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#svn
cd ~
svn co http://svn.php.net/repository/php/php-src/branches/PHP_5_2 php-src-5.2 
#5.2v 
svn co http://svn.php.net/repository/php/php-src/branches/PHP_5_3 php-src-5.3 
#5.3v 
 
#git
cd ~
git clone git://github.com/php/php-src.git php-src
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sudo apt-get install build-essential

ARS�s
�Mac OS�ö��ïðXcode�Xcode�?�Mac OS X
ïð÷Kø/�ARSU
Apple ID
ù� ��?úûüR�pX��http://developer.apple.com/&'�

3. &'
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�%ö��ĉ��%ĊÊċ

buildconfČ ?oÒà��
>|Č �

cd ~/php-src
./buildconf

ĉ�č?FÚ�?�	configure��configureUãä
Ďď��A�ĐïðÊċ��Ü�đăĄāĂ��
y�Ēõ

./configure --help # ·§�sĎď

��ēµ./�?Ĕ3
45�01ĕ*+�<EĖ(
PHP�òIĉ� ./configure --disable-all7ė�
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./configure --disable-all
make

�*nix&*+IJĨ
DXrĩåĪīLĬ
configure make�make installĭ�ĉ�make
F�Ü��
�make installÚ�ĮwS�� ARinstall
ùE¤�configure
ÁÂ�sprefixĎď�ĐïðÊċ� \|��
îïð/��Êċ� įİ@��ıU
PHPv Ĳĳ� �make č?F��sapi/cliÊċgÚËLU�php

�?ĉ�ý�. ĉ��&óôõ

./sapi/cli/php -n -v

óôK
-nĎďĴĵ\�sphp.iniý��-vĎďĴĵĶ£v ķ�ARóôĉ�čF§/Ķ£phpv 
¯°öĸÓ*+Òě� AR�make install
ùöĉ�$prefix/bin/phpf<Ĺĺ
php� ¸¹AR�ïð��
��ÊċWXS
prefixÊċ�$PATH45Ļļg
ù�ħ6ĉ�phpÚ����

�þė�make-\make installÁ�þ�*+��ĉ�Ľė�ý��à?�ľĿ&ĉ
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�þė�make-\make installÁ�þ�*+��ĉ�Ľė�ý��à?�ľĿ&ĉ
�
php-clià�ĹĺÚ�php-src/sapi/cli/php�

Fŀ
}~K�¦N��ĜŁconfigure make WX make && make install fł<bŃ��

()*+�,-

linuxsir.org
makeGH http://www.linuxsir.org/main/doc/gnumake/GNUmake_v3.80-
zh_CN_html/index.html
ńAutotools A Practioner's GuideŅ

�.� $%/01234%56
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��<ţŤgÚrĩ�ťrf�
Ŧŧ�f��CD�%WXŨśCDS
 �%�åNÍũ
Ū�

build ūŬŭŮ�fgŐ�ůę��@$%*+ăĄ
��ý���A�	>|
�
buildconfČ 
yý��ºU��Ű·45
Č y�
ext ��ŚqÊċ�lm�űuäďPHP
Ųď
ĐŮ@���Aarray�ŕ�pdo�ŕ�spl�ŕy
Ųď
���å�f<ÊċK�<śÀ
Śq�Ĕ3Á��?ů/f<Êċ��ųĔ3@23�
main fgŴů
Ú�PHPE��ŵ
ý���Ő���PHP
Ã őŶ�fg@ZendŷŸ\�
��ZendŷŸŐ���PëE�ŵ
PëŹ�45�
Zend ZendŷŸ
��Êċ��AČ 
źŻPŻ�ż�opcode
ĉ�?#ŚqŽ�
��yy�
pear “PHP Śqžrsſģ”�lÿPEAR
�ŵý��
sapi lÿ���ƀƁƂƃƄƅ
�%�êAapache
mod_php�cgi�fastcgi?#fpmyy6Ɔ�
TSRM PHP
ƇJïƈ�>|�TSRMģ
Ä
�PHP��KMƉ
*GƊòM�YTSRM
Ƌ
ð�TSRM(Thread Safe Resource Manager)ƇJïƈą$ñ�Ƃ�
tests PHP
Ĕ3Č ƌƍ�lÿPHP�Ēě¦
Ĕ3ý�
win32 f<ÊċŐ�lmWindowsƎƏăĄ
������Asokcet
���Windows&@*NixƎ
ƏÚ\]���ÌÁ�lm�Windows&*+PHPăĄ
Č �

PHP
Ĕ3�¡UƐŭ�k�sPHP7Ĕ3PHP�Ĕ3phpČ �/run-tests�php�f<Č D�
testsÊċKphptý�� DX�?Ƒ�f�§§�phpĐŮ��ƒ()
Ŧö7Ĕ3�êA�&
f<Ĕ3
Č /tests/basic/001�phptõ
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--TEST--
Trivial "Hello World" test
--FILE--
<?php echo "Hello World"?>
--EXPECT--
Hello World

fƓĔ3Č ã¬Ɣ§ƕ�ĉ�--FILE--&z
PHPý��AREľ
Ķ£�--EXPECT--àƖx
=
RöĴĵf<Ĕ3òI� �¦NUDXNř�ARĔ3
Č \ƗŵVpFatal Error�WXƘ£ƙƚƛ�

ŘM��Ɯ�AR�Ì�<ėJKĉ�� Ĕ3ÚNáâ�Fz
Ĕ3�8ŉŻĉ��phpKUãä8Č
 Ɲƞ
�Ż�Aõ system()�exec()yŲď�f��?�sŐĔ3ėJƀƁ2dƚĔČ @ŰĔĔ3=
R�òIf�ƟƠ2sĉ�Ĕ3� phpĔ3�s�proc_open()Ųď�f�Ú�?ơƢĔ3Č @ƚĔ3Č
 
ƣ¦Ɲƞ��

PHP$%2356

:;VIM + Ctags<=$%

òM�LinuxW³Ě*Nix4501å�sVIM���%*Ƥ�ƥ��ƦóôľĿ&�kłƧ�ŉ�ƨ�

� kƥUhMìu
ŚqŽ���ýƩ*Ƥ�zÃ Äŉà\¦� \IEmacssƪć\�ƫƬ� Xº
TUƭƮ�sEmacs�Ư¹0�ưkƱƲ�?ƳƴƵ� º�y XUÁƣ�WƶN33ƳƷƴƵƸƹƸ
À�

^_�Linux&*À�%
DXWäWĠ
3�3ctags� ctags¿ĀhMä
Pë��?8$�%K

��ƺķƻA:ŲďƼƊ�y¯°ƽƃ�£7�ÄƾƿǀơŴ/�<ý�K� ǁ³Ěý *Ƥ�ƥ
ƻVIM�EMACSyƽė�ŰĦ� kơŴ
ý�ŝéƺƍUNIX
ǂ}ƻƗǃ�Ǆƽ� �s��¡(ǅõ

#�PHP$%Êċ(ǆĐ�/server/php-src)ĉ�:
$ cd /server/php-src
$ ctags -R
 
#ƗǇŋõ�¸�ÊċoÒ
tagsý�K�s
�ăYĹĺ�
#ǈ«s ctags -R /server/ ��?oÒlÿč;Ĺĺ
ctags�Ú�?ǉƐů/ǊƐý�ǋK�� 
 
#�~/.vimrcKǌ×:
set tags+=/server/php-src/tags
#WX�vimKŹ�óô:
:set tags+=/server/php-src/tags

Äz�%N�/sever/php-srcÊċ&oÒ�<Ŭ�tags
ý��f<ý�
ŝéA&õ

{tagname}<Tab>{tagfile}<Tab>{tagaddress}
 
EG  Zend/zend_globals_macros.h  /^# define EG(/;"   d

k
¨��Äz
f��<ŝé�Ǎ�ŕ�ƺķŬƻAÄê
EGƊƽ�ǍĽŕ�ĩƺķ
ý�ǎę?
#f<ƺķà�
ǎę� VIM�?D�tagsý��¸01�ƺķÄƻ�?�ĻļŬ
�ƽ�sCTRL+]Á
VIM8Ǐ3,tagsý�KŰĦf<ƺķ� ARø/öĊĤĩƺķà�
ý�?#ĩƺķ
ǎęƑ�ĩý
�� ǀ8ǐƾĐǎ/ƺķĐŮà�
ǎę� f�01Ú¦µ¶
Ǒø/ƺķ
ĐŮ�
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Mac OS X�Ź�ctagsJĨ�¦N£ĝ�Ɯ�Mac OS X±ǜ
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�ǝǞ� à?��±²&'ïðctags� X^_�shomebrew7ïð�

:;IDE<=4%

AR\~ǖ�sVIM7§�%���?�s��ě¦¡ǟǠ
IDE��AWindows&�?�sVisual
Studio 2010 Express � WX�sǡƎƏ
NetbeansƼEclipse7·§�%� ¸¹�f��ƥåăY¡>
?@���\If��ƥ\ñ�23º�·§�%åăY¡�ų�

�Eclipse#Netbeans&·§ƺķĐŮ
�éòM�8Ǣƾa/ƺķÄ�ÌÁǣǤCTRL�¹F)ǥ�
8Nǒæ/ƺķĐŮ
ǎę�

-AR�sVS
ù� �win32Êċ&ËLŴ���?ħ6Ƒ�
�Jý��ARÎwv ıƜŉŻƑ
�� �?�Ǧ$%ÊċÄ�|�<Ãw�Uý�
Win32 Console Application�J�

A;BCDõ

F12 æ/ĐŮ
CTRL + F12æ/ǧÓ
 
F3: ·ø&�<
Shift+F3: ·øÄ�<
 
Ctrl+G: æ/�Đ�
 
CTRL + -çFĐǎ
CTRL + SHIFT + -ç�Đǎ

Yw��ĥĦ�Ǩ
����?ǩǪ�sEditplusW³ký *Ƥ�ƥė��f�
ĥĦ¶dăY7ĸ
Nµ��� AR�sEditplusė�ĥĦ��ǫ��Ǭ ǭĥĦǮ K
 ǭ�ý�K·ø...Ǯ

�E� A;4%

�PHP
$%KLMN§/
��ãMƉ
Ɗ�WXU�Ywǯ�	6V$%
DX�¡ǰƕ
�
%� f��%�PHP
$%K£�
ǱǲǳǴ�Ã �¨<āĂåNĚ1
ǵÕ� ƗǶ01Å�Kƣ

��ė�ĸÓ�

1. "##"�"#"

Ɗ�C/C++�hMìu��s�ãä
�<ě¦�UÁs7���ǷŲď�Ǹ
ǹR� WX8ŁǺ

�%ė�()Ƌð�ÅǴ�DÐW�aǻÐy��PHP
ƊĐŮKLM�sǼǽķ� &zY"##"#"#"ė�
ijGH�
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FGH(##)

�CPë
ƊK�"##"ƚǾ� IJKƻconcatenatorƽ�k���ǿ¥�ŹȀƺ� s7Ïȁ<Pëƺ
ķ(Token)ȂƍÒ)<Pëƺķ� fg
Pëƺķ\�Đ�Ɗ
Ļļ�ǀȃǼǽķ\¦��Ǎ�<WEF�
<ȄȅŴ��A&àĵ$%õ

#define PHP_FUNCTION            ZEND_FUNCTION
#define ZEND_FUNCTION(name)             ZEND_NAMED_FUNCTION(ZEND_FN(name))
#define ZEND_FN(name) zif_##name
#define ZEND_NAMED_FUNCTION(name)       void name(INTERNAL_FUNCTION_PARAMETERS)
#define INTERNAL_FUNCTION_PARAMETERS int ht, zval *return_value, zval 
**return_value_ptr, \
zval *this_ptr, int return_value_used TSRMLS_DC
 
PHP_FUNCTION(count);
 
//  ǿ¥�Ƃ¥�?F� PHP_FUCNTION(count);Úq��A&�%
void zif_count(int ht, zval *return_value, zval **return_value_ptr,
        zval *this_ptr, int return_value_used TSRMLS_DC)

ƊZEND_FN(name)KU�<"##"�k
�s�A
�àĸ���<Ȇ6ƺ�8zif@Ɗ
Ļļname

ŔȆ6ȇ7� ?f�Ȇ6
�é?ÃȈ�ä©�sf�Ɗȉé��?8k¸��<�%oÒƂ�f��?
��ĐJdÄȊĠ�%ȋd� 01��?8k������%Ĝs
ȌƓ�ƣ6ÈȊĠ\ƗŵàÑÒ
ĝ
Ğ�

LGH(#)

"#"���ǿ¥�ŹȀƺ�k
ě¦�8³Fz
ƊĎďė� MKNOP
 � ()ĸÚ��Ykàŷ
s
ƊĻļòIƨȍF�³Ȏȏ�×Ä�<Ǽŷķ� s�¡��
ùĸÚ�8Pëƺķ(Token)æȐ�Ʃƺ
ȑ� êA:

#define STR(x) #x
 
int main(int argc char** argv)
{
    printf("%s\n", STR(It's a long string)); // Ķ£ It's a long str
    return 0;
}

A�ýàĸ�It's a long string �ƊSTR
Ďď��q�FƚlȒÒ�<Ʃƺȑ��à?printfŲď¦ħ
6Ķ£f<Ʃƺȑ� ¸¹f<�sȓ�ǀ\�ãťƍ�Ɯ�f�sŻǀTU�Ȕ
ƐŮ��ȔK�ƊK�
¦NlȒ³Ě
ȕƤ��AYƩƺȑė�Ƌðyy�

2. Q�RSTUVdo-whileW�

PHP$%Kuļ�s�Ɗ����APHP5.3�Ȗ×
ȗȘșƌŽ�K
�Ɠ�%õ
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#define ALLOC_ZVAL(z)                                   \
do {                                                \
    (z) = (zval*)emalloc(sizeof(zval_gc_info));     \
    GC_ZVAL_INIT(z);                                \
} while (0)

fƓ�%��ƊĐŮK�s� do{ }while(0) PQŝé�AR01ĥĦ;<PHP
$%Êċ�Np�f
�
PQºUãä� �³Ě�sC/C++*À
JĨK�NUãäf�*ÀƊ
�%�ä�Ɗ
f�ŝéË
L���Țț
*À�é�� �Şş�ƊĐŮÁ���sdo-whilePQȜ? 01�ưdo-whileȝ4PQ�`
ĉ�ȝ4ŤȞȟȠȡ��ÜÒ¼� à?ĸƲĠNĉ��©�¸�sdo{ }while(0)ÁÎwȡ�ȢĐ�false�
�%�ȢĐþĉ��©� ȢĐþĉ��©
�%�Şş�ů�do-whilePQgȜ? f��éťswƊĐŮ
KŴ�äPQ
ȣȤ� A&àĵ�%õ

#define TEST(a, b)  a++;b++;
 
if (expr)
    TEST(a, b);
else
    do_else();

�%ė�ǿ¥�F�NĻÒõ

if (expr)
    a++;b++;
else
    do_else();

f�if-else
=>ÚƚȥȦ�ifFzUȁ<PQ�f��ŉŻ*+òI
�ȧ�Şşh�do-while-\
�()
s{}mȇ7Ȝ� f��¦ơƢifFzþU�<PQ�êAÄz
êȨ��2sƊTEST
ÁÂFz
×��<¾ķ� Ư¹f<¾ķ�U�ŉ� ȩ�£w~ǖ01�ǫåNÀÄ� ȧAR�ÏƊg
�%s{}m
ȇ7�×ÄEF
ȧ<¾ķ� º�\¦òI*+� à?�ǫ
äĴÞéƊĐŮKåȪsdo-while(0)
�
é�

���do-whileȝ4�ƊK
�s�Ȟ7§"ȫ��"
ĐŮ�ÎwPHP��ǩǪ/ƎƏ
aǻÐ@\Ì

��Ęę� à?���´�ÁÂÏ��Ɗ
��ĐŮ�ȫ���êA�sapi\thttpd\thttpd.cý�K

VEC_FREE():

#ifdef SERIALIZE_HEADERS
    # define VEC_FREE() smart_str_free(&vec_str)
#else
    # define VEC_FREE() do {} while (0)
#endif

fg"#/ȡ�*+��ĐŮ�SERIALIZE_HEADERSƊ
ÁÂ8VEC_FREE()ĐŮ�AÄ
�¬�
-TUĐŮÁ� \���ǊB���à?Fz
Ɗ8VEC_FREE()ĐŮ��<ȫ���\�ǊB���ò
Mf�7ơƢ�ßÐ� WXȬ¾ȭs��Åǁ
ě¦�

UÁ�N�sA&
�é7ĐŮ“ȫ��”�fg
ȫ��@Äz
º�\���êAãMƉ
Debug­
®ƑȮƊõ

#ifdef DEBUG
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#   define LOG_MSG printf
#else
#   define LOG_MSG(...)
#endif

�*+ÁARĐŮ�DEBUGö8LOG_MSG¸�printf�s�-\��23�ƮépèÁö8
LOG_MSG()ƊĐŮ�ȫ� ÎwƊ��ǿ*+ȯƓė�¥�
�à?Äz
Ɗă¸w,�%KȰȱ��

ÄzÅ/�ȁ�8ƊĐŮ�ȫ
ĐŮ�é�§Ä�����ȔÄþ�ÓȲ�Ɗåþ�()
�%ƨȍ
Ú�ưĩAB�Ǭ��

3. #line XY�

#line 838 "Zend/zend_language_scanner.c"

#lineǿ¥�sw«Ļ¸�
�ķƻ__LINE__ƽ@ý�Ŭƻ__FILE__ƽ� AÄàĵ�%�8¸�
�
ķ«Ļ�838�ý�ŬZend/zend_language_scanner.c k
�sŤ��*+Ƃ
*ÀK�01�ư*+Ƃ
YC $%*+IJKNȳo��Kƣý��òIfȡ�ô� �?ơƢý�Ŭ�ȴĐ
�\Nƚf�Kƣý
��ƨ�Uȭwė�23¾ż�

4.PHPUVZ[\?R

�PHP�%KLM¦§/���ǷPG()� EG()
�
]^�Ě1å�PHPKĐŮ
Ɗ�f�ŕƊŐ�

�s��ĮƇJïƈàÀ
ƈȵĻļlȒƊ� A$PHP_SRC/main/php_globals.hý�KÚlÿ�ãäf
�
Ɗ�êAPGf<PHP
�ŵƈȵĻļ
Ɗ� A&àĵ�%�³ĐŮ�

#ifdef ZTS   // *+Á�đ�ƇJïƈö�sƇJïƈģ
# define PG(v) TSRMG(core_globals_id, php_core_globals *, v)
extern PHPAPI int core_globals_id;
#else
# define PG(v) (core_globals.v) // Üöf³�Ú��<ȶò
ƈȵĻļ
extern ZEND_API struct _php_core_globals core_globals;
#endif

AÄ�ZTS�ƇJïƈ
ƾƿ�f<�?F
!ǶNijGH�fgÚ\ȞĸÓ�&z()ĸ
ĸ�PHPŹ�Á
��ƈȵĎď� f<ƈȵĻļ�A&
�<=>Ť��ƩƓ
ƐŮAƩƓF
ȷȸõ

struct _php_core_globals {
        zend_bool magic_quotes_gpc; //  �ÜYĶ�
GET/POST/CookieďĤ�s±ƬƩ
ƺȑæŮ�
        zend_bool magic_quotes_runtime; //�ÜYŹ�Á,ƟƠą$ȳo
ďĤ�s±ƬƩ
ƺȑæŮ
        zend_bool magic_quotes_sybase;  //   �ÜȪsSybaseȉé
±ƬƩƺȑæŮ
 
        zend_bool safe_mode;    //  �Üđsïƈāé
 
        zend_bool allow_call_time_pass_reference;   //�Üìȹ�Ųď2sÁǣŷsȺ
ȻĎď
        zend_bool implicit_flush;   //�Ü�ȼPHPĶ£ƅ�¨<Ķ£Ă
F±ƬȽ�ďĤ
 
        long output_buffering;  //Ķ£ȾĲÙuƗ(ƩǶ)
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        char *safe_mode_include_dir;    //�ïƈāé&�ĩȂÊċ@³ȨÊċ&
ý�ƚ
lÿÁ�8ǒIUID/GIDŰ·�
        zend_bool safe_mode_gid;    //�ïƈāé&�ȿț�ɀǝý�ÁN�UID�¡Ű·
        zend_bool sql_safe_mode;
        zend_bool enable_dl;    //�ÜɁƶ�sdl()Ųď�dl()Ųďĕ�8PHP��apache
āĂïðÁǯUǹ�
 
        char *output_handler;   // 8àUČ 
Ķ£ĜĐç/�<Ķ£¥�Ųď�
 
        char *unserialize_callback_func;    // AR�ĨŕȐ¥�Ƃ���êȐ�<ƙĐ
Ů
��fg�Đ
ǔ2Ųď8?ĩƙĐŮ�
ŬƩ��Ďďƚunserialize()2s�
        long serialize_precision;   //8ɂɃǨ@ǼĖdǨďĤĨŕȐŴɄÁ
Ėd(Uǹǎ
ď)�
 
        char *safe_mode_exec_dir;   //�ïƈāé&�þUĩÊċ&
�ĉ�JĨǯɁƶƚ
ĉ���JĨ
Ųďĉ��
 
        long memory_limit;  //�<Č à¦ɅɆć/
Eu�ŴƩǶď(�?�sK@M��)
ǎ)�
        long max_input_time;    // ¨<Č �żĶ�ďĤ(POST, GET, upload)
EuɁ
ƶÁƣ(ɇ)�
 
        zend_bool track_errors; //�Ü�Ļļ$php_errormsgKơŴEɈ�<ĝĞWɉɊɋ
°�
        zend_bool display_errors;   //�Ü8ĝĞ¯°��Ķ£
�Ơ¾Ôĵ�
        zend_bool display_startup_errors;   //�ÜÔĵPHPđƬÁ
ĝĞ�
        zend_bool log_errors;   // �Ü�­®ý�gƿċĝĞ�ƥŤ�Ɍgƿċ�Įw
error_log�ô
        long      log_errors_max_len;   //őęĝĞ­®Kɍ×
žĝĞ¯°ăĄǸ
ĝĞ
$
EuɎd�
        zend_bool ignore_repeated_errors;   //   ƿċĝĞ­®Á�ÜɏɐĜŁ
ĝĞ¯
°�
        zend_bool ignore_repeated_source;   //�Ü�ɏɐĜŁ
ĝĞ¯°ÁɏɐĜŁ
ĝ
Ğ$�
        zend_bool report_memleaks;  //�ÜɑɊ�Ŵɒɓ�
        char *error_log;    //8ĝĞ­®ƿċ/Ɍ<ý�K�
 
        char *doc_root; //PHP
”ĊÊċ”�
        char *user_dir; //Ɋɔphp��s /~username Ƒ�Č Á/Ɍ<Êċ&�ø
        char *include_path; //�Đ�ȂÊċswrequire(), include(), 
fopen_with_path()ŲďǑøý��
        char *open_basedir; // 8PHPɁƶ��
àUý�(lmý�±ǵ)åɕ��ǦȂÊċ
ŕĴ&�
        char *extension_dir;    //ŴůŚqģ(āĂ)
Êċ��Ú�PHPs7ǑøƬɖŚqā
Ă
Êċ�
 
        char *upload_tmp_dir;   // ý�ÄȺÁŴůý�
ɗÁÊċ
        long upload_max_filesize;   // ɁƶÄȺ
ý�
Euɘə�
 
        char *error_append_string;  // swĝĞ¯°FĶ£
Ʃƺȑ
        char *error_prepend_string; //swĝĞ¯°�Ķ£
Ʃƺȑ
 
        char *auto_prepend_file;    //�Đ�Őý�
�±Ƭ�ż
ý�Ŭ�
        char *auto_append_file; //�Đ�Őý�
F±Ƭ�ż
ý�Ŭ�
 
        arg_separators arg_separator;   //PHPàȳo
URLKs7¾ƝĎď
¾Ɲƺ�
 
        char *variables_order;  // PHPȷɚ Environment, GET, POST, Cookie, 
Server Ļļ
ɛĨ�
 
        HashTable rfc1867_protected_variables;  //  RFC1867ơɜ
ĻļŬ��
main/rfc1867.cý�KUs/ǦĻļ
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        short connection_status;    //  Ȇ6ɝɖ�Ut<ɝɖ�ƮM�KȠ�ɞÁ
        short ignore_user_abort;    //  �Üǃ��sƪKâćȼF�ɟĀčÒ;<ćȼ�
 
        unsigned char header_is_being_sent; //  �Üɠ¯°Ʈ�pɡ
 
        zend_llist tick_functions;  //  ĕ�mainÊċ&
php_ticks.cý�KUs/�
Ǧ¥ĐŮ
Ųď�register_tick_functionyŲďKUs/�
 
        zval *http_globals[6];  // ŴůGETƼPOSTƼSERVERy¯°
 
        zend_bool expose_php;   //  �Üqĵphp
¯°
 
        zend_bool register_globals; //  �Ü8 E, G, P, C, S Ļļȷɚ�ƈȵĻļ�
        zend_bool register_long_arrays; //   �Üđsɢé
ɎéďȂ(HTTP_*_VARS)�
        zend_bool register_argc_argv;   //  �ÜǧÓ$argv@$argcƈȵĻļ(lÿsGET
�Ż
¯°)�
        zend_bool auto_globals_jit; //  �Üĕ��s/$_SERVER@$_ENVĻļÁǯɣ|
(-\��Č �đƬÁÚ±Ƭɣ|)�
 
        zend_bool y2k_compliance;   //�Üì�Ƒ�2000ɤťr(�¦�hY2Kťr
ǗǘƂ
KɥßǝǞ)�
 
        char *docref_root;  // ARƑ��html_errors�ô�PHP8N�£ĝ¯°ÄÔĵɞ
Ȇ6�
        char *docref_ext;   //�Đý�
ŚqŬ(ɦɧÿU’.')�
 
        zend_bool html_errors;  //Ü�£ĝ¯°K�sHTMLƾƿ�
        zend_bool xmlrpc_errors;   
 
        long xmlrpc_error_number;
 
        zend_bool activated_auto_globals[8];
 
        zend_bool modules_activated;    //  �ÜËLƫɨāĂ
        zend_bool file_uploads; //�ÜɁƶHTTPý�ÄȺ�
        zend_bool during_request_startup;   //�Ü�ćȼɩ	ȐIJK
        zend_bool allow_url_fopen;  //�ÜɁƶƑ�ɪJý�
        zend_bool always_populate_raw_post_data;    //�Üɫ�oÒ
$HTTP_RAW_POST_DATAĻļ(ı	POSTďĤ)�
        zend_bool report_zend_debug;    //  �ÜƑ�zend debug�ĕ�main/main.cý
�KU�s�
 
        int last_error_type;    //  EF
ĝĞ�Ǩ
        char *last_error_message;   //  EF
ĝĞ¯°
        char *last_error_file;  //  EF
ĝĞý�
        int  last_error_lineno; //  EF
ĝĞ�
 
        char *disable_functions;    //ĩ�ô6ɬ�<sɭķ¾Ɲ
ŲďŬŕĴ�?ɮsɯ
Đ
Ųď�
        char *disable_classes;  //ĩ�ô6ɬ�<sɭķ¾Ɲ
�ŬŕĴ�?ɮsɯĐ

