÒ&h��Ér >�5Åq|̈em���.
struct file name map ½̈�̧�̂��H $prefix/gcc/cppfiles.c ��{9�\� ������÷&#Q e��_þvm���. s�\� @/ô�Ç ½̈�̧�̂ �̧

_þv�Ér ÕªaË> 3 \� ��ü< e��_þvm���.

struct file_name_map
{
struct file_name_map *map_next;
char *map_from;
char *map_to;

};

ÕªaË> 3: struct file name map

file name map ½̈�̧�̂��H:£¤&ñ
n��7��Ðo�\�¦0Aô�Ç��{9�s�2£§[þt_�mapping �̀¦��t��¦e��_þvm���.s�mapping
�Ér Õª n��7��Ðo�?/\� FILE NAME MAP FILE s����¦ "î
"î
�)a ��{9��ÐÂÒ'� {9�_þvm���. Õª�Qô�Ç ��{9��Ér DOS
ü< °ú s� ��{9� s�2£§\� #��Q ]j����̀¦ ��t��¦ e����H ��{9�r�Û¼%7� �©�\�"f ��{9�s�2£§[þt�̀¦ map 
���HX< ��6 x|̈c Ãº e��
_þvm���. “��{9� s�2£§ map ��{9�”_� +þAd���Ér y�� ×�¦���� ¿º>h_� token �̀¦ ��t���H #��Q ×�¦[þt�Ð ½̈$í
|̈em���. %�6£§
token �Ér map 
�l� 0Aô�Ç s�2£§s� 9, ¿º���P: token �Ér ��6 x½+É z�́]j s�2£§{9�m���.
#�l�"f ��6 x
���H FILE NAME MAP FILE ��{9��Ér GCC ?/ÂÒ\� s�p� ������÷&#Q e����HX<, ��{9� s�2£§�Ér

“header.gcc” \�¦ ��6 x
��̧2�¤ ½+Ëm���.
#�l���t� ì�r$3��<ÊÜ¼�Ð+� struct cpp options _� 
�0A ½̈�̧�̂

struct cpp pending ½̈�̧�̂\�@/K�"f·ú����Ð��¤_þvm���.s�]j struct cpp options_����Ér
�0A ½̈�̧�̂\�@/K�
·ú����Ð�̧2�¤ ½+Ër���. Õª���X< ·ú��¦�Ðm� ���Ér 
�0A ½̈�̧�̂\� 5Åq
���H struct search path ½̈�̧�̂_� �â
Äº struct
cpp pending ½̈�̧�̂\�¦ ·ú����Ð���"f ô�Ç��� �Ð��¤ç�H¹כ. s� ÂÒì�r�Ér t�����l��Ð 
��¦
struct file name map list ½̈�̧�̂\� @/K�"f ·ú��� �̂vr���.
s� ½̈�̧�̂��H n��7��Ðo�{©� 
���m�� ��{9� s�2£§ map [þt\� �'aô�Ç linked list \�¦ ��t��¦ e��_þvm���. ½̈�̧�̂\� @/

ô�Ç "é¶�:r �̧_þv�Ér ÕªaË> 4 \� ��ü< e��_þvm���. s� ½̈�̧�̂��H ?/ÂÒ&h�Ü¼�Ð struct file name map \�¦ �í�<Ê
��¦ e��t�

struct file_name_map_list
{
struct file_name_map_list *map_list_next;
char *map_list_name;
struct file_name_map *map_list_map;

};

ÕªaË> 4: struct file name map list



2.2 cpp buffer 12

ëß� s�\� @/K�"f��H 0A\� @/K� ���/åL
�%i�Ü¼Ù¼�Ð �8 s��©� ¶ú�(R�Ðt� ·ú§��x_þvm���.
Õªo��¦ struct cpp options ½̈�̧�̂ ��t�}��Ü¼�Ð

enum c lang

\� @/K�"f ·ú��¦ �Å�#Q °ú�r���. s� \P���+þA�Ér C ���#Q_� 7áxÀÓ\� @/K�"f ��\P�
��¦ e����HX<, ��A�ü< °ú �Ér 7áxÀÓ��
#�l�\� 5Åq
�>� |̈em���.

• CLK GNUC89 = 0

• CLK GNUC99

• CLK STDC89

• CLK STDC94

• CLK STDC99

• CLK GNUCXX

• CLK CXX98

• CLK OBJC

• CLK OBJCXX

• CLK AS

s��þt�Ér]	כ cpp reader init  ñØ�¦r� ��6 x|̈em���.
Êë #�l���t� struct cpp options �̀v���\� �í�<Ê÷&#Q e����H �̧��H ½̈�̧�̂\� @/K� ·ú��� �Ð��¤_þvm���. 
�t�ëß�

s� ½̈�̧�̂�̧ struct cpp reader ½̈�̧�̂\� �í�<Ê÷&#Q e����H 
���_� ½̈�̧�̂��\�¦ �¦̀�	כ {9�Ü¼r���� îß�|̈c 1pw½+Ëm���.
·ú¡Ü¼�Ð ���� ½+É I�íß�[þts� �-Áº ú́§_þvm���. ·ú¡Ü¼�Ð�̧ >�5Åq struct cpp options ½̈�̧�̂\� �í�<Ê÷&#Q e����H ���Ér

�0A ½̈�̧�̂[þt�̀¦ >�5Åq ¶ú�(R�̂¦�̧2�¤ 
���x_þvm���. s�]j cpp buffer {9�m���.

2.2 cpp buffer

s� ½̈�̧�̂��H struct cpp options ½̈�̧�̂�� �������)a �À»ÂÒì�r\� ��o�ú̧��¦ e��_þvm���. s���H cpplib �� {9��¦ e����H
��{9�_� ?/6 x�̀¦ ����è­sm���. "é¶+þA�Ér ��A�ü< °ú �Ér �̧�ª��̀¦ °ú�_þvm���.

struct cpp_buffer
{
const unsigned char *cur;
const unsigned char *backup_to;
const unsigned char *rlimit;
const unsigned char *line_base;

struct cpp_buffer *prev;

const unsigned char *buf;

struct include_file *inc;
struct if_stack *if_stack;

unsigned int col_adjust;
unsigned char saved_flags;
const unsigned char *last_Wtrigraphs;
unsigned char warned_cplusplus_comments;
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unsigned char from_stage3;
unsigned char search_cached;
bool return_at_eof;

struct search_path dir;
};

y�� ½̈$í
�\¹�èכ @/K�"f [O�"î

��̧2�¤ 
���x_þvm���.

• cur
�&³F� 0Au�

• backup to
ëß���� peeked character \�¦ "é¶
�t� ·ú§��H�����.

• rlimit
Ä»ò́ô�Ç data _� =åQ

• line base
�&³F� '��(×�¦)_� r����

• prev
�����_� s���� ½̈�̧�̂\�¦ ��ØÔ~��m���.

• buf
����̂ character buffer.

• inc
include table �̀¦��ØÔv���H�í���'�;ëß����s��������)s���{9�!Q	כ NULLs������°ú̀�כ¦��f��. include next
\� ��6 x÷& 9 control macro [þt�̀¦ l�2�¤
���HX< ¢̧ô�Ç ��6 x|̈em���.

• if stack
s� ��{9�_� r����&h�\�"f_� if stack _� °úכ.
include file ?/\�"f_� �©�s� ú́�t� ·ú§�Ér #endif (1px1px) �̀¦ �FKt�
���HX< ��6 x|̈em���.

• col adjust
Whitespace \�"f tab \� l����
�#�(owing) &ñ
§>=�)a token \P�(column) 0Au�.

• saved flags
PREV WHITE ü</<�Ê�Ér AVOID LPASTE \�¦ �í�<Ê½+Ëm���.

• last Wtrigraphs
Lexer �� ���1lx
���H ~½Ód�� M:ë�H\�, -Wtrigraphs �� M:M:�Ð °ú �Ér trigraph \� @/K� ¿º ��� �â
�¦½+É Ãº e��_þv
m���. s��¦̀�	כ Õª�¦̀�	כ }����HX< �̧¹¡§�̀¦ ×�̈m���.

