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o= A 6 A HolEHA GCC o e AA A A2 s B, Fo A AMRE = F4 0]
] 92 A0 oJBA HAF =A% Bty 22 2 lang hook 01] A = B ok th o
o] /]+= CPP (C pre-precessor) oAl 7] o] = FZA| cpp_reader o A LolR == A5

Al 2 A struct cpp_reader 4?7

struct cpp_reader = $prefix/gec/cpphash.h 3t Y& o] A A= o] Q5T cppreader = A €] 7] 43
“AE7 2 M43} ’WW}@ﬂtﬁm%qmmMm?ZﬂﬂEﬂJHW.]?Zﬂmﬂj%U4f
9 PRAEES T 20w ol A9l kol daNE 234 Lol LER SAFU AW U F
g 42 UWEss g2l A= AU ) A AR F ZEHYTH 2 FAITH

to ;:'. H

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;

};
7t 1AL AT Ago] ta|A Lol HATh

buffer
buffer stack & TOP.

e state
Lexer AEf.

e line maps
map, line Source EW3E F

2
r
e

e directive_line
3 A directive ‘# o] =S

e a buff
Aligned permanent storage.

e u buff
Unaligned permanent storage.

o free buffs
Free buffer chain.

e base_context, context
Context stack &2 2 &

e directive
TkoF in_directive 2, ¢14]3} directive & 7}3.
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e mi_cmacro, mi_ind_cmacro, mi_valid
Multiple include optimisation.

e cur_token
Zt token = AT w v} A OH/“EP token o] FHE

t3 9l cpp_token TRAE 7R 2 )
t}. o] o] &3}o] AA GCC 7} F< token 2 3| A 3H = ] 3ol s

e base_run, *cur_run
struct tokenrun F+F A= GCC 7} Yo]Eo]lE= 2L token & HE|st= XA o)t} baserun
AAR4E AAAQ tokenrun o A Z+ T—‘f’—; 7}27)= 40|tk &, o] A 249 prev L next 7}
AAVE R, A5 Bso] A 740] ol Zlelttetal A% k273 YUtk currun & FA FFQ
tokenrun & 7}27]31 0‘3} g HEE 250 7 FE9] token & 93 FHE 7HA] L 9lom, o] FTto]
=2 oS A%, currun 2 /\HE Zro g2 HAEA =)

e lookaheads
Lexing #& £ &

e keep_tokens
Zko] 0 o] obd A% lexer 7} token & AW AL 3= Aoz By vt}

® errors
exit code & ¢ 3t 27 counter.

e mls_line, mls_col
wAFY constant (multi-line A2 )l Al newline ©] %3 &

32
i
o
o
e

e macro_buffer, macro_buffer_len
Macro B9 EA<EEL #1192 buffer.

e all_include_files

2 include & 3} o]l &3S TREE. cppfiles.c 342 E A L.

e max_include_len

include 452 A% T4 oI Ae) U e o2 3 @A Ar) 2ol ($el7t &

e date, time
dHQ} A 7F token . BFOF T AE o] AakE Aol 9

rlo
pay
i)
oft
ne

o

37 Atrd.

e avoid_paste, eof
EOF token 3} £0]7] 7JA| 3] 3] (forcing paste avoidance) token.

e deps
mkdeps.c 9] 2]E£4EL t}F = opaque. -M FA S AFEE
e hash ob
Obstack & & ‘E macro hash node & 7}A 1 YHUTE o] AL 23 Zo]EAY =314 &5

T} cpphash.c & HA A 2.

e buffer_ob
buffer €} conditional FZ A ES 71X 1 Y+ obstack. ©] AL AA| stack YU T} cpplib.c & EHA

[e]
a.

e pragmas
Pragma Bl o] & - 2lo] B efe] 427} 914 pragma SO HH £2L
Z o)
=1 e

Mg S A7) R 5

4

e cb
Call back &
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hash_table
21 2} (identifier) hash table.

opts
AT B 5

spec_nodes
£33 node & -

print_version

—7]—x]1_

R

Syth ol thgk ApAIE A

o

L

shefoll A A< 317] Bt

29| version number & &2 QF&A. o] FA FO M -v -version T WZol FH S DA
Eacagiag

e our_hashtable
cpplib 7} hashtable & A&83}31 Q12 $l=3

o] FxA+= ﬂ% lang_hook
common.c 3] A
A o] F oA = 3

T T ©°
o] +xA = HE
=

TEA

AE Q11
1. struct cpp_options

ol sl Al & ohe
Be PEAE

]_

2. cpp_buffer

3. struct lexer_state
4. struct line_maps

o

_cpp-_buff
struct cpp-context
struct directive

cpp-hashnode

L » 3@

cpp-token

tokenrun

. struct deps

. struct pragma_entry
. struct cpp-callbacks
. struct ht

. struct spec_nodes

dee] g, lﬂ o]
struct cpp_options F-E] A]Zt

o}.

A= o] 9l cpp-create_reader ()

oA st =

Ainit_options () ol ol& Z7|38tE =0, C Ao H¢ $preﬁx/gcc/c-
sholl o8l A 2718} 7F o] Fo] AUt o] &
SRS =

2ol

o Yro| a3 QS Uk TaE = T2AE o] TR A AT

£ oz sol A Aol b

o

2 XM= A}&ﬂ TFxRAEC] AsUTh 4 o] &9 BEH 7‘7‘011 23y
= AS UL BEAE A9 A= ot} 2
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2.1 struct cpp_options

o] FZ A+ struct cpp_reader Wol nest T+ FZA YUt 281 command line oA 4 Y= B2
option = AU YUt FRA 9 BFL2 ofefe}t 25Ut 4Es| w2 Fo 342 7 A ks
AP S ofd g F YT Holl A} A R 7 FHE o EH st A % O]‘aﬂoﬂj‘ﬂ UE3tE = stas T

[
—
=

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;

};

7} T 820 B3 AN G AL obeet 2

>

U,

e in_fname, out_fname
input I} output LS9 o] E.

e tabstop
Tab stop AFo] 2] X},

e pending
Pending option & : -D, -U, -A, -1, -ixxx.

o deps_file
deps 7} written 3}31 ¢}

o
o

g o] &, vk deps 7} stdout o] written 3t YTHA FE2 0 o] H.

rlo

e quote_include, bracket_include
include St ES {3 27 A2 E. o] 7] A quote_include & “* & Y EFJ I, bracket_include & <>