��
        zend_bool allow_url_include;    //�ÜɁƶinclude/requireɪJý��
        zend_bool exit_on_timeout;  //  ɞÁöɰ£
#ifdef PHP_WIN32
        zend_bool com_initialized;
#endif
        long max_input_nesting_level;   //Eu
ɱƒƅď
        zend_bool in_user_include;  //�Ü�sƪlÿȫƣ
 
        char *user_ini_filename;    //  sƪ
iniý�Ŭ
        long user_ini_cache_ttl;    //  iniȾŴIƖɕ�
 
        char *request_order;    //  ɲ`ɳ�variables_orderǴ��requestĻļoÒÁ
s/�<śǛ.�Z[ɴɵǝǞ
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        zend_bool mail_x_header;    //  ĕ�ext/standard/mail.cý�K�s�
        char *mail_log;
 
        zend_bool in_error_log;
};

Äz
ƩƓãu�Ơ¾�žphp.iniý�K
ĘęĒYr
� �PHPđƬǀD�php.iniý�ÁÚNYf
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ini_get()#ini_set()Ųď��
��Ęę��Yf<ƈȵĻļė���
�
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*+�ż/ĉ�?#@WebƀƁƂ
y
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�`�01`§§PHP
oóʄƖ�

��� tuvw�Zendxy

�zV{�: SAPIJ|

SAPI(Server Application Programming Interface)�
�PHPƥŤrs
*J6Ɔ� ÚÇPC���ŉ
ʈïðɌ������þ�ʉʊ�PC
6ƆŦŧå�?�PCÄƮMŹ�� PHPČ �ĉ�Uãä��
é�òIWebƀƁƂ�WXħ6�óô�&���?ɱ��³ĚJĨK�

òM�01�sApacheWXNginxf�WebƀƁƂ7Ĕ3PHPČ �WX�óô�&òIPHP�ȸƂ
JĨ7ĉ�� Č ĉ�čF�WebƀƁƂrʋ�ǗǘƂÔĵrʋ¯°�WX�óô�ƾ�Ķ£ÄÔĵ�
¬�

01ãĠĄŵPHP�ȸƂ�Ɍg�Ư¹òIWebƀƁƂ@óô�JĨĉ�Č §ȇ7ã\��� �Ȕ
Äk1
��ʌJ���
�óô�ĎďȺȻʍPHP�ȸƂ�ĉ�
Č � ă¸wòIurlćȼ�<PHPʎ
z�Č ĉ�čÒFǓǔÖr=R�þ\Ióô�
Ör=R�Ôĵ�ľĿÄ�

Č ĉ�
�	å�?SAPI6Ɔ���	
�þ�\Ì
SAPI6Ɔ��NčÒĚ1ɯĐ
��� êA
Apache
mod_php SAPI����ɩ	Ȑ,Apache��
��¯°��Ķ£�¬�8�¬Ǔǔʍ
Apache� ³Ě
SAPI����Ƿ�

&zł<ƗǶ8Y��MƉ
SAPI��ė�Í���
GH�

{��/}

PHP�	ĉ�?FNLIȁ<Ő�
ȯƓõ¥�ćȼ
�
�	ȯƓ@ćȼ
F
=ʏȯƓ� �	ȯ
ƓUȁ<IJõǍ�<IJ�āĂɩ	ȐȯƓƻMINITƽ� �;<SAPIoóʄƖ�(êAApacheđƬ?F

;<oóʄƖ�WXóô�JĨ;<ĉ�IJK)� ĩIJþė��©�ǍĽ<IJ�āĂƫɨȯƓ
ƻRINITƽ�ĩIJpo�ćȼȯƓ� êAòIurlćȼ´<ʎz�ö�¨©ćȼ
�åNė�āĂƫɨ
ƻRINITćȼ�	ƽ� êAPHPȷɚ���ŚqāĂ�ö�MINITȯƓNǔ2àUāĂ
MINITŲď� ā
Ă�f<ȯƓ�?ė���ɩ	Ȑ���êAȷɚMļ�ĐŮāĂ�s
�yy� āĂ���Á�?òI
A&Ɗ7��f�ǔ2Ųďõ

PHP_MINIT_FUNCTION(myphpextension)
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{
    // ȷɚMļWX�yɩ	Ȑ��
    return SUCCESS; 
}

ćȼ/Þ
FPHPɩ	Ȑĉ�Č 
Ã 45�êAɣ|�<ĉ�45�lmơŴPHPŹ�IJKĻ
ļŬǾ@Ŕ�¬
ƺķĴ� ?#¸�àU
Ųď?#�y¯°
ƺķĴ�¹FPHPN2sàUāĂ

RINITŲď� �f<ȯƓ�<āĂ��?ĉ���ăĄ
���āĂ
RINITŲď@MINITǔ2Ųď�Ƿõ

PHP_RINIT_FUNCTION(myphpextension)
{
    // êAƿċćȼ�	Áƣ
    // ǉF�ćȼ=ʏ
ÁÂƿċ=ʏÁƣ�f�01Ú¦Ʌƿċ&¥�ćȼàšʐ
Áƣ�
    return SUCCESS; 
}

ćȼ¥�čFÚė��=ʏȯƓ��ǫČ ĉ�/ʑʒWXòI2sexit()Wdie()Ųď� PHPå8ė�
=ʏȯƓ�@�	ȯƓYr�=ʏȯƓ�¾�ȁ<4Ƕ��<�ćȼ=ʏFásāĂ(RSHUWDOWN�Y
rRINIT)� �<�SAPIoóʄƖ=ʏƻWebƀƁƂɰ£WXóô�Č ĉ�čʓɰ£ƽÁĄʔāĂ
(MSHUTDOWN�YrMINIT)�

PHP_RSHUTDOWN_FUNCTION(myphpextension)
{
    // êAƿċćȼ=ʏÁƣ�ǀÏăr
¯°À�/­Ʋý�K�
    return SUCCESS; 
}

ř���Śq�p
ăĄ�¬�ćĎǩǍʕt! Śq�p
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TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


ʖ2.1 )ėJSAPIoóʄƖ

�~�SAPItuvw
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4Ƕ� Aʖ2.2àĵõ

ʖ2.2 äėJSAPIoóʄƖ
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Extending and Embedding PHP

�.� SAPIi�

��ƗǶGH�PHP
oóʄƖ��³oóʄƖ
�<ȯƓ���žƀƁăĄ
��å�òISAPI6
Ɔ��� f��ę��
ʣ�ǎę�PHP$%
SAPIÊċ�f<ÊċŴů�PHPY�<ƀƁƂƃƄƅ
�
%� êAóô�JĨ
���Apache
mod_phpāĂ��?#fastcgi
��yy�

��<ƀƁƂƃƄƅ
ƣʤʥ»ăÌ
ɷĐ�fg01Ǿ
�SAPI6Ɔ� ¨<SAPI��å��<
_sapi_module_struct=>ŤĻļ�ƻSAPI6Ɔƽ� �PHP
$%K�¸��2sƀƁƂăĄ¯°Á�ƈ
ƠòISAPI6ƆKYr�Ż2s��� -fYr
�Ż��<ƀƁƂƃƄƅ��ÁåNU�±
���

Îwãä��
òsÐ�Uãu�Ơ¾
6Ɔ�Ż�s
�ȿț�Ż�

Aʖ2.4àĵ��SAPI
()ĵƐʖ�

ʖ2.4 SAPI
()ĵƐʖ

?cgiāé@apache2ƀƁƂ�ê�k1
đƬ�ŻA&õ

cgi_sapi_module.startup(&cgi_sapi_module)   //  cgiāé cgi/cgi_main.cý�
 
apache2_sapi_module.startup(&apache2_sapi_module);
 //  apache2ƀƁƂ  apache2handler/sapi_apache2.cý�

fg
cgi_sapi_module�sapi_module_struct=>Ť
ʦɖĻļ� k
startup�Ż�ç
php_cgi_startupŲď�ʧ��f<=>ŤKȱ�startupŲď�ʧ�ºUƶä³k�ŻWƩƓ� ³Ơ¾ĐŮ
A&õ

struct _sapi_module_struct {
    char *name;         //  ŬƩƻƾ�sƽ
    char *pretty_name;  //  Í¤��
ŬƩƻ±²ʨ+
ƽ
 
    int (*startup)(struct _sapi_module_struct *sapi_module);    //  đƬŲď
    int (*shutdown)(struct _sapi_module_struct *sapi_module);   //  Ąʔ�Ż
 
    int (*activate)(TSRMLS_D);  // ƫɨ
    int (*deactivate)(TSRMLS_D);    //  ás
 
    int (*ub_write)(const char *str, unsigned int str_length TSRMLS_DC);
     //  \ȾŴ
À��(unbuffered write)
    void (*flush)(void *server_context);    //  flush
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    struct stat *(*get_stat)(TSRMLS_D);     //  get uid
    char *(*getenv)(char *name, size_t name_len TSRMLS_DC); //  getenv
 
    void (*sapi_error)(int type, const char *error_msg, ...);   /* error 
handler */
 
    int (*header_handler)(sapi_header_struct *sapi_header, sapi_header_op_enum 
op,
        sapi_headers_struct *sapi_headers TSRMLS_DC);   /* header handler */
 
     /* send headers handler */
    int (*send_headers)(sapi_headers_struct *sapi_headers TSRMLS_DC);
 
    void (*send_header)(sapi_header_struct *sapi_header,
            void *server_context TSRMLS_DC);   /* send header handler */
 
    int (*read_post)(char *buffer, uint count_bytes TSRMLS_DC); /* read POST 
data */
    char *(*read_cookies)(TSRMLS_D);    /* read Cookies */
 
    /* register server variables */
    void (*register_server_variables)(zval *track_vars_array TSRMLS_DC);
 
    void (*log_message)(char *message);     /* Log message */
    time_t (*get_request_time)(TSRMLS_D);   /* Request Time */
    void (*terminate_process)(TSRMLS_D);    /* Child Terminate */
 
    char *php_ini_path_override;    //  ʩʪ
iniĹĺ
 
    ...
    ...
};

?Ä
f�=>��ƀƁƂ
6Ɔ��KåUĐŮ�AApache2
ĐŮõ

static sapi_module_struct apache2_sapi_module = {
    "apache2handler",
    "Apache 2.0 Handler",
 
    php_apache2_startup,                /* startup */
    php_module_shutdown_wrapper,            /* shutdown */
 
    ...
}

�PHP
$%K���ãä
����AIIS
��?#��hŐʌ
WebƀƁƂ���³ý�=>A
ʖ2.5àĵõ
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ʖ2.5 SAPIý�=>ʖ

Ê�PHP�ę
ãäSAPI��åË\ȞʫɜWXĻ
U�hŐʌ��PHPØÙÊ�Ʈ�
ǩǪ8��SAPIa£�%ģ� ØÙYãäě¦
ǩǪ�ȱhƭ
hMɦ��WX´�ě¦Ë
ɈhMòs��ÜöÚ�PECLģK� êAhMʌ�
APCȾŴŚq8ė��ŵ�%ģK�

;<SAPI�Ƿw�<zçYƄK
āʬ�Żāé
rs� SAPI.c@SAPI.hý�àlÿ
��ŲďÚ�
āʬ�ŻāéK
ƃƄāʬ� �<ƀƁƂYwsapi_module
ĐŮ#ăĄ��ö��<<ƥŤ
āʬ�

f�
=>�PHP
$%KUä¥�s� �A�PHPŚq�pK�¨<Śqå��ĐŮ�<
zend_module_entry=>Ť� f<=>Ť
�sžsapi_module_struct=>Ť�Ƿ�å��<�Ƿāʬ�
Żāé
rs� �PHP
oóʄƖKAR��2s´<Śq�³2s
�Żå�zend_module_entry=>
ŤK�Đ
�Ż� A�Ä�ƗǶKÅ/
�ĉ��<Śq
ćȼɩ	ȐÁ�å���2s
request_startup_func�Ż� -�¨<Śq
ĐŮÁ�åòIƊPHP_RINIT�Đrequest_startup_funcY
r
Ųď� ?VLDŚq�êõ³ćȼɩ	Ȑ�PHP_RINIT(vld),ž
Yr�ŚqK��Uf<Ųď
��õ

PHP_RINIT_FUNCTION(vld) {
}

à?� 01�ÀŚqÁ�����Śq
f�6Ɔ�Ì��¸���ƀƁƂ6ƆÁ�����³Yr

SAPI�

Apache��

Apache�Apache��ÃʭN
�<�ů$�%
WebƀƁƂ� �?�uäďʮʯ����KŹ��
Îw³ǡƎƏ@ïƈÐƚʰʱ�s��Eʌ�
WebƀƁƂĿ��
�� Apache¿ĀƶäɯÐ�uƠ¾ò
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IāĂŚq���MƉ
āĂlmmod_authƻʲɕ�ƢƽƼmod_sslƻSSL@TLS¿Āƽ
mod_rewriteƻURLĜÀƽy���òs
Pë�¿Ā?ApacheāĂ
�éžApacheƌÒ� A
Perl�Python�Tcl�@PHPy�

¸PHP���ApacheƀƁƂ&Ź�Á��ǫ7ĸ�k�?mod_php5āĂ
ȉéƌÒ� ǦÁ
mod_php5āĂ
�s�6șApacheȺȻI7
PHPý�ćȼ�ǀ¥�f�ćȼ� ¹F8¥�F
=RǓ
ǔʍApache�AR01�ApacheđƬ��³Ęęý�KĘę¤�PHPāĂƻmod_php5ƽ� PHPāĂò
Iȷɚapache2
ap_hook_post_configʳʴ��ApacheđƬ
ÁÂđƬǦāĂ?6ɬPHPý�
ćȼ��

ȱ�f�đƬÁ
×'�é�Apache
āĂ�?�Ź�
ÁÂƬɖð'� fƐʵ»YƀƁƂ�?ė�
ě¦Śq-\��Ĝ�Y$�%ė�*+�ƱƲĊ \��áâƀƁƂ� 01à���
ĕĕ�ʍƀƁƂ
pɡ¯ķHUPWXAP_SIG_GRACEFULò�ƀƁƂĜ�'�āĂ� ȩ��Ƭɖ×'
��01��8ā
Ă*+Ò�Ƭɖʶ6ģ�ǦÁ
Ƭɖ×'Ú�×'Ƭɖʶ6ģ� ApacheKYƬɖʶ6ģ
¥��òIāĂ
mod_so7čÒ
�ƜǦmod_soāĂ\¦ƚƬɖ×'� kþ¦ƚʦɖ*+ėApache
�ŵ�fƐʵ»k
�ǉ»Apache�ȇđƬ
�

Apache�AB×'āĂ
Ȝɹ01?�zÅ/
mod_php5āĂ�ê� �`01���Apache
Ę
ęý�httpd.confKǌ×��õ

LoadModule php5_module modules/mod_php5.so

fg01�s�LoadModuleóô�ĩóô
Ǎ�<Ďď�āĂ
ŬǾ�ŬǾ�?�āĂ��
$%K
ø/� ǍĽ<�Ē�ĩāĂà¥
Ĺĺ�AR���ƀƁƂŹ�Á×'āĂ� �?òIpɡ¯ķHUPWX
AP_SIG_GRACEFULʍƀƁƂ��ʷ6ɬ/ĩ¯ķ�Apache8Ĝ�ð'āĂ� -\��Ĝ�đƬƀƁ
Ƃ�

�Ęęý�Kǌ×�àÄàĵ
�ôF�Apache�×'āĂÁNĊĤāĂŬ·øāĂǀ×'� Yw¨
�<āĂ�ApacheɦɧơƢ³ý�Ŭ�?“mod_”�	
�APHP
mod_php5.c� ARóŬŝé\
Y�Apache8ț�ǦāĂ\ƍŻ�Apache
¨�<āĂå�?module=>Ť
ȉéŴ�� module=>

name½Ð�EF�òIƊSTANDARD20_MODULE_STUFF?__FILE__Ť�� ĄwfɃ�?�FzG
Hmod_php5āĂÁU§/�f�ÚĮĐ�01
ý�Ŭ@āĂŬ�ăÌ
� òI
��ôK�Đ
Ĺĺ
ø/ăĄ
Ƭɖʶ6ģý�F�ApacheòI�Ơ
Ųď��Ƭɖʶ6ģK
�¬� ǀ8āĂ
�¬×'/
�ŴK
�ĐĻļK�

�ƭƮƫɨāĂ
��ApacheNŰ·à×'
āĂ�Ü�ƭƮ
ApacheāĂ� f<ŰĔ�òIŰ·
module=>ŤK
magicƩƓ��
� -magicƩƓ�òIƊSTANDARD20_MODULE_STUFFŤ���
f<ƊKmagic
Ŕ�MODULE_MAGIC_COOKIE� MODULE_MAGIC_COOKIEĐŮA&õ

#define MODULE_MAGIC_COOKIE 0x41503232UL /* "AP22" */

EFApacheN2săĄŲď(ap_add_loaded_module)8āĂƫɨ� Ǧ¥
ƫɨÚ�8āĂů�ăr

ʶĴK(ap_top_modulesʶĴõ ap_top_modulesʶĴs7ơŴApacheKàU
ƚƫɨ
āĂ�lmȿ
ț
ƫɨāĂ@ƫɨ
Ǎt�āĂ�ƽ

Apache×'
�PHPāĂ�ȧşf<āĂ�AB��
Ȝ/01?Apache2
mod_php5āĂ�êė
�ĸÓ�

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


Apache2Vmod_php5����

Apache2
mod_php5āĂlmsapi/apache2handler@sapi/apache2filterȁ<Êċ ��
apache2_handle/mod_php5.cý�K�āĂĐŮ
ăĄ�%A&õ

AP_MODULE_DECLARE_DATA module php5_module = {
    STANDARD20_MODULE_STUFF,
        /* Ɗ�lmv �Ɨv �āĂĦŷ�āĂŬ�&�<āĂ�ʧy¯°�³KāĂŬ?
__FILE__Ť� */
    create_php_config,      /* create per-directory config structure */
    merge_php_config,       /* merge per-directory config structures */
    NULL,                   /* create per-server config structure */
    NULL,                   /* merge per-server config structures */
    php_dir_cmds,           /* āĂĐŮ
àU
�ô */
    php_ap2_register_hook
        /* ȷɚʴȨ�ǦŲďòIap_hoo_�ɠ
Ųď��©ćȼ¥�IJKYw�Đ
bŃȷɚʴ
Ȩ */
};

kàYr
�Apache
module=>�module
=>ĐŮA&õ

typedef struct module_struct module;
struct module_struct {
    int version;
    int minor_version;
    int module_index;
    const char *name;
    void *dynamic_load_handle;
    struct module_struct *next;
    unsigned long magic;
    void (*rewrite_args) (process_rec *process);
    void *(*create_dir_config) (apr_pool_t *p, char *dir);
    void *(*merge_dir_config) (apr_pool_t *p, void *base_conf, void *new_conf);
    void *(*create_server_config) (apr_pool_t *p, server_rec *s);
    void *(*merge_server_config) (apr_pool_t *p, void *base_conf, void 
*new_conf);
    const command_rec *cmds;
    void (*register_hooks) (apr_pool_t *p);
}

Äz
āĂ=>ž01�mod_php5.cKà§/
=>U�Ƀ\Ì�f�Îw
STANDARD20_MODULE_STUFF
ıƜ� f<Ɗklÿ��z8<ƩƓ
ĐŮ�
STANDARD20_MODULE_STUFFƊ
ĐŮA&õ

/** Use this in all standard modules */
#define STANDARD20_MODULE_STUFF MODULE_MAGIC_NUMBER_MAJOR, \
                MODULE_MAGIC_NUMBER_MINOR, \
                -1, \
                __FILE__, \
                NULL, \
                NULL, \
                MODULE_MAGIC_COOKIE, \
                                NULL      /* rewrite args spot */

�php5_moduleĐŮ
=>K�php_dir_cmds�āĂĐŮ
àU
�ôƌƍ�³ĐŮ
�¬A&õ

const command_rec php_dir_cmds[] =
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{
    AP_INIT_TAKE2("php_value", php_apache_value_handler, NULL,
        OR_OPTIONS, "PHP Value Modifier"),
    AP_INIT_TAKE2("php_flag", php_apache_flag_handler, NULL,
        OR_OPTIONS, "PHP Flag Modifier"),
    AP_INIT_TAKE2("php_admin_value", php_apache_admin_value_handler,
        NULL, ACCESS_CONF|RSRC_CONF, "PHP Value Modifier (Admin)"),
    AP_INIT_TAKE2("php_admin_flag", php_apache_admin_flag_handler,
        NULL, ACCESS_CONF|RSRC_CONF, "PHP Flag Modifier (Admin)"),
    AP_INIT_TAKE1("PHPINIDir", php_apache_phpini_set, NULL,
        RSRC_CONF, "Directory containing the php.ini file"),
    {NULL}
};

f�mod_php5āĂĐŮ
�ôĴ�k�ȔÄ��<command_rec=>
ďȂ� ¸ApacheO/�ô

ÁÂ8ʸ�ʹZ�<āĂK
�ôĴ�·ø�ÜUɌ<āĂ¦Ʌ¥�ĩ�ô� ARø/�ö2săr

¥�Ųď�ARàU�ôĴK
āĂå\¦¥�ĩ�ô�ȧş8ɑĝ� AÄ�Ɖ�mod_php5āĂĕÅǁ
php_valuey5<�ô�

php_ap2_register_hookŲď
ĐŮA&õ

void php_ap2_register_hook(apr_pool_t *p)
{
    ap_hook_pre_config(php_pre_config, NULL, NULL, APR_HOOK_MIDDLE);
    ap_hook_post_config(php_apache_server_startup, NULL, NULL, 
APR_HOOK_MIDDLE);
    ap_hook_handler(php_handler, NULL, NULL, APR_HOOK_MIDDLE);
    ap_hook_child_init(php_apache_child_init, NULL, NULL, APR_HOOK_MIDDLE);
}

?Ä�%ǧÓ�pre_config�post_config�handler@child_init 4<ʳʴ?#Yr
¥�Ųď� ³K��
pre_config�post_config�child_init�đƬʳʴ�k1�ƀƁƂđƬÁ2s� handlerʳʴ�ćȼʳʴ�k��
�ƀƁƂ¥�ćȼÁ2s�³K�post_configʳʴKđƬphp� kòIphp_apache_server_startupŲď�
���php_apache_server_startupŲďòI2ssapi_startupđƬsapi� ǀòI2s
php_apache2_startup7ȷɚsapi module structƻǦ=>� Ƕ�ɠKUĸÓƽ� EF2s
php_module_startup7ɩ	ȐPHP� ³KʠNɩ	ȐZENDŷŸ�?#ʺȬzend_module_structK 

treat_dataÒʻ(òIphp_startup_sapi_content_types)y�

/fg�01�ư�Apache×'mod_php5āĂ
;<IJ���f<IJž01
SAPIUŞşĄ�
Ȝɹ mod_php5�ĐŮ�½wApache
sapi_module_struct=>:

static sapi_module_struct apache2_sapi_module = {
"apache2handler",
"Apache 2.0 Handler",
 
php_apache2_startup,                /* startup */
php_module_shutdown_wrapper,            /* shutdown */
 