• warned cplusplus comments
ëß����Äºo���s���{9�\�"f C++ comment[þt\��'aK�s�p��â
�¦Bj[jt�\�¦ÍÒ§4�������ÃÐ(true)°ú9|��¦̀�כ�
m���. �â
�¦ Bj[jt���H -pedantic �̀v���s� �Ö̧$í
�o ÷&%3����� -Wtraditional s� �������)a C89 extended mode
\�"fëß� µ1ÏÒqt÷&��� y�� ��{9�{©� ô�Ç��� �Ð#�×�̈m���. (ëß���� ÕªXO�>� 
�t� ·ú§Ü¼��� ��ÅÒ t�$�ì�r
�>� |̈c��9�m}	כ
��.)

• from stage3
ëß���� Äºo��� trigraph [þtõ� escaped newline [þt�̀¦ %�o�
�t� ·ú§��H����� true {9�m���. ���%�o��)a input õ�
command line directive [þt, Pragma buffer [þt\� @/K���� �ÃÐ(true){9�m���.

• search cached
°úכs� 0s���u�́ �â
Äº “” include file[þt\�@/ô�Ç���Ò�o�̀¦
���Hn��7��Ðo���s�p�>�íß�÷&#Q&���¦��A� “dir”
?/\� $��©�÷&#Q e��6£§�̀¦ _�p�½+Ëm���.
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• return at eof
EOF\�"f,!Q(���H��1lxÜ¼�Ð pop |̈em���.ëß���� RETURN AT EOF���ÃÐs����, CPP EOF token�ÉrÕª
M: ìøÍ8̈�(return)|̈em���. ÕªXO�t� ·ú§��H����� enclosing buffer �ÐÂÒ'� ��6£§ token s� ìøÍ8̈�|̈em���.

• dir
s� buffer _� ��{9�\� @/ô�Ç directory. Õª��_	כ NAME member ��H ½+É{©�÷&t� ·ú§��¤Ü¼Ù¼�Ð Äºo���H Õª�¦̀�	כ
free 
���HX< ���&ñ
½+É ��¹כ��9 \O�_þvm���.

s� ½̈�̧�̂��H 
�0A ½̈�̧�̂\�¦ �í�<Ê
��¦ e��_þvm���. Õª\� @/K�"f ¶ú�(R�Ð�̧2�¤ 
���x_þvm���. ·ú����Ð���� ½+É
½̈�̧�̂��H ��A�ü< °ú _þvm���.

1. struct include file

2. struct if stack

3. struct search path

s� ½̈�̧�̂��H 0A\�"f ·ú��� �Ð��¤Ü¼Ù¼�Ð ��r� ��ÀÒt� ·ú§��x_þvm���.

2.2.1 struct include file

���$� struct include file ½̈�̧�̂{9�m���. s� ½̈�̧�̂��H $prefix/gcc/cppfiles.c ��{9�\� ������÷&#Q e��_þvm���. "é¶+þA
�Ér ��A�ü< °ú Ü¼ 9 s� ½̈�̧�̂��H �̧��H include [þt_� table �̀¦ °ú��¦ e����HX< ��6 x|̈em���.

struct include_file
{
const char *name;
const cpp_hashnode *cmacro;
const struct search_path *foundhere;
const unsigned char *buffer;
struct stat st;
int fd;
int err_no;
unsigned short include_count;
unsigned short refcnt;
unsigned char mapped;

};

y�� ½̈$í
�\¹�èכ @/K�"f [O�"î
�̀¦ 
��̧2�¤ 
���x_þvm���.

• name
��{9�_� z�́]j �â
�Ð s�2£§

• cmacro
Reinclusion �̀¦ }����H #Q�"� macro.

• foundhere
#include next ü< sysp \�¦ 0Aô�Ç ��{9�s� µ1Ï|
��)a search path \�"f_� 0Au�.

• buffer
Cached �)a ��{9� content �Ð_� �í���'�

• st
��{9��̀¦ 0Aô�Ç stat(2) data _� 4�¤���:r

• fd
��{9��̀¦ \P�M: ��6 xô�Ç fd (���r� $��©�ëß� �<Ê)
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• err no
ëß���� ��{9��̀¦ #���HX< z�́J�Ùþ¡����� Õª\� @/ô�Ç errno

• include count
��{9�s� {9��2³ S��Ãº

• refcnt
s� ��{9��̀¦ ��6 x
���H stacked buffer [þt_� Ì�	Ãº

• mapped
file buffer �� mmapp ÷&%3�6£§�̀¦ ����ÍÇr.

s� ½̈�̧�̂ ¢̧ô�Ç ���Ér 
�0A ½̈�̧�̂\�¦ �í�<Ê
��¦ e����HX<, struct search path ��H 0AK�"f [O�"î

�%i�Ü¼ 9,
cpp hashnode ½̈�̧�̂��H ��A�_� ]X�\�"f ���Ð �Ð�̧2�¤ 
���x_þvm���.

2.2.2 struct if stack

s�]j struct if stack \� @/K�"f ·ú��� �Ð�̧2�¤ 
���x_þvm���. s� ½̈�̧�̂�� ������÷&#Q e����H ÂÒì�r�Ér
$prefix/gcc/cpplib.c ��{9�\� ������÷&#Q e��_þvm���. �&³F� %�o� õ�&ñ
\�"f_� �̧|	�ÂÒ\� @/ô�Ç stack s� 9 $í
/BN %�
o�, z�́J� %�o�ô�Ç �¦þt�̀]	כ �̧¿º �í�<Ê
��¦ e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þvm���.

struct if_stack
{
struct if_stack *next;
unsigned int line;
const cpp_hashnode *mi_cmacro;
bool skip_elses;
bool was_skipping;
int type;

};

y�� ½̈$í
�\¹�èכ @/K�"f ·ú��� �̂vr���.

• next
��6£§�̀¦ ��ØÔ~��m���.

• line
�̧|	�s� r�����)a ×�¦('��).

• mi cmacro
����̂ ��{9� ÅÒ0A_� #ifndef \� @/ô�Ç macro

• skip elses
·ú¡Ü¼�Ð ���̀¦ #else / #elif \�¦ Áºr� K��̧ |̈c¹כ��?

• was skipping
ëß���� entry �� skip ×�æs������.

• type
���©� þj��H �̧|	�ÂÒ, (diagnostics 6 x).

#�l�\�"f�̧ �������)a cpp hashnode ½̈�̧�̂��H ��A�_� ]X�\�"f ���Ð �Ð�̧2�¤ ½+Ër���.
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2.3 struct lexer state

s�]j struct lexer state \� @/K�"f ·ú��� �̂vr���. s� ½̈�̧�̂��H
$prefix/gcc/cpphash.h \� ������÷&#Q e��_þvm���.

struct lexer_state
{
unsigned char in_directive;
unsigned char skipping;
unsigned char angled_headers;
unsigned char save_comments;
unsigned char lexing_comment;
unsigned char va_args_ok;
unsigned char poisoned_ok;
unsigned char prevent_expansion;
unsigned char parsing_args;

};

y�� ½̈$í
�\¹�èכ @/K�"f ·ú��� �̂vr���.

• in directive
ëß���� s� °úכs� 0 s� ����� �â
Äº, �&³F� ×�¦('��)\�"f_� %�6£§ token s� CPP HASH ����¦̀�	כ �����·p��. 7£¤ #
ë�H���� Õª ×�¦ %�6£§Ü¼�Ð ��M®o����H �èo�s���. s�XO� �â
Äº directive �Ð Õª ë�H�©�s� Ë̈ 9�������H s���l���
�)a��.

• skipping
ëß���� Äºo��� z�́J�ô�Ç conditional group �̀¦ |	��- û¶����� �ÃÐ(true)s���.

• angled headers
0 s� ��u�́ �â
Äº y��F�c ñ(¡)�Ð Ñüt�Q����� K��8[þt�̀¦ ��t���H directive ?/\� e��6£§�̀¦ _�p�ô�Ç��.

• save comments
0 s� ��u�́ �â
Äº comment [þt�̀¦ $��©�½+Ëm���. ëß���� discard comments �� ������÷&#Q e������ #define ÂÒì�r
_� �̧��H directive ?/\� e���̀¦ �â
Äº\���H q��Ö̧$í
�o|̈em���.

• lexing comment
0 s� ��u�́ �â
Äº Äºo���H mid-comment �©�I�s���.

• va args ok
0 s� ��u�́ �â
Äº VA ARGS \�¦ lexing 
���H ��Ér	כ Ä»ò́
���.

• poisoned ok
0 s� ��u�́ �â
Äº poisoned identifier [þt�̀¦ lexing 
���H ��Ér	כ Ä»ò́
���.