2 Yepiyr.

e map_list
Header ©| 253 719 o] 85742) map, o] AL st Ao 52] Zo|7} ATl g DOS Aol AT AHg

gtk

e include_prefix, include_prefix_len
£ include 39 ] 2@ & 2] S U] of A
‘Jusr/lib/gcc-lib/ TARGET/VERSION’ £ tj Al ofF 3= v E8] FFAL

e user_label prefix
-fleading_underscore x4 o] o] A& “7 & A A.

e lang
L7t AR ST JE Aol
e verbose
0 0] obd AL ¥4 v 7 AR YL gyt T A include THEDEY ZE AFS &
gk
e signed_char
0 ©] obd 7% char = sign < vyt

S
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struct cpp_options

cplusplus

0 o] obd A C++ & extra default include directory 52 AFE3tE A2 o v g}

cplusplus_comments

00 obd A$ C++ 2B 4L e AL o
objc

0 o] obd A% objective C & #import & TF+= AL o u| gt

discard_comments
0 ©] o}d A% output FL o) comment & FHAFSHA] k5 th

trigraphs
0 o] obd A% ISO trigraph sequence &< * 2] g2 9 ul.

digraphs
0 o] obd 7% ISO digraph sequence 52 & &2 2] 1].

extended_numbers
0 o] obd % hexadecimal float 53 LL Fu|ALE 3]&3& 9 0].

print_deps
0 o] o}d A AAEH output Ht}include & 3452 o5& WA &9
3] #include “...” & 913} al 2 & #include <...> & 9 u] g}

deps _phony_targets

o] obd % Z} header € 9t 9 E 2](phony) target E°] 448 Uth.
print_deps missing files
0 o] obd ¢ M output tol A h A5 o] WA YL B¢ w5 o] 4
78yt
print_deps_append
ukek 2ol d fopen (deps_file, “a”) ZE 2] ¢¥ 2™ fopen (deps_file, “w”).

print_include_names
o] obd 7% header U5 2] o] 8¢ F3hch (1)

pedantic_errors
0 ©] o}d A% cpppedwarn ©] hard error & T2 2o n].

inhibit_warnings
0 o] obd A% B3 WA= 24384 Fa<= Al

warn. systemJ'leaders
0 ©] obd ¢ system header S 2 FE 2 F1E F714 da= 2wl

inhibit_errors

00 ofd A% £ F WAAEL 2G3HA W}A»m IS A gHL
=
=

Aol A Ao A & g (o

warn_comments

0 °] o}d A comment W o) slash-start(/*) 7} JEpGTE H 135S o) 0],

warn_ trigraphs
0 ] obd ¢ whek ojmf St trigraph 7} EAj gttt F3E 9 ).

warn_import
0 o] obd 7 whek gimport 7} ALEH W P VTS Tk

B

Bl

rir

U A =F cpplib o] A&
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e warn_traditional
0 o] obd % traditional C 9} M ZEAQ ole} 2ol BeHA 1 FL v,

[ ] Warnings,are,errors
0ol old AL A1E 2 /F=Z WATYLH
e no_output
0 °] o}d A% output = WA &5 th 1A 9k side effect S 7FA = #define 3} 22 directive &
2 473 atiE A YT
e remap
0 o] ofd A f2+= 3¢ o] 5 &= remap 37|93l header.geec 3L ES 4 Hofok Ut}

e no_line_commands
0 °] old A9 = W% (line number) A F | o3 output & 3FA] 55U

e ignore_srcdir
0 o] obd AL -I- 7} HAE g o T2 A source-file T] #E 2] o] A1 2] #include “foo” & Ay H X
e
IE =]

e dollars_in_ident
Zko] 0 o] | dollar 3 A]+= 54 (punctuation) Y& 2] 1].
e warn_undef
0 o] obd A% #if Wol A AR A ke AEAst ol AE Aol ts|A FRFL <.
e c99
0 o] obd A% corrigenda 2} amendments & Z 33 1999 C Standard & 712 7.
e pedantic
0 o obd 3¢ ANSI EF°] 278t ZE 27 WAHAES ZAZS 90l
e preprocessed
0 9o] o}d AL $8= olu] AA 7 B code & HI Y+ 52 F macro expansion I Z+
Tt YA gotx Ak o YgUTh
e no_standard_includes
0 ©] o}d A% header £ 93 ZE £ P EZEE disable & th

rlo
N
o

e no_standard_cplusplus_includes
0 ©] o}d A2 header 52 Y3+ C++-specific EF U] HE 2] 5L disable gt}

e dump_macros
0 0] obd A9 22 {FH macro & dump T -, & F=x.

e dump_includes
0 o] obd 3¢ #include FH HEL output © 2 w21 ST o

e show_column
25 HA A column HEE =3}

® operator_names
0 o] o}ld A% C++ alternate operator name &< tF+= Z1& o n|gych

e help_only
9keF option o)l A] —help &2 —version, —target-help 7} H 1 t}H
A

A wd e T2AE 23

=
o] +ZA+= vB|E FZA struct cpp_reader o] 3T = Z o] Xt o] F X
(A= F7F HA AA=7F JHA

2 9zUth o] WEAA ASoel telA Aoz aSolst BTk
LY EECRR S
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2.1.1 struct cpp_pending

WA FZA| struct cpp_options o] Z3t= o] & o] F2A FolA struct cpp_pending 24| ol T 3l
A Lol B At} o] X A= $prefix/gee/cppinit.c IFL o] A o] Qlom FRA ] BHL oo}
Yt

struct cpp_pending
{

struct pending_option *directive_head, *directive_tail;

s
=]

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’ £ Z A= 2] 7} cppread_main file T+E &
& b ZEAYT. 1AL ofel it £ 8 42) 2
7} ]

1 ) 42 e o e g
t 9l A
11 quick insertion 2 ] 3 head ¢} tail EL_?JE} 9

2 0% ASE o] FolA 9

9}&%14‘3]' o 7loll = o] = FxA
st AL AL Z,‘—79, 3 UzrAI Tk WA struct pend,option = JAtE 1" 10 93] O]A‘Jq

typedef void (* cl_directive_handler)
PARAMS ((cpp_reader *, const char *));
struct pending_option
{
struct pending_option *next;
const char *arg;
cl_directive_handler handler;

};

19 1: struct pending_option

‘struct pending_option’ & 342 -D &2 -A, -U, -include, -imacros switch & 7] % s}= J&8 3=
—?iiﬂ ?J Yt} o] L2 A= $prefix/gee/cpphash.h o] A A= o] Q5.