NULL,                       /* activate */
NULL,                       /* deactivate */
 
php_apache_sapi_ub_write,           /* unbuffered write */
php_apache_sapi_flush,              /* flush */
php_apache_sapi_get_stat,           /* get uid */
php_apache_sapi_getenv,             /* getenv */
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php_error,                  /* error handler */
 
php_apache_sapi_header_handler,         /* header handler */
php_apache_sapi_send_headers,           /* send headers handler */
NULL,                       /* send header handler */
 
php_apache_sapi_read_post,          /* read POST data */
php_apache_sapi_read_cookies,           /* read Cookies */
 
php_apache_sapi_register_variables,
php_apache_sapi_log_message,            /* Log message */
php_apache_sapi_get_request_time,       /* Request Time */
NULL,                       /* Child Terminate */
 
STANDARD_SAPI_MODULE_PROPERTIES
};

f��Żåʼ½wApacheƀƁƂ�?D�cookie�ê�¸01�ApacheƀƁƂ45&��PHPK2
sD�CookieÁ� Eľ��
ďĤ
ǎę��ƫɨSAPIÁ�kà2s
�Ż�read_cookies�

SG(request_info).cookie_data = sapi_module.read_cookies(TSRMLS_C);

Yw¨�<ƀƁƂ�×'Á�01å�Đ�sapi_module�-Apache
sapi_module�
apache2_sapi_module� ³KYrread_cookies�Ż
�php_apache_sapi_read_cookiesŲď� f��
ĐŮSAPI=>
�Îõ��6Ɔ�zç6Ɔ
*J�ƥUÍ¤
ŚqÐ@ťrÐ�

ApacheV����

Apache
Ź�¾�đƬȯƓ@Ź�ȯƓ� �đƬȯƓ�Apache���.��ą$Eu
�sʲɕ�
8?ɯʲsƪrootƻ*nix��ƽWɞɳñ�ʻAdministrator(Windows��)čÒđƬ� ǀȃ;<IJ¥w�
<)ėJ)ƇJ
45K� f<ȯƓlmĘęý��ż(Ahttp.confý�)ƼāĂ×'(A
mod_php�mod_perl)@��ą$ɩ	ȐƻêA­®ý�Ƽʽʾ�ŴƓƼďĤģȆ6yƽy���

Apache
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ćȼ
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ȯƓ�ġ©�õ Post-Read-
Request�URI Translation�Header Parsing�Access Control�Authentication�Authorization� MIME
Type Checking�FixUp�Response�Logging�CleanUp

Apache Hook��

Apache 
HookŽ���õApache ɁƶāĂ(lm�ƠāĂ@ƟƠāĂ�êA
mod_php5.so�mod_perl.soy)8±ĐŮ
Ųďȷ�/ćȼ¥�ȝ4K� ȍQùĸ�āĂ�?�Apache

ǊB�<¥�ȯƓKʳ6(Hook)Ä±²
¥�Ųď�,-ĎžApache
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Ȩ�ʠUrsɳ
ʴȨ�

?ÄGH�apache
×'Ž��hookŽ��apache
Ź�IJ?#php5āĂ
ăĄ���&z()

ĸÓ�·§$%K
��MsYƄ�

ApacheA;��

�ĸ/Apache
MsYƄÁ�01\.\`ĸ&httpd.hý��httpd.hý�lÿ�Apache
àUāĂ
å��
�ŵAPI� kĐŮ�ƶä��Mļ�ȩ�ÍĜ�
�klÿ�&z��YƄ
ĐŮ�

request_rec�� ¸�<ˆƪĿćȼ/ÞApacheÁ�ÚNɣ|�<request_recYƄ�¸Apache¥�
č�<ćȼF�žf<ćȼYr
request_recYƄ�Nǉ
ƚȸů� request_recYƄlmž�<HTTP
ćȼăĄ
àUďĤ�ǀȃºlÿ��Apache±²�s/
ɝɖ@ˆƪĿ
�ƠƩƓ�

server_rec�� server_recĐŮ��<ȕƤÄ
WEBƀƁƂ�ARUĐŮˇˈŐŽ�¨�<ˇˈŐŽ
ˉU±²
server_recYƄ� server_recYƄ�ApacheđƬÁɣ|�¸;<httpdĄʔÁǯNƚȸů� k
lmƀƁƂŬǾ�Ȇ6¯°�­®¯°�ʧYƀƁƂ
Ęę�ˊƁ¥�ăĄ¯°y server_recYƄ�ˋ
request_recYƄ
FǍĽĜ�
YƄ�

conn_rec�� conn_recYƄ�TCPȆ6�Apache
�Ơ���k�ˆƪĿȆ6/ƀƁƂÁɣ|��
Ȇ6Ƞ�Áȸů�

,-��

ńThe Apache Modules Book--Application Development with ApacheŅ

���

,Ǎ�!KYPHP$%Êċ=>
GH?#PHPoóʄƖ��õɱ�éPHP�ǷCLI���SAPI6Ɔ

ˌ����� �ǫȣȤ&�k
�<ćȼ
oóʄƖ�N@³k
SAPI��õāĂɩ	Ȑ=>ćȼɩ	Ȑ
=>¥�ćȼ=>Ąʔćȼ=>ĄʔāĂ� ¸¹�fþ��řȣȤ�Ɯ�ɯĐ
rsÎ±²ɯˍ
�ȼ�þ��
¥�PHPČ f<4ǶÃ �ß�

Ywɱ�éPHPWƶ01���¡Ġ�WXĸĊ s\/�ƱƲ��ÄăĄ
ąĆ�\ä� êAãä
ǕˎK�sLuaPë��ˏƍPë�WX��ŚqǕˎ
Č Pë��Ƿ
� ǗǘƂK
JavascriptPëÚ
�ɱ��ǗǘƂK
�þ�Ê�ãĠUrs8PHP��ɱ�Pë7�s� PHP
ìĒÊ�º��Web�p
�z�

f�ƗǶ�01,f ʚ
�<ĵêĸȇ�GHPHPYwɱ�éPHP
¿Ā?#PHP�ɱ�éÅǁ�
Ɍ�6ƆWě¦� �`01§&à�s/
ĵê$%õ

#include <sapi/embed/php_embed.h>
#ifdef ZTS
    void ***tsrm_ls;
#endif
/* Extension bits */
zend_module_entry php_mymod_module_entry = {
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    STANDARD_MODULE_HEADER,
    "mymod", /* extension name */
    NULL, /* function entries */
    NULL, /* MINIT */
    NULL, /* MSHUTDOWN */
    NULL, /* RINIT */
    NULL, /* RSHUTDOWN */
    NULL, /* MINFO */
    "1.0", /* version */
    STANDARD_MODULE_PROPERTIES
};
/* Embedded bits */
static void startup_php(void)
{
    int argc = 1;
    char *argv[2] = { "embed5", NULL };
    php_embed_init(argc, argv PTSRMLS_CC);
    zend_startup_module(&php_mymod_module_entry);
}
static void execute_php(char *filename)
{
    zend_first_try {
        char *include_script;
        spprintf(&include_script, 0, "include '%s'", filename);
        zend_eval_string(include_script, NULL, filename TSRMLS_CC);
        efree(include_script);
    } zend_end_try();
}
int main(int argc, char *argv[])
{
    if (argc <= 1) {
        printf("Usage: embed4 scriptfile";);
        return -1;
    }
    startup_php();
    execute_php(argv[1]);
    php_embed_shutdown(TSRMLS_CC);
    return 0;
}

?Ä
�%�?�ńExtending and Embedding PHPŅ�Ǎ20!ø/ƻı	�%U�<ƺķĝĞ�U
ːˑ
˒˓�?�˔ɾ&ƽ� Äz
�%��<ɱ�éPHPŹ�Ƃƻ01ʲ¸³�Ź�Ƃĭƽ��f<Ź
�ƂÄ01�?Ź�PHP�%� fƓ�%lm�YwPHPɱ�é¿Ā
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#include <sapi/embed/php_embed.h>

�sapiÊċ&
embedÊċ�PHPYwɱ�é
ƃƄƅà���fgU01à�s/
ŲďWƊĐ
Ů� AĵêKà�s
php_embed_init�php_embed_shutdownyŲď�

Ǎ2/4�õ

 #ifdef ZTS
    void ***tsrm_ls;
#endif

ZTS�Zend Thread Safety
(À�žf<ăĄ
U�<TSRMƻƇJïƈą$ñ�ƽ
ŎŎ�f<
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 zend_module_entry php_mymod_module_entry = {
    STANDARD_MODULE_HEADER,
    "mymod", /* extension name */
    NULL, /* function entries */
    NULL, /* MINIT */
    NULL, /* MSHUTDOWN */
    NULL, /* RINIT */
    NULL, /* RSHUTDOWN */
    NULL, /* MINFO */
    "1.0", /* version */
    STANDARD_MODULE_PROPERTIES
};

?ÄPHP�Ơ
āĂ=>ǧÓ�Ǧ¥YwāĂɩ	Ȑ�ćȼɩ	ȐyŲď�ʧ˖�NULL� �Ú�ā
Ă�ɩ	Ȑ#ćȼ�	=ʏyˊ�po
ÁÂ\ĉ�ǊB��� \If����
sapi/embed/php_embed.cý�K
php_embed_shutdownyŲďKUŤ�� ĄwāĂ=>
ĐŮ�
zend/zend_modules.hK�

startup_phpŲď:

static void startup_php(void)
{
    int argc = 1;
    char *argv[2] = { "embed5", NULL };
    php_embed_init(argc, argv PTSRMLS_CC);
    zend_startup_module(&php_mymod_module_entry);
}

f<Ųď2s�ȁ<Ųďphp_embed_init@zend_startup_modulečÒɩ	Ȑ��� php_embed_init
ŲďĐŮ�sapi/embed/php_embed.cý�K�kčÒ�PHPYwɱ�é
ɩ	Ȑ¿Ā�
zend_startup_moduleŲď�PHP
�ƠAPIŲď�k
�s�ȷɚĐŮ
āĂ�fg�ȷɚmymodā
Ă� f<ȷɚIJĕĕ�8àĐŮ
zend_module_entry=>ǌ×/ȷɚāĂŕĴK�

execute_phpŲď:

static void execute_php(char *filename)
{
    zend_first_try {
        char *include_script;
        spprintf(&include_script, 0, "include '%s'", filename);
        zend_eval_string(include_script, NULL, filename TSRMLS_CC);
        efree(include_script);
    } zend_end_try();
}

,Ųď
ŬǾ7§�f<Ųď
ě¦�ĉ�PHP�%
� kòI2ssprrintfŲď>Ñ�<includeP
Q�¹FȞ2szend_eval_stringŲďĉ�f<includePQ� zend_eval_stringEľ�2s
zend_eval_stringlŲď�f<Ųď�ʌJ��<*+PHP�%� oÒzend_op_array�ǨďĤ�ǀĉ�
opcode
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<?php
if($argc < 2) die("Usage: embed4 scriptfile");
 
include $argv[1];

mainŲďõ

int main(int argc, char *argv[])
{
    if (argc <= 1) {
        printf("Usage: embed4 scriptfile";);
        return -1;
    }
    startup_php();
    execute_php(argv[1]);
    php_embed_shutdown(TSRMLS_CC);
    return 0;
}

f<Ųď�ŐŲď�ĉ�ɩ	Ȑ���ĊĤĶ�
Ďďĉ�PHP
includePQ�EFĉ�Ąʔ���
Ǔǔ� ³Kphp_embed_shutdownŲďĐŮ�sapi/embed/php_embed.cý�K�kčÒ�PHPYwɱ�
é
Ąʔ��¿Ā� lmćȼĄʔ���āĂĄʔ��y�

?Ä��sPHP
ɱ�é�é�p
�<()
PHP�%Ź�Ƃ�k
f�2s
�éåÃwPHP 
ǵ
����� -ʧYɱ�é
SAPIĐŮ�hM()
�TUApache@CGIāé
ŁǺ�WXĸ�ă¸(
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ĵ��ɱ�é
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sapi_module_struct php_embed_module = {
    "embed",                       /* name */
    "PHP Embedded Library",        /* pretty name */
 
    php_embed_startup,              /* startup */
    php_module_shutdown_wrapper,   /* shutdown */
 
    NULL,                          /* activate */
    php_embed_deactivate,           /* deactivate */
 
    php_embed_ub_write,             /* unbuffered write */
    php_embed_flush,                /* flush */
    NULL,                          /* get uid */
    NULL,                          /* getenv */
 
    php_error,                     /* error handler */
 
    NULL,                          /* header handler */
    NULL,                          /* send headers handler */
    php_embed_send_header,          /* send header handler */
 
    NULL,                          /* read POST data */
    php_embed_read_cookies,         /* read Cookies */
 
    php_embed_register_variables,   /* register server variables */
    php_embed_log_message,          /* Log message */
    NULL,                           /* Get request time */
    NULL,                           /* Child terminate */
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    STANDARD_SAPI_MODULE_PROPERTIES
};
/* }}} */
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?TCP�ê��TCP
ƀƁĿ��ǫNĉ�f�ł<��bŃõ

1. 2ssocketŲďɣ|�<TCPs
ʌéƒ6Ʃ˧
2. 2sbindŲď8ƀƁƂ
 ÈÈÉž�zɣ|
ƒ6Ʃ˨Đ˧
3. 2slistenŲď8�ɣ|
ƒ6Ʃ��˥˦�yˤˆƪĿpȇ
Ȇ6�¸ˆƪĿUä<Ȇ6Ȇ6/f
<ƒ6ƩÁ��¦��˩˪¥�˧

4. ƀƁƂėJ2sacceptŲďė�˫ˬɝɖ�ħ/UˆƪėJ2sconnectŲď-|¼ȇ�<Ȇ6˧
5. ¸žˆƪĿɣ|Ȇ6F�ƀƁƂ2sread_streamŲďD�ˆƪ
ćȼ˧
6. ¥�čďĤF�ƀƁƂ2swriteŲďçˆƪĿpɡrʋ�

TCPÄˆƪ-ƀƁƂˊƁ
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PHP
CGI��,cgi_main.cý�
mainŲď�	��mainŲďK2s�ĐŮ�fastcgi.cý�K
ɩ
	Ȑ�˥˦yŲď� Y�TCP
ʌJ�01·§PHPYTCP˙î
���Ư¹PHP ǵ����f�ʌ
J�ȩ��mainŲďK��IJƚƋðÒ�<Ųď��� YrTCP
��ʌJ�PHP�`Nĉ�ɣ|
socket�˨Đƒ6Ʃ�ɣ|˥˦õ

if (bindpath) {
    fcgi_fd = fcgi_listen(bindpath, 128);   //  ��socket˥˦�2sfcgi_initɩ	
Ȑ
    ...
}

�fastcgi.cý�K�fcgi_listenŲďŐ�swɣ|Ƽ˨Đsocketǀ�	˥˦�k˭č��zàŕTCPʌ
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    if ((listen_socket = socket(sa.sa.sa_family, SOCK_STREAM, 0)) < 0 ||
        ...
        bind(listen_socket, (struct sockaddr *) &sa, sock_len) < 0 ||
        listen(listen_socket, backlog) < 0) {
        ...
    }

¸ƀƁĿɩ	ȐčÒF�ėJ2sacceptŲďė�˫ˬɝɖ��mainŲďK01§/A&�%õ

    while (parent) {
        do {
            pid = fork();   //  oÒ�
ȨėJ
            switch (pid) {
            case 0: //  ȨėJ
                parent = 0;
 
                /* don't catch our signals */
                sigaction(SIGTERM, &old_term, 0);   //  ľâ¯ķ
                sigaction(SIGQUIT, &old_quit, 0);   //  ľĿɰ£ƺ
                sigaction(SIGINT,  &old_int,  0);   //  ľĿKȠƺ
                break;
                ...
                default:
                /* Fine */
                running++;
                break;
        } while (parent && (running < children));
 
    ...
        while (!fastcgi || fcgi_accept_request(&request) >= 0) {
        SG(server_context) = (void *) &request;
        init_request_info(TSRMLS_C);
        CG(interactive) = 0;
                    ...
            }

AÄ
�%��<oÒȨėJ�ǀyˤsƪćȼ��fcgi_accept_requestŲďK�JĨN2saccept
Ųď˫ˬ�ɣ|
ėJ� ¸sƪ
ćȼ/ÞÁ�fcgi_accept_requestŲďNȟȠ�Ü¥�sƪ
ćȼ�³
KNIˮ´�Ȇ6ćȼ�ɏɐɬɕ�ˆƪ
ćȼ� ARJĨɬ�sƪ
ćȼ�k8¾żćȼ
¯°�8ă
Ą
ĻļÀ/Yr
ĻļK� ³K�D�ćȼ�¬Á2s�safe_read�Ż�A&àĵõ [main() ->
fcgi_accept_request() -> fcgi_read_request() -> safe_read()]

static inline ssize_t safe_read(fcgi_request *req, const void *buf, size_t 
count)
{
    size_t n = 0;
    do {
    ... //  ˯ɐ  Ywin32
¥�
        ret = read(req->fd, ((char*)buf)+n, count-n);   //  hwinv 
D��
    ... //  ˯ɐ
    } while (n != count);
 
}

AÄYrƀƁƂĿD�sƪ
ćȼďĤ�
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PHP_MODE_STANDARDöN2sphp_execute_scriptĉ�PHPý�� �ǦŲďKk`ɩ	ȐǦý�ăĄ

���¬�¹FȞ2szend_execute_scriptsŲď�YPHPý�ė�źŻ¾ż@PŻ¾ż�oÒKƣ�
%� ǀĉ�zend_executeŲď�,-ĉ�f�Kƣ�%�Ąw;<Č 
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ćȼF�ƀƁƂĿ8Ǔǔ¯°ʍˆƪĿ�ǦÁ�mainŲďK2s
�
fcgi_finish_request(&request, 1); fcgi_finish_requestŲďĐŮ�fastcgi.cý�K�³�%A&õ��

int fcgi_finish_request(fcgi_request *req, int force_close)
{
int ret = 1;
 
if (req->fd >= 0) {
    if (!req->closed) {
        ret = fcgi_flush(req, 1);
        req->closed = 1;
    }
    fcgi_close(req, force_close, 1);
}
return ret;
}

AÄ�¸socket¥wƑ�ɝɖ�ǀȃćȼƙĄʔ�öN8ĉ�F
=RȽ/ˆƪĿ�ǀ8ćȼ
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#ifdef _WIN32
if (!req->tcp) {
    ret = write(req->fd, ((char*)buf)+n, count-n);
} else {
    ret = send(req->fd, ((char*)buf)+n, count-n, 0);
    if (ret <= 0) {
            errno = WSAGetLastError();
    }
}
#else
ret = write(req->fd, ((char*)buf)+n, count-n);
#endif

�pɡ�ćȼ
rʋF�ƀƁƂĿ8Nĉ�Ąʔ���ĕɕwCGI ǵ
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?Ä��<TCPƀƁƂĿ��
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sapi_module_struct=
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/* {{{ sapi_module_struct cgi_sapi_module
 */
static sapi_module_struct cgi_sapi_module = {
"cgi-fcgi",                     /* name */
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"CGI/FastCGI",                  /* pretty name */
 
php_cgi_startup,                /* startup */
php_module_shutdown_wrapper,    /* shutdown */
 
sapi_cgi_activate,              /* activate */
sapi_cgi_deactivate,            /* deactivate */
 
sapi_cgibin_ub_write,           /* unbuffered write */
sapi_cgibin_flush,              /* flush */
NULL,                           /* get uid */
sapi_cgibin_getenv,             /* getenv */
 
php_error,                      /* error handler */
 
NULL,                           /* header handler */
sapi_cgi_send_headers,          /* send headers handler */
NULL,                           /* send header handler */
 
sapi_cgi_read_post,             /* read POST data */
sapi_cgi_read_cookies,          /* read Cookies */
 
sapi_cgi_register_variables,    /* register server variables */
sapi_cgi_log_message,           /* Log message */
NULL,                           /* Get request time */
NULL,                           /* Child terminate */
 
STANDARD_SAPI_MODULE_PROPERTIES
};
/* }}} */
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SG(request_info).cookie_data = sapi_module.read_cookies(TSRMLS_C);
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<?php
$str = "Hello, Tipi!\n";
echo $str;

ǆőÄz
�%ơŴ�Ŭ�hello.php
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$ php ./hello.php
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ďȂ� êA8Äz
php�%��ĎďȺȻʍf<Ųďõ

<?php
$code =<<<PHP_CODE
<?php
$str = "Hello, Tipi\n";
echo $str;
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PHP_CODE;
 
var_dump(token_get_all($code));

Ź�Äz
Č S8N§/�A&
Ķ£

array (
  0 => 
  array (
    0 => 368,       // Č �	ƾƿ
    1 => '<?php     // ˴Ę/
Ʃƺȑ
',
    2 => 1,
  ),
  1 => 
  array (
    0 => 371,
    1 => ' ',
    2 => 2,
  ),
  2 => '=',
  3 => 
  array (
    0 => 371,
    1 => ' ',
    2 => 2,
  ),
  4 => 
  array (
    0 => 315,
    1 => '"Hello, Tipi
"',
    2 => 2,
  ),
  5 => ';',
  6 => 
  array (
    0 => 371,
    1 => '
',
    2 => 3,
  ),
  7 => 
  array (
    0 => 316,
    1 => 'echo',
    2 => 4,
  ),
  8 => 
  array (
    0 => 371,
    1 => ' ',
    2 => 4,
  ),
  9 => ';',

f��ZendŷŸźŻ¾ż�
ˊȣ�8�%˳¾��<<
ƾƿ�¹F�sPŻ¾żƂ(PHP�s
bisonoÒPŻ¾żƂ� ŦöƉ$PHP_SRC/Zend/zend_language_parser�y)� bisonĊĤŦöė�ăr

¥�� AR�%ø\/˴Ę
Ŧö��Ú�PŻĝĞÁZendŷŸNáâ�ǀĶ£ĝĞ¯°� �AğĠ
mķ�WX\ƺƍPŻŦö
ȣȤåN�f<4ǶŰ·� �˴Ę/ăr
PŻŦöF�ZendŷŸºNė�
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*+� 8�%*+�opcode� čÒF�ZendŷŸNĉ�f�opcode� �ĉ�opcode
IJKºU�¦
NˋŀĜŁė�*+-ĉ�� êAĉ�eval�include/requireyPQ� Ɯ�f�PQºNlÿWXĉ�³Ě
ý�WXƩƺȑK
Č �

êAÄêK
echoPQN*+��ȡZEND_ECHO�ô� ĉ�IJK�ĩ�ôÎCŲď
zend_print_variable(zval* z)ĉ��8ȺȻė7
ƩƺȑƑȮ£7� ���ų���  êK˯����j
Ƕ�êAopcode�ô@¥�Ųď
ƣ
˵˶Ą�y� Fz
!Ƕ8NijGH�

ARřħ6·§oÒ
Opcode��?�sphp
vldŚq·§�Śq&'ÈÉ:
http://pecl.php.net/package/vld�Win&��±²*+oÒdllý��

UĄPHPČ *+ĉ�
jǶ�ćCDFzUĄźŻ¾ż�PŻ¾ż#opcode*+ăĄ�¬�

�6 ¡�¢6 ¡

ʰŮ-ë�Pë��ƒȪsʽÌƺķƼĴÞ�éž¥�Ŧö�Ú*JPë-ë� *JPë��ɯĐŦ
ö
ƺķ�s7ȺÞɯĐ
¯°�±¹Pë�śžś
ƣ˷ò
˸ư� -*JPëö�ŽƂ
ƣ�śžŽ
Ƃ
ƣ
˷ò˸ư�śUhMŁǺ
Pë¦ˁ� Pë ǵ��\Ƞ
ėȐ�ś
ƣ¦Ʌ��ŁǺ
PëŦ
ö�-ŒȀŽǀTUfşŁǺ
��� k1þ¦6ɬ�ôĉ����*JPëö�ŽƂ@ś(�˹ĸ�JĨ
ʻ)
ƣ
˺˻� *JPë
�sÚ�8Pë
ɯĐƺķ@¥�Ŧöė�ʨ+�Î*JPë7¥�f�Ŧ
ö�

Ê�UhMä
*JPë�\ñ�ʦɖPëº�ƬɖPëåUȴĐ
�����õ 8�%*+�Êƾ
�ô�-*+IJÚ�ĊĤPë
PŻŦö7ė�ʨ+� 01�?�ǬȌƬY�%ė��ż�ȩf��<
hM˼˽-¬Ɣ£ĝ
��� ˾³�Yw�<č�
*JPë-ë�ÎǦÚ£��Çlex/yaccf�
*+
ƂoÒƂ�

*JPë
*+Ƃ(compiler)W�ȸƂ(interpreter)�ǫlmȁuƠ¾õ

1. D�$JĨ�ǀ¥�Pë=>�
2. ¥�Pë=>ǀoÒÊƾJĨ�

Lex@Yacc�?�ĮǍ�<ǝǞ� Ǎ�<Ơ¾��?¾�ȁ<Ơ¾õ

1. 8�%˳¾��<<
ƾƿ(token)�
2. ¥�JĨ
ƅɳ=>(hierarchical structure)�

ãä*JPëå�slex/yaccWĚ1
ĻŤ(flex/bison)7��Pë
źŻPŻ¾żoÒƂ� �A�
PHPƼRubyƼPython?#MySQL
SQLPë���

Lex@Yacc�Unix&
ȁ<ý ¥��ƥ� Ő�sw*À*+Ƃ� ��?�³Ěs˿�

Lex(źŻ¾żoÒƂ:A Lexical Analyzer Generator)�
Yacc(Yet Another Compiler-Compiler)