• prevent expansion
0 s� ��u�́ �â
Äº macro expansion �̀¦ }��_þvm���.

• parsing args
0 s� ��u�́ �â
Äº function-like macro �Ð �����[þt�̀¦ K�$3�½+Ëm���.

>�5Åq ÆÒ&h�K� ������x_þvm���.

2.4 struct line maps

struct line maps ½̈�̧�̂\�¦ �̂vr���. s� ½̈�̧�̂��H $prefix/gcc/line-map.h ��{9�\� ������÷&#Q e��_þvm���. "é¶+þA�Ér
��A�ü< °ú _þvm���.
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struct line_maps
{
struct line_map *maps;
unsigned int allocated;
unsigned int used;

int last_listed;
unsigned int depth;
bool trace_includes;

};

s� ½̈�̧�̂��H ���@/l�&h� í�HÜ¼�Ð_� line map ½̈�̧�̂[þt_� |9�½+Ë[þt�̀¦ ��t�>� |̈em���. y�� ½̈$í
�\¹�èכ @/ô�Ç [O�
"î
�̀¦ 
���x_þvm���.

• maps
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• allocated
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• used
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• last listed
]j{9�0A_� including files� LAST LISTED�Ðr����
���H��õ��©��'a\O	כs����©�þj��H\�3lq2�¤�o�)a include
stack. -1 �Ér ��f�� 3lq2�¤�o�)a ��s	כ ��Áº�̧�	כ \O�6£§�̀¦ ��ØÔ~��m���.

• depth
�&³F� ��{9��̀¦ �í�<Ê
�#� include stack _� depth.

• trace includes
ëß���� �ÃÐs���� include trace \�¦ Ø�¦§4�½+Ëm���.

2.4.1 struct line map

?/ÂÒ\� �í�<Ê÷&#Q e����H struct line map �̀¦ ��r� ¶ú�(R �̂vr���. s� ½̈�̧�̂��H struct line maps ½̈�̧�̂ ���Ð 0A
\� ������÷&#Q e��Ü¼Ù¼�Ð ~1�>� ¹1ÔÜ¼z�́ Ãº e���̀¦ �.���9�m}	כ

struct line_map
{
const char *to_file;
unsigned int to_line;
unsigned int from_line;
int included_from;
ENUM_BITFIELD (lc_reason) reason : CHAR_BIT;
unsigned char sysp;

};

y�� �½Ó3lq\� @/ô�Ç [O�"î
�̀¦ �Ð��x_þvm���.

• to file
��{9� s�2£§�̀¦ ��ØÔ~��m���.

• to line ��{9�_� '���̀¦ ��ØÔ~��m���. s���H to file õ� Óüto�&h� ×�¦��� ñ\�¦ ½̈$í
½+Ëm���.

• from line �7Ho�'�� FROM LINE ��H Óüto�&h� "é¶r� ��{9� TO FILE _� '�� TO LINE Ü¼�Ð mapping ½+Ëm�
��. Õªo��¦ Õª +'�Ð |9�½+Ë ?/\� ��6£§ line map ½̈�̧�̂��t� 1 @/ 1 @/6£xÜ¼�Ð map ½+Ëm���.
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• included from
INCLUDED FROM ��H �&³F� �í�<Ê�)a ����̂\�"f_� line mapping õ� �'aº���)a, |9�½+Ë ?/ÂÒ\�"f_� index {9�
m���. include stack _� �±p x9�_� ��{9�([þt)�Ér s� |9�½+Ë�̀¦ -1 �Ð ��|9�m���.

• reason
REASON �Ér s� line map _� Òqt$í
 s�Ä»\�¦ ��t��¦ e��_þvm���.

• sysp SYSP ��H r�Û¼%7� K�×¼6 x{9� �â
Äº 1 �̀¦, C++ \�"f extern “C” �� �Ð ñ÷&#Q|9� ��¹כ��9 e���̀¦ �â
Äº
C r�Û¼%7� K��8 ��{9�6 xÜ¼�Ð 2 \�¦ ��|9�m���. ÕªXO�t� ·ú§�̀¦ �â
Äº 0 �̀¦ ��|9�m���.

2.4.2 enum lc reason

s� ½̈�̧�̂\�¦ s�ÀÒ�¦ e����H ½̈$í
 ¹�èכ ×�æ reason \� @/K�"f 7á§ �8 ¶ú�(R �Ð���, s���H \P���+þAÜ¼�Ð ½̈$í
÷&#Q e����H
X<, [O�"î
õ� °ú s� “line map _� Òqt$í
 s�Ä»”\�¦ ��t��¦ e��_þvm���. Õª ½̈$í
¹�è��Hכ çß�éß�
�>� ��A�ü< °ú _þvm���.

enum lc_reason {LC_ENTER = 0, LC_LEAVE, LC_RENAME};

s���Ér	כ add line map () �̀¦ ��6 x
�#� ×�¦ ��� ñ ����â
�̀¦ ÆÒ��
���HX< ���Ér s�Ä»\�¦ ��ØÔv��¦ e��Ü¼ 9,

• LC ENTER ��H Dh�Ðî�r ��{9��̀¦ �í�<Ê½+É M: ��6 x½+Ëm���. \V\�¦ [þt��� C \�"f_� #include directive _� �â

Äº.

• LC LEAVE ��H ��{9�_� =åQ\� �̧²ú�
�%i��̀¦ M:.

• LC RENAME �Ér ��{9� s�2£§ <�Ê�Ér ×�¦ ��� ñ�� 0A_� s�Ä»ü< ���Ér s�Ä»�Ð ����â
÷&%3��̀¦ �â
Äº. ( \V\�¦ [þt���
C \�"f_� #line driective )

ü< °ú �Ér s�Ä»\�¦ �í�<Ê
��¦ e��_þvm���.

2.5 cpp buff

s� ½̈�̧�̂��H $prefix/gcc/cpphash.h \� ������÷&#Q e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þvm���.

typedef struct _cpp_buff _cpp_buff;
struct _cpp_buff
{
struct _cpp_buff *next;
unsigned char *base, *cur, *limit;

};

s���H Õªzª� {9�ìøÍ&h���� Bj�̧o� buffer \�¦ ����è­sm���.

2.6 struct cpp context

struct cpp context \� @/K�"f ·ú����Ð�̧2�¤ 
���x_þvm���. s� ½̈�̧�̂ ¢̧ô�Ç $prefix/gcc/cpphash.h \� ������÷&#Q
e��Ü¼ 9 ��A�ü< °ú �Ér +þAI�{9�m���.

typedef struct cpp_context cpp_context;
struct cpp_context
{
cpp_context *next, *prev;

union utoken first;
union utoken last;

_cpp_buff *buff;
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cpp_hashnode *macro;

bool direct_p;
};

y�� ½̈$í
�\¹�èכ @/K�"f [O�"î
�̀¦ 
��̧2�¤ 
���x_þvm���.

• next, prev
struct cpp context ½̈�̧�̂��H s�×�æ ������ o�Û¼àÔ�Ð ÷&#Q e��_þvm���.

• first, last
Base context �� ���5Åq�)a token [þtõ���H ���Ér context [þt. \V\�¦ [þt���, macro expansion [þtõ� expanded
argument token [þt.

• buff
ëß���� NULL s� ��m������ s� buffer ��H �&³F� context \� �'aº��
���H storage \�¦ 0AK� ��6 x|̈em���. context
�� pop |̈c M: buffer ��H Û�¦o�>� |̈em���.

• macro
macro context \�¦ 0Aô�Ç macro node {9�m���. 
¹כ��9�t� ·ú§����� NULL.

• direct p
ëß���� utoken element �� token s������ true s��¦ ÕªXO�t� ·ú§Ü¼��� ptoken s���.

2.6.1 union utoken

s� ½̈�̧�̂ ?/ÂÒ&h�Ü¼�Ð ��f�� �è>h÷&t� ·ú§�Ér ½̈�̧�̂�� �>rF�½+Ëm���. >�5Åq ÆÒ&h�K� ��°ú�m���. union utoken �̀¦
¶ú�(R�̂vr���. s� ½̈�̧�̂��H struct cpp context ½̈�̧�̂ ��H%�\�"f µ1Ï|
�
�z�́ Ãº e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þv
m���.

union utoken
{
const cpp_token *token;
const cpp_token **ptoken;

};

2.7 struct directive

s� ½̈�̧�̂��H $prefix/gcc/cpplib.c ��{9�\� ������÷&#Q e��Ü¼ 9 
���_� #-directive \�¦ &ñ
_�½+Ëm���. Õªo��¦ Õª�	כ
�̀¦ #Qb�G>� ��Ò�¦ ��\����t	כ @/ô�Ç ?/6 x�̧ �í�<Ê½+Ëm���. �<ÊÃº_� "é¶+þA�Ér ��A�ü< °ú _þvm���.