© Z struct search_path =2 Ao O3] AHR = 6‘1—}\]1:]- -?_60% 73 2L BAE "y}
o] —TLZZJ]L include 3t 55 A9& LSS HF& et YFUth 24 240 thaiA 2+

wa A
e name, len

NAME 2 @A) stde] fe 2] 2o ALl null 2 24 42 <+ A5y TH

e ino, dev
A7|A A5H Y E g7} search path oA 9] o] d tHE e} FEATH: AH ol dis] Zah+=
o A&k

e sysp
0 o] obd A¢ o] AL system include T A E 2] Y}

e name_map
o HAEeE A 542 o] 25| th3 mapping. B MS-DOS 9 BAH & S Fo| A v AH53
ek
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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;
};

13 2: struct search_path

o] FZA| T3 struct filename_map 2= L2 A E 31 Ql:r'j_&. FAL ALEFH YL
struct filename_map 2 A= $prefix/gee/cppfiles.c Lo A A= o] 9l o] o] tf
F2 19 3o vk dFYth

struct file_name_map

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

};

13 3: struct file_name_map

filename_map 7+ Z A= EA A EZE #3319 o] 552 mapping = 7}A 1L A5 YT ©] mapping
o 7 gdE ey FILENAMEMAP FILE o]y Ww® shal 22e <&t 288 319e DOS
3h ol k) 1ol o1#) AFE A Sl AN Aol A L) B EE map SHevl A4EH - 9
’“141:} “td o] F map 3td” 9 FA L 7‘ Z vttt =709 token & 7HA = o8 EEE AP U A
token 2 map 3t7] 93l o] = 0]U47 —,—@RH token & A}&3F A A 0] 2 o1t}

o 714 AE-3sh= FILE.NAME MAP_FILE 3¢-2 GCC i fof oju] AAs o] =, 3¢ o]52
“header.gcc” & AFE3I=E Tt

o] 7)1 7k A B4 &0 7 3 struct cpp_options & 1% FEA
struct cpp-pending =2 Aol tha A Lo} K k5Tl o] Al struct cpp-options & thE 3+ ?—Ziﬂ of o i
dolH T E ATt 2#HH| 2 _T_’HL] o} &2 3 R A o 43t struct search_path -2 A 9] 7% struct
cpp-pending FERAE LotHAEA FH HkF . o] BEL2 AUrHr| = gt
struct file_name_map_list -2 Aol thaf| A] Lo} E A T}

o] +2A= ydE G st 31 o]F map ol &3 linked list & 7FA 3L YFUTEH F2A o of
3 YE 250 78 4o YoF dFUT o] FERA = WH A S Z struct filename_map & E&3 QX

=

struct file_name_map_list

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

};

19 4: struct file_name_map _list
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12

al o]of tEA= 9o ] AFEForg o o)A A H A kAL T
18] 31 struct cpp_options FZ A npx|Eko &

of thalj A &z

enum c_lang

o 7]ef &3skA Huyth

e CLK_.GNUC89 =0
e CLK_GNUC99

e CLK_STDC89

e CLK_STDC94

e CLK_STDC99

e CLK_GNUCXX

e CLK_CXX98

e CLK_OBJC

e CLK_OBJCXX

e CLK_AS

o] AEL cpp_reader_init TEA] A

39 FEASE A% 2

2.2 cpp_buffer

o] L2 A= struct cpp_options F+ZA| 7} A A
she] S e

struct cpp_buffer

{

const unsigned char
const unsigned char
const unsigned char
const unsigned char

dol At o] dAF L

HRES AT

*cur;
*backup_to;
*rlimit;
*line_base;

struct cpp_buffer *prev;

const unsigned char

struct include_file

struct if_stack *if_

*buf;

*inc;
stack;

unsigned int col_adjust;
unsigned char saved_flags;
const unsigned char *last_Wtrigraphs;
unsigned char warned_cplusplus_comments;

C 9ol &

g,
%~dﬂ%ﬂ&mawpwmmgﬁﬂ-WWWLWALL¥ZﬂﬂWﬂ°%} Sy
o] ZLZA| & struct cppreader FZ A o] £&F o] A= e XA B} Al
eto 2 Flok & EfjatE o] YR WS ULk gog g 71]4— struct cpp_options <% | of
o] A cpp_buffer ¢ t}.

YL ofef e} 7&% E’_ Fe ZEUt

=z Ao o]o]

2 A2 RN—

S Utk ol cpplib 7} ¢

Stk s e

g obel g,

| 235 o] 9t the
R
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unsigned char from_stage3;
unsigned char search_cached;
bool return_at_eof;

struct search_path dir;

[

FAesol thal A 4RSS sy
e cur

A4 9
e backup_to

wk2F peeked character & 34| =T,

N

e rlimit
B &3 data & &

e line_base

AR W(2)9) A2

e prev

Ao} o)A T2AE =AYt

e buf
A A character buffer.

e inc
include table & 7}=2 7] = = O] Ei, ek o] Al o] 3t W2 NULL ©] o}d 2 7FZ. include_next
o] AF&-5 1 control macro & 7] &3F=0] £ AR H U

e if stack
o] B}d o] A=A A9 if stack o] Zt.
include file Wojl 4] #o] 22 o}-& #endif (55) & FA 8=t AHHUTh

e col_adjust
Whitespace 9| 4] tab of 7] 213} (owing) A E ¥ token & (column) 9] ].