Lex/Flex

LexD�źŻŦöý��oÒźŻ¾żƂ�Ê�òM�sFlex?#Bison7čÒÌ�
��� Flex@lex
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ƣǀ\̀¬�Bisonö�̀¬Yacc
���

źŻŦöý��ǫ?.l��ŚqŬ�flexý�Ît<Ơ¾ȂÒ�tƠ¾
ƣs%%¾́õ�

ĐŮƓ
%%
ŦöƓ
%%
sƪ�%Ɠ

êA?&�<sw�Œý�ƩƺƼź?#�ď
êȨõ

%option noyywrap
%{
int chars = 0;
int words = 0;
int lines = 0;
%}
 
%%
[a-zA-Z]+ { words++; chars += strlen(yytext); }
\n  { chars++; lines++; }
.   { chars++; }
%%
 
main(int argc, char **argv) 
{
    if(argc > 1) {
        if(!(yyin = fopen(argv[1], "r"))) {
            perror(argv[1]);
            return (1);
        }
        yylex();
        printf("%8d%8d%8d\n", lines, words, chars);
    }
}

ĩ�ȸƂD�ý��¬� ĊĤŦöƓĐŮ
Ŧöė�¥�� ŦöFzumķKlÿ
�Ƭ�� �Ú
�˴Ę/ĩŦöJĨĉ�
Ƭ�� f<êȨK
˴ĘƬ�Áƿċ&ý�
Ʃƺ�ź?#�ď¯°ǀƑȮ£
7�³K
Ŧö�sƮöĴÞé9:�

ǔ/PHP
���PHP?��s
�flex��F7PHP
źŻ�ż«��sre2c�
$PHP_SRC/Zend/zend_language_scanner.l ý��re2c
Ŧöý�� à?ARª«ĩŦöý���ïð
re2cǯ¦Ĝ�*+�

Yacc/Bison

PHP�Fŀ
v K�¦N�sLemon��PŻ¾żƂ� Lemon�SQLite�X�SQLite
KSQLà*À
źŻ¾żƂ� LemnoƥUƇJïƈ?#�Ĝ�yɯɃ��¦ÅǁÍħɾ
ĝ
ĞÅĵ¯°�

Bison@Flex�Ƿ����s%%��¾ʢ\IBison6ɬ
�ƾƿ(token)Ĩŕ�ĊĤĐŮ
PŻŦ
ö�7ĉ���Ƭ�� Bison�ŝẽŧé(BNF)79:PŻ�
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&z?phpKechoPQ
*+�êõecho�?6ɬä<Ďď� fł<Ďď
ƣ�?�sɭķ¾Ɲ��
PHP
PŻŦöA&õ

echo_expr_list:
        echo_expr_list ',' expr { zend_do_echo(&$3 TSRMLS_CC); }
    |   expr                    { zend_do_echo(&$1 TSRMLS_CC); }
;

³Kecho_expr_listŦö��<Ȼ̄Ŧö�f�ÚɁƶ6ɬä<ĴÞé��Ďď� �ÄêK¸˴Ę/
echoÁNĉ�zend_do_echoŲď� ŲďK
Ďď�¦§ȇ7�¡̅̆� ³K
$3 Ĵĵ�zŦö
Ǎt
<ĐŮ��Ú�exprf<ĴÞé
Ŕ� zend_do_echoŲďöĊĤĴÞé
¯°*+opcode�³Ě
PŻ
Ŧö��Ƿ� f@CPëWXJava
*+Ƃ�Ƿ�\IGCCy*+ƂÁ8�%*+�ŽƂ%�Java*+Ƃ
8�%*+�ƩǶ%�

ÍäĄwlex/yacc
�¬ćĎǩYacc žLex µ¶�̇

&z8GHPHPK
opcode�

opcode

opcode�ŒȀŽ�ôK
�Ơ¾�sw�Đ�ĉ�
��� �ô
ŝé@ŦŧÎ¥�Ƃ
�ôŦŧ�
Đ� ȱ��ô ǵ?ƟòMºU�ôà��
��ď��¦U
�ô\��Ôé
��ď� f���ď�
¦�̈ŴƂK
Ŕ�̉̊K
Ŕ�´Ă�Ŵ
ŔWXIOĿƆK
Ŕyy�

òMopcodeºUˌ��Ǿ̋: ƩǶ%(byte codes)� êAJavaˇˈŽ(JVM)�.NET
òsKƣPë
(CIL: Common Intermeditate Language)yy�

PHPVopcode

PHPK
opcodeö½w�zGHK
F»�PHP�>|�ZendˇˈŽ(Zend VM)
Ä
�PHP

opcodeÚ�ZendˇˈŽK
�ô�

UĄZendˇˈŽ
GHćCDFzăĄ�¬

�PHP���Ơ�opcodeÎA&
=>ŤĴĵõ

struct _zend_op {
    opcode_handler_t handler; // ĉ�ĩopcodeÁ2s
¥�Ųď
    znode result;
    znode op1;
    znode op2;
    ulong extended_value;
    uint lineno;
    zend_uchar opcode;  // opcode�%
};

@CPU
�ô�Ƿ�U�<ƾĵ�ô
opcodeƩƓ�?#f<opcodeà��
��ď�PHP\Ç̌
*ȧşÛƅ� �Č �Ȕĉ�
ÁÂ�¦º��³ĚÍä
¯°�extended_valueƩƓÚơŴ�f�¯
°� ³K
result̍ö�ơŴĩ�ôĉ�čÒF
=R�
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êAA&�%��*+ƂO/printPQ
ÁÂė�*+
Ųď:

void zend_do_print(znode *result�const znode *arg TSRMLS_DC)
{
    zend_op *opline = get_next_op(CG(active_op_array) TSRMLS_CC);
 
    opline->result.op_type = IS_TMP_VAR;
    opline->result.u.var = get_temporary_variable(CG(active_op_array));
    opline->opcode = ZEND_PRINT;
    opline->op1 = *arg;
    SET_UNUSED(opline->op2);
    *result = opline->result;
}

f<Ųď�ɣ|�ȡzend_op�8ǓǔŔ
�Ǩőę�ɗÁĻļ(IS_TMP_VAR)�ǀ�ɗÁĻļɆć
ȫƣ� ǉF�Đopcode�ZEND_PRINT�ǀ8ȺȻė7
ĎďɶŔʍfȡopcode
Ǎ�<��ď�f�
�Eľĉ�fȡopcode
ÁÂ� ZendŷŸ¦��/ʊɅ
¯°?ųĶ£�¬�

&zf<Ųď��*+ƂO/echoPQ
ÁÂė�*+
Ųď:

void zend_do_echo(const znode *arg TSRMLS_DC)
{
    zend_op *opline = get_next_op(CG(active_op_array) TSRMLS_CC);
 
    opline->opcode = ZEND_ECHO;
    opline->op1 = *arg;
    SET_UNUSED(opline->op2);
}

�?§/echo¥�ȱ��Đopcode?Ɵ�º8echo
ĎďȺȻʍop1�fgǀTUőęopcode

result=RƩƓ� ,fg01�¦§£print@echo
ÙŨ7�printUǓǔŔ�-echoTU�fg
TU@
Ǔǔnull�\Ì
� ARǏ38echo
ŔɶŔʍ´<ĻļWXȺȻʍŲďåN£�PŻĝĞ�

PHPČ *+�opcodeơŴ�op_arrayK�³�ƠŴɄ
=>A&õ

struct _zend_op_array {
    /* Common elements */
    zend_uchar type;
    char *function_name;  // AR�sƪĐŮ
Ųďö�fg8ơŴŲď
ŬƩ
    zend_class_entry *scope;
    zend_uint fn_flags;
    union _zend_function *prototype;
    zend_uint num_args;
    zend_uint required_num_args;
    zend_arg_info *arg_info;
    zend_bool pass_rest_by_reference;
    unsigned char return_reference;
    /* END of common elements */
 
    zend_bool done_pass_two;
 
    zend_uint *refcount;
 
    zend_op *opcodes;  // opcodeďȂ
 
    zend_uint last�size;
 
    zend_compiled_variable *vars;
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    int last_var�size_var;
 
    // ...
}

AÄz
ȷȸ�opcodesơŴ�fg��ĉ�
ÁÂÎ&z
executeŲďĉ�õ

ZEND_API void execute(zend_op_array *op_array TSRMLS_DC)
{
    // ... ȝ4ĉ�op_arrayK
opcodeWXĉ�³Ěop_arrayK
opcode
}

�zÅ/¨ȡopcodeåU�<opcode_handler_t
Ųď�ʧƩƓ�swĉ�ĩopcode� fgǀTU
ʍTU�Đ¥�Ųď�ȧ�ĉ�
ÁÂĩÎɌ<Ųď7ĉ�Ȝ? Íä¯°ćĎǩZendˇˈŽăĄ!Ƕ
i
jGH�ˇˈŽăĄ!Ƕ
ijGH�

PHPUt��é7ė�opcode
¥�:CALL�SWITCH@GOTO�PHPȿț�sCALL

�é��Ú�Ųď2s
�é� Îwopcodeĉ��¨<PHPJĨǱ̎��ė�
����?
�sSWITCHWXGOTO
�é7¾p� òMGOTO
ǹǲăYNǴ���\Iǹǲ�ÜÅ
ǴġĢw\Ì
CPU�

opcodeY�]^<£

,Ä�ƗǶDX�?��/opcode�PHP�Ơ
���ȧ�şø/´<opcode
¥�ŲďȜɹ ��
�ųDX�̏̐�%
IJKø/��opcodeYr
¥�Ųď���&zGHł��Ż�

,PHP5.1�	�PHPYopcode
¾p�é�?sƪ±ĐŮ�¾�CALL�SWITCH@
GOTOt��Ǩ� ȿț�s
CALL
�é� ý�rswf��é�UĄZendˇˈŽ
G
HćCDFzăĄ�¬�

Debug6

�}~̑̒PHP��
IJK�LMòIopcode7·§�%
ĉ�ɛĨ�opcode
ĉ�Î�ý�
Zend/zend_vm_execute.hK
executeŲďĉ��

ZEND_API void execute(zend_op_array *op_array TSRMLS_DC)
{
...
zend_vm_enter:
....
if ((ret = EX(opline)->handler(execute_data TSRMLS_CC)) > 0) {
            switch (ret) {
                case 1:
                    EG(in_execution) = original_in_execution;
                    return;
                case 2:
                    op_array = EG(active_op_array);
                    goto zend_vm_enter;
                case 3:
                    execute_data = EG(current_execute_data);
                default:
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                    break;
            }
̓
...
}

�ĉ�
IJK�EX(opline)->handlerƻq�F� *execute_data->opline->handlerƽŴɄ�¥�¸
���
Ųď�ʧ� �sgdb23��executeŲď¥Ȗ×Ƞʮ��spóô�?ƑȮ£�Ƿf�
=Rõ

(gdb) p *execute_data->opline->handler
$1 = {int (zend_execute_data *)} 0x10041f394 <ZEND_NOP_SPEC_HANDLER>

f�Ú�?�ų
�ư¸��ĉ�
¥�Ųď��f�debug
�Ż�f��Ż�¡̔̕����s
gdb723�

¤¥6

�PHP�ƠU�<Ųďs7µ¶
ǓǔɯĐopcodeYr
opcode¥�Ųď�ʧõ
zend_vm_get_opcode_handler()Ųďõ

static opcode_handler_t
zend_vm_get_opcode_handler(zend_uchar opcode, zend_op* op)
{
        static const int zend_vm_decode[] = {
            _UNUSED_CODE, /* 0              */
            _CONST_CODE,  /* 1 = IS_CONST   */
            _TMP_CODE,    /* 2 = IS_TMP_VAR */
            _UNUSED_CODE, /* 3              */
            _VAR_CODE,    /* 4 = IS_VAR     */
            _UNUSED_CODE, /* 5              */
            _UNUSED_CODE, /* 6              */
            _UNUSED_CODE, /* 7              */
            _UNUSED_CODE, /* 8 = IS_UNUSED  */
            _UNUSED_CODE, /* 9              */
            _UNUSED_CODE, /* 10             */
            _UNUSED_CODE, /* 11             */
            _UNUSED_CODE, /* 12             */
            _UNUSED_CODE, /* 13             */
            _UNUSED_CODE, /* 14             */
            _UNUSED_CODE, /* 15             */
            _CV_CODE      /* 16 = IS_CV     */
        };  
        return zend_opcode_handlers[
             opcode * 25 + zend_vm_decode[op->op1.op_type] * 5
                     + zend_vm_decode[op->op2.op_type]];
}

ÎÄz
�%�?§/�opcode/php�ƠŲď�ʧ
·ø�Î&z
Țé7ė�
õ

opcode * 25 + zend_vm_decode[op->op1.op_type] * 5
                + zend_vm_decode[op->op2.op_type]

¹F8³ŒȀ
ďŔ��Ħŷ/zend_init_opcodes_handlersďȂKė�·ø� \If<ďȂ���
]u��U3851<Ȅȅ�ȌƬ·ø@ŒȀå�¡̔̕�
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u¦<£6

Äz
ȁ��Ż³�å��¡̔̕
��Đǎ´�opcode
��ĉ��%
IJK� å\.\YJĨ
ė�ĉ�WXŒȀKƣŔ�-�̏̐
IJK� Xp�¥�ŲďŬǾ�U�ĐŦö
� fg?Ųď2s

opcode�ê�2s´Ųď
opcode#³Yr�php��K��
¥�ŲďA&õ

//Ųď2sõ
DO_FCALL  ==>  ZEND_DO_FCALL_SPEC_CONST_HANDLER
 
//ĻļɶŔõ
ASSIGN     =>      ZEND_ASSIGN_SPEC_VAR_CONST_HANDLER
                   ZEND_ASSIGN_SPEC_VAR_TMP_HANDLER
                   ZEND_ASSIGN_SPEC_VAR_VAR_HANDLER
                   ZEND_ASSIGN_SPEC_VAR_CV_HANDLER            
//Ļļ×Żõ
ASSIGN_SUB =>   ZEND_ASSIGN_SUB_SPEC_VAR_CONST_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_VAR_TMP_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_VAR_VAR_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_VAR_UNUSED_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_VAR_CV_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_UNUSED_CONST_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_UNUSED_TMP_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_UNUSED_VAR_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_UNUSED_UNUSED_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_UNUSED_CV_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_CV_CONST_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_CV_TMP_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_CV_VAR_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_CV_UNUSED_HANDLER,
                    ZEND_ASSIGN_SUB_SPEC_CV_CV_HANDLER,

�Äz
óŬÚNp��³�¥�Ųď
óŬ�U?&Ŧ̖
õ

ZEND_[opcode]_SPEC_(Ļļ�Ǩ1)_(Ļļ�Ǩ2)_HANDLER

fg
Ļļ�Ǩ1@Ļļ�Ǩ2���
�ARÌÁŴ��ȧÚ�ȎŔ@ȏŔ�̗̄U&ł�õ VAR
TMP CV UNUSED CONST f��?ĊĤăĄ
ĉ�ȓ�7ȟĐ�

§¨©86

f��Ż�Äz¤¥6
̘ɳ�ÌÁ���¡Ė�
�é��zend_vm_get_opcode_handler �Ż
Kǌ×?&�%õ

static opcode_handler_t
zend_vm_get_opcode_handler(zend_uchar opcode, zend_op* op)
{
        static const int zend_vm_decode[] = {
            _UNUSED_CODE, /* 0              */
            _CONST_CODE,  /* 1 = IS_CONST   */
            _TMP_CODE,    /* 2 = IS_TMP_VAR */
            _UNUSED_CODE, /* 3              */
            _VAR_CODE,    /* 4 = IS_VAR     */
            _UNUSED_CODE, /* 5              */
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            _UNUSED_CODE, /* 6              */
            _UNUSED_CODE, /* 7              */
            _UNUSED_CODE, /* 8 = IS_UNUSED  */
            _UNUSED_CODE, /* 9              */
            _UNUSED_CODE, /* 10             */
            _UNUSED_CODE, /* 11             */
            _UNUSED_CODE, /* 12             */
            _UNUSED_CODE, /* 13             */
            _UNUSED_CODE, /* 14             */
            _UNUSED_CODE, /* 15             */
            _CV_CODE      /* 16 = IS_CV     */
        };  
 
     //ãÔ¹�01Ïopcode@ăYr
À/�/tmp/php.logý�K
     int op_index;
     op_index = opcode * 25 + zend_vm_decode[op->op1.op_type] * 5 + 
zend_vm_decode[op->op2.op_type];
 
     FILE *stream;
     if((stream = fopen("/tmp/php.log", "a+")) != NULL){
         fprintf(stream, "opcode: %d , zend_opcode_handlers_index:%d\n", 
opcode, op_index);
     }    
     fclose(stream);
 
 
        return zend_opcode_handlers[
             opcode * 25 + zend_vm_decode[op->op1.op_type] * 5
                     + zend_vm_decode[op->op2.op_type]];
}
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opcode: 38 , zend_opcode_handlers_index:970
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<?php
echo "Hello TIPI Readers";
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ƣ
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<?php
$foo = 10;
$bar = 20;
 
function change() {
    global $foo;
    $bar = 0;
    $foo++;
}
 
change();
echo $foo, ' ', $bar;
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ŔŴɄ/?&àĵzval=>ŤK� zval=>ŤĐŮ�Zend/zend.hý��³=>A&õ

typedef struct _zval_struct zval;
...
struct _zval_struct {
    /* Variable information */
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    zvalue_value value;     /* value */
    zend_uint refcount__gc;
    zend_uchar type;    /* active type */
    zend_uchar is_ref__gc;
};

PHP�sf<=>7ŴɄĻļ
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�Ǩ
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typedef union _zvalue_value {
    long lval;                  /* long value */
    double dval;                /* double value */
    struct {
        char *val;
        int len;
    } str;
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    HashTable *ht;              /* hash table value */
    zend_object_value obj;
} zvalue_value;
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typedef struct _Bucket
{
    char *key;
    void *value;
    struct _Bucket *next;
 
} Bucket;
 
typedef struct _HashTable
{
    int size;
    Bucket* buckets;
} HashTable;
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¸ä<key˵˶/Ì�<index
ÁÂ8Ĳĳ
Ȅȅʶ6ȇ7�

¾¿]^��

̹ɽŲď��ē�¦
8\Ì
key˵˶/\Ì
͇(slotWXbucket)K��`01Ȫs��E�()

̹ɽȀŻ��õ 8keyƩƺȑ
àUƩƺ×ȇ7�¹F?=RY̹ɽĴ
uƗ�ā�f�ĦŷÚ¦͌�
ďȂĦŷ
ŧ˔
���

static int hash_str(char *key)
{
    int hash = 0;
 
    char *cur = key;
 
    while(*(cur++) != '\0') {
        hash += *cur;
    }
 
    return hash;
}
 
// �sf<Ɗ7ȼ.key�̹ɽĴK
Ħŷ
#define HASH_INDEX(ht, key) (hash_str((key)) % (ht)->size)

f<̹ɽȀŻ�¡()�k
ǹRǀ\¤���Ȕȓ�&\N�sf�̹ɽȀŻ� êAPHPK�s

�Ǿ�DJBX33AȀŻ� fgŕŖ�Mysql�OpenSSLy�$���s
̹ɽȀŻ� Uːˑ
DX�?�
͍Ďǩ�
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P
J|V��

����̹ɽĴ����A&ł<��Ųďõ

int hash_init(HashTable *ht);                               // ɩ	Ȑ̹ɽĴ
int hash_lookup(HashTable *ht, char *key, void **result);   // ĊĤkey·ø�¬
int hash_insert(HashTable *ht, char *key, void *value);     // 8�¬̈́�/̹ɽĴ
K
int hash_remove(HashTable *ht, char *key);                  // Ȱȱkeyà�ç
�
¬
int hash_destroy(HashTable *ht);

&z?̈́�@����Ųď�êõ

int hash_insert(HashTable *ht, char *key, void *value)
{
    // check if we need to resize the hashtable
    resize_hash_table_if_needed(ht);    // ̹ɽĴ\ȴĐuƗ�¸̈́�
�¬µ͈ʉ̹Ĵ

ŴɄȫƣ
                                        // 8Y̹ɽĴė�Ś¬� ?ų¬̗àU
Ȅȅ
 
    int index = HASH_INDEX(ht, key);    // ø/keyà˵˶/
Ħŷ
 
    Bucket *org_bucket = ht->buckets[index];
    Bucket *bucket = (Bucket *)malloc(sizeof(Bucket)); // ��ȄȅɆćȫƣ
 
    bucket->key   = strdup(key);
    // 8Ŕ�¬ơŴė7� fgþ�()
8�ʧ�ç�ŴɄ
�¬�-TU8�¬Ł��
    bucket->value = value;  
 
    LOG_MSG("Insert data p: %p\n", value);
 
    ht->elem_num += 1; // ƿċ�&��̹ɽĴK
Ȅȅ<ď
 
    if(org_bucket != NULL) { // po�͎͏�8�Ȅȅůę�ʶĴ
ɠƠ
        LOG_MSG("Index collision found with org hashtable: %p\n", org_bucket);
        bucket->next = org_bucket;
    }
 
    ht->buckets[index]= bucket;
 
    LOG_MSG("Element inserted at index %i, now we have: %i elements\n",
        index, ht->elem_num);
 
    return SUCCESS;
}

Äzf<̹ɽĴ
̈́����¡()�()
?key�̹ɽ�ø/ȄȅrĩŴɄ
ǎę�ǀŰ·ĩǎę
�ÜËLU��¬� ARpo͎͏ö8�Ȅȅʶ6/ıUȄȅʶĴɠƠ��·øÁ�ǣ˲Ì�
͉ɐ�ø
/Ȅȅà�
ǎę�ARŴ�Ȅȅ� ö8ĩʶĴ
àUȄȅ
key@�·ø
keyġ©Y�� ħ/ø/�ß

Ȅȅ�ÜöĸÓĩŔTU˴Ę
�¬�

int hash_lookup(HashTable *ht, char *key, void **result)
{
    int index = HASH_INDEX(ht, key);
    Bucket *bucket = ht->buckets[index];
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    if(bucket == NULL) return FAILED;
 
    // ·øf<ʶĴ?ųø/Ʈ˹
Ȅȅ�òMf<ʶĴrĩ�þU�<Ȅȅ
��Ú\sä©
    // ȝ4��ơƢf�Ƀ��U�<ƍť
̹ɽȀŻ�Ɖ�zăĄ̹ɽŲď
ʶ6�
    while(bucket)
    {
        if(strcmp(bucket->key, key) == 0)
        {
            LOG_MSG("HashTable found key in index: %i with  key: %s value: 
%p\n",
                index, key, bucket->value);
            *result = bucket->value;    
            return SUCCESS;
        }
 
        bucket = bucket->next;
    }
 
    LOG_MSG("HashTable lookup missed the key: %s\n", key);
    return FAILED;
}

PHPKďȂ�Ãw̹ɽĴ��
�ġ©ʍďȂǌ×ȄȅÁ�Ȅȅ
ƣ�U`FɛĨ
�-fg
̹ɽ
Ĵ�ʣ�ǎęÄÔ¹�6ɈƎ˖¾è
� f��ŉŻĊĤ̈́�
`FɛĨ��/f�Ȅȅ
��PHP
�
�KBucket=>Ťºʫɜ�ˌ�<�ʧƩƓ7ʫɜȄȅ
ƣ
Ą�� ƥŤ�¬�F�ƗǶPHPK

HashTableKė�ijĸÓ�Äz
êȨÚ�PHPK��
�<Ė(v�

 ƗǶ
HashTable�êč;�%�?�$TIPI_ROOT/book/sample/chapt03/03-01-01-
hashtableÊċKø/�

PHPV¾¿À��

Ä�ǶËLGH�̹ɽĴ
Ã ı��-��ȔĒÊK�Y̹ɽĴ
�ȼɪ\âȧş()� YÐ¦�
̚ɨÐåU\Ì
�ȼ�&z01§§PHPK
̹ɽĴ��ş��
�

PHPV¾¿��

PHPK
̹ɽĴ�ʕ¾Ĝ�
��<ďĤ6Ɔ�Ã ÄuƠ¾
PëɯÐå�Ãw̹ɽĴ
� êAõ
Ļļ
�s̍@Ļļ
ŴɄ��
��?#ZendŷŸ�Ơ
ďĤUãäå�ơŴ�̹ɽĴK
�

^«/0ª��

Ä�ǶÅ/PHPK
̹ɽĴ��s̤ʶŻ7�ĮĲĳ
�ƥŤɃŇÚ��sʶĴ7ŴɄ̹ɽ/Ì�<
͇ǎ
ďĤ� Zend��ơŴďĤ
ƣ
Ą�-�s�ǼçŕĴ7ơŴďĤ�

¾¿À/0

PHPK
̹ɽĴ���Zend/zend_hash.cK�º�ǣ˲Ä�ƗǶ
�é�`§§PHP��K
ďĤ=
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>� PHP�sA&ȁ<ďĤ=>7��̹ɽĴ�HashTable=>ŤswơŴ;<̹ɽĴ��
Ã ¯°�
-Bucket=>ŤswơŴƥŤ
ďĤ�¬�A&õ

typedef struct _hashtable { 
    uint nTableSize;        // hash Bucket
uƗ�EƗ�8�?2xȖɎ�
    uint nTableMask;        // nTableSize-1 � Ħŷ�Ŕ
ɲȐ
    uint nNumOfElements;    // hash BucketK¸�Ŵ�
Ȅȅ<ď�count()ŲďNħ6Ǔ
ǔǦŔ 
    ulong nNextFreeElement; // &�<ďƩĦŷ
ǎę
    Bucket *pInternalPointer;   // ¸�ʹZ
�ʧƻforeach�forµ
ıƜ
�ƽ
    Bucket *pListHead;          // ŴɄďȂɠȄȅ�ʧ
    Bucket *pListTail;          // ŴɄďȂʒȄȅ�ʧ
    Bucket **arBuckets;         // ŴɄhashďȂ
    dtor_func_t pDestructor;
    zend_bool persistent;
    unsigned char nApplyCount; // ƾƿ¸�hash BucketƚȻ̄ɀǝ
©ďƻ˂âä©Ȼ
̄ƽ
    zend_bool bApplyProtection;// ƾƿ¸�hash͐Ɂƶ\Ɂƶä©ɀǝ�\ɁƶÁ�Eäþ
¦Ȼ̄3©
#if ZEND_DEBUG
    int inconsistent;
#endif
} HashTable;

nTableSizeƩƓswƾĵ̹ɽĴ
¬ļ�̹ɽĴ
ɩ	¬ļEƗ�8��`§§̹ɽĴ
ɩ	ȐŲď:

ZEND_API int _zend_hash_init(HashTable *ht, uint nSize, hash_func_t 
pHashFunction,
                    dtor_func_t pDestructor, zend_bool persistent 
ZEND_FILE_LINE_DC)
{
    uint i = 3;
    //...
    if (nSize >= 0x80000000) {
        /* prevent overflow */
        ht->nTableSize = 0x80000000;
    } else {
        while ((1U << i) < nSize) {
            i++;
        }
        ht->nTableSize = 1 << i;
    }
    // ...
    ht->nTableMask = ht->nTableSize - 1;
 
    /* Uses ecalloc() so that Bucket* == NULL */
    if (persistent) {
        tmp = (Bucket **) calloc(ht->nTableSize, sizeof(Bucket *));
        if (!tmp) {
            return FAILURE;
        }
        ht->arBuckets = tmp;
    } else {
        tmp = (Bucket **) ecalloc_rel(ht->nTableSize, sizeof(Bucket *));
        if (tmp) {
            ht->arBuckets = tmp;
        }
    }
 
    return SUCCESS;
}
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êAARőęɩ	uƗ�10�öÄz
ȀŻ8N8uƗ2;�16��Ú�	ľ8uƗ2;�6Ɉɩ	
uƗ
 2
;ď©��

�ŞşN�f�
2;Ȝɹ01`§§HashTable8̹ɽŔ˵˶/͇ǎ
�Ż�Ä�ƗǶ0�s��
ā
�é78̹ɽŔ ˵˶/͇ǎ�êAuƗ�8
̹ɽĴ�̹ɽŔ�100� ö˵˶
͇ǎĦŷ�: 100 % 8
= 4�ÎwĦŷòM,0�	� à?͇ǎ
ĦŷŔ�3��PHPK�sA&
�éŒȀĦŷõ

h = zend_inline_hash_func(arKey, nKeyLength);
nIndex = h & ht->nTableMask;

,Äz
_zend_hash_init()ŲďK���ht->nTableMask
uƗ�ht->nTableSize -1� fg�s&�
�-\��s�ā�f�Ɯ��ăY7ĸ�ā��
ɋ͑@ǣǎž
��uãä�

mask
�sÚ�8̹ɽŔ˵˶/͇ǎà¦ŴɄ
Ħŷŧ˔�� êAõ´<key
ĦŷŔ
�21� ̹ɽĴ
uƗ�8�ömask�7�öȼžÁ
Ľė�Ĵĵ�õ 10101 & 111 = 101 �
Ú�ʕė�
5� Ɯ�2
;ď©�-1
Ľė��¡ɯˍõFzNǎ
Ŕå�1�f��¡¬Ɣ
¦8Ŕė�˵˶� AR�ȶòďƩė��Ľė�ž
FNÕÖ̹ɽŔ
=R�ȧş̹ɽŲď
ŒȀ
Ŕ
Ǝ˖¾èÚ�¦£�ÕÖ�

őę¤̹ɽĴuƗ
FÚ���̹ɽĴɆćŴɄďĤ
ȫƣ��AÄzɩ	Ȑ
�%� ĊĤ�Ü��
Ā͒ơŴ-ȡs�\Ì
�ŴɆć�Ż������Ā͒Ť�
���zPHPoóʄƖgGH
õ Ā͒�
¬¦�ä<ćȼ
ƣ�ɀǝ�-AR�hĀ͒ŴɄöN�ćȼ=ʏÁȸů͈s
ȫƣ� ƥŤ�¬8��Ŵ
ñ�!ǶKė�GH�

HashTableK
nNumOfElementsƩƓã¤���¨̈́��<ȄȅWXunsetȰ͓ȄȅÁNÍ�f<Ʃ
Ɠ� f��ė�count()Ųď�ŒďȂȄȅ<ďÁÚ¦µ¶
Ǔǔ�

nNextFreeElementƩƓhMUs�`§�ƓPHP�%õ

<?php
$a = array(10 => 'Hello');
$a[] = 'TIPI';
var_dump($a);
 
// ouput
array(2) {
  [10]=>
  string(5) "Hello"
  [11]=>
  string(5) "TIPI"
}

PHPK�?\�ĐĦŷŔçďȂKǌ×Ȅȅ�fÁ8ȿț�sďƩ��Ħŷ� @CPëK
͔Ŗ�
Ƿ�-f<Ȅȅ
Ħŷ/Û�äĠÚÎnNextFreeElementƩƓĮĐ�� ARďȂKŴ��ďƩkey�öN
ȿț�sE��s
key + 1�êAÄêKËLŴ��10��key
Ȅȅ�f��̈́�
ȿțĦŷÚ�11
��

^«¶�ÎÏÐ
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&z§§ơŴ̹ɽĴďĤ
͇ǎďĤ=>Ťõ

typedef struct bucket {
    ulong h;            // Ychar *keyė�hashF
Ŕ�WX�sƪ�Đ
ďƩĦŷŔ
    uint nKeyLength;    // hashĄɸƩ
Ɏd�ARďȂĦŷ�ďƩ�ǦŔ�0
    void *pData;        // �çvalue��ǫ�sƪďĤ
̫ �AR��ʧďĤ�ö�ç
pDataPtr
    void *pDataPtr;     //AR��ʧďĤ�ǦŔN�çƭƮ
value�ÌÁÄzpDataN�ç
ǦŔ
    struct bucket *pListNext;   // ;<hashĴ
&�Ȅȅ
    struct bucket *pListLast;   // ;<̹ɽĴĩȄȅ
Ä�<Ȅȅ
    struct bucket *pNext;       // Ŵů�Ì�<hash Bucket�
&�<Ȅȅ
    struct bucket *pLast;       // Ì�<̹ɽbucket
Ä�<Ȅȅ
    char arKey[1];  
    /*ŴɄƩƺĦŷ�ǦĒɦɧů�Eƙʒ�Ɯ�Ǧ¥þƩŮ�1<ƩǶ�ŴɄ
�ȔÄ��çchar 
*key
Ŕ�
    fÚƐʵ»�?˯�ȞɶŔ�©
ɋ͑�-ȃ�UÁǦŔǀ\���à?ÌÁºǶ˯�ȫƣ�
    */
} Bucket;

AÄz�ƩƓ
ȷȸ�hƩƓơŴ̹ɽĴkey̹ɽF
Ŕ��PHPK�?�sƩƺȑWXďƩ��ďȂ

Ħŷ� Ɯ�ďƩ
Ħŷ�̳�
�ARȞė��©̹ɽ8Nǳu
̴ʐ�hƩƓFz
nKeyLengthƩƓ
���keyɎd
ƾĵ� ARĦŷ�ďƩ
ù�önKeyLength�0��PHPKĐŮďȂÁARƩƺȑ�?
ƚæȍÒďƩ�Nė�æȍ� ÑgrPHPUÒÓ'10'�'11'Ô¬VMKÃx�^MÃx10� 11ÕÖ×Ø�

ZendŷŸ̹ɽĴ=>@Ą�

Äʖ7$w�˘�

Bucket=>Ťʫɜ�ȁ<ǼçʶĴ�pNext@pLast�ʧ¾Ũ�ç ͇ǎà�
ʶĴ
Ą��
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-pListNext@pListLast�ʧ�ç
ö�;<̹ɽĴàU
ďĤ
ƣ
ʶ6Ą�� HashTable=>Ť
K
pListHead@pListTailöʫɜ;<̹ɽĴ
ɠȄȅ�ʧ@EF�<Ȅȅ
�ʧ�

PHPKďȂ
��ŲďhMä�êAõarray_shift()@array_pop()Ųď�¾Ũ,ďȂ
ɠ
Ơ@ʒƠ͕£Ȅȅ� ̹ɽĴKơŴ�ɠƠ@ʒƠ�ʧ�f��ĉ�f���ÁÚ¦�MďÁ
ƣ�čÒ� PHPKºU���s
ăY\ȧşä��ďȂ
next()�prev()yŲď?#YďȂ

ȝ4K� ̹ɽĴ
ˌƟ�<�ʧÚ¦p͖�s�õpInternalPointer�f<swơŴ¸�̹
ɽĴ�Ơ
�ʧ� f�ȝ4ÁÚhMUs�

AʖKȎ&͗
ǆő�ǆőġ©̈́��Bucket1�Bucket2�Bucket3t<Ȅȅõ

1. ̈́�Bucket1Á�̹ɽĴ�ȫ�LI̹ɽFĐǎ/Ħŷ�1
͇ǎ�ǦÁ
1͇ǎþU�<Ȅȅ
Bucket1� ³KBucket1
pDataWXpDataPtr�ç
�Bucket1àŴɄ
ďĤ�ǦÁÎwTUʶ6
Ą��pNext� pLast�pListNext�pListLast�ʧ˖�ȫ�ÌÁ�HashTable=>ŤK�ơŴ�;<
̹ɽĴ
Ǎ�<Ȅȅ�ʧ� @EF�<Ȅȅ�ʧ�ǦÁHashTable
pListHead@pListTail�ʧ˖�
çBucket1�

2. ̈́�Bucket2Á�ÎwBucket2
key@Bucket1
key£�Ĳĳ�ǦÁ8Bucket2ů�ǼʶĴ
�z�
ÎwBucket2F̈́�ǀęwʶĴ
�Ŀ�ǦÁBucket2.pNext�çBucket1�ÎwBucket2F̈́��
Bucket1.pListNext�çBucket2�fÁBucket2Ú�̹ɽĴ
EF�<Ȅȅ�f�
HashTable.pListTail�çBucket2�

3. ̈́�Bucket3�ĩkeyTU̹ɽ/͇ǎ1�fÁBucket2.pListNext�çBucket3�Ɯ�Bucket3F̈́
�� ÌÁHashTable.pListTail«��çBucket3�

()7ĸÚ�̹ɽĴ
Bucket=>ʫɜ�̹ɽĴK̈́�Ȅȅ
`FɛĨ�̹ɽĴ=>ʫɜ�;<̹ɽ
Ĵ
ɠ@ʒ� ���̹ɽĴ
IJK	ľơĀǿȀ
ƣ
Ą��

¾¿ÀVP
J|

@Ä�Ƕ�Ƿ�8()GHPHP̹ɽĴ
��6Ɔ���Åǁ�A&ł���6Ɔõ

ɩ	Ȑ���êAzend_hash_init()Ųď�swɩ	Ȑ̹ɽĴ6Ɔ�¾Ęȫƣy�
·ø�̈́��Ȱȱ@Í���6Ɔ�f��¡MŦ
���
͘�@ȝ4�f�
6Ɔswȝ4Y̹ɽĴė����
Ł��˩Ĩ�͙ę@͚͛y���

 ƗǶ��³K
̈́���ė�GH�

¾¿ÀVºÙ

ÚÛ¢ÜUVHashTable��

Ruby:;VstÝ�RubyUVÞßhash��
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�.� A?

Mļ�ūŬŭŮ��<Mɖ
ļŔ�kžŔþ˨Đ�©�k
�s�wU͜wȖ×JĨ
�DÐ@�
͝Ð� �PHPK�Mļ
ŬƩ��<()Ŕ
ƾ�ƺ��Č ĉ�ƖƣĩŔ\¦«Ļ� @Ļļ���Mļ
ȿț�uƗÀ͞ǚ�ȩ�ǣ˲01
~ǖMļƾ�ƺɫ�uÀ
� MļŬ@³kǊB PHP ƾ¢ʤȝÌ�

óŬŦö�ƍŻ
MļŬ?Ʃ̞W&̟Ƈ�	�Fz̝»ǊBƩ̞�ďƩW&̟Ƈ� �f�ƗǶ01�
ȇ§&Mļž01MƉ
ĻļU͟ÙŨ�k�ĉ�Ɩƣ
\�«Ļ
ɯÐ�AB��
?#Mļ
ĐŮI
J�

�`§&MļžĻļ
ÙŨ�Mļ��Ļļ
zval=>
ÃȈÄǌ×��͠Ɵ
Ȅȅ�A&àĵ�
PHPKMļ
�Ơ=>�

A?V�à/0

typedef struct _zend_constant {
    zval value; /* zval=>�PHP�ƠĻļ
ŴɄ=>��Ǎ�ƗǶUĸÓ */
    int flags;  /* Mļ
ƾƿA CONST_PERSISTENT | CONST_CS */
    char *name; /* MļŬǾ */
    uint name_len;  
    int module_number;  /* āĂķ */
} zend_constant;

�Zend/zend_constants.hý�
33��?§/AÄàĵ
=>ĐŮ� �Mļ
=>K�ȱ�žĻļ
��
zval=>�kºlm½wMļ
ƾƿ�MļŬ?#Mļà�
āĂķ�

����Mļ
ŴɄ=>F�017§PHPMļ
ĐŮIJ��<êȨ�

define('TIPI', 'Thinking In PHP Internal');

f��<ãMŦ
MļĐŮIJ�k�s�PHP
�ęŲďdefine��MļŬ�TIPI�Ŕ��<Ʃƺ
ȑ�Ŵů�zval=>K� ,f<êȨ£p�01§&defineĐŮMļ
IJ����

defineSTA?V���

define�PHP
�ęŲď��Zend/zend_builtin_functions.cý�KĐŮ�ǦŲď
���A&àĵ��
Ơ¾$%õ

 
/* {{{ proto bool define(string constant_name, mixed value, boolean 
case_insensitive=false)
   Define a new constant */
ZEND_FUNCTION(define)
{
        if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, "sz|b", &name,
                &name_len, &val, &non_cs) == FAILURE) {
                return;
        }
 
        ... // �MļĐŮ Ǧ¥\�GH
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        ... // Ŕ�ǨȟȠ@¥�
 
        c.value = *val;
        zval_copy_ctor(&c.value);
        if (val_free) {
                zval_ptr_dtor(&val_free);
        }
        c.flags = case_sensitive; /* non persistent */
        c.name = zend_strndup(name, name_len);
        c.name_len = name_len+1;
        c.module_number = PHP_USER_CONSTANT;
        if (zend_register_constant(&c TSRMLS_CC) == SUCCESS) {
                RETURN_TRUE;
        } else {
                RETURN_FALSE;
        }
}
/* }}} */

Äz
�%ËLYYƄ@�Mļ��(Ȑ¥�� ³��Ã Ä��<8ȺȻ
ĎďȺȻʍ�|

zend_constant=>�ǀ8f<=>Ťȷɚ/MļŕĴK
IJ� ĄwuƗÀ͞ǚ�Ųď
Ǎt<ĎďĴ
ĵ�Üáabâã�ȿț�falseƻuƗÀ͞ǚƽ�f<ĎďEFNɶŔʍzend_constant=>Ť
flagsƩ�
Ɠ�³�ŲďK���%A&õ

zend_bool non_cs = 0;   //  Ǎt<Ďď
ɗÁŴɄĻļ
int case_sensitive = CONST_CS;  //  �ÜuƗÀ͞ǚ�ȿț�1
 
if(non_cs) {    //  Ķ��ƭ�uƗÀ\͞ǚ
    case_sensitive = 0;
}
 
c.flags = case_sensitive; //     ɶŔʍ=>ŤƩƓ

,Äz
defineŲď
��7§��PHP��A?V¦´rSTäÚ�³ÕÖÑåVæ��A&àĵ�
%õ

define('^_^', 'smile');
 
if (defined('^_^')) {
    echo 'yes';
}else{
    echo 'no';
}
//$var = ^_^;   //PŻĝĞ
$var = constant("^_^");

òIdefinedŲďĔ3Ĵĵ�‘^_^’f<MļËLĐŮ¤�f�
MļŉŻħ62s� þ¦�sconstant�
PQ7�s� Üö�PŻ�żÁNÔĵĝĞ� �Äz
�%KUs/�<ȟȠMļ�ÜĐŮ
Ųď�&z
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definedçèA?³éêë�

@define��� defined
����Zend/zend_builtin_functions.cý�� ³����<D�ĎďĻ��
ļ�2s zend_get_constant_exŲď��Mļ
Ŕ7ȟȠMļ�ÜŴ�
IJ� -
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zend_get_constant_exŲď\ĕlm�MŦ
MŦ
Mļ���ºlm�Mļ
��� EF�òI
zend_get_constantŲď��Mļ
Ŕ��zend_get_constantŲďK�Ã Ä�òI&z
�%7��M
ļ
Ŕ�

zend_hash_find(EG(zend_constants), name, name_len+1, (void **) &c)

ȱǦ
Ɵ�þ�2sf<Ųď
�@
FYnameU��ɯˍ
¥��

ì
A?Ví�O

?ÄòIdefineĐŮ
Mļ
āĂ*ķå�PHP_USER_CONSTANT�fĴĵ�sƪĐŮ
Mļ� ȱ�
Ǧ
Ɵ01�ƎÁ�s¡ä
�A�ÔĵàUɳŨĝĞɑɊÁ�s
E_ALLMļÚUɃ\Ì�� fg01
?cgiāé�êĸÓƾ�Mļ
ĐŮIJ� ;<2sɛĨA&àĵõ
[php_cgi_startup() -> php_module_startup() -> zend_startup() ->
zend_register_standard_constants()]

 
void zend_register_standard_constants(TSRMLS_D)
{
    ... //  ǈ˚Mļ?REGISTER_MAIN_LONG_CONSTANTőę�
    REGISTER_MAIN_LONG_CONSTANT("E_ALL", E_ALL, CONST_PERSISTENT | CONST_CS);
    ...
}

REGISTER_MAIN_LONG_CONSTANTƊq��?zend_register_long_constant���
zend_register_long_constantŲď8MļKŔ
�Ǩ�Ŕ�ŬǾ#āĂķɶŔʍ�
zend_constant� ǀ
2szend_register_constantǌ×/ƈȵ
MļŕĴK�

[php_cgi_startup() -> php_module_startup() -> zend_startup() ->
zend_register_standard_constants() -> zend_register_constant]

ZEND_API void zend_register_long_constant(const char *name, uint name_len,
        long lval, int flags, int module_number TSRMLS_DC)
{
    zend_constant c;
 
    c.value.type = IS_LONG;
    c.value.value.lval = lval;
    c.flags = flags;
    c.name = zend_strndup(name, name_len-1);
    c.name_len = name_len;
    c.module_number = module_number;
    zend_register_constant(&c TSRMLS_CC);
}

zend_register_constantŲď�`ĊĤMļK
c->flagsȟȠ�ÜÙ¾uƗÀ� AR\Ù¾�öŬƩ��
��ƗÀ�ARlÿ"\\"����ÒƗÀ�Üö�ĐŮ
ŬƩ ¹F82s&z
PQ8¸�Mļǌ×/
EG(zend_constants)� EG(zend_constants)��<HashTableƻf��z
!ǶKĸÓƽ� &z
�%
�8Mļǌ×/f<HashTableK�

zend_hash_add(EG(zend_constants), name, c->name_len, (void *) c,
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        sizeof(zend_constant), NULL)==FAILURE)

�php_module_startupŲďK�ȱ�zend_startupŲďKUȷɚƾ�
Mļ� k ǵŤòIƊ
REGISTER_MAIN_LONG_CONSTANTyȷɚ���Mļ�AõPHP_VERSION�PHP_OSy�

Ąw6Ɔ@�K
Mļ018�Fz
�à�!ǶKijĸÓ�

�E� XST\?

uǙå�ưPHPČ �ĉ�
ÁÂsƪƈȵĻļ(�sƪȫƣÔéĐŮ
Ļļ)NơŴ��<HashTable
ďĤ�Ǩ
ƺķĴ(symbol_table)K� �PHPKU���¡ɯˍ
ƈȵĻļêA:
$_GET�$_POST�$_SERVERyĻļ�01ǀTU�JĨKĐŮf�Ļļ�ǀȃf�Ļļ�Ì�ơŴ�
ƺķĴK� ,f�ĴƄ01\ǰ.£=ʈõPHP��Č Ź�
�Ú8f�ɯˍ
Ļļ×�/�ƺķĴK
��

XST\?$GLOBALSVí�O

01?cgiāé�êĸÓ$GLOBALS
ɩ	Ȑ� ,cgi_main.cý�mainŲď�	� ;<2sɛĨA&
àĵõ

[main() -> php_request_startup() -> zend_activate() -> init_executor() ]

... //  ˯ɐ
zend_hash_init(&EG(symbol_table), 50, NULL, ZVAL_PTR_DTOR, 0);
{
    zval *globals;
 
    ALLOC_ZVAL(globals);
    Z_SET_REFCOUNT_P(globals, 1);
    Z_SET_ISREF_P(globals);
    Z_TYPE_P(globals) = IS_ARRAY;
    Z_ARRVAL_P(globals) = &EG(symbol_table);
    zend_hash_update(&EG(symbol_table), "GLOBALS", sizeof("GLOBALS"),
        &globals, sizeof(zval *), NULL);      //  ǌ×ƈȵĻļGLOBALS
}
... //  ˯ɐ

Äz
�%
ĄɸɃzend_hash_updateŲď
2s�k8ĻļŬ�GLOBALS
Ļļȷɚ/
EG(symbol_table)K� EG(symbol_table)��<HashTable
=>�s7ŴůàU
ƈȵĻļ� f�&z
8�Å/
$_GETyĻļɩ	ȐÁ�Ns/�

$_GET1$_POSTî\?Ví�O

$_GET1$_COOKIE1$_SERVER1$_ENV1$_FILES1$_REQUESTf͡<Ļļå�òIA&
2
sĨŕė�ɩ	Ȑ� [main() -> php_request_startup() -> php_hash_environment() ]
�ćȼɩ	ȐÁ�òI2s php_hash_environment Ųďɩ	Ȑ?Ä
͡<ǿĐŮ
Ļļ� A&àĵ�
php_hash_environmentŲď
�%���%
F01?$_POST�êĸÓ;<ɩ	Ȑ
IJ�
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/* {{{ php_hash_environment
 */
int php_hash_environment(TSRMLS_D)
{
        char *p;
        unsigned char _gpc_flags[5] = {0, 0, 0, 0, 0};
        zend_bool jit_initialization = (PG(auto_globals_jit) && 
!PG(register_globals) && !PG(register_long_arrays));
        struct auto_global_record {
                char *name;
                uint name_len;
                char *long_name;
                uint long_name_len;
                zend_bool jit_initialization;
        } auto_global_records[] = {
                { "_POST", sizeof("_POST"), "HTTP_POST_VARS", 
sizeof("HTTP_POST_VARS"), 0 },
                { "_GET", sizeof("_GET"), "HTTP_GET_VARS", 
sizeof("HTTP_GET_VARS"), 0 },
                { "_COOKIE", sizeof("_COOKIE"), "HTTP_COOKIE_VARS", 
sizeof("HTTP_COOKIE_VARS"), 0 },
                { "_SERVER", sizeof("_SERVER"), "HTTP_SERVER_VARS", 
sizeof("HTTP_SERVER_VARS"), 1 },
                { "_ENV", sizeof("_ENV"), "HTTP_ENV_VARS", 
sizeof("HTTP_ENV_VARS"), 1 },
                { "_FILES", sizeof("_FILES"), "HTTP_POST_FILES", 
sizeof("HTTP_POST_FILES"), 0 },
        };
        size_t num_track_vars = sizeof(auto_global_records)/sizeof(struct 
auto_global_record);
        size_t i;
 