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

};

y�� ½̈$í
�\¹�èכ @/ô�Ç [O�"î
�Ér ��A�ü< °ú _þvm���.

• handler
Directive \�¦ ��Ò�¦ �<ÊÃº.
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• name
Directive _� s�2£§.

• length
s�2£§_� U�́s�.

• origin
Directive _� l�"é¶.

• flags
s� Directive \�¦ ³ð�&³
���H l� ñ.

s� ½̈�̧�̂\�¦ �Ð��� origin field �� �>rF�
���HX<, y��y��\� @/K�"f [O�"î
�̀¦ 
��̧2�¤ 
���x_þvm���. origin field \�
�>rF�½+É Ãº e����H °úכ�Ér 8úx [j��t��� e��_þvm���. ��A�ü< °ú Ü¼ 9 [O�"î
�̧ 
���x_þvm���.

1. KANDR

KANDR directive [þt�Ér traditional (K&R) C \�"f Ä»A�÷&%3�_þvm���.

2. STDC89

STDC89 directive [þt�Ér 1989 C standard \�"f Ä»A�÷&%3�_þvm���.

3. EXTENSION

EXTENSION directive [þt�Ér SX��©�óøÍ{9�m���.

Õªo��¦ flags field \���H 8úx W1��t�_� �â
Äº�� �>rF�½+É Ãº e����HX<, ��A�\�"f [O�"î

��̧2�¤ 
���x_þvm���.

1. COND

COND ��H �̧|	�ÂÒ\�¦ ��ØÔ~��m���

2. IF COND

opening conditional \�¦ _�p�.

3. INCL

INCL ��H “...” ü< <...> \�¦ y��y�� q-char ü< h-char �Ð 2[/åL�<Ê�̀¦ _�p�½+Ëm���.

4. IN I

IN I ��H s� directive �� -fpreprocessed \� %ò
�¾Ó�̀¦ ~ÃÎ�8���¦ ��ÀÒ#Q4R�� �<Ê�̀¦ _�p�½+Ëm���.
(Callback hook [þt�̀¦ ��t���H directive [þts� �>rF�½+Ëm���.)

2.8 cpp hashnode

cpp hashnode ½̈�̧�̂\�¦ ¶ú�(R�Ð�̧2�¤ 
���x_þvm���. s� ½̈�̧�̂��H
$prefix/gcc/cpplib.h \� ������÷&#Q e��_þvm���.

struct cpp_hashnode
{
struct ht_identifier ident;
unsigned short arg_index;
unsigned char directive_index;
unsigned char rid_code;
ENUM_BITFIELD(node_type) type : 8;
unsigned char flags;
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union
{

cpp_macro *macro;
struct answer *answers;
enum cpp_ttype operator;
enum builtin_type builtin;

} value;
};

s� ½̈�̧�̂��H �̧��H 3 >h_� C front end [þt ��s�\� /BNÄ»÷&��H identifier node _� /BN:�x ÂÒì�r{9�m���. ¢̧ô�Ç ë�HZO�
&h� _�p�\�"f identifier _� superset ��� CPP identifier [þt�̀¦ $��©�
���HX< ��6 x|̈em���. y�� ½̈$í
�_¹�èכ [O�"î
{9�
m���.

• ident

• arg index
Macro argument index.

• directive index
Directive table \�"f_� index.

• rid code
Rid code - ���%�o�l�6 x.

• type
CPP node type.

• flags
CPP flag [þt.

• value

– macro
ëß���� B�ß¼�Ð�����..

– answers
Assertion \� @/ô�Ç @/²ú�[þt.

– operator
"î
"î
�)a operator \�¦ 0Aô�Ç code.

– builtin
Builtin macro \�¦ 0Aô�Ç code.

s� ½̈�̧�̂\��̧ #��Q ½̈�̧�̂[þts� �í�<Ê÷&#Q e����HX<, Õª ×�æ ���$� struct ht identifier \�¦ ¶ú�(R �Ð�̧2�¤ 
���x
_þvm���. s� ½̈�̧�̂��H $prefix/gcc/hashtable.h \� ������÷&#Q e����H ½̈�̧�̂�Ð+� ��A�ü< °ú �Ér "é¶+þA�̀¦ °ú�_þvm���.

typedef struct ht_identifier ht_identifier;
struct ht_identifier
{
unsigned int len;
const unsigned char *str;

};

s���Ér	כ y�� hash table entry �� ��ØÔv��¦ e����H ��s	כ Áº%Á	���t�\�¦ ��ØÔ&�×�̈m���. s���Ér	כ ���Ér object 5Åq_� U�·
5Åqô�Ç /BM\� 5Åq
�>� |̈em���.
¢̧ Ðlr!Q\�¦ s�ÀÒ��H ENUM BITFIELD(node type) type \� @/K�"f�̧ ·ú��� �Ð��x_þvm���. node type �Ér �&³

F� [j ��t� ¦�\¹�èכ ��t��¦ e����HX<, Hash node _� y��l� ���Ér 2[�¾Ó[þt�̀¦ ����è­sm���. ½̈$í
�\¹�èכ @/ô�Ç ��\P�õ�
[O�"î
�Ér ��A�ü< °ú _þvm���.
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1. NT VOID

“��f�� &ñ
_�÷&t� ·ú§6£§”�̀¦ ����ÍÇr

2. NT MACRO

Y>�Y>� form _� B�ß¼�Ð.

3. NT ASSERTION

#assert 6 x Õüt#Q.

Õªo��¦ struct answer ½̈�̧�̂\� @/K�"f�̧ ·ú��� �̂vr���. s� ½̈�̧�̂��H $prefix/gcc/cpplib.c \� ������÷&#Q
e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þvm���.

struct answer
{
struct answer *next;
unsigned int count;
cpp_token first[1];

};

0A\�"f [O�"î
Ùþ¡1pws� Assertion \� @/ô�Ç @/²ú�\� @/ô�Ç ������ o�Û¼àÔ\�¦ ��t��¦ e��_þvm���. #�l�"f �í�<Ê
��¦ e����H
cpp token ½̈�̧�̂��H ��A�\�"f [O�"î

���x_þvm���.
s�]j cpp macro ½̈�̧�̂\� @/K�"f ·ú��� �̂vr���. s� ½̈�̧�̂��H

$prefix/gcc/cppmacro.c ��{9�\� ������÷&#Q e��Ü¼ 9 "é¶+þA�Ér ��A�ü< °ú _þvm���.

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

};

y�� ½̈$í
�\¹�èכ @/ô�Ç [O�"î
�̀¦ 
���x_þvm���.

• params
#Q�"���\	כ @/ô�Ç parameter [þt.

• expansion
Replacement list _� %�6£§ token.

• line
r���� '��(×�¦) ��� ñ.

• count
Expansion \�"f_� token [þt_� Ì�	Ãº.

• paramc
Parameter [þt_� Ì�	Ãº.

• fun link
ëß���� function-like macro ����� [O�&ñ
.
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• variadic
ëß���� variadic macro ����� [O�&ñ
.

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

s� ½̈�̧�̂\� �í�<Ê÷&#Q e����H ���Ér ½̈�̧�̂\� @/ô�Ç [O�"î
�Ér 0A\�"f 
�%i�Ü¼Ù¼�Ð ��r� ���/åL
�t� ·ú§��x_þvm���.
¢̧ ¶ú�(R�̂¦ \P���+þAs� ¿º>h�� e����HX<,

enum cpp ttype operator;
enum builtin type builtin;

�� Õª�.���9�m}	כ s�\� @/K�"f s�]j ·ú����Ð�̧2�¤ 
���x_þvm���. s�]j ·ú����̂¦ enum cpp ttype _� �â
Äº ��ÅÒ ú́§�Ér
\P���+þA[þt�̀¦ �í�<Ê
��¦ e����HX<, Äº��� ������s� #Qb�G>� ÷&#Q e����Ht� ¶ú�(R �̂vr���.