e saved_flags
PREV_WHITE 2}/%2 AVOID_LPASTE & X &3t}

e last_Wtrigraphs
Lexer 7} 2458k W4 wfZoll, -Wtrigraphs 7} wjuj & -2 trigraph o] s = H Z13 5 Q)
Utk o] AL 2L e =22 Ytk

e warned_cplusplus_comments
ghoF 2] 7} o] 5ol A C++ comment Sofl T} o] u] A3 WA AE BT FHtrue) FE 74
Yt} A3 WM A= -pedantic 34 0] 843} T 9l A -Wtraditional ©] A A H C89 extended mode
o WAE T 7 shde B HoFUh (v 23 SHA F oW ofF A A 2 A
oh)

e from stage3

ukoF 2 2] 7} trigraph £33} escaped newline 52 A 2 3A] &=t} d true YU Th AX 2 input I}
command line directive S, Pragma buffer o tha]l Al Z(true)J Ut

fy

e search_cached
gkel 0 o] obd 4
[

% < include file Sl & HM S st= HHE 7} o] v ALk o] Z AL off “dir”
ol A= o] =

2 gt
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e return_at_eof
EOF oA, ¥ 5= 252 2 pop HY o} 72k RETURN_AT_EOF 7} #o]d, CPP_EOF token 2 1
o] ¥F3(return) G Utk 28 A =04 enclosing buffer 2 88 t}2 token ©] W3 YT

e dir
o] buffer & o< ] EH?_]— di rectory 7212 NAME member = €5 X gtornzg 8= 1AL
free S0 A4 T B G5UTH

o] TEAL Y TEAE EFHAL AGUTh 1o BAA AFRES AL Sobriolol &
FRAL bl BT

1. struct include_file
2. struct if_stack

3. struct search_path
o] FEAE ol A Lol Hokomz thal thEA] YAF YT

2.2.1 struct include_file

W A] struct include_file 2| Ut} o] L2 A= $prefix/gec/cppfiles.c 3FL o] A A= o] JFUTH 4
2 o} o o] LRA|= EE include 9 table & Zt1 & AFEFE Uth

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;

® name

sl A4 Fz ol F

e cmacro
Reinclusion & ¥= o] ™ macro.

e foundhere
#include_next 2} sysp & 3t 5} g o] LA H search path o A2 4.

e buffer
Cached ® 3} content 2] EQ1E]|

e st

792 93 stat(2) data & AR

o fd
AL dul AL (A AR )
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® err_no

BHOF 5h S of o] A HTHA o] B} g ermmo

e include_count
shelol 913l R4

e refcnt
o] 3}U-& A&} stacked buffer 2] A4

e mapped
file buffer 7} mmapp ¥ 1= e,

o] FxA =3 thE 9 FxRAE ﬁi—?}‘]’ 91, struct search_path = a4 AHstgon,
cpp-hashnode 2 A= ofef o] oA mz H== 75yt

2.2.2 struct if_stack

ol Al struct if stack o el A Lo} RES ALY o T2A 7 A o] Y REL
Sprefix/gcc/cpplib.c 3o 4915 o] gk ﬁﬂzﬂ Aol A °M«l z A% 0] ) stack v AF A

—{n
et
ﬂ?‘J
o
K
30
fy
A
o
o "
ﬁL
O
o
B
©o
\1
,d
=
°
RO

2], dsf AEE AES =

struct if_stack

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

()

7 a0l talA Lol BT

e next

e =y

e line
2710 A2 Z().

e mi_cmacro

AR Fd F99 #ifndef o] o) 3+ macro

e skip_elses
QFo 2 L& Helse / #elif & FA] = D717

e was_skipping
9koF entry 7} skip o] 2.

e type
7H3 H & 2 A5, (diagnostics £).

o] 7|l A = A AH cpp_hashnode FZ A= ol o] HoA Wz HEE AT
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struct lexer_state 16

2.3

struct lexer_state

o] A| struct lexer_state of] ThajA] Lo} BA|t}) o] XA =
$prefix/gec/cpphash.h o] A A= o] Q5 Th

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;

(-

b
7 7

dadol tisiA Lot FAITh

in_directive
TheF o] Zrol 0 o] obd A, A E(H)olAe] A5 token ©] CPP_HASH QA& el & #
2A7b 1 & Agoz gtk sejoltt o] A9 directive 2 1 B3 o] FujArk: olos] 7}

ot

skipping
whek 9-2] 7} 4l 9] 8t conditional group & ZAVH T Z(true) o]t}

—

angled_headers
0 0] old A ZAZF(HE M FHES 7HA = directive ol 122 o wFhe}.

save_comments
0 ©] o}d 7% comment

E& A A} wek discard_comments 7} A A5 o] 9) At #define F&
o] B E directive Yol & AFol=w

B a=Raisg

lexing_comment
0 ©] obd 7% 2]+ mid-comment A€} o] T},

va_args_ok
0 °] o}d A _VA ARGS__ £ lexing 3= A2 F231}

poisoned_ok
0 o] obd 7% poisoned identifier 52 lexing dl+= A2 {3 3}c}

prevent_expansion
0 ©] o}d 7% macro expansion 2 54

£

parsing_args
0 o] o}d 7% function-like macro 2 QI A}EL A},

A% 228 UAAETh

2.4

struct line_maps -2 A & F At} o] 2 A+ $prefix/gec/line-map.h st o] A A= o] Hy )

struct line_maps

o
ogh
rlo

obef o} 25uith.
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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;

};

o] XA = A7 A £ 29 linemap FRAES] JAES 7HAA FUth Z4 #8400 e A
W sHAS U

e maps
OFx| FE5t MHO| YLLICE T UPDATE SHASLICH

e allocated

Otz] HMetet dHo| glgLIct. =% UPDATE SHZl&LCt
e used
Ofx| ME5H MOl YBLICH £F UPDATE SHASLICEH

e last_listed
A 99 including file ©] LAST_LISTED & A]2tsl= A3t Abdglo] 714 2 2o 2234 include
stack. -1 & o}7] HE31H Zlo] ol AR QIS 7=

e depth
A2 3td-S F3H5}9] include stack 9] depth.

e trace_includes
kel o] | include trace & &3 3T}

2.4.1 struct line_map

U Fol 235 o] 9= struct linemap < THA] 23 E At} o] FZ A+ struct line_maps F+Z A vl2
of AAF o %IQEE A oA 5+ S AYYh

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;

};

7}

Fo the 49e BB

e to_file

59 o] 82 A=AHYrh
e toline 9 FL =AU Th o]t tofile F} B4 EAEE TATY

e from_line +=2]3 FROM_LINE &= E8]& ¥9A] ¥¥ TO_FILE 9 3 TO_LINE © & mapping g4
ﬂ:Hrﬂl%iﬁﬂﬁﬂﬁﬁhmmw?lﬂ%ﬂlﬂlﬂ% =2 map gyt

0:
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e included_from
INCLUDED_FROM = &) 235 AR )49 line mapping 3} FAH, F 3 YR oA index ¢
Yt} include stack & W 2] 9L (F)2 o] &S -1 2 7FFH Y