        /* jit_initialization = 0; */
        for (i=0; i<num_track_vars; i++) {
                PG(http_globals)[i] = NULL;
        }
 
        for (p=PG(variables_order); p && *p; p++) {
                switch(*p) {
                        case 'p':
                        case 'P':
                                if (!_gpc_flags[0] && !SG(headers_sent) && 
SG(request_info).request_method && !strcasecmp(SG(request_info).request_method, 
"POST")) {
                                        sapi_module.treat_data(PARSE_POST, 
NULL, NULL TSRMLS_CC);   /* POST Data */
                                        _gpc_flags[0] = 1;
                                        if (PG(register_globals)) {
                                                
php_autoglobal_merge(&EG(symbol_table), 
Z_ARRVAL_P(PG(http_globals)[TRACK_VARS_POST]) TSRMLS_CC);
                                        }
                                }
                                break;
                        case 'c':
                        case 'C':
                                if (!_gpc_flags[1]) {
                                        sapi_module.treat_data(PARSE_COOKIE, 
NULL, NULL TSRMLS_CC); /* Cookie Data */
                                        _gpc_flags[1] = 1;
                                        if (PG(register_globals)) {
                                                
php_autoglobal_merge(&EG(symbol_table), 
Z_ARRVAL_P(PG(http_globals)[TRACK_VARS_COOKIE]) TSRMLS_CC);
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                                        }
                                }
                                break;
                        case 'g':
                        case 'G':
                                if (!_gpc_flags[2]) {
                                        sapi_module.treat_data(PARSE_GET, NULL, 
NULL TSRMLS_CC);    /* GET Data */
                                        _gpc_flags[2] = 1;
                                        if (PG(register_globals)) {
                                                
php_autoglobal_merge(&EG(symbol_table), 
Z_ARRVAL_P(PG(http_globals)[TRACK_VARS_GET]) TSRMLS_CC);
                                        }
                                }
                                break;
                        case 'e':
                        case 'E':
                                if (!jit_initialization && !_gpc_flags[3]) {
                                        zend_auto_global_disable_jit("_ENV", 
sizeof("_ENV")-1 TSRMLS_CC);
                                        php_auto_globals_create_env("_ENV", 
sizeof("_ENV")-1 TSRMLS_CC);
                                        _gpc_flags[3] = 1;
                                        if (PG(register_globals)) {
                                                
php_autoglobal_merge(&EG(symbol_table), 
Z_ARRVAL_P(PG(http_globals)[TRACK_VARS_ENV]) TSRMLS_CC);
                                        }
                                }
                                break;
                        case 's':
                        case 'S':
                                if (!jit_initialization && !_gpc_flags[4]) {
                                        zend_auto_global_disable_jit("_SERVER", 
sizeof("_SERVER")-1 TSRMLS_CC);
                                        
php_register_server_variables(TSRMLS_C);
                                        _gpc_flags[4] = 1;
                                        if (PG(register_globals)) {
                                                
php_autoglobal_merge(&EG(symbol_table), 
Z_ARRVAL_P(PG(http_globals)[TRACK_VARS_SERVER]) TSRMLS_CC);
                                        }
                                }
                                break;
                }
        }
 
        /* argv/argc support */
        if (PG(register_argc_argv)) {
                php_build_argv(SG(request_info).query_string, 
PG(http_globals)[TRACK_VARS_SERVER] TSRMLS_CC);
        }
 
        for (i=0; i<num_track_vars; i++) {
                if (jit_initialization && 
auto_global_records[i].jit_initialization) {
                        continue;
                }
                if (!PG(http_globals)[i]) {
                        ALLOC_ZVAL(PG(http_globals)[i]);
                        array_init(PG(http_globals)[i]);
                        INIT_PZVAL(PG(http_globals)[i]);
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                }
 
                Z_ADDREF_P(PG(http_globals)[i]);
                zend_hash_update(&EG(symbol_table), 
auto_global_records[i].name, auto_global_records[i].name_len, 
&PG(http_globals)[i], sizeof(zval *), NULL);
                if (PG(register_long_arrays)) {
                        zend_hash_update(&EG(symbol_table), 
auto_global_records[i].long_name, auto_global_records[i].long_name_len, 
&PG(http_globals)[i], sizeof(zval *), NULL);
                        Z_ADDREF_P(PG(http_globals)[i]);
                }
        }
 
        /* Create _REQUEST */
        if (!jit_initialization) {
                zend_auto_global_disable_jit("_REQUEST", sizeof("_REQUEST")-1 
TSRMLS_CC);
                php_auto_globals_create_request("_REQUEST", 
sizeof("_REQUEST")-1 TSRMLS_CC);
        }
 
        return SUCCESS;
}
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function t() {
    static $i = 0;
    $i++;
    echo $i, ' ';
}
 
t();
t();
t();
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static�PHP
ĄɸƩ�01��,źŻ¾ż�PŻ¾ż�Kƣ�%oÒ/ĉ�Kƣ�%fł<Ơ¾ɻ
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1. �6 ¡

�`·§ Zend/zend_language_scanner.lý��ĥĦ staticĄɸƩ�01�?ø/A&�%õ

<ST_IN_SCRIPTING>"static" {
    return T_STATIC;
}

2. ¢6 ¡

�źŻ¾żø/tokenF�òIf<token��Zend/zend_language_parser.yý�K·ø�ø/ăĄ
�%A&õ

|   T_STATIC static_var_list ';'
 
static_var_list:
        static_var_list ',' T_VARIABLE { zend_do_fetch_static_variable(&$3, 
NULL, ZEND_FETCH_STATIC TSRMLS_CC); }
    |   static_var_list ',' T_VARIABLE '=' static_scalar { 
zend_do_fetch_static_variable(&$3, &$5, ZEND_FETCH_STATIC TSRMLS_CC); }
    |   T_VARIABLE  { zend_do_fetch_static_variable(&$1, NULL, 
ZEND_FETCH_STATIC TSRMLS_CC); }
    |   T_VARIABLE '=' static_scalar { zend_do_fetch_static_variable(&$1, &$3, 
ZEND_FETCH_STATIC TSRMLS_CC); }
 
;
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êK
staticĄɸƩ˴ĘK��ÎŲďzend_do_fetch_static_variable¥�
�

3. tñopcodeUò4%

zend_do_fetch_static_variableŲď
�sÚ�oÒopcode�ĐŮA&õ

void zend_do_fetch_static_variable(znode *varname, const znode
        *static_assignment, int fetch_type TSRMLS_DC)
{
    zval *tmp;
    zend_op *opline;
    znode lval;
    znode result;
 
    ALLOC_ZVAL(tmp);
 
    if (static_assignment) {
        *tmp = static_assignment->u.constant;
    } else {
        INIT_ZVAL(*tmp);
    }
    if (!CG(active_op_array)->static_variables) {   /* ɩ	ȐǦÁ
ʦɖĻļŴůǎ
ę */
        ALLOC_HASHTABLE(CG(active_op_array)->static_variables);
        zend_hash_init(CG(active_op_array)->static_variables, 2, NULL, 
ZVAL_PTR_DTOR, 0);
    }
    //  8�
ʦɖĻļůė7
    zend_hash_update(CG(active_op_array)->static_variables, varname-
>u.constant.value.str.val,
        varname->u.constant.value.str.len+1, &tmp, sizeof(zval *), NULL);
 
    ...//˯ɐ
    opline = get_next_op(CG(active_op_array) TSRMLS_CC);
    opline->opcode = (fetch_type == ZEND_FETCH_LEXICAL) ? ZEND_FETCH_R : 
ZEND_FETCH_W;      /* Îwfetch_type=ZEND_FETCH_STATIC�JĨN�ǬZEND_FETCH_W*/
    opline->result.op_type = IS_VAR;
    opline->result.u.EA.type = 0;
    opline->result.u.var = get_temporary_variable(CG(active_op_array));
    opline->op1 = *varname;
    SET_UNUSED(opline->op2);
    opline->op2.u.EA.type = ZEND_FETCH_STATIC;  /* f�Kƣ�%ĉ�ÁNUus */
    result = opline->result;
 
    if (varname->op_type == IS_CONST) {
        zval_copy_ctor(&varname->u.constant);
    }
    fetch_simple_variable(&lval, varname, 0 TSRMLS_CC); /* Relies on the fact 
that the default fetch is BP_VAR_W */
 
    if (fetch_type == ZEND_FETCH_LEXICAL) {
        ...//˯ɐ
    } else {
        zend_do_assign_ref(NULL, &lval, &result TSRMLS_CC); //  ɶŔ��Kƣ�%
oÒ
    }
    CG(active_op_array)->opcodes[CG(active_op_array)->last-1].result.u.EA.type 
|= EXT_TYPE_UNUSED;
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}
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ZEND_FETCH_WKƣ�%��zend_do_fetch_static_variableKħ6ɶŔ�-ZEND_ASSIGN_REFKƣ
�%��zend_do_fetch_static_variableK2szend_do_assign_refoÒ
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4. ��Uò4%

opcode
*+ȯƓčÒFÚ�	opcode
ĉ��� �Zend/zend_vm_opcodes.hý�KlÿàU
opcode
ƊĐŮ�f�Ɗ͢TUɯˍÿŮ�þ���opcode
̳�ƾĵ� lÿ êKăĄ
A&ȁ<Ɗ

ĐŮõ

#define ZEND_FETCH_W                          83
#define ZEND_ASSIGN_REF                       39

�zǍĽ! [Č 
ĉ��Ƕ][from-op-code-to-handler]GH�ĊĤopcode·ø/ăr¥�Ųď
�
Ż� òIKƣ�%2s˵˶�ŻŒȀ.ǦÁZEND_FETCH_W Yr
���
ZEND_FETCH_W_SPEC_CV_HANDLER�³�%A&õ

static int ZEND_FASTCALL  
ZEND_FETCH_W_SPEC_CV_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
    return zend_fetch_var_address_helper_SPEC_CV(BP_VAR_W, 
ZEND_OPCODE_HANDLER_ARGS_PASSTHRU);
}
 
static int ZEND_FASTCALL zend_fetch_var_address_helper_SPEC_CV(int type, 
ZEND_OPCODE_HANDLER_ARGS)
{
    ...//˯ɐ
 
    if (opline->op2.u.EA.type == ZEND_FETCH_STATIC_MEMBER) {
        retval = zend_std_get_static_property(EX_T(opline-
>op2.u.var).class_entry, Z_STRVAL_P(varname), Z_STRLEN_P(varname), 0 
TSRMLS_CC);
    } else {
        // �ƺķĴ�fg01�
�EG(active_op_array)->static_variables
        target_symbol_table = zend_get_target_symbol_table(opline, EX(Ts), 
type, varname TSRMLS_CC);    
        ...//   ˯ɐ
        if (zend_hash_find(target_symbol_table, varname->value.str.val, 
varname->value.str.len+1, (void **) &retval) == FAILURE) {
            switch (type) {
                ...//˯ɐ
                //  ��z
2sK01�ưtype = case BP_VAR_W�w�JĨN˭ǣcase 
BP_VAR_W
ʌJ˭�
                case BP_VAR_W: {
                        zval *new_zval = &EG(uninitialized_zval);
 
                        Z_ADDREF_P(new_zval);
                        zend_hash_update(target_symbol_table, varname-
>value.str.val, varname->value.str.len+1, &new_zval, sizeof(zval *), (void **) 
&retval);
                        // Í�ƺķĴ�ĉ�ɶŔ��
                    }
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                    break;
                EMPTY_SWITCH_DEFAULT_CASE()
            }
        }
        switch (opline->op2.u.EA.type) {
            ...//˯ɐ
            case ZEND_FETCH_STATIC:
                zval_update_constant(retval, (void*) 1 TSRMLS_CC);
                break;
            case ZEND_FETCH_GLOBAL_LOCK:
                if (IS_CV == IS_VAR && !free_op1.var) {
                    PZVAL_LOCK(*EX_T(opline->op1.u.var).var.ptr_ptr);
                }
                break;
        }
    }
 
    ...//˯ɐ
}

�Äz
�%KU�<Ąɸ
Ųďzend_get_target_symbol_table�k
�s���¸�Ʈ�ĉ�

ÊƾƺķĴ� -�Ųďĉ�Á¸�
op_arrayö�ŲďŤ ǵ�`§§zend_op_array
=>�

struct _zend_op_array {
    /* Common elements */
    zend_uchar type;
    char *function_name;
    zend_uint num_args;
    zend_uint required_num_args;
    zend_arg_info *arg_info;
    zend_bool pass_rest_by_reference;
    unsigned char return_reference;
    /* END of common elements */
 
    zend_bool done_pass_two;
 
    zend_uint *refcount;
 
    zend_op *opcodes;
    zend_uint last, size;
 
    /* static variables support */
    HashTable *static_variables;
 
    zend_op *start_op;
    int backpatch_count;
 
    zend_uint this_var;
    // ...
}

ÎÄ�?§/zend_op_arrayKlÿfunction_nameƩƓ��Ú�¸�Ųď
ŬǾ� Ȟ§§��¸�
ƺķƾ
Ųďõ

static inline HashTable *zend_get_target_symbol_table(const zend_op *opline, 
const temp_variable *Ts, int type, const zval *variable TSRMLS_DC)
{
    switch (opline->op2.u.EA.type) {
        ...//   ˯ɐ
        case ZEND_FETCH_STATIC:
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            if (!EG(active_op_array)->static_variables) {
                ALLOC_HASHTABLE(EG(active_op_array)->static_variables);
                zend_hash_init(EG(active_op_array)->static_variables, 2, NULL, 
ZVAL_PTR_DTOR, 0);
            }
            return EG(active_op_array)->static_variables;
            break;
        EMPTY_SWITCH_DEFAULT_CASE()
    }
    return NULL;
}

��z
zend_do_fetch_static_variableĉ�Á�op2.u.EA.type
Ŕ�ZEND_FETCH_STATIC� ,
-fzend_get_target_symbol_tableŲďK01Ǔǔ
�EG(active_op_array)->static_variables� �Ú�
¸�Ųď

ʦɖĻļ̹ɽĴ�¨©ĉ�ÁåN,ĩƺķĴK·øăr
Ŕ�Îwop_array�JĨĉ�Á
	ľŴ�� àUYʦɖƺķĴKďŔ
ª«Nˋŀơɵ�&©Ųďĉ�Áˋŀ,ĩƺķĴ��¯°� �Ú
�ĸZend�¨<Ųď(�˹
ĸ�zend_op_array)¾Ę��<ͣU
ƺķĴ7ơŴĩŲď
ʦɖĻļ�

�ó� ¬­ôõV��

PHP�̦�ǨPë�ç�ŻȺȻĎďÁÂ�ǀ\ͤŝŰ·ďĤ�Ǩ� \IUÁ��ȟȠȺȻ/�ŻK

Ďď��ǦPHPKÅǁ���Ųď�7ȟȠďĤ
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Ʃƺȑ��AswȟȠYƄ
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ǝǞ�PHP5Kŷ���ǨÅĵf<ɿʇ��ĐŮ�ŻĎďÁ�ÌÁĐ
ŮĎď
YƄ�Ǩ� AR�2s
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�ǨžĐŮ
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IˮYƄ
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ïƈÐ�

PHPK
�ǨÅĵě¦þ¦swĎď�YƄ
Åĵ�-ŉŻsw�;ď�Ʃȑ�ɂɃy�
ǨÅĵ��PHP5.1
F�PHP¿ĀYďȂ
�ǨÅĵ�

��s�ǨÅĵ�þ���ŻƻWŲďƽ
YƄǨĎď�×�<ËŴ�
�
ŬǾ�¸�s�ǨÅĵ
Á� S\ĕ�?�ĐYƄ�Ǩ�º�?�ĐƃƄ�@6Ɔ�

�<ďȂ
�ǨÅĵĵêõ

function array_print(Array $arr) {
    print_r($arr);
}
 
array_print(1);

?Ä
fƓ�%U�ɃǝǞ�kVp�01f©àGH
�ǨÅĵ�fƓ�%�PHP5.1
F
v ĉ
��NɑĝA&õ

Catchable fatal error: Argument 1 passed to array_print() must be an array, 
integer given, called in  ...

¸01ÏŲďĎďK
;ȉĻļĻ�ďȂÁ�JĨNƮMŹ��2sprint_rŲďĶ£ďȂ� ȧşf<
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�ǨÅĵ�AB��
Ȝɹ \ñ���K
�Ż�º�012s
Ųď�å��sfunctionĄɸƩ��³
ǧÓ
ƾƿ� -�ǨÅĵ
���žŲď
ǧÓăĄ
��ǧÓÁÚËL˹Đ�Ďď
�Ǩ�Ɍ��ȩ�
���2sÁǯNÔĵ£7� fg�01,ȁ<�zĸÓ�ǨÅĵ
��õ

1. ĎďǧÓÁ
�ǨÅĵ
2. ŲďW�Ż2sÁ
�ǨÅĵ

8ͥǯ
ȧ<êȨª«�&õ

function array_print(Array $arr = 1) {
    print_r($arr);
}
 
array_print(array(1));

fƓ�%ž�z
ȧ<ĵêă��Ųď
Ďďőę��<ȿțŔ�ȩ�f<ȿțŔ��<;ȉĻļ�
kžĎďʍĐ
�ǨÅĵArray\���ƜǦ�¸01Ź�fƓ�%ÁNãµ§/JĨNɑĝA&õ

Fatal error: Default value for parameters with array type hint 
can only be an array or NULL

�Şş�ãµ§/ɑĝȜɹ Ɯ�ȿțŔ
ŰĔIJpo�ÒKƣ�%oÒȯƓ�žŹ�Á
ɑĝ\
Ì�kºTUoÒKƣ�%��TUĉ�Kƣ�%
IJ� �Zend/zend_language_parser.yý�K�0
1ø/Ųď
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1. ȫ�ǃTU�ǨÅĵ
2. �Ŭ�sƪĐŮWPHP±ĐŮ
�Ƽ6Ɔy
3. ďȂ�*+ƖƣYr
token�T_ARRAY�ǃArrayƩƺȑ

�zend_do_receive_argŲďK�ʧYclass_typeĎď����ŕ
���Ã Ä�ʧYÄzŕ£
t
��Ǩ� ³KYw�Ŭ�JĨǀTUȟȠf<��ÜŴ��ǃ�S�s��<\Ŵ�
�Ŭ� JĨ�ɑĝ
Á�Ôĵ
�N��Ďàʍ
YƄǀ\�ʍĐ�
�ê�

?Ä�ǧÓ�ǨÅĵ
IJ?#�ǧÓIJKYĎďȿțŔ
ȟȠIJ�&z01§&�ŲďW�Ż
2sÁ�ǨÅĵ
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,Äz
ǧÓIJ01�ưPHP�*+�ǨÅĵ
ăĄ�%Á2s
�Zend/zend_complie.cý�K

zend_do_receive_argŲď� �f<ŲďK8�ǨÅĵ
ȟȠ
opcodeƚɶŔ�ZEND_RECV�ĊĤ
opcode
˵˶ŒȀŦö.£³�ĉ�Á2s
�ZEND_RECV_SPEC_HANDLER� ³�%A&õ

static int ZEND_FASTCALL  ZEND_RECV_SPEC_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
       ...//˯ɐ
        if (param == NULL) {
                char *space;
                char *class_name = get_active_class_name(&space TSRMLS_CC);
                zend_execute_data *ptr = EX(prev_execute_data);
 
                if (zend_verify_arg_type((zend_function *) EG(active_op_array), 
arg_num, NULL, opline->extended_value TSRMLS_CC)) {
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                       ...//˯ɐ
                }
               ...//˯ɐ
        } else {
              ...//˯ɐ
                zend_verify_arg_type((zend_function *) EG(active_op_array), 
arg_num, *param, opline->extended_value TSRMLS_CC);
              ...//˯ɐ
        }
      ...//˯ɐ
}

AÄàĵõ�ZEND_RECV_SPEC_HANDLERKEF2s
�zend_verify_arg_type�³�%A&õ

static inline int zend_verify_arg_type(zend_function *zf, zend_uint arg_num, 
zval *arg, ulong fetch_type TSRMLS_DC)
{
   ...//˯ɐ
 
    if (cur_arg_info->class_name) {
        const char *class_name;
 
        if (!arg) {
            need_msg = zend_verify_arg_class_kind(cur_arg_info, fetch_type, 
&class_name, &ce TSRMLS_CC);
            return zend_verify_arg_error(zf, arg_num, cur_arg_info, need_msg, 
class_name, "none", "" TSRMLS_CC);
        }
        if (Z_TYPE_P(arg) == IS_OBJECT) { // Ţ¹��YƄĎď, ȺȻ
Ďď���YƄ
�Ǩ
            // &zŰ·f<YƄ�Ü�ĎďÅĵ�
�êYƄ, fg�ɁƶȺȻȨ��ˁYƄ
            need_msg = zend_verify_arg_class_kind(cur_arg_info, fetch_type, 
&class_name, &ce TSRMLS_CC);
            if (!ce || !instanceof_function(Z_OBJCE_P(arg), ce TSRMLS_CC)) {
                return zend_verify_arg_error(zf, arg_num, cur_arg_info, 
need_msg, class_name, "instance of ", Z_OBJCE_P(arg)->name TSRMLS_CC);
            }
        } else if (Z_TYPE_P(arg) != IS_NULL || !cur_arg_info->allow_null) { // 
Ďď�NULL, ���?òIŰ·
,
                                                                            // 
ARŲďĐŮ�ĎďȿțŔ, \ȺȻĎď2s���?òIŰ·

            need_msg = zend_verify_arg_class_kind(cur_arg_info, fetch_type, 
&class_name, &ce TSRMLS_CC);
            return zend_verify_arg_error(zf, arg_num, cur_arg_info, need_msg, 
class_name, zend_zval_type_name(arg), "" TSRMLS_CC);
        }
    } else if (cur_arg_info->array_type_hint) { //  ďȂ
        if (!arg) {
            return zend_verify_arg_error(zf, arg_num, cur_arg_info, "be an 
array", "", "none", "" TSRMLS_CC);
        }
        if (Z_TYPE_P(arg) != IS_ARRAY && (Z_TYPE_P(arg) != IS_NULL || 
!cur_arg_info->allow_null)) {
            return zend_verify_arg_error(zf, arg_num, cur_arg_info, "be an 
array", "", zend_zval_type_name(arg), "" TSRMLS_CC);
        }
    }
    return 1;
}

zend_verify_arg_type
;<ʌJAʖ3.1àĵõ
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ʖ3.1 �ǨÅĵȟȠʌJʖ

AR�ǨÅĵɑĝ�zend_verify_arg_typeŲďEFåN2s zend_verify_arg_class_kind oÒɑĝ
¯°� ǀȃ2s zend_verify_arg_error ɑĝ�A&àĵ�%õ

static inline char * zend_verify_arg_class_kind(const zend_arg_info 
*cur_arg_info, ulong fetch_type, const char **class_name, zend_class_entry 
**pce TSRMLS_DC)
{
    *pce = zend_fetch_class(cur_arg_info->class_name, cur_arg_info-
>class_name_len, (fetch_type | ZEND_FETCH_CLASS_AUTO | 
ZEND_FETCH_CLASS_NO_AUTOLOAD) TSRMLS_CC);
 
    *class_name = (*pce) ? (*pce)->name: cur_arg_info->class_name;
    if (*pce && (*pce)->ce_flags & ZEND_ACC_INTERFACE) {
        return "implement interface ";
    } else {
        return "be an instance of ";
    }
}
 
 
static inline int zend_verify_arg_error(const zend_function *zf, zend_uint 
arg_num, const zend_arg_info *cur_arg_info, const char *need_msg, const char 
*need_kind, const char *given_msg, char *given_kind TSRMLS_DC)
{
    zend_execute_data *ptr = EG(current_execute_data)->prev_execute_data;
    char *fname = zf->common.function_name;
    char *fsep;
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    char *fclass;
 
    if (zf->common.scope) {
        fsep =  "::";
        fclass = zf->common.scope->name;
    } else {
        fsep =  "";
        fclass = "";
    }
 
    if (ptr && ptr->op_array) {
        zend_error(E_RECOVERABLE_ERROR, "Argument %d passed to %s%s%s() must 
%s%s, %s%s given, called in %s on line %d and defined", arg_num, fclass, fsep, 
fname, need_msg, need_kind, given_msg, given_kind, ptr->op_array->filename, 
ptr->opline->lineno);
    } else {
        zend_error(E_RECOVERABLE_ERROR, "Argument %d passed to %s%s%s() must 
%s%s, %s%s given", arg_num, fclass, fsep, fname, need_msg, need_kind, 
given_msg, given_kind);
    }
    return 0;
}

�Äz
�%K�01�?ø/�z
ɑĝ¯°K
��ĄɸƩArgumentƼ passed toƼcalled in
y� fÚ�01�2sŲďW�ŻÁ�ǨÅĵÔĵĝĞ¯°
Eľĉ�ǎę�

�ö� \?Vtuvw

òI�z!Ƕ
9:�01ËL�ư�PHPKĻļ
ŴɄ�éͦͦàU
ĻļåơŴ�zval=>K�
&zGH�&PHP��AB��Ļļ
ĐŮ�é?#�s̍�

\?Vtuvw

�ZEė�źŻ@PŻ
¾ż
F�oÒƥŤ
opcode�f�opcodeEľƚexecuteŲď
(Zend/zend_vm_execute.h:46)�ȸĉ�� �excuteŲďK�U?&�%õ

while (1) { 
 
    ... 
    if ((ret = EX(opline)->handler(execute_data TSRMLS_CC)) > 0) {
        switch (ret) {
            case 1:
                EG(in_execution) = original_in_execution;
                return;
            case 2:
                op_array = EG(active_op_array);
                goto zend_vm_enter;
            case 3:
                execute_data = EG(current_execute_data);
            default:
                break;
        }     
    }     
    ...
}
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fg
EX(opline)->handler(...)8op_arrayK
��ɛĨĉ�� ³KĻļɶŔ���
ZEND_ASSIGN_SPEC_CV_CONST_HANDLER()ŲďKė��
ZEND_ASSIGN_SPEC_CV_CONST_HANDLERKė���Ļļ�Ǩ
ȟȠǀ��ŴK¾Ę�<zval�¹
F8Ļļ
ŔŴɄ³K� ĻļŬ@�çf<zval
�ʧ�öNŴɄwƺķĴ��
ZEND_ASSIGN_SPEC_CV_CONST_HANDLER
EFN2sZEND_VM_NEXT_OPCODE()8op_array

�ʧa/&�ȡopline� f�ÚNȉÒȝ4ĉ�
ǹR�

�ZEĉ�
IJK�U̱<ƈȵ
Ļļ�f�Ļļå�swZEŹ�Áà�¯°
ŴɄõ

//_zend_compiler_globals *+Á¯°�lmŲďĴy
zend_compiler_globals    *compiler_globals;  
//_zend_executor_globals ĉ�Á¯°
zend_executor_globals    *executor_globals; 
//_php_core_globals Ő�ŴɄphp.ini�
¯°
php_core_globals         *core_globals; 
//_sapi_globals_struct SAPI
¯°
sapi_globals_struct      *sapi_globals;

�ĉ�
IJK�ĻļŬ#�ʧŐ�ŴɄw_zend_executor_globals
ƺķĴ
K�_zend_executor_globals
=>f�
õ

struct _zend_executor_globals {
...
/* symbol table cache */
HashTable *symtable_cache[SYMTABLE_CACHE_SIZE];
HashTable **symtable_cache_limit;
HashTable **symtable_cache_ptr;
 
zend_op **opline_ptr;
 
HashTable *active_symbol_table;  /* active symbol table */
HashTable symbol_table;     /* main symbol table */
 
HashTable included_files;   /* files already included */
...
 