#define TTYPE_TABLE \

OP(CPP_EQ = 0, "=") \

OP(CPP_NOT, "!") \

OP(CPP_GREATER, ">") /* ¨È¡À */ \

OP(CPP_LESS, "<") \

OP(CPP_PLUS, "+") /* ¬ÏáªÉá */ \

OP(CPP_MINUS, "-") \

OP(CPP_MULT, "*") \

OP(CPP_DIV, "/") \

OP(CPP_MOD, "%") \

OP(CPP_AND, "&") /* bit ¡Òá¦Ïá */ \

OP(CPP_OR, "|") \

OP(CPP_XOR, "^") \

OP(CPP_RSHIFT, ">>") \

OP(CPP_LSHIFT, "<<") \

OP(CPP_MIN, "<?") /* ³ÒÞ­Éò */ \

OP(CPP_MAX, ">?") \

\

OP(CPP_COMPL, "~") \

OP(CPP_AND_AND, "&&") /* £Ñá¦È */ \

OP(CPP_OR_OR, "||") \

OP(CPP_QUERY, "?") \

OP(CPP_COLON, ":") \

OP(CPP_COMMA, ",") /* ¡Æ¦Öî³½ */ \

OP(CPP_OPEN_PAREN, "(") \

OP(CPP_CLOSE_PAREN, ")") \

OP(CPP_EQ_EQ, "==") /* ¨È¡À */ \

OP(CPP_NOT_EQ, "!=") \

OP(CPP_GREATER_EQ, ">=") \

OP(CPP_LESS_EQ, "<=") \

\

OP(CPP_PLUS_EQ, "+=") /* ¬ÏáªÉá */ \

OP(CPP_MINUS_EQ, "-=") \

OP(CPP_MULT_EQ, "*=") \

OP(CPP_DIV_EQ, "/=") \

OP(CPP_MOD_EQ, "%=") \

OP(CPP_AND_EQ, "&=") /* bit ¡Òá¦Ïá */ \

OP(CPP_OR_EQ, "|=") \

OP(CPP_XOR_EQ, "^=") \

OP(CPP_RSHIFT_EQ, ">>=") \

OP(CPP_LSHIFT_EQ, "<<=") \

OP(CPP_MIN_EQ, "<?=") /* ³ÒÞ­Éò */ \

OP(CPP_MAX_EQ, ">?=") \
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/* CPP_FIRST_DIGRAPH ¦¼ ªÈ­ÉÞ³ £́Ûá digraph ¤Ûå. */ \

OP(CPP_HASH, "#") /* digraph ¤Ûå */ \

OP(CPP_PASTE, "##") \

OP(CPP_OPEN_SQUARE, "[") \

OP(CPP_CLOSE_SQUARE, "]") \

OP(CPP_OPEN_BRACE, "{") \

OP(CPP_CLOSE_BRACE, "}") \

/* ¡Á¤Á­Íí¬¹ ¤µ³Éá remainder. ªÖáª £̧Ûá ªÉò¡Òá¬Íï¬Ûí. */ \

OP(CPP_SEMICOLON, ";") /* ¡Á­¼¹כ */ \

OP(CPP_ELLIPSIS, "...") \

OP(CPP_PLUS_PLUS, "++") /* ­Ûò¡´ */ \

OP(CPP_MINUS_MINUS, "--") \

OP(CPP_DEREF, "->") /* ­Íî¡Ûá­´ */ \

OP(CPP_DOT, ".") \

OP(CPP_SCOPE, "::") \

OP(CPP_DEREF_STAR, "->*") \

OP(CPP_DOT_STAR, ".*") \

OP(CPP_ATSIGN, "@") /* Object C ¬¹ª¸ ª´¬Õò */ \

\

TK(CPP_NAME, SPELL_IDENT) /* ¤Éá¬¸ */ \

TK(CPP_NUMBER, SPELL_NUMBER) /* 34_be+ta */ \

\

TK(CPP_CHAR, SPELL_STRING) /* ’char’ */ \

TK(CPP_WCHAR, SPELL_STRING) /* L’char’ */ \

TK(CPP_OTHER, SPELL_CHAR) /* stray ¡Á¤Á­Íí */ \

\

TK(CPP_STRING, SPELL_STRING) /* "string" */ \

TK(CPP_WSTRING, SPELL_STRING) /* L"string" */ \

TK(CPP_HEADER_NAME, SPELL_STRING) /* #include ¬¹ª ¬̧Ç <stdio.h> \

\

TK(CPP_COMMENT, SPELL_NUMBER) /* Comment output ªÈ§Éá. */ \

/* SPELL_NUMBER £Ûá DTRT ¦Ûå ¬Å̈Éå */\

TK(CPP_MACRO_ARG, SPELL_NONE) /* Macro ¬Ýá­´. */ \

TK(CPP_PADDING, SPELL_NONE) /* cpp0 ¬Õò whitespace. */ \

TK(CPP_EOF, SPELL_NONE) /* ²´¬Ýå ³ÑÞ¬Ûá ­Öå¬Ç ¢Ûö. */

#define OP(e, s) e,

#define TK(e, s) e,

enum cpp_ttype

{

TTYPE_TABLE

N_TTYPES

};

#undef OP

#undef TK

‘=’ �Ð ½̈ì�r÷&��H %�6£§ ¿º ÕªÒ�̈[þt�Ér ���%�o�l� ³ð�&³d��[þt\�"f �̂¦ Ãº e��_þvm���. s���Ér	כ cpp parse expr ?/
\�"f_� lookup table �'aº�� Ãº'���̀¦ )�|ÃÌ½+Ëm���.

CPP LAST EQ ��t�_� %�6£§ ÕªÒ�̈�Ér ‘=’ +'\� ���Ð �̀¦ Ãº e��_þvm���. Lexer ��H “>>=” ü< °ú s� =åQ\� ‘=’
operator \�¦ ¹�Ðכ��9 ½+Ëm���. s���Ér	כ “>>” ü< °ú s� ‘=’ �Ð =åQ��t� ·ú§��H ��þtõ]	כ °ú �Ér í�H"f�Ð r����÷&l� M:ë�H
\� ����̀¦ ¹1Ôl� 0AK�"f {9�m���.
���Ér \P���+þA enum builtin type \� @/K�"f ·ú��� �̂vr���. s� \P���+þA�Ér Builtin macro _� ���Ér 2[�¾Ó[þt�̀¦

����?/��HX<, Pragma ��H operator s�t�ëß� ò́Ö�¦&h���� s�Ä»�Ð builitin code ü< �<Êa� Õª�¦̀�	כ ��Ò�̈m���. "é¶+þA_�
�̧_þv�Ér ��A�ü< °ú _þvm���.

enum builtin_type
{
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BT_SPECLINE = 0, /* ‘__LINE__’ */
BT_DATE, /* ‘__DATE__’ */
BT_FILE, /* ‘__FILE__’ */
BT_BASE_FILE, /* ‘__BASE_FILE__’ */
BT_INCLUDE_LEVEL, /* ‘__INCLUDE_LEVEL__’ */
BT_TIME, /* ‘__TIME__’ */
BT_STDC, /* ‘__STDC__’ */
BT_PRAGMA /* ‘_Pragma’ operator */

};

2.9 cpp token

s�]j cpp token ½̈�̧�̂{9�m���. s� ½̈�̧�̂��H $prefix/gcc/cpplib.h \� ������÷&#Q e��_þvm���. "é¶+þA�Ér ��A�ü< °ú 
_þvm���.
s� ½̈�̧�̂��H���%�o� token\�@/ô�Ç&ñ
�Ð\�¦ �̧¿º��t�>��)a��.s� ½̈�̧�̂��HÅÒ_�U�·>�Óüæ5gZ�~��(packed)��


���HX<, 32-q�àÔ host \�"f��H 16 ��s�àÔ, 64-q�àÔ host \�"f��H &ñ
SX�y� 24 ��s�àÔ\�¦ 	�t�K��� ô�Ç��. s� ½̈�̧
�̂��H ��A�ü< °ú Ü¼ 9, GCC �� K�$3�ô�Ç �̧��H token _� ?/6 x�Ér ��A�\� [þt#Q��>� �)a��.

struct cpp_token
{
unsigned int line;
unsigned short col;
ENUM_BITFIELD(cpp_ttype) type : CHAR_BIT;
unsigned char flags;

union
{

cpp_hashnode *node;
const cpp_token *source;
struct cpp_string str;
unsigned int arg_no;
unsigned char c;

} val;
};

y�� ½̈$í
�\¹�èכ @/K� ��A�\� [O�"î
Ùþ¡��.