® reason

REASON 2 9] line map &] AA o4& 71X 12 Jd5Y}

e sysp SYSP = A28 F=g&d A1 L, C++ 9 tern “C” 7} R FH oA 297t IS A%
CA2d Y fagen 2 8 AR 124 28 4% 0 2 Atk

>
@
<8

2.4.2 enum lc_reason

o] FZRANE o] FIAL U= 7/ 84 T reason o thal A & B A7 HH,
o, 43} 2o dine map o A4 o7& AT AHUTh 1 FARAE S oelel 2w oh

;o

enum lc_reason {LC_ENTER = 0O
o] A2 addlinemap () = AH&ste] & WS WA F7lsted WE o8& 7H27]3 glow,
. LOC,ENTER = N2 LS 285 o AL & 9 C A9 #include directive 2] 7
2,
e LCLEAVE & 39| Zo] =332 of.

e LCRENAME & 3¢ o]5 52 & HE 7l 99 olfot thE o f 2 AAHIE 5. (A&
C 9| A 9] #line driective

s} 22 o2 TFeT 9

, LC_LEAVE, LC_RENAME};

il
(2

)
k.

)

h=4

2.5 _cpp_buff
o] FZxA|+ $prefix/gec/cpphash.h off A= o] gyt 932 ofef o} 25Ut

typedef struct _cpp_buff _cpp_buff;
struct _cpp_buff
{

struct _cpp_buff *next;

unsigned char *base, *cur, *limit;

};

ol ¢ dwtA < w2 buffer & VepE U )

rr

2.6 struct cpp_context

struct cpp_context o] | Al LolH == st F YT o] L2 A T3 $prefix/gec/cpphash.h of A Q15 of
qow ol el e FHEf Yt

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;

(-

FFAdgaol disiA A8 S st sHls Ut

® next, prev
struct cpp_context XA = o]F A2 B AER FHo &5 h

N

e first, last
Base context 7} 9449 token 3+ T}E context £. o|& £, macro expansion S3} expanded
argument token =

e buff
Tk NULL ©] o}y g3 o] buffer &= & A context o] & & 3} storage & 93] A& Yt} context
7} pop 2 ] buffer + Zg/A U

® macro

macro context = 9] 3} macro node YUt} &R 31X A NULL.

e direct p
7ok utoken element 7} token o] 2}H true o] 31 ZL® X] 29X ¥ ptoken ©]T}.

2.6.1 wunion utoken

of LA WRAORE ofF &vfE A ¢ FRAZE EAFULE AL F45] byt
A5 F At} o] L2 A| = struct cpp_context R A TA A LA + JdHUTh UL oo} T

U,

union utoken

{
const cpp_token *token;
const cpp_token **ptoken;

};

=
=
3
=
=
+
o
=
@
=
Il

2.7 struct directive

o] 2 A= $prefix/gec/cpplib.c T of] Al
< oEA g ZAA A g &

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;

“

P74 2ael e AL oot 2Tk

e handler
Directive & t}& 4.

N
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e name
Directive 9] ©o]Z.

e length
o]l o,
e origin

Directive 9] 7] .

e flags
o] Directive & EdsI= 7| 5.

o] +ZA|E X W origin field 7} ZA) 3=, z
sS4t ol'"ﬂ-‘ﬂr

AT 5 9 e 3 A 9

.

1. KANDR

KANDR directive &2 traditional (K&R) C oA 525 A5

2. STDC89

STDC89 directive -2 1989 C standard oA &= &

3. EXTENSION

EXTENSION directive <& 333
el flags field o+ F vl7FA1 9] 397}

INCL & “..” &} <..> & Z+Z} g-char ¢} h-char 2 &

1. COND
COND &+ =24%E 7ttt
2. IF_.COND
opening conditional & 2] 1.
3. INCL
4. IN_I

INI = o] dlrectlve 7} -fpreprocessed o] &S wrjetal t}FojAof & o u g}
(Callback hook & 7}A & directive 0] &

2.8 cpp_hashnode

cpp-hashnode 2 A& A9 HEE 75t} o] F#
$prefix/gec/cpplib.h o] A A= o] 95Ut

struct cpp_hashnode
{

struct ht_identifier ident;
unsigned short arg_index;

unsigned char directive_index;

unsigned char rid_code;

ENUM_BITFIELD(node_type) type :

unsigned char flags;

8;

bt iz

o

F'

rh

<, ool A A FES 5

e o Mg

3} A< Yt} origin field o
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union

Cpp_macro *macro;

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

} value;
};
o] ZZA= BE 3 /M9 C front end & Alo]o] F-F5 & identifier node & &% HEEJUT} =3 £
Z o] u]of| A identifier 2] superset <l CPP identifier & A&st=d AFEH UTH ZF 2A L 42 AW Q]

U,

e ident

e arg_index
Macro argument index.

e directive_index

Directive table o 41 9] index.

e rid_code
Rid code - A A 8] 7] &.

e type
CPP node type.

e flags
CPP flag =

e value

— macro
wheF mjaz et ..
— answers

Assertion o] th3 I HEE.
— operator

HHH operator S 3l code.
— builtin

Builtin macro & 9] 3} code.

o] FRANE o FxASC] 2FH e, 1 F
s Urth o] +2 A= $prefix/gec/hashtable.h o] A A= o] Q)

typedef struct ht_identifier ht_identifier;
struct ht_identifier
{

unsigned int len;

const unsigned char *str;

HA] struct ht_identifier & 43 BT = )7
£ FRARA ot} L 4P e AHUTh

Z1Z 7} hash table entry 7} 7k2 7|51 Ql= Zlo] FARJAE 7FEAF YT 0] 22 thE object 59| 2

gk 3ol &5HA 9‘/]\“/}

T W& o]FE= ENUM_BITFIELD(node_type) type o tslA = <o} B Zl5 Yt} node type <
R4% 74431 9, Hash node 9] 717] T2 AFES eI 242 200 tat a3t

BL'
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1. NT_VOID
“obd] o= A e L by
2. NT_MACRO

2 form o] I E.
3. NT_ASSERTION
Hassert & & of.