}

�ĉ�
IJK�active_symbol_tableNĊĤĉ�
ƥŤPQ\ȠpoĻȐ(ićƉ Ƕ&ͧƠ¾)�
ʧYƇJïƈ
EGƊÚ�s7�ǦĻļK
Ŕ� ZE8op_arrayĉ�čʓ?F�HashTableNƚ
FREE_HASHTABLE()ȸů͓� ARJĨ�s�unsetPQ7ŐƬɋ͛Ļļ�öN2s
ZEND_UNSET_VAR_SPEC_CV_HANDLER78Ļļ͚͛� ǔș�Ŵ�fƠ¾�Ŵ�?ĎǩńǍ͡! �
Ŵñ�Ņ
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�PHPKTUYMŦĻļ
ǧÓ���AR��s�<Ļļ�ħ6ė�ɶŔ��ǃ���ɶŔ��

ÌÁËLė�ǧÓ��� �<()
ɶŔ��õ

$a = 10;

�sVLDŚq·§³oÒ
Kƣ�%� ASSIGN� ġǦ�01ø/³ĉ�
Ųď�
ZEND_ASSIGN_SPEC_CV_CONST_HANDLER� ƻø/f<Ųď
�Ż
�õ$a�CV�10�
CONST����ASSIGN� ³Ě�Ż�?ĎƉɍõø/OpcodeƥŤ��ƽ CV�PHP�5.1FȖ×
�<
�*+Ɩ
ȾŴ�A01��sVLD·§Äz
PHP�%oÒ
Kƣ�%ÁN§/õ

compiled vars:  !0 = $a

f<$aĻļÚ�op_type�IS_CV
Ļļ�

IS_CVŔ
őę��PŻ�żÁė�
�
ĎƉZend/zend_complie.cý�K
zend_do_end_variable_parseŲď�

�f<ŲďK���f<ɶŔ��
ȎŔ@ȏŔ
�%�õ

zval *value = &opline->op2.u.constant;
zval **variable_ptr_ptr = _get_zval_ptr_ptr_cv(&opline->op1, 
                                    EX(Ts), BP_VAR_W TSRMLS_CC);

ÎwȏŔ��<ďŔ�01�?����<Mļ�öħ6���ďŴɄ
constantƩƓ� Ąwf<Ʃ
Ɠ
ĸÓ8�Fz
ˇˈŽ!ǶĸÓ� ȎŔ�òI _get_zval_ptr_ptr_cvŲď��zvalŔ�f<ŲďEF

2sɛĨ�õ [_get_zval_ptr_ptr_cv] --> [_get_zval_cv_lookup]

�_get_zval_cv_lookupŲďKĄɸ�%�õ

zend_hash_quick_find(EG(active_symbol_table), cv->name, cv->name_len+1, 
                                    cv->hash_value, (void **)ptr)

f��<HashTable
·øŲď�k
�s�,EG(active_symbol_table)K·øŬǾ�cv->name
Ļ
ļ�ǀ8f<ŔɶŔʍptr� EF�f<�ƺķĴKø/
Ŕ8ȺȻʍ
ZEND_ASSIGN_SPEC_CV_CONST_HANDLERŲď
variable_ptr_ptrĻļ�

?Ä���ȎŔ@ȏŔ
IJ��fb��F8ĉ�ɶŔ��
�ŵ��--ɶŔ�ɶŔ���òI2s
zend_assign_to_variableŲď��� �zend_assign_to_variableŲďK�ɶŔ��¾�¤ł�ȣȤ7¥
���JĨKÚ�?łƅ
ifPQŤ��

ûü�Î÷µVýµ·rx;þÿzval\?Uis_ref__gcMĀbā0Ă��ăýµbî�Ąµ

f�ȣȉ9:ȇ7�¡ƃƄ�A&z
ĵêõ

$a = 10;
$b = &$a;
 
xdebug_debug_zval('a');
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$a = 20;
xdebug_debug_zval('a');

3ř�AR017�f<$b = &$a;
Ûƅ���01�¦Nf��õ

ȟȠȎŔ�\�ËLƚŷsI�;
ȎŔËLƚŷs�ö\«ĻȎŔ
ŷsŒď�8ȏŔɶžȎŔ;

ˊ�Ä�ZE��sÌ�
�Ż7���³�%A&õ

if (PZVAL_IS_REF(variable_ptr)) {
    if (variable_ptr!=value) {
        zend_uint refcount = Z_REFCOUNT_P(variable_ptr);
 
        garbage = *variable_ptr;
        *variable_ptr = *value;
        Z_SET_REFCOUNT_P(variable_ptr, refcount);
        Z_SET_ISREF_P(variable_ptr);
        if (!is_tmp_var) {
            zendi_zval_copy_ctor(*variable_ptr);
        }
        zendi_zval_dtor(garbage);
        return variable_ptr;
    }
}

PZVAL_IS_REF(variable_ptr)ȟȠis_ref__gcƩƓ�Ü�0��ȎŔ\ywȏŔ
ȣȤ&ĉ����
àU�çf<zval¬Ƃ
Ļļ
ŔåĻÒ�*value�ǀȃŷsŒď
Ŕ\Ļ�&z�f�ȣȤ
�<ĵêõ

Äz
êȨ
Ķ£=Rõ

a:
(refcount=2, is_ref=1),int 10
a:
(refcount=2, is_ref=1),int 20

ûü.Î÷µVýµb·rx;�ýµVx;¤^ā1�ýµî�Ąµ

�f�ȣȤ&�rĩ�Şşå\Npoͨɹ§�<ĵêõ

$a = 10;
$a = $a;

§Ä�ƭ
Ç�ŞşåTUpo� ȎŔ
ŷsŒďº�1�Ŕͩ�10 � ¹-�f<ɶŔIJK�$a

ŷsŒďLZ��©×�@�©Ȋ�
��� A?&�%õ

if (Z_DELREF_P(variable_ptr)==0) {  //  ŷsŒďȊ���
        if (!is_tmp_var) {
            if (variable_ptr==value) {
                Z_ADDREF_P(variable_ptr);   //  ŷsŒď×���
            }
...//˯ɐ
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ûüEÎ÷µVýµb·rx;�ýµVx;¤^ā1�Ąµ·rx;

s�<PHP
ĵê79:�&f�ȣȤõ

$a = 10;
$b = &$a;
$c = $a;

fg
$c = $a;
��Ú�01àĵ
Ǎt�ȣȤ� Ywf�ȣȤ�ZEND��ħ6ɣ|�<�
zval
¬Ƃ�ȎŔ
Ŕ�ȏŔ�ǀȃȎŔ
ŷsŒď�1� �Ú�ĸ�f�ȣȉ$c\Nž$a�çÌ�<zval� ³
�����%A&õ

 
garbage = *variable_ptr;
*variable_ptr = *value;
INIT_PZVAL(variable_ptr);   //  ɩ	Ȑ�<�
zvalĻļ¬Ƃ
zval_copy_ctor(variable_ptr);   
zendi_zval_dtor(garbage);
return variable_ptr;

�f<êȨK�ǈ8 $c = $a; ȍÒ $c = &$a;�$a�$b@$ct<Ļļ
ŷsŒďNpo
ŞşĻȐɹ
8 $b = &$a; ȍÒ $b = $a; Ȝɹ
uǙ�?8ʋœǔŁ�&zõƽ

ûü`Î÷µVýµb·rx;�ýµVx;¤^ā1�Ąµb·rx;

f�ȣȉA&z
êȨõ

$a = 10;
$c = $a;

fÁ�ȏŔ
ŷsŒď×Ä��ǫȣȤ&�NYȎŔė�ȗȘșƌ���8³a�ȗȘȾĲ̺�ȗȘ
ȾĲ̺
ě¦��PHP5.3FǯU
� �PHP��K
�%Ť��õ

Z_ADDREF_P(value);  //  ŷsŒď×1
*variable_ptr_ptr = value;
if (variable_ptr != &EG(uninitialized_zval)) {
    GC_REMOVE_ZVAL_FROM_BUFFER(variable_ptr);   //  2sȗȘșƌŽ�
    zval_dtor(variable_ptr);
    efree(variable_ptr);    //  ȸůĻļ�Ŵȫƣ
}
return value;

ûüóÎ÷µVýµb·rx;�ýµVx;¤^āá�0�Ąµ·rx;��ăx;¤^á�0
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�<ͪĵf�ȣȤ
PHPĵêõ

$a = 10;
$b = $a;
$va = 20;
$vb = &$va;
 
$a = $va;

EF�<��Ú�01
ȣȤ̻� �sxdebug§ŷsŒďp��Eľ$aĻļ
ŷsŒď�1�$vaĻ
ļ
ŷsŒď�2�ǀȃ$vaŴ�ŷs� ,$%ƅ¾żf<ıƜõ

ALLOC_ZVAL(variable_ptr);   //  ¾Ę�
zval¬Ƃ
*variable_ptr_ptr = variable_ptr;
*variable_ptr = *value;
zval_copy_ctor(variable_ptr);
Z_SET_REFCOUNT_P(variable_ptr, 1);  //  őęŷsŒď�1

,�%�?§£��¾Ę��<zval¬Ƃ�ǀőę�ŷsŒď�1�ȮƢ�01
�
êȨ$aĻļ
=
R�

ȱÄ:̻�ȣȤ
Ɵ�zend_assign_to_variableŲďºYƈƠ
ɗÁĻļ��¥�� ĻļɶŔ
�
���ƈƠÎǦŲďčÒ�

\?Vøù

�PHPK͚͛ĻļEMs
�Ż��sunsetŲď� unsetŲďǀ\��<ƭƮƐŮÄ
Ųď�k��
�Pë=>� ��sǦŲďÁ�kNĊĤĻļ
\ÌVp\Ì
���

�<(ǅ
êȨõ

$a = 10;
unset($a);

�sVLDŚq·§³oÒ
Kƣ�%õ

compiled vars:  !0 = $a
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
   2     0  >   EXT_STMT
         1      ASSIGN                                                   !0, 10
   3     2      EXT_STMT
         3      UNSET_VAR                                                !0
         4    > RETURN                                                   1

�͓ĄwɶŔ
Kƣ�%�./unsetŲďoÒ
Kƣ�%� UNSET_VAR�Îw01unse
��<
Ļļ� �Zend/zend_vm_execute.hý�K·ø/³Eľ2s
ĉ�Kƣ�%
Ųď�õ
ZEND_UNSET_VAR_SPEC_CV_HANDLER Ąɸ�%�%A&õ

target_symbol_table = zend_get_target_symbol_table(opline, EX(Ts),
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        BP_VAR_IS, varname TSRMLS_CC);
    if (zend_hash_quick_del(target_symbol_table, varname->value.str.val,
            varname->value.str.len+1, hash_value) == SUCCESS) {
        ...//˯ɐ
    }

JĨN`��ÊƾƺķĴ�f<ƺķĴ��<HashTable�¹F801��unset͓
Ļļ,f<
HashTableKȰȱ�

Ļļ
͚͛º"#/ȗȘǔșŽ�ƻGCƽ�ćĎƉăĄǍ͡!�¬ ĄwHashTable
�
�ćĎǩ << ̹ɽĴ(HashTable) >>�

\?V
;ą

Ļļ
�s̍�Ļļ
�<�sŧ˔��f<ŧ˔�Ļļ��Ɖ
�ǃ�?ɀǝĩĻļ
�%Ù̍�
ăˡ�AR\�f<ŧ˔��Ļļ�\�Ɖ
�ŉŻƚ2s� ƻƈȵĻļ�?8�sŧ˔§��;<J
Ĩƽ A&z
êȨõƻNĶ£Şş�
=RȜɹƽ

<?php
    $foo = 'tipi';
    function variable_scope(){
        $foo = 'foo';
        print $foo ;
        print $bar ;
    }

ÎǦ�Ɖ�Ļļ
�s̍��<ãÃȈ
ɿʇ��Ļļ
��K�¡Ĝ��

Z[\?�[à\?

Ļļǣ�s̍�Ǩ¾�õƈȵĻļ@ȵƠĻļ�Z[\?��;<JĨKǊBÈ�ǉƐ2s
Ļļ�
�PHPK�ƈȵĻļ
“ƈȵȐ”�sgloalPQ7��� ăYwƈȵĻļ�[à\?
�s̍�JĨK
Ơ
¾�%ƻAŲďKƽ�-\�JĨ
ƈƠ�

Ļļ
�s̍žĻļ
oóʄƖU�Đ
Ǹ�� A��<ŲďKĐŮ
Ļļ� f<Ļļ
�s̍,Ļ
ļǧÓ
ÁÂ�	/f<Ųď=ʏ
ÁÂ� f�Ļļ01Ǿ
�ȵƠĻļ�k
oóʄƖ�	wŲď�
	�=ʏwŲď
2sčÒ
Á�

Ļļ
�s̍ĮĐ³oóʄƖͨɹJĨŹ�/Ļļ�s̍ŧ˔
Ɵ�ÚN8Ļļė�͚͛
ͨɹ
ARS�ưʋœ��?ǔŁ�&z�

Yw\Ì�s̍
Ļļ�ARŴ�ĲĳȣȤ�ÚÇÄz
êȨK�ƈȵĻļKU�<Ŭ�$bar
Ļ
ļ� �ȵƠĻļK�Ŵ��<Ŭ�$bar
Ļļ� ǦÁABÙ¾Ȝɹ

YwƈȵĻļ�ZEND��U�<_zend_executor_globals=>�ĩ=>K
symbol_tableÚ�ƈȵ
ƺķĴ� ³KơŴ��ͫƅ�s̍K
Ļļ�Ì��ŲďWXYƄ
�Ż�ƚ2sÁNɣ|
active_symbol_table7ơŴȵƠĻļ� ¸JĨ�ͫƅK�s´<ĻļÁ�ZEÚN�symbol_tableKė�
ʹZ� Ì��ARJĨŹ�w´<ŲďK�Zend��NʹZ·ͬž³Yr
active_symbol_table� -¨
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<Ųď
active_symbol_table�ăYʗ¼
�ÎǦ-��
�s̍
ʗ¼�

q77§�AR012s
�<ŲďK
Ļļ�ZE�s_zend_execute_data7ŴɄ ´<)ʗ

op_arrayƻ¨<ŲďåNoÒ)ʗ
op_array)ĉ�IJKà��
¯°�k
=>A&õ

struct _zend_execute_data {
    struct _zend_op *opline;
    zend_function_state function_state;
    zend_function *fbc; /* Function Being Called */
    zend_class_entry *called_scope;
    zend_op_array *op_array;
    zval *object;
    union _temp_variable *Ts;
    zval ***CVs;
    HashTable *symbol_table;
    struct _zend_execute_data *prev_execute_data;
    zval *old_error_reporting;
    zend_bool nested;
    zval **original_return_value;
    zend_class_entry *current_scope;
    zend_class_entry *current_called_scope;
    zval *current_this;
    zval *current_object;
    struct _zend_op *call_opline;
};

ŲďK
ȵƠĻļÚŴɄ�_zend_execute_data
symbol_tableK��ĉ�¸�Ųď
op_arrayÁ�
ƈȵzend_executor_globalsK
*active_symbol_tableN�ç¸�_zend_execute_dataK

*symbol_table� -ǦÁ�³ĚŲďK
symbol_table\N£��¸�
active_symbol_tableK� ³ĚŲ
ďK
Ļļ�Ú\Nƚø/� ȵƠĻļ
�s̍Ú�?f��é7��
� ăĄ���
Zend/zend_vm_execute.h ý�KĐŮ
executeŲďK�Ê�¹�A&àĵ�%õ

zend_vm_enter:
/* Initialize execute_data */
execute_data = (zend_execute_data *)zend_vm_stack_alloc(
    sizeof(zend_execute_data) +
    sizeof(zval**) * op_array->last_var * (EG(active_symbol_table) ? 1 : 2) +
    sizeof(temp_variable) * op_array->T TSRMLS_CC);
 
EX(symbol_table) = EG(active_symbol_table);
EX(prev_execute_data) = EG(current_execute_data);
EG(current_execute_data) = execute_data;

à?�Ļļ
�s̍��s\Ì
ƺķĴ7��
�w�ͫƅ
ƈȵĻļ�Ųď�Ơ�sÁ� ��`
�sglobalPQ78Ļļ“ͭ”/Ųďʗ¼
*active_symbol_tableK� ǃĻļ
ǡ̍���ƻĄwgloal
i
j�ȸ�Ɖ&�ƗǶƽ

�PHP
$%K�EXƊLM£��k
�s���=>Ťzend_execute_data
ƩƓ
Ŕ�k
���õ
#define EX(element) execute_data->element�

global¢Ć

globalPQ
�s�ĐŮƈȵĻļ�êAARř�Ųď�ɀǝƈȵ�s̍�
Ļļö�?òIglobalǧ
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Ó7ĐŮ� &z,PŻ�ȸ�	¾ż�

1. �6�¡

·§ Zend/zend_language_scanner.lý��ĥĦ globalĄɸƩ�01�?ø/A&�%õ

<ST_IN_SCRIPTING>"global" {
return T_GLOBAL;
}

2. ¢6�¡

�źŻ�żčF��.�token�ǦÁòIf<token�01�Zend/zend_language_parser.yý�K
·ø�ø/ăĄ�%A&õ

|   T_GLOBAL global_var_list ';'
 
global_var_list:
    global_var_list ',' global_var  { zend_do_fetch_global_variable(&$3, NULL, 
ZEND_FETCH_GLOBAL_LOCK TSRMLS_CC); }
|   global_var                      { zend_do_fetch_global_variable(&$1, NULL, 
ZEND_FETCH_GLOBAL_LOCK TSRMLS_CC); }
;

Äz�%K
$3��global_varƻAR\Ōͮyacc
PŻ��?·Cyacc�̇�
ý!�ƽ

,Äz
�%�?�ư�YwƈȵĻļ
ǧÓ2s
�zend_do_fetch_global_variableŲď�·øǦ
Ųď
���Zend/zend_compile.cý��

void zend_do_fetch_global_variable(znode *varname, const znode 
*static_assignment, int fetch_type TSRMLS_DC) 
{
        ...//˯ɐ
        opline->opcode = ZEND_FETCH_W;      /* the default mode must be Write, 
since fetch_simple_variable() is used to define function arguments */
        opline->result.op_type = IS_VAR;
        opline->result.u.EA.type = 0;
        opline->result.u.var = get_temporary_variable(CG(active_op_array));
        opline->op1 = *varname;
        SET_UNUSED(opline->op2);
        opline->op2.u.EA.type = fetch_type;
        result = opline->result;
 
        ... // ˯ɐ
        fetch_simple_variable(&lval, varname, 0 TSRMLS_CC); /* Relies on the 
fact that the default fetch is BP_VAR_W */
 
        zend_do_assign_ref(NULL, &lval, &result TSRMLS_CC);
        CG(active_op_array)->opcodes[CG(active_op_array)-
>last-1].result.u.EA.type |= EXT_TYPE_UNUSED;
}
/* }}} */

Äz
�%˹ț�opcode�ZEND_FETCH_WƟ�ºĉ��zend_do_assign_refŲď�
zend_do_assign_refŲď
��A&õ

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


void zend_do_assign_ref(znode *result, const znode *lvar, const znode *rvar 
TSRMLS_DC) /* {{{ */
{
        zend_op *opline;
 
       ... //˯ɐ
 
        opline = get_next_op(CG(active_op_array) TSRMLS_CC);
        opline->opcode = ZEND_ASSIGN_REF;
       ...//˯ɐ
        if (result) {
                opline->result.op_type = IS_VAR;
                opline->result.u.EA.type = 0;
                opline->result.u.var = 
get_temporary_variable(CG(active_op_array));
                *result = opline->result;
        } else {
                /* SET_UNUSED(opline->result); */
                opline->result.u.EA.type |= EXT_TYPE_UNUSED;
        }
        opline->op1 = *lvar;
        opline->op2 = *rvar;
}

,Äz
zend_do_fetch_global_variableŲď@zend_do_assign_refŲď
���?§£� �s
globalǧÓ�<ƈȵĻļF�³ĉ��ȁb���ZEND_FETCH_W@ZEND_ASSIGN_REF�

3. tñ���Uò4%

01§&ZEND_FETCH_W
EFĉ��,�%K01�?�ưõ

ZEND_FETCH_W = 83
op->op1.op_type = 4
op->op2.op_type = 0

-ŒȀEF2s
�Ż��%K
Ť��õ

zend_opcode_handlers[opcode * 25 + zend_vm_decode[op->op1.op_type] * 5 + 
zend_vm_decode[op->op2.op_type]];

ŒȀ�EF2sZEND_FETCH_W_SPEC_CV_HANDLERŲď�ǃ

static int ZEND_FASTCALL  
ZEND_FETCH_W_SPEC_CV_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
        return zend_fetch_var_address_helper_SPEC_CV(BP_VAR_W, 
ZEND_OPCODE_HANDLER_ARGS_PASSTHRU);
}

�zend_fetch_var_address_helper_SPEC_CVK2sA&�%��ƺķĴ

target_symbol_table = zend_get_target_symbol_table(opline, EX(Ts), type, 
varname TSRMLS_CC);

�zend_get_target_symbol_tableŲď
��A&õ
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static inline HashTable *zend_get_target_symbol_table(const zend_op *opline, 
const temp_variable *Ts, int type, const zval *variable TSRMLS_DC)
{
        switch (opline->op2.u.EA.type) {
                ... //  ˯ɐ
                case ZEND_FETCH_GLOBAL:
                case ZEND_FETCH_GLOBAL_LOCK:
                        return &EG(symbol_table);
                        break;
               ...  //  ˯ɐ
        }
        return NULL;
}

��zPŻ¾żIJK�JĨȺȻ
Ďď� ZEND_FETCH_GLOBAL_LOCK�w�AÄàĵ�01
�&EG(symbol_table);
Ŕ�f��ƈȵĻļ
Ŵůǎę�

AÄÚ�;<global
�żIJ�

�ć� ^«¬­Ĉĉ

PHP�̦�Ǩ
ƬɖPë���z
!ǶK01ËLGH�PHP
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K� ZVALlÿ�Ļļ
�Ǩ@���ǨĻļ
Ŕ� PHPK
Ļļ\��Ôé
ďĤ�ǨĐŮ��?ʍĻ
ļɶŔǊƐ�Ǩ
ďĤ� PHPĻļ
ƣ
ďĤ�ǨæȍUȁ�: ͯé@Ôéæȍ�
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ȍ� �PHPK�01LMO/
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�PHPK�ħ6YĻļ
ɶŔ���ͯé�ǨæȍE()
�é���01EMƉ
���é�Wƶ
01ËL~?�M�,-TUǚǛ/Ļļ
ĻȐ� �ħ6ɶŔ
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Ļļ?��Şş�Ǩ
Ļļ�ǦÁĩĻļÚ��<Ʃƺȑ�Ǩ
Ļļ� §�Ɠ�%õ

$string = "To love someone sincerely means to love all the people,  to love the 
world and life,  too."
$integer = 10;
$string = $integer;
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/�f�01MŦƐŮÄ
ͯé�Ǩæȍ� f��Ǩæȍʠ¾�ȁ�ȣȤõ

ĴÞé
��ď�Ì�ďĤ�Ǩ f�ȣȤ
�s?Äz
ħ6Ļļ
�Ǩæȍ�Ì��ȣȤ�þ�
ǦÁȏŔĻÒ�ĴÞé
ŹȀ=R�
ĴÞé
��ď\�Ì
ďĤ�Ǩ f�ȣȤ
�Ǩæȍpo�ĴÞé
ŹȀƺ
ŒȀIJK��$
%K�Ú�po�Ź�ƺ
��IJK�

§�<Ʃƺȑ@;ď
ͯéďĤ�Ǩæȍ:

<?php
$a = 10;
$b = 'a string ';
 
echo $a . $b;