• unsigned int line;

Token _� 'Í	 ë�H��_� �7Ho�&h� '�� ��� ñ.

• unsigned short col;

Token _� 'Í	 ë�H��_� \P� ��� ñ.

• ENUM BITFIELD(cpp ttype) type : CHAR BIT;

token type

• unsigned char flags;

flag [þt\� @/ô�Ç &ñ
�Ð\�¦ ��t��¦ e����. s� flag [þt�Ér cpp token �̀¦ 0AK�"f �>rF�
���HX<, �&³F� 8úx
7 ��t�_� flag \�¦ ��t��¦ e��Ü¼ 9, y��y��_� ��A�ü< °ú s� ½̈$í
�)a��.
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#define PREV_WHITE (1 << 0)
#define DIGRAPH (1 << 1)
#define STRINGIFY_ARG (1 << 2)
#define PASTE_LEFT (1 << 3)
#define NAMED_OP (1 << 4)
#define NO_EXPAND (1 << 5)
#define BOL (1 << 6)

s� ½̈$í
 �\¹�èכ y��y��\� @/K� [O�"î
�̀¦ ²ú���� ��A�ü< °ú ��.

– PREV WHITE
ëß���� s� token ·ú¡s� whitespace �����.

– DIGRAPH
ëß���� digraph s�%3������.

– STRINGIFY ARG
ëß���� ë�H��\P��o÷&#Q�� 
���H macro argument �����.

– PASTE LEFT
ëß���� ## operator _� LHS �©�s������.

– NAMED OP
C++ named operator [þt.

– NO EXPAND
s� token �̀¦ macro-expand 
�t� ·ú§6£§.

– BOL
'��(×�¦) r����\�"f_� token.

• val

– cpp hashnode *node;

d��Z>��� : identifier

– const cpp token *source;

s� token Ü¼�Ð ÂÒ'�_� inherit padding.

– struct cpp string str;

ë�H��\P� <�Ê�Ér Õüw��.

– unsigned int arg no;

CPP MACRO ARG \�¦ 0Aô�Ç argument Ì�	Ãº.

– unsigned char c;

CPP OTHER \�"f ë�H]jr� ÷&��H ë�H��.

s� ½̈�̧�̂��H union �̀¦ 
��� �í�<Ê
��¦ e����HX<, s� union \���H #��Q ���Ér ½̈�̧�̂[þt�̀¦ �í�<Ê
��¦ e��_þvm���.
y��y��_� @/K�"f��H struct cpp string \�¦ ]jü@
��¦ �̧¿º 0A\�"f ���/åL
�%i�Ü¼m� Õª�¦̀�	כ �ÃÐ�̧
�r�l� ��³1Ñm���.
>�5ÅqK�"f cpp token ½̈�̧�̂_� 
�0A ½̈�̧�̂×�æ [O�"î

�t� ·ú§�Ér

struct cpp string ½̈�̧�̂\� @/K�"f >�5Åq 
���x_þvm���. s� ½̈�̧�̂��H
$prefix/gcc/cpplib.h ��{9�\� ������÷&#Q e��Ü¼ 9, "é¶+þA�Ér ��A�ü< °ú _þvm���.

struct cpp_string
{
unsigned int len;
const unsigned char *text;

};

s���Ér	כ NUMBER <�Ê�Ér STRING, CHAR, COMMENT token [þt�̀¦ &h�F� (payload) 
���HX< ��6 x|̈em���.
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2.10 tokenrun

tokenrun ½̈�̧�̂\� @/K�"f ¶ú�(R�Ð�̧2�¤ 
���x_þvm���. s� ½̈�̧�̂��H
$prefix/gcc/cpphash.h \� ������÷&#Q e��_þvm���.

typedef struct tokenrun tokenrun;
struct tokenrun
{
tokenrun *next, *prev;
cpp_token *base, *limit;

};

token [þt_� Ãº'��\� �'aô�Ç ������ o�Û¼àÔ\�¦ ��t��¦ e��_þvm���.

2.11 struct deps

struct deps ½̈�̧�̂��H $prefix/gcc/mkdeps.c��{9�_�·ú¡ÂÒì�r\�&ñ
_�÷&#Qe��_þvm���.�<ÊÃº_� �̧_þv�Ér��A�ü<°ú 
_þvm���.

struct deps
{
const char **targetv;
unsigned int ntargets;
unsigned int targets_size;

const char **depv;
unsigned int ndeps;
unsigned int deps_size;

};

s� ½̈�̧�̂\� @/ô�Ç GCC \�"f_� [O�"î
�̀¦ �Ð��� ��A�ü< °ú s� ��ü< e��_þvm���.

“Keep this structure local to this file, so clients don’t find it easy to start making assumptions.”

]j�� z�́§4�s� ÂÒ7á¤
�#�, <�Ê�Ér ]j�� ��f�� s�\� @/ô�Ç æ¼e��Dh\�¦ ���#Q�Ðt� 3lw
�#�"f &ñ
SX�
�>� [O�"î
×¼wn= Ãº \O�
6£§\� ýe5ÅxÛ¼XO�_þvm���. $��̧ GCC [j�©�5Åq_� ô�Ç ��|ÃÐ{9� ÷�r{9�m���. Master �� ÷&��H Õª±ú���t�.. ��
y�� ½̈$í
�\¹�èכ @/ô�Ç çß�éß�ô�Ç [O�"î
�̀¦ 
��̧2�¤ 
���x_þvm���.

• targetv
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• ntargets
z�́]j�Ð [þt#Q	� e����H slot [þt_� Ì�	Ãº.

• targets size
½+É{©��)a /BNçß�_� �ª�. word �Ð.

• depv
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• ndeps
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• deps size
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

?/ÂÒ&h�Ü¼�Ð �í�<Ê÷&#Q e����H ½̈�̧�̂�� \O�Ü¼Ù¼�Ð ��6£§Ü¼�Ð �Å�#Q ����x_þvm���.
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2.12 struct pragma entry

s� ½̈�̧�̂��H 1px2�¤�)a pragma <�Ê�Ér pragma namespace \�¦ �í�<Ê
��¦ e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þvm���.

typedef void (*pragma_cb) PARAMS ((cpp_reader *));
struct pragma_entry
{
struct pragma_entry *next;
const cpp_hashnode *pragma;
int is_nspace;
union {

pragma_cb handler;
struct pragma_entry *space;

} u;
};

s� ½̈�̧�̂ ¢̧ô�Ç s��	כ $��	כ ���Ér 
�0A ½̈�̧�̂[þt�̀¦ �í�<Ê
��¦ e��t�ëß�, ��[jy� �Ð��� Äºo��� 0A\�"f ��ÀÒ%3�
~�� �þt�Ð]	כ ½̈$í
÷&#Q e������H ��z�́�̀¦ ·ú� Ãº e����. Pass!!

2.13 struct cpp callbacks

s�]j Äºo���H ���%�o�l�\�"f ��6 x
���H Call Back [þt�̀¦ �̂¦ �.���9�m}	כ s� ½̈�̧�̂��H $prefix/gcc/cpplib.h \� ���
���÷&#Q e��_þvm���. "é¶+þA�Ér ��A�ü< °ú _þvm���.

struct cpp_callbacks

{

void (*line_change) PARAMS ((cpp_reader *, const cpp_token *, int));

void (*file_change) PARAMS ((cpp_reader *, const struct line_map *));

void (*include) PARAMS ((cpp_reader *, unsigned int,

const unsigned char *, const cpp_token *));

void (*define) PARAMS ((cpp_reader *, unsigned int, cpp_hashnode *));

void (*undef) PARAMS ((cpp_reader *, unsigned int, cpp_hashnode *));

void (*ident) PARAMS ((cpp_reader *, unsigned int,const cpp_string *));

void (*def_pragma) PARAMS ((cpp_reader *, unsigned int));

};

y�� ½̈$í
�\¹�èכ @/K� [O�"î

���x_þvm���.

• line change
���%�o��)a output _� Dh�Ðî�r ×�¦s� r����|̈cM: ����  ñØ�¦|̈em���.