28] 1 struct answer R A o] th A= Lo} B AJTh o] FEA| = $prefix/gee/cpplib.c o A A F o
94T A% L oele 2

struct answer

{

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

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

[

S

TH8 o B 2B HALFU

e params
o] A of t) 3 parameter =.

o,

e expansion
Replacement list ] * 2 token.

e line
N7 (%) s
e count

Expansion o] A 2] token E2] A4,

e paramc
Parameter 52| A4,

e fun link
THOF function-like macro 2FH A A.
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e variadic
Tk variadic macro 2 A A.

e syshdr

w2k system header o] A 2] ¥ macro 2HH A 4.
of FEAe) EYF o] Yt the TRA ) e AL ol A FPonz oA AFHA FAFUTH
= 4WE gAY T2} e,

enum cpp-ttype operator;

enum builtin_type builtin;

7F AR FUTE oo Al oAl Yot = F S5t oA Yot enum cpp-ttype ] % ¢ ofF B2
AP ES 23 e, A Ado] oA FHof JEA A4 FAIT
#define TTYPE_TABLE \
OP(CPP_EQ = O, n=") \
0P (CPP_NOT, "y \
0P (CPP_GREATER, "> /* Sl x/ \
0P (CPP_LESS, ey \
0P (CPP_PLUS, ") /x AL x/ \
0P (CPP_MINUS, ) \
0P (CPP_MULT, L) \
0P (CPP_DIV, LVAD] \
0P (CPP_MOD, EVAD] \
0P (CPP_AND, ng") /* bit 2T x/ \
0P (CPP_OR, "y \
0P (CPP_XOR, "y \
0P (CPP_RSHIFT, "S> \
0P (CPP_LSHIFT, negm) \
0P (CPP_MIN, "<ty /x & ox/ \
0P (CPP_MAX, nsm) \
\
0P (CPP_COMPL, "y \
OP (CPP_AND_AND, "g&")  /x == %/ \
0P (CPP_OR_OR, ) \
0P (CPP_QUERY, LirdD) \
0P (CPP_COLON, LERD) \
0P (CPP_COMMA, wony /x 28 %/ \
OP (CPP_OPEN_PAREN, " \
0P (CPP_CLOSE_PAREN, DD \
0P (CPP_EQ_EQ, "==")  /x °|1 x/ \
0P (CPP_NOT_EQ, "=y \
0P (CPP_GREATER_EQ, n>=m) \
0P (CPP_LESS_EQ, ng=") \
\
0P (CPP_PLUS_EQ, np=t) /% S A %/ \
0P (CPP_MINUS_EQ, no=m) \
0P (CPP_MULT_EQ, Mk=") \
0P (CPP_DIV_EQ, "/=") \
0P (CPP_MOD_EQ, "=") \
0P (CPP_AND_EQ, "g=") /% bit 2T x/ \
0P (CPP_OR_EQ, =) \
0P (CPP_XOR_EQ, ne=y \
0P (CPP_RSHIFT_EQ, n>>=n) \
0P (CPP_LSHIFT_EQ, neg=") \
0P (CPP_MIN_EQ, ngP=") /% I %/ \
0P (CPP_MAX_EQ, n>7=") \
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/* CPP_FIRST_DIGRAPH & *| % °f& digraph £ . */ \

0P (CPP_HASH, "H") /* digraph £ x/ \

0P (CPP_PASTE, VHH") \

OP(CPP_OPEN_SQUARE, "[") \

0P (CPP_CLOSE_SQUARE, "1") \

0P (CPP_OPEN_BRACE, "{m \

OP(CPP_CLOSE_BRACE, "}") \

/* 35 F°l I remainder. Mt FAUAS. */ \

0P (CPP_SEMICOLON, ") /x FE X %/ \

0P (CPP_ELLIPSIS, oM \

0P (CPP_PLUS_PLUS, 1) /% F T %/ \

0P (CPP_MINUS_MINUS, "--") \

0P (CPP_DEREF, "=>m) /x TJ 2T o/ \

0P (CPP_DOT, " \

0P (CPP_SCOPE, ") \

0P (CPP_DEREF_STAR, N->x") \

OP (CPP_DOT_STAR, "ok \

0P (CPP_ATSIGN, "@") /* Object C <A™ Arg */ \
\

TK (CPP_NAME, SPELL_IDENT) /* SFe ox/ \

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 F 5 T */ \
\

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

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

TK(CPP_HEADER_NAME, SPELL_STRING) /% #include °1* <] <stdio.h> \
\

TK (CPP_COMMENT, SPELL_NUMBER) /* Comment output *|Z2F. */ \

/* SPELL_NUMBER = DTRT & & 2F */\

TK (CPP_MACRO_ARG, SPELL_NONE) /* Macro 21 *f. x/ \

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

TK (CPP_EOF, SPELL_NONE) /* gl T 29 T, ox/

#define OP(e, s) e,
#define TK(e, s) e,
enum cpp_ttype

{
TTYPE_TABLE
N_TTYPES
1
#undef OP
#undef TK
= 2 FERIEAS F IAFES AAY] 2dAEAA B 55Ut o] A2 cpp-parse_expr W
ol A1 9] lookup table &8 432 323t}
CPP—LAST EQ 7HA Y] A AFS ‘= FHol vlE & 4 5 UL Lexer & “>>=" &} Zro] o ‘=
operator & Q2 Ut} o] AL “>>7 oF Fo] ‘= 7 ZUA k= AEH T2 TAZE AFETY] wE

o &g 37| —:4 A Pyt
2 479 enum builtin_type ol t3]A]
UEl=dl, Pragma + operator ©] A%+ E& 4 Q1 o]

5L olee 2HyTh

enum builtin_type

{

: 0] g 7{33 ° Builtin macro -/] D]—E ‘%So}:%%

1
-
T
o >
HU A
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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

o] Al cpp-token T2 A YUt} o] T2 A= $prefix/gee/cpplib.h o AA=H o] AFUTh AFL off ot &
s4th

o] +xA|= A A2 token of] e FHE BF 7IA A "t} o] F2A= Y24 54 F P(packed)‘ﬂf
3=, 32-9] E host o4& 16 u}o]:c: 64-H] E host oA = F &3] 24 vl EE ¥
A= otk Zom, GCC 7} s A3k = token & W82 ofefjol] So|7H Hrh

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;

’

Zt 7 .ol tisl ool ARt

[}

e unsigned int line;

Mu

Token & 3 FAF2] =24 9§ ¥

unsigned short col;

Token o] 3 A9 4 W3,

ENUM_BITFIELD(cpp-ttype) type : CHAR_BIT;

token type

unsigned char flags;

flag S thst AR E 7FA 21 ). o] flag 52 cpp-token = I3 A A 3t=dl, IA F
7 7FA1 9 flag & 7HA AL low, Z+7he) 0%319} Zro] 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)

o] 74 840l Ztztel tis) A 2 ofelel 2ot

PREV_WHITE

wkoF o] token &Fo] whitespace 2.
DIGRAPH

THoF digraph o] JITHH.
STRINGIFY_ARG

ok 221 4E 35 o] oF 3= macro argument 2}H.

— PASTE_LEFT

qkoF L4 operator 2] LHS Abo]e}d.
— NAMED_OP

C++ named operator &.
— NO_EXPAND

o] token & macro-expand 3}A| 2.
— BOL

P () A& A 2] token.

e val

— cpp-hashnode *node;
A1 2} - identifier
— const cpp_token *source;
o] token © 2 HE]9] inherit padding.
— struct cpp_string str;
249G 52 57
— unsigned int arg_no;
CPP_MACRO_ARG £ $] 3} argument A<,
— unsigned char c;
CPP_OTHER 9 A FAIA] &5+ &2

o] %A= union & i} £ Q=4 ©] union ol & 7] ThE FRAEL =T Y5 Th
Z}zFe] )8l A= struct cppstring & A &)t BF oA AFFA Y TAL FX A 7] By

A %34 cpp-token TR A9 39 FERAFT AHIFA 2
struct cpp_string T=ZA| o] A A< sHAS YT o] FRA=
$prefix/gee/cpplib.h Ip o] A o] 9lon, AFPL ofefe} ZHUTh

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

};
o] A& NUMBER &2 STRING, CHAR, COMMENT token

=

=2

o
=

A
a3

A (payload) sh-=u] AH8-8 )
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2.10 tokenrun

tokenrun L2 A9 A AHREE FJAS UL} o] TRA=
$prefix/gec/cpphash.h o] A A= o] 5T

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

};

token 2] 8o A3t AZE FAEE 71X Q)

z
AW
&

2.11 struct deps

struct deps 72 A& $prefix/gec/mkdeps.c 3D o] R Eo FolH o] JF UL &9 BHL ol &
A<
F4yTh

struct deps

{
const char *xtargetv;
unsigned int ntargets;
unsigned int targets_size;

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

};
o] F2A ) Bl& GCC ol Ao AmL Bl ofeje} o] ol vtk
“Keep this structure local to this file, so clients don’t find it easy to start making assumptions.”

A7k el RS, S A ol ool i 2GS Aol A Kool FANA HY=D S o
ol AT A GOC A 59l o A2 AT Master 7} 3£ 2714, 55
7} TR A0 e 71 AHe stE 2 sA<S U o

pal

e targetv
Ob=| H &5t M-Ho| Y&LICH S5 UPDATE s2I&LICH

L] ntargets
AA =2 S0} & slot £ A4

e targets_size
g 79 . word E.
Of%] H2tot Yol glsL|ct. = UPDATE SHASLIC

Of%] Hatot 4ol glsL|ct. = UPDATE SRS

o=l B &5t MHo| giALICh £ UPDATE SHAl&LICH

YRAos TPHe] Yt TRA YOBE Lo Yol A%tk
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2.12 struct pragma_entry

o] +ZA= 5 =4 pragma £ pragma namespace = X33} QJHF YT}

rj‘g
ol
rlo
o
fu)
o
M
oy
A
v

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;
} ou;
s
o] FEA T o] 2 AZ thE 39 FRASS XA AA W, AA 3] B 927t 9ol A oS

T

g AR 745 AtE AHde & 5 Utk Pass!!

2.13 struct cpp_callbacks

oA fel= AA T 7|A AE3l= Call Back & 2 A JUth o] 24| $prefix/gee/cpplib.h o] Al
A=lo] dFuth 9P 2 ofeet ZEFY

struct cpp_callbacks

{
void (*1line_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));

2 74 8ad ds APsAEI,

line_change

A2 d output & AMEL o] AlFEw) ity TEH T

e file_change

Obz| H=tst Mo| Qi&L|ct 5 UPDATE 3HRl&LICh
e include

O}z| M&t5t MTo| Qi&Lict 5 UPDATE sl &LICh
e define

OF=l MBSt MHO| Q&LICh £33 UPDATE St LICE
e undef

OF=l MBSt Mo Q&LICh 5 UPDATE SHRSLICE
e ident

Of=| FEHBt M| ALICE T UPDATE sHRZLIC

o=l BE5t MHo| iALICH £ UPDATE SHA&LICH
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2.14 struct ht

ﬂ?ZﬂL&m&@MM$WMhﬂH o 5] o]
hash table & LERR L], R8-S ofehe} 2]

struct ht
{

struct obstack stack;

A5 Yt} o] ZA-& Cpplib £} Front end £ 9 31 A1 H 2}
o},

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

unsigned int nslots;
unsigned int nelements;

struct cpp_reader *pfile;

unsigned int searches;
unsigned int collisions;

()

b eae] 20 o] tisfA]l ok Al

e stack

AMAEE )74 FFE U

e entries
Otz] HMetet dHo| glELIct. =% UPDATE Stz Ct

N

e alloc_node

o] £z A2+ #& 3 Call Back 3= Ut}

e nslots
Entry s 9 9] & slot 5.

e nelements
(Aolgl=—&53}=) element 59

e pfile
REeFS 912 reader o] i & F. cpplib o] EE&4 o] 5< f8) AHEE 5 AsUTh

e searches, collisions

HolE A8 BAX ] thal £AE & o AHgE U Th
o) F2A L obd 4715 e F2AT} St £ T,

2.15 struct hashnode

oA =83 Q= hashnode £ Z Ao A LolE ZAF T o] XA = $preﬁx/gcc/tradcpp.c 3}
Aol AAd= o] A5yt Hash table ol A9 node ¢ +xE YeRH Ut} Hash table 2 #define &
o] (type T_MACRO) & AHojH & UMm%%°§mMy%%ﬂﬂimAHqI*ﬂHLLWEJ}
22 22 5383 token €5 7]'*]51 AsULh (283 A2 25 AT type = 7}7<]3’— 13 13
st node 9 type o] A 2 w] HF3t code 7} P UTH). AT TZEQ] o FE A °]”5]°13l
“#define” T2 Ao doj5& X3 A = AFUTH o] FxRA o the 4P O}Eﬁi’v‘r 25yt
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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;
};
7 7200 2QA 6 el Lo} HEZ AT