• file change
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• include
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• define
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• undef
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• ident
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• def pragma
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.



2.15 struct ht 29

2.14 struct ht

s� ½̈�̧�̂��H $prefix/gcc/hashtable.h \� ������÷&#Q e��_þvm���. s���Ér	כ Cpplib ü< Front end [þt�̀¦ 0Aô�Ç d��Z>���
hash table �̀¦ ����?/��HX<, "é¶+þA�Ér ��A�ü< °ú _þvm���.

struct ht
{
struct obstack stack;

hashnode *entries;
hashnode (*alloc_node) PARAMS ((hash_table *));

unsigned int nslots;
unsigned int nelements;

struct cpp_reader *pfile;

unsigned int searches;
unsigned int collisions;

};

y�� ½̈$í
�_¹�èכ æ¼e��Dh\� @/K�"f ·ú����̂vr���.

• stack
d��Z>���[þt�Ér #�l�"f ½+É{©�|̈em���.

• entries
����̧ +ä�%u�Â6Ò ��B'å�T� �}"�:@N���. Ò³Öכ UPDATE 
�ð�©�:@N���.

• alloc node
s� ½̈�̧�̂ü< �'aº��ô�Ç Call Back �<ÊÃº{9�m���.

• nslots
Entry C�\P�?/_� 8úx slot Ãº.

• nelements
(¶ú���e����H—�Ö̧1lx
���H) element [þt_� Ãº.

• pfile
ëß�����̀¦ 0Aô�Ç reader \� @/ô�Ç a�Aß¼. cpplib _� ò́Ö�¦&h� s�1pq�̀¦ 0AK� ��6 x|̈c Ãº e��_þvm���.

• searches, collisions
_�s��̂¦ ��6 x :�x>�u�\� @/K� �̧��\�¦ ½+É M: ��6 x|̈em���.

s� ½̈�̧�̂\���H ��f�� �è>h
�t� ·ú§�Ér ½̈�̧�̂�� 
��� �>rF�½+Ëm���.

2.15 struct hashnode

0A\�"f �í�<Ê
��¦ e����H hashnode ½̈�̧�̂\� @/K�"f ·ú����Ð��x_þvm���. s� ½̈�̧�̂��H $prefix/gcc/tradcpp.c ��
{9�\� ������÷&#Q e��_þvm���. Hash table ?/\�"f_� node _� ½̈�̧\�¦ ����è­sm���. Hash table �Ér #define "î
§î

#Q (type T MACRO) �Ð &ñ
_��)a �̧��H token [þt�̀¦ 0Aô�Ç entry [þt�̀¦ ��t��¦ e��_þvm���. �8ç�H���� LINE õ�

°ú �Ér Y>�Y>� :£¤Z>�ô�Ç token [þt�̧ ��t��¦ e��_þvm���. (Õª�Qô�Ç �þt�Ér]	כ Õª[þt �����ëß�_� type �̀¦ ��t��¦ e���¦ Õª�Q
ô�Ç node _� type s� µ1Ï|
� |̈c M: &h�{©�ô�Ç code �� Ãº'��|̈em���.). 
�t�ëß� �ï×¼_� #��Q ÂÒì�r\�"f ���d��÷&#Q���
“#define” °ú �Ér ]j#Q éß�#Q[þt�̀¦ �í�<Ê
�t���H ·ú§_þvm���. s� ½̈�̧�̂\� @/ô�Ç "é¶+þA�Ér ��A�ü< °ú _þvm���.
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struct hashnode {
struct hashnode *next;
struct hashnode *prev;
struct hashnode **bucket_hdr;
enum node_type type;
int length;
U_CHAR *name;
union hashval value;

};

y�� ½̈$í
�_¹�èכ æ¼e��Dh\� @/K�"f ·ú��� �Ð�̧2�¤ 
���x_þvm���.

• next, prev
/'î�r ���]j\�¦ 0AK� s�×�æ ������ o�Û¼àÔ

• bucket hdr
¢̧ô�Ç node_� hash chain �̀¦��ØÔv���H back�í���'�\�¦Ä»t�½+Ëm���.ÕªXO��â
Äºs� node��H chain_� head
s� 9 ���]j�)a �¦̀�	כ %3�_þvm���. (�9���: [O�"î
s� &ñ
SX�
�t� ·ú§�̀¦ Ãº e��_þvm���.)

• type
secial token _� type

• length
���Ér q��§\�¦ 0AK� token _� U�́s�

• name
z�́]j s�2£§

• value
expansion <�Ê�Ér ���Ér ��\	כ @/ô�Ç �í���'�

s� ½̈�̧�̂\�"f ¶ú�(Rú<�� ½+É ½̈�̧�̂ 
���ü< \P���+þA 
����� �>rF�½+Ëm���.

2.15.1 enum node type

���$�\P���+þAÂÒ'�·ú��� �̂vr���.[O�"î
\�"f·ú�Ãºe��1pws� “secial token_� type” �̀¦{���¦e�����¦½+Ëm���. struct
hashnode ½̈�̧�̂ ÂÒ��H\�"f µ1Ï|
�÷&��H s� \P���+þA�Ér Hash node [þt_� y��l� ���Ér 2[�¾Ó[þt\� @/ô�Ç &ñ
�Ð\�¦ ��t�
�¦ e��_þvm���. ¢̧ô�Ç s���Ér	כ keyword table \�"f�̧ ��6 x ��0px
����¦ ½+Ëm���. s� ��s	כ #Qb�G>� ������÷&#Q e����H
t� ô�Ç��� �̧_þv�̀¦ ¶ú�(R�Ð�̧2�¤ 
���x_þvm���.

enum node_type {
T_DEFINE = 1, /* ‘#define’ */
T_INCLUDE, /* ‘#include’ */
T_INCLUDE_NEXT,/* ‘#include_next’ */
T_IFDEF, /* ‘#ifdef’ */
T_IFNDEF, /* ‘#ifndef’ */
T_IF, /* ‘#if’ */
T_ELSE, /* ‘#else’ */
T_ELIF, /* ‘#elif’ */
T_UNDEF, /* ‘#undef’ */
T_LINE, /* ‘#line’ */
T_ENDIF, /* ‘#endif’ */
T_ERROR, /* ‘#error’ */
T_WARNING, /* ‘#warning’ */
T_ASSERT, /* ‘#assert’ */
T_UNASSERT, /* ‘#unassert’ */
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typedef struct definition DEFINITION;
struct definition {
int nargs;
int length;
U_CHAR *expansion;
struct reflist {

struct reflist *next;
char stringify;
char raw_before;
char raw_after;
int nchars;
int argno;

} *pattern;
const U_CHAR *argnames;

};

ÕªaË> 5: struct definition

T_SPECLINE, /* ±ÛÞ̈Ïå³Éá ªÝí̈Ñå ‘__LINE__’ */
T_DATE, /* ‘__DATE__’ */
T_FILE, /* ‘__FILE__’ */
T_BASE_FILE, /* ‘__BASE_FILE__’ */
T_INCLUDE_LEVEL, /* ‘__INCLUDE_LEVEL__’ */
T_VERSION, /* ‘__VERSION__’ */
T_TIME, /* ‘__TIME__’ */
T_CONST, /* ‘__STDC__’ ¦¼ ª ¬́Õò¤Ôá constant ¡Éï. */
T_MACRO, /* ‘#define’ ¬¹ ¬Ç³µ ­Íò¬Ç¤Ôá macro */
T_SPEC_DEFINED, /* #if §Öá­Éò¬¹ª¸ ª ¬́Õò³ £́Ûá

±ÛÞ̈Ïå³Éá ‘defined’ macro. */
T_UNUSED /* ­Íò¬Ç¤¿­È ¬Éã¬Ûá ¡Íð¤Ûå¬Ûå ¬Ä³µ ª ¬́Õò¤Ôí. */

};

C ���#Q\�¦ ô�Ç��� A£§ ���Ð��� ì�r[þt�Ér 0A_� ?/6 x�̀¦ �Ðr���� å�¶t� �2;ņqô�Ç Ö¼,��s� ×¼z�́���m���. Óüt�:r s� ë�H"f\�¦
{9���H ì�r[þt�Ér @/�<Æ�§ 4 �<Æ�̧� õ�&ñ
�̀¦ s�Ãºô�Ç �â
Äº�� ú́§�̀¦ ��s�t�ëß	כ ú́�{9�m���.