® next, prev
A= AAE fl8l ole 92 HRE
e bucket_hdr

L 3l node 9] hash chain 2 7}2 7)== back Z9EE FA Utk 28 A2 o] node = chain 9] head
oo} AAIE A AguTh (AR AWol e 28 4 AviTh)

e type
secial token 2] type

e length
W2 B ZE 93 token o Z o]

e name
AA ol &

e value
expansion & thE Ao| o3t L AFE

of FxA A Ajsol & FxA stutet EAY stz G

2.15.1 enum node_type

WA dAFRE Lol At Ao & 5 Jd=0] “secial token & type” & T Ao}l gt} struct
hashnode F+Z A 24 LAT = o] %7& 32 Hash node §9] Z}7] t} 2 HFEol tist AR E 71X
915U TE E8 ol A2 keyword table S| E AHE 7Tk Stk of Aol ol P A A= o] g
A W 25 g AT TS ST

enum node_type {
T_DEFINE = 1, /* ‘#define’ */

T_INCLUDE, /* ‘#include’ */
T_INCLUDE_NEXT,/* ‘#include_next’ */
T_IFDEF, /* ‘#ifdef’ */
T_IFNDEF, /* ‘#ifndef’ */
T_IF, /% C#if? %/
T_ELSE, /* ‘#else’ */
T_ELIF, /* ‘#elif’ */
T_UNDEF, /* ‘#undef’ */
T_LINE, /* ‘#line’ *x/
T_ENDIF, /* ‘#endif’ */
T_ERROR, /* ‘#terror’ */
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;
};
13 5: struct definition
T_SPECLINE, /* ST dg ‘__LINE__° =/
T_DATE, /* ‘__DATE__’ =/
T_FILE, /* ‘__FILE__’ */

T_BASE_FILE, /* ‘__BASE_FILE__’> x/
T_INCLUDE_LEVEL, /% ¢__INCLUDE_LEVEL__’ */

T_VERSION, /* ¢__VERSION__’ */

T_TIME, /* ‘__TIME__’ %/

T_CONST, /* ‘__STDC__’ & *¥ & constant JF. */
T_MACRO, /* ‘#define’ °| & °l T = macro */

T_SPEC_DEFINED, /* #if % ZFr°l™ *re °r&
£ 9% ‘defined’ macro. */
T_UNUSED /* FYEF Fe Aee ACM A E.

N,
s
iy
>
oY
A
=
]
i
-
gl
>
it

2.15.2 union hashval

ol Tt} AW A ¢k XA union hashval ol tijA] Lo} K= 5 75T

o] 2 A= $prefix/gee/tradepp.c I+l A A= o} Q5 Th o] F5 A= Hash node 2] value field ©]
A5 e ABY SRE AL dgUth AW AA ol AL o)Al A Z2mglA = Avky Fuick
SAW ool BT FAL ALHULE S4 4 HES AL

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

};

bﬂﬂﬂ“ﬂ°owhmﬂTa§ JEl U Th 3 UPDATE & Z1& oF% =gjn, of7]o] Add
s
]?Zﬂt$mdﬁyWHquc%m]*?ﬁbiﬂ%QQZQa%Ji§#®M€?%%$ﬁH§%
A FRAYUS 4382 2 5 & FRSAE gUnh
ZF 240 e 2AME dot HEE slsTh
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e nargs
AR5 5.
e length
Expansion T2 9] Z 9]
e expansion
AAZ A 284S AZshes F4a
e struct reflist pattern

— next

A4d grE
— stringify

0 ©] obd ¢ o] arg = # operator ° 2] A 2|H A= =7
— raw_before

0 ©] obd ¢ #4# operator 7} arg 2ol S ¢

— raw_after

0 o] obd A% ## operator 7} arg -ﬂoﬂ 1,% A
— nchars

o] arg 7+ B4 57] Al BAFS) oF SH= literal char 9] %
— argno

(origin-0) & thA| e arg o] 4
e argnames
o] T2 BE #define T8 A5 FFA F2A v
#define foo bar ,

o} 28 e Al E Yol AFEE A nargs = -1, ©] I ‘pattern’ =2 null 0] =t} 28 31 expansion
2 Al 23 7FAA B Uth Nargs = 0 2 args 7P e T 2 macro & -4”] 3t o & 9 ol
9} 25yt

#define getchar() getc (stdin) .

?_]Z]-%O] Z721& A%, expansion < s ;'QE]Q args S 7HA = thA 22L& 1A 1

reflist 2 input &2 FE |27 output & W=AE ‘Ltﬂﬁ]\_ 255 7HAL d5Uth o & =49, 3 |
A A= ARA AR, 9 HA F2= AHA A2 0 HA E2s FHA AAP. o] A=

o7 doj FERYJYrh vpA arg-TA 2o expansion ©] Fob Qe 2o AdAgle] 2 <
7F AUtk reflist & 999 2715 7HE 5 Advk= A S Got FAAL. 2219 length & =

A DA RSl 2 W HoleR o Ayt dubvt g RS0 Zxﬂd— A stale A fls Y

th o & =9
#define f(x) x+x+x+x+x+xX+X

= WA BEOoZ “h+++++7 & 7HE Z oA pattern RO E
(0, 1), (1, 1), (1, 1), ..., (1, 1), NULL

2 714 AU 4714 (x, y) £ (nchars, argno) & o v ok
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A3d 6FA 2elg vy

1] AF oletTN A& T28 AFEo] APLR I3 o] Akl = FofAn Yvth o AAY B 7ol
rel7h B o fol FARG o NH oA ZAE AL WA g v} JFE) ST FFO
2 o AAS) A3 A ARRT A STk A7E ol o ek obX kA = Askest o
LA GCC o e 2% & & YAT $2 ek obd e Uheke] AgEo] 28 23 It of ATl
2, A% RE FEOR 52 nFo] 15T A4S oY 44 T2 FH Ags AgEe] Fofrt
2 nhn A7 o7 WA B0l £ obAUTE AL % 4 At B A B 5 g
Ao] o] so] 9T A AFH oz Ao} @ WAL A LEULE ABS 55 0lojoF UL [2] 7
zA 7t A4S 2U Tk 2P o B e WEEE BobdA ThE W Kok AZE Bre] dela, 3]
A 45w A BEe. 1% 84 BEold ¥a Ao, 23 ol4lgel YeUth AEA 6 73 2