2.15.2 union hashval

s�]j ���Ér [O�"î
÷&t� ·ú§�Ér ½̈�̧�̂ union hashval \� @/K�"f ·ú��� �Ð�̧2�¤ 
���x_þvm���.
s� ½̈�̧�̂��H $prefix/gcc/tradcpp.c��{9�\�������÷&#Qe��_þvm���.s�/BN1lx�̂��H Hash node_� value field\�

"f �̂¦ Ãº e����H ��_þt]	כ 7áxÀÓ\�¦ ��t��¦ e��_þvm���. 
�t�ëß� z�́]j s���Ér	כ s�]j ��_� jþt�̧\O�>� ÷&%3����¦ ½+Ëm���.

�t�ëß� s�\� @/ô�Ç ÆÒ&h��Ér >�5Åq|̈em���. Äº��� "é¶+þA�̀¦ �Ð�̧2�¤ 
���x_þvm���.

union hashval {
const char *cpval;
DEFINITION *defn;
struct answer *answers;

};

s�\� @/ô�Ç [O�"î
�Ér ��f�� ú́§s� ÂÒ7á¤ô�Ç �©�I�{9�m���. ÆÒÊê UPDATE ½+É �¦̀�	כ ���5Åq ×¼o� 9, #�l�\� �������)a
DEFINITION ½̈�̧�̂\� @/K�"f ·ú��� �Ð�̧2�¤ 
���x_þvm���.
s� ½̈�̧�̂��H $prefix/gcc/tradcpp.c ��{9�\� ������÷&#Q e��_þvm���. s���Ér	כ �̧��H #define ½̈ë�H�̀¦ 0AK� ½+É{©�

�)a ½̈�̧�̂{9�m���. "é¶+þA�Ér ÕªaË> 5 \�¦ �ÃÐ�̧
�r���� |̈em���.
y�� ½̈$í
�\¹�èכ @/ô�Ç æ¼e��Dh\�¦ ·ú��� �Ð�̧2�¤ 
���x_þvm���.
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• nargs
�����[þt_� Ãº.

• length
Expansion ë�H��\P�_� U�́s�

• expansion
z�́]j�Ð @/�̂ ë�H�©��̀¦ $��©�
���H �©��è

• struct reflist pattern

– next
������ o�Û¼àÔ

– stringify
0 s� ��u�́ �â
Äº s� arg ��H # operator \� _�K� %�o�÷&%3�6£§�̀¦ �̀¦p�.

– raw before
0 s� ��u�́ �â
Äº ## operator �� arg ·ú¡\� e���̀¦ �â
Äº.

– raw after
0 s� ��u�́ �â
Äº ## operator �� arg +'\� e���̀¦ �â
Äº.

– nchars
s� arg �� µ1ÏÒqt
�l� ���\� 4�¤��K��� 
���H literal char [þt_� Ãº.

– argno
(origin-0) �̀¦ @/�̂½+É arg _� Ãº.

• argnames

s� ½̈�̧�̂��H �̧��H #define ½̈ë�H�̀¦ 0AK� ½+É{©��)a ½̈�̧�̂s� 9

#define foo bar ,

ü<°ú �Érçß�éß�ô�Ç@/�̂\�¦0AK���6 x|̈c�â
Äº nargs = -1,s��¦ ‘pattern’3lq2�¤�Ér nulls� |̈em���.Õªo��¦ expansion
�Ér @/�̂ ë�H�©��̀¦ ��t�>� |̈em���. Nargs = 0 �Ér args �� \O���H �<ÊÃº �̧�ª�_� macro \�¦ _�p�
� 9 \V\�¦ [þt��� ��A�
ü< °ú _þvm���.

#define getchar() getc (stdin) .

�����[þts� �>rF�½+É �â
Äº, expansion �Ér ô�Ç��� %�o��)a args [þt�̀¦ ��t���H @/�̂ ë�H�©��̀¦ ��t��¦ e��_þvm���. Õªo��¦
reflist �Ér input Ü¼�Ð ÂÒ'� #Qb�G>� output �̀¦ ëß�[þtt�\�¦ ³ð�&³
���H 3lq2�¤�̀¦ ��t��¦ e��_þvm���. \V\�¦ [þt���, “3 ���
P: ë�H����H 'Í	���P: �����, 9 ���P: ë�H����H [j���P: �����, 0 ���P: ë�H����H ¿º���P: �����”. s� ë�H��[þt�Ér expansion
Ü¼�Ð %3�#Q�:r &ñ
�Ð{9�m���. ��t�}�� arg-µ1ÏÒqt Êê\� expansion s� z���� e����H ��\	כ �©��'a\O�s� Õª ����� +'\� 4�¤��
�� |̈em���. reflist �Ér e��_�_� ß¼l�\�¦ ��|9� Ãº e������H ��z�́�̀¦ ·ú��� ¿ºz��r��̧. Õª��_	כ length ��H @/�̂ ë�H�©�\�
"f µ1Ï|
�ô�Ç �����[þts� Y>� ��� �Ðs���Ht�\� �©��'a½+Ëm���. \O����� ú́§�Ér �����[þts� �>rF�
���Ht� 
��¦��H �©��'a \O�_þvm�
��. \V\�¦ [þt��� :

#define f(x) x+x+x+x+x+x+x

��H @/�̂ ë�H�©�Ü¼�Ð “++++++” \�¦ ��|9� �¦��s	כ pattern 3lq2�¤Ü¼�Ð

(0, 1), (1, 1), (1, 1), ..., (1, 1), NULL

\�¦ ��|9� �.���9�m}	כ #�l�"f (x, y) ��H (nchars, argno) \�¦ _�p�½+Ëm���.
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[1] t��FK s���ß¼\�"f��H Áº½̈ô�Ç ��|ÃÐ[þts� ���ÔqtÜ¼�Ð ���K� s� r�çß�\��̧ º¡¤#Q���¦ e��_þvm���. s� ���Ôqt_� 3lq&h�s�
�7Ho��� ú́�t� ·ú§Ü¼ 9 Ä»�'p îß�����Ð�©� s����r\�"f �̧	��̧ ���7£x�̀¦ ~ÃÎt� ·ú§�Ér p�²DGõ� %ò
²DG_� 1lqéß�&h���� '��1lxÜ¼

�Ð s� [j>�_� î̈
�o�� d��y��
�>� 0Aa�?~ÃÎ�¦ e����H 1pw½+Ëm���. ]j�� I�#Qèß� s� ������H ��f����t���H î̈
�o�Ðü< s�
XO�>� GCC \� @/ô�Ç /åJ�̧ jþt Ãº e��t�ëß� Äºo������� ����� ���Ér ����_� ��|ÃÐ[þts� /åJ�̀¦ æ¼�¦ e����H s� r�çß�\��̧
Óüt, d��|¾Ó, _�«Ñ¾¡§ ÂÒ7á¤Ü¼�Ð <�Ê�Ér p�²DGs� Õª�Ð2�¤ ��|½Ó
���H @/|¾Ó ¶ú��©� Áºl��Ð ÂÒ'� ýe\O���H ��|ÃÐ[þts� º¡¤#Q��
�¦ e�����¦ Òqty��
�m� #�çß� �9��9�(- -; ³ð�&³s� 7á§...)ô�Ç>� ��u��m���. ]j�� ½+É Ãº e����H {9� <�Ê�Ér Äºo��� ½+É Ãº e����H
{9�s� #Q�"� ��s	כ e���̀¦ t� &h��FG&h�Ü¼�Ð Òqty��K��� ½+É éß�>���� �	כ °ú _þvm���. ��|ÃÐ�Ér 0px1lx&h�s�#��� ½+Ëm���. [2] ½̈
�̧�̂�� �©�{©�y� 	�HX<���� �í�<ÊK��� 
���H ���Ér ?/6 x[þt�̧ ú́§��4R"f ���Ér M: �Ð�� r�çß��̧ ú́§s� ���o��¦, �̀s�
t� Ãº�̧ Y>� �©� �8 ú́§ç�H¹כ. ÕªaË>�̧ ô�Ç�©� ëß�[þt#Q"f V,��¦ z�·�ÉrX<, �̧�FK ��/'¹¡§s� z��_þvm���. jËµ[þt>� 6 ÅÒ	� y©�
_�\�¦ ��}9�m���. '��4�¤
�[j¹כ.