ÄzêȨKƩƺȑȆ6��ÚŴ�±ƬďĤ�ǨæȐ�$aĻļ�ďŔ�Ǩ�$bĻļ�Ʃƺȑ�Ǩ� f
g$bĻļÚ�ͯé(±Ƭ)
æȍ�Ʃƺȑ�Ǩ��òM±ƬďĤ�Ǩæȍpo�ɯĐ
��Ä&ýK� �
Ƿ
ºUȼ@��"+"�ƥŤ
±Ƭ�Ǩæȍ�é@ɯĐ
��UĄ� &zÚ?ƩƺȑȆ6���êĸÓͯ
éæȍ
��:

Č ĉ�
ÁÂƩƺȑ
Ȇ6���òIZend/zend_operators.cý�K
A&Ųďė�:

ZEND_API int concat_function(zval *result, zval *op1, zval *op2 TSRMLS_DC) /* 
{{{ */
{           
        zval op1_copy, op2_copy;
        int use_copy1 = 0, use_copy2 = 0;
 
        if (Z_TYPE_P(op1) != IS_STRING) { 
                zend_make_printable_zval(op1, &op1_copy, &use_copy1);
        }           
        if (Z_TYPE_P(op2) != IS_STRING) { 
                zend_make_printable_zval(op2, &op2_copy, &use_copy2);
        }       
        // ˯ɐ
}

�s§£ARƩƺȑʶ6
ȁ<��ďAR\�Ʃƺȑ
ù� ö2szend_make_printable_zvalŲď
8��ďæȍ�"printable_zval"�Ú�Ʃƺȑ�

ZEND_API void zend_make_printable_zval(zval *expr, zval *expr_copy, int 
*use_copy)
{
    if (Z_TYPE_P(expr)==IS_STRING) {
        *use_copy = 0;
        return;
    }
    switch (Z_TYPE_P(expr)) {
        case IS_NULL:
            Z_STRLEN_P(expr_copy) = 0;
            Z_STRVAL_P(expr_copy) = STR_EMPTY_ALLOC();
            break;
        case IS_BOOL:
            if (Z_LVAL_P(expr)) {
                Z_STRLEN_P(expr_copy) = 1;
                Z_STRVAL_P(expr_copy) = estrndup("1", 1);
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            } else {
                Z_STRLEN_P(expr_copy) = 0;
                Z_STRVAL_P(expr_copy) = STR_EMPTY_ALLOC();
            }
            break;
        case IS_RESOURCE:
            // ...˯ɐ
        case IS_ARRAY:
            Z_STRLEN_P(expr_copy) = sizeof("Array") - 1;
            Z_STRVAL_P(expr_copy) = estrndup("Array", Z_STRLEN_P(expr_copy));
            break;
        case IS_OBJECT:
                // ... ˯ɐ
        case IS_DOUBLE:
            *expr_copy = *expr;
            zval_copy_ctor(expr_copy);
            zend_locale_sprintf_double(expr_copy ZEND_FILE_LINE_CC);
            break;
        default:
            *expr_copy = *expr;
            zval_copy_ctor(expr_copy);
            convert_to_string(expr_copy);
            break;
    }
    Z_TYPE_P(expr_copy) = IS_STRING;
    *use_copy = 1;
}
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ì��Ǩæȍ@CK
hM
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<?php
$double = 20.10;
echo (int)$double;

PHPKɁƶ
ì��ǨU:

(int), (integer) æȍ�;Ǩ
(bool), (boolean) æȍ�è̵�Ǩ
(float), (double) æȍ�ɂɃ�Ǩ�
(string) æȍ�Ʃƺȑ
(array) æȍ�ďȂ
(object) æȍ�YƄ
(unset) æȍ�NULL
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�Zend/zend_operators.cK���æȍ�f�Êƾ�Ǩ
��Ųďconvert_to_*�ŕŲď� DX±�
·§f�Ųďǃ��f�ďĤ�Ǩæȍ�ǨKU�<01�¡ĠƉ
unset�Ǩæȍ:

ZEND_API void convert_to_null(zval *op) /* {{{ */
{
    if (Z_TYPE_P(op) == IS_OBJECT) {
        if (Z_OBJ_HT_P(op)->cast_object) {
            zval *org;
            TSRMLS_FETCH();
 
            ALLOC_ZVAL(org);
            *org = *op;
            if (Z_OBJ_HT_P(op)->cast_object(org, op, IS_NULL TSRMLS_CC) == 
SUCCESS) {
                zval_dtor(org);
                return;
            }
            *op = *org;
            FREE_ZVAL(org);
        }
    }
 
    zval_dtor(op);
    Z_TYPE_P(op) = IS_NULL;
}

æȍ�NULLhM()�YĻļė�ż>���¹F8ďĤ�Ǩő�IS_NULLǃ�� �¦DXN¤̅
(unset)$a@unset($a)fȁXUTUĄ��³�ǀTUĄ�� �X�8Ļļ$a
�ǨĻ�NULL�fþ��
<�Ǩ
ĻȐ�-FX�8f<Ļļȸů�ȸůF¸��s̍�ĩĻļ#\Ŵ���

ȱ�ÄzÅ/
žCPëãÇ��³kPëK�LMƉ/
ì�ďĤæȍ�PHPKU�<ǳƥPHPɯͳ

ì��Ǩæȍ� PHP
ƾ�ŚqKÅǁ�ȁ<Us
�Żsettype()?#gettype()�Ż��X�?Ƭɖ

«ĻĻļ
ďĤ�Ǩ� gettype()�Żö�ǓǔĻļ
ďĤ�Ǩ��ext/standard/type.cý�Kø/settype

��$%õ

PHP_FUNCTION(settype)
{
    zval **var;
    char *type;
    int type_len = 0;
 
    if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, "Zs", &var, &type, 
&type_len) == FAILURE) {
        return;
    }
 
    if (!strcasecmp(type, "integer")) {
        convert_to_long(*var);
    } else if (!strcasecmp(type, "int")) {
        convert_to_long(*var);
    } else if (!strcasecmp(type, "float")) {
        convert_to_double(*var);
    } else if (!strcasecmp(type, "double")) { /* deprecated */
        convert_to_double(*var);
    } else if (!strcasecmp(type, "string")) {
        convert_to_string(*var);
    } else if (!strcasecmp(type, "array")) {
        convert_to_array(*var);
    } else if (!strcasecmp(type, "object")) {
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        convert_to_object(*var);
    } else if (!strcasecmp(type, "bool")) {
        convert_to_boolean(*var);
    } else if (!strcasecmp(type, "boolean")) {
        convert_to_boolean(*var);
    } else if (!strcasecmp(type, "null")) {
        convert_to_null(*var);
    } else if (!strcasecmp(type, "resource")) {
        php_error_docref(NULL TSRMLS_CC, E_WARNING, "Cannot convert to resource 
type");
        RETURN_FALSE;
    } else {
        php_error_docref(NULL TSRMLS_CC, E_WARNING, "Invalid type");
        RETURN_FALSE;
    }
    RETVAL_TRUE;
}

f<ǳƥPHPɯͳ
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æȍ
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function foo($arg_1, $arg_2, ..., $arg_n) {
    echo "Example function.\n";
    return $retval;
}

ǊBUǹ
 PHP �%å�?*À�Ųď�Ơ�ƱƲlm³kŲď@�ĐŮ�

� PHP 3 K�Ųďɦɧ�ƚ2s
�ĐŮ�- PHP 4 ö\ȞUf�
ȡ��ȱhŲďA
?&ȁ<ŧêKUȡ�
ĐŮ�
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PHP Uãäƾ�
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countƼstrposƼimplodeyŲď�f�å�ƾ�Ųď�
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$func = 'print_r';
$func('i am print_r function.');

ĻļŲď\¦swPë=>ƻechoyƽ

&z018�	ĄȷŲď�PHPKƥŤ���Ųď
�Ơ=>�Ųď
2s�ĎďȺȻ?#ŲďǓǔ
Ŕy�

��� ]^V�à/0

�PHPK�ŲďU±²
�s̍�ÌÁ�³�Ơ�?����PQ
ĉ��EFǓǔEľ=RŔ� �
PHP
$%K�?p��PHP��8Ųď¾�?&�Ǩõ

#define ZEND_INTERNAL_FUNCTION              1
#define ZEND_USER_FUNCTION                  2  
#define ZEND_OVERLOADED_FUNCTION            3
#define ZEND_EVAL_CODE                      4
#define ZEND_OVERLOADED_FUNCTION_TEMPORARY  5

³K
ZEND_USER_FUNCTION�sƪŲď�ZEND_INTERNAL_FUNCTION��ę
Ųď��Ú
�ĸPHP8�ę
Ųď@ sƪĐŮ
Ųď¾ŨơŴ�

1.;Đ]^(ZEND_USER_FUNCTION)

sƪ±ĐŮŲď�hMMs
Ųď���A&z
�%�ĐŮ��<sƪ±ĐŮ
Ųďõ

<?php 
 
function tipi( $name ){
    $return = "Hi! " . $name;
    echo $return;
    return $return;
}
 
?>

f<ĵêK�Y±ĐŮŲďȺ���<Ďď�ǀ8³žHi! �ȇĶ£ǀ��ǓǔŔǓǔ� ,f<êȨ
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\�ĐÔé
UǓǔŔ��PHP
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Ǔǔ� PHP���N“̼S“ǓǔNULL�

òI <<Ǎ͡Ƕ Ļļ
�s̍>> ���ZE�ĉ�IJK�N8Ź�Á¯°ŴɄw
_zend_execute_dataKõ

struct _zend_execute_data {
    //...˯ɐƠ¾�%
    zend_function_state function_state;
    zend_function *fbc; /* Function Being Called */
    //...˯ɐƠ¾�%
};
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�JĨɩ	Ȑ
IJK�function_state�Nė�ɩ	Ȑ�function_stateÎȁ<Ơ¾ȂÒõ

typedef struct _zend_function_state {
    zend_function *function;
    void **arguments;
} zend_function_state;

**arguments��<�çŲďĎď
�ʧ�-ŲďŤ ǵöŴɄw*functionK� *function��<
zend_function=>Ť� kEľŴɄ�sƪ±ĐŮŲď
�˳¯°�k
ƥŤ=>�f�
õ

typedef union _zend_function {
    zend_uchar type;    /* MUST be the first element of this struct! */
 
    struct {
        zend_uchar type;  /* never used */
        char *function_name;    //ŲďŬǾ
        zend_class_entry *scope; //Ųďà�
��s̍
        zend_uint fn_flags;     //Ųď�Ǩ�Asƪ±ĐŮö� #define 
ZEND_USER_FUNCTION 2  
        union _zend_function *prototype; //ŲďıǨ
        zend_uint num_args;     //ĎďďÊ
        zend_uint required_num_args; //��
ĎďďÊ
        zend_arg_info *arg_info;  //Ďď¯°�ʧ
        zend_bool pass_rest_by_reference;
        unsigned char return_reference;  //ǓǔŔ 
    } common;
 
    zend_op_array op_array;   //ŲďK
��
    zend_internal_function internal_function;  
} zend_function;

zend_function
=>K
op_arrayŴɄ�ĩŲďKàU
���¸Ųďƚ2sÁ�ZEÚN8f<
op_arrayK
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2.�à]^(ZEND_INTERNAL_FUNCTION)

ZEND_INTERNAL_FUNCTIONŲď�ÎŚqWXZend/PHP��Åǁ
�s“C/C++”*À
��?ħ
6ĉ�
Ųď�A&��ƠŲď
=>õ

typedef struct _zend_internal_function {
    /* Common elements */
    zend_uchar type;
    char * function_name;
    zend_class_entry *scope;
    zend_uint fn_flags;
    union _zend_function *prototype;
    zend_uint num_args;
    zend_uint required_num_args;
    zend_arg_info *arg_info;
    zend_bool pass_rest_by_reference;
    unsigned char return_reference;
    /* END of common elements */
 
    void (*handler)(INTERNAL_FUNCTION_PARAMETERS);
    struct _zend_module_entry *module;
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} zend_internal_function;
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ĻļŲď$func

$func = 'print_r';
$func('i am print_r function.');

òIVLD7·§fƓ�%*+F
Kƣ�%õ

function name:  (null)
number of ops:  9
compiled vars:  !0 = $func
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
-
-
   2     0  >   EXT_STMT
         1      ASSIGN                                                   !0, 
'print_r'
   3     2      EXT_STMT
         3      INIT_FCALL_BY_NAME                                       !0
         4      EXT_FCALL_BEGIN
         5      SEND_VAL                                                 
'i+am+print_r+function.'
         6      DO_FCALL_BY_NAME                              1
         7      EXT_FCALL_END
         8    > RETURN                                                   1

�ƠŲďprint_r
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print_r('i am print_r function.');

òIVLD7·§fƓ�%*+F
Kƣ�%õ

function name:  (null)
number of ops:  6
compiled vars:  none
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
-
-
   2     0  >   EXT_STMT
         1      EXT_FCALL_BEGIN
         2      SEND_VAL                                                 
'i+am+print_r+function.'
         3      DO_FCALL                                      1          
'print_r'
         4      EXT_FCALL_END
         5    > RETURN                                                   1

Y�p��ĽX�2s
Kƣ�%ÄŴ���ÙŨ�ĻļŲď�DO_FCALL_BY_NAME�-�ƠŲď
�DO_FCALL� f�PŻ�żÁÚËLĮĐ�� ƉZend/zend_complie.cý�

zend_do_end_function_callŲďKƠ¾�%õ

if (!is_method && !is_dynamic_fcall && function_name->op_type==IS_CONST) {
        opline->opcode = ZEND_DO_FCALL;
        opline->op1 = *function_name;
        ZVAL_LONG(&opline->op2.u.constant, 
zend_hash_func(Z_STRVAL(function_name->u.constant), Z_STRLEN(function_name-
>u.constant) + 1));
    } else {
        opline->opcode = ZEND_DO_FCALL_BY_NAME;
        SET_UNUSED(opline->op1);
    }
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function foo($var) {
    echo $var;
}
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� Zend/zend_language_scanner.lK01ø/A&àĵ
�%õ

<ST_IN_SCRIPTING>"function" {
    return T_FUNCTION;
}

kàĴĵ
ÿŮ�function8NoÒT_FUNCTIONƾƿ����f<ƾƿF�01�	PŻ¾ż�
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� Zend/zend_language_parser.yý�Kø/Ųď
ǧÓIJƾƿA&õ

function:
    T_FUNCTION { $$.u.opline_num = CG(zend_lineno); }
;
 
is_reference:
        /* empty */ { $$.op_type = ZEND_RETURN_VAL; }
    |   '&'         { $$.op_type = ZEND_RETURN_REF; }
;
 
unticked_function_declaration_statement:
        function is_reference T_STRING {
zend_do_begin_function_declaration(&$1, &$3, 0, $2.op_type, NULL TSRMLS_CC); }
            '(' parameter_list ')' '{' inner_statement_list '}' {
                zend_do_end_function_declaration(&$1 TSRMLS_CC); }
;

ĄȷɃ� function is_reference T_STRING�ĴĵfunctionĄɸƩ��Üŷs�ŲďŬ�

T_FUNCTIONƾƿþ�s7ĐǎŲď
ǧÓ�Ĵĵf��<Ųď�-Íä
���žf<ŲďăĄ

Ŏŏ�lmĎď�ǓǔŔy�

tñUò4%

PŻ�żF�01§/àĉ�*+Ųď�zend_do_begin_function_declaration��
Zend/zend_complie.cý�Kø/³��A&õ

void zend_do_begin_function_declaration(znode *function_token, znode 
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*function_name,
 int is_method, int return_reference, znode *fn_flags_znode TSRMLS_DC) /* {{{ 
*/
{
    ...//˯ɐ
    function_token->u.op_array = CG(active_op_array);
    lcname = zend_str_tolower_dup(name, name_len);
 
    orig_interactive = CG(interactive);
    CG(interactive) = 0;
    init_op_array(&op_array, ZEND_USER_FUNCTION, INITIAL_OP_ARRAY_SIZE 
TSRMLS_CC);
    CG(interactive) = orig_interactive;
 
     ...//˯ɐ
 
    if (is_method) {
        ...//˯ɐ ��Ż �Fz
�!ǶGH
    } else {
        zend_op *opline = get_next_op(CG(active_op_array) TSRMLS_CC);
 
 
        opline->opcode = ZEND_DECLARE_FUNCTION;
        opline->op1.op_type = IS_CONST;
        build_runtime_defined_function_key(&opline->op1.u.constant, lcname,
            name_len TSRMLS_CC);
        opline->op2.op_type = IS_CONST;
        opline->op2.u.constant.type = IS_STRING;
        opline->op2.u.constant.value.str.val = lcname;
        opline->op2.u.constant.value.str.len = name_len;
        Z_SET_REFCOUNT(opline->op2.u.constant, 1);
        opline->extended_value = ZEND_DECLARE_FUNCTION;
        zend_hash_update(CG(function_table), opline-
>op1.u.constant.value.str.val,
            opline->op1.u.constant.value.str.len, &op_array, 
sizeof(zend_op_array),
             (void **) &CG(active_op_array));
    }
 
}
/* }}} */

oÒ
Kƣ�%� ZEND_DECLARE_FUNCTION �ĊĤf<Kƣ�%#��ďYr
op_type� 0
1�?ø/Kƣ�%
ĉ�Ųď� ZEND_DECLARE_FUNCTION_SPEC_HANDLER�

�oÒKƣ�%Á��?§/ËL���ŲďŬƈƠ�ƗÀ�ĴĵŲď
ŬǾ\�Ù¾u
ƗÀ
�

��Ƣf<���01§�Ɠ�%õ

function T() {
    echo 1;
}
 
function t() {
    echo 2;
}

ĉ��%��?§/ͼͽÄĶ£A&ɑĝ¯°õ
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Fatal error: Cannot redeclare t() (previously declared in ...)

ĴĵYwPHP7ĸT@t�Ì�<ŲďŬ�Ű�ŲďŬ�ÜĜŁ�f<IJ��Ɍė�
Ȝɹ &z8�
GH
ŲďǧÓKƣ�%
ĉ�IJlÿ�f<Ű·IJ�

��Uò4%

� Zend/zend_vm_execute.h ý�Kø/ ZEND_DECLARE_FUNCTIONKƣ�%Yr
ĉ�Ųďõ
ZEND_DECLARE_FUNCTION_SPEC_HANDLER� ǦŲďþ2s�Ųďdo_bind_function�³2s�%
�õ

do_bind_function(EX(opline), EG(function_table), 0);

�f<ŲďK8EX(opline)à�ç
Ųďǌ×/EG(function_table)K�ǀȟȠ�ÜËLŴ�ăÌŬƩ

Ųď�ARŴ�öɑĝ� EG(function_table)s7Ŵůĉ�IJKƈƠ
Ųď¯°�ă¸wŲď
ȷɚ
Ĵ� k
=>��<HashTable�à?�do_bind_functionŲďKǌ×�
Ųď�s
�HashTable
��
Ųďzend_hash_add

]^V,^

��ƗǶGH�Ųď
ĐŮ�Ųď
ĐŮþ��<8ŲďŬȷɚ/ŲďŕĴ
IJ�����Ųď

ĐŮF�017§§Ųď
Ďď� f�ƗǶ8lmsƪ±ĐŮŲď
Ďď@�ƠŲď
ĎďȁƠ¾�ij
�¬A&õ

;ĐĕST]^V,^

�<<Ǎt!Ǎ̻ƗǶ �ǨÅĵ
��>>K�01YwĎď
�ǨÅĵ��¾ż�fg01�f�ƗǶ

ÃȈÄ�ė���Íij
ĸÓ� �LIźP¾ż�PŻ¾żF�01�ưYwŲď
ĎďŰ·�òI
zend_do_receive_arg Ųď7��
��ǦŲďKYwĎď
Ąɸ�%A&õ

CG(active_op_array)->arg_info = erealloc(CG(active_op_array)->arg_info,
        sizeof(zend_arg_info)*(CG(active_op_array)->num_args));
cur_arg_info = &CG(active_op_array)->arg_info[CG(active_op_array)->num_args-1];
cur_arg_info->name = estrndup(varname->u.constant.value.str.val,
        varname->u.constant.value.str.len);
cur_arg_info->name_len = varname->u.constant.value.str.len;
cur_arg_info->array_type_hint = 0;
cur_arg_info->allow_null = 1;
cur_arg_info->pass_by_reference = pass_by_reference;
cur_arg_info->class_name = NULL;
cur_arg_info->class_name_len = 0;

;<Ďď
ȺȻ�òIʍKƣ�%
arg_infoƩƓĉ�ɶŔ��čÒ�ĄɸɃ��arg_infoƩƓ�
arg_infoƩƓ
=>A&õ

typedef struct _zend_arg_info {
    const char *name;   /* Ďď
ŬǾ*/
    zend_uint name_len;     /* ĎďŬǾ
Ɏd*/
    const char *class_name; /* �Ŭ */
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    zend_uint class_name_len;   /* �ŬɎd*/
    zend_bool array_type_hint;  /* ďȂ�ǨÅĵ */
    zend_bool allow_null;   /* �ÜɁƶ�NULLͺ*/
    zend_bool pass_by_reference;    /*ͺ�ÜŷsȺȻ */
    zend_bool return_reference; 
    int required_num_args;  
} zend_arg_info;

Ďď
ŔȺȻ@ĎďȺȻ
Ù¾�òI pass_by_referenceĎď�oÒKƣ�%Á��

�

YwĎď
<ď�Kƣ�%Klÿ
arg_numsƩƓ�¨©ĉ� **zend_do_receive_arg×× ÁåN×1.
A&�%õ

CG(active_op_array)->num_args++;

ǀȃ¸�Ďď
Ħŷ�CG(active_op_array)->num_args-1 .A&�%õ

cur_arg_info = &CG(active_op_array)->arg_info[CG(active_op_array)->num_args-1];

?Ä
¾ż�ʧYŲďĐŮÁ
Ďďőę�f�Ďď�ȴĐ
�-��Ȕ*ÀJĨÁ�¦01Ns/
�ĻĎď� ǦÁ01N�s/Ųď func_num_args @ func_get_args� k1�?�ƠŲďŴ��w�
� Zend\zend_builtin_functions.c ý�Kø/fȁ<Ųď
��� �`017§func_num_argsŲď
�
��³�%A&õ

/* {{{ proto int func_num_args(void)
   Get the number of arguments that were passed to the function */
ZEND_FUNCTION(func_num_args)
{
    zend_execute_data *ex = EG(current_execute_data)->prev_execute_data;
 
    if (ex && ex->function_state.arguments) {
        RETURN_LONG((long)(zend_uintptr_t)*(ex->function_state.arguments));
    } else {
        zend_error(E_WARNING,
"func_num_args():  Called from the global scope - no function context");
        RETURN_LONG(-1);
    }
}
/* }}} */

�Ŵ� ex->function_state.arguments
ȣȤ&�ǃŲď2sÁ�Ǔǔex->function_state.arguments
æȐF
Ŕ �ÜöÔĵĝĞǀǓǔ-1� fgEĄɸ
�Ƀ�EG(current_execute_data)�f<ĻļŴů

�¸�ĉ�JĨWŲď
ďĤ�ǦÁ01�����<ĉ�JĨ
ďĤ��ŞşȜɹ Ɯ�f<Ųď
2s
��ė�ŲďFĉ�
�Ųď
ăĄďĤyå�
�ĉ�IJK�w�2s
�õ

zend_execute_data *ex = EG(current_execute_data)->prev_execute_data;

function_statey=>ćĎ˲ !Ǎ�ƗǶ�

���func_num_argsŲď
��F�func_get_argsŲď
��IJÚ()��k1
ďĤ$���

� þ��zǓǔ
�Ɏd�-fgǓǔ��<ɣ|
ďȂ�ďȂKŴů
�,ex-
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>function_state.argumentsæȐF
ďĤ�

�à]^V,^

?Ä01àĸ
å�sƪ±ĐŮŲďKYwĎď
ăĄ�¬�&z01�	Ň��ƠŲď�ABȺȻ
Ďď
� ?MƉ
countŲď�ê�³Ďď¥�Ơ¾
�%A&õ

/* {{{ proto int count(mixed var [, int mode])
   Count the number of elements in a variable (usually an array) */
PHP_FUNCTION(count)
{
    zval *array;
    long mode = COUNT_NORMAL;
 
    if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, "z|l",
         &array, &mode) == FAILURE) {
        return;
    }
    ... //˯ɐ
}

flm�ȁ<��õ�<��Ďď
<ď��<��żĎďŕĴ�

#,^VĖ^

�Ďď
<ď�òIZEND_NUM_ARGS()Ɗ7��
�³ĐŮA&õ

#define ZEND_NUM_ARGS()     (ht)

PHP3 K�s
�Ɗ ARG_COUNT

ht�� Zend/zend.hý�KĐŮ
Ɗ INTERNAL_FUNCTION_PARAMETERS K
ht�A&õ

#define INTERNAL_FUNCTION_PARAMETERS int ht, zval *return_value,
zval **return_value_ptr, zval *this_ptr, int return_value_used TSRMLS_DC

�¡,^ėÀ

PHP�ƠŲď��żĎďÁ�s
� zend_parse_parameters� k�?uu(ȐĎď
6ș¥��
��Ư¹k�¥��ĻĎďÁºUɃ̦�

³ǧÓA&õ

ZEND_API int zend_parse_parameters(int num_args TSRMLS_DC, char *type_spec, 
...)

Ǎ�<Ďďnum_argsĴÓĴĵř�6ș
Ďď<ď�01LM�sZEND_NUM_ARGS() 7ĴĵY
Ⱥ�
Ďď“UäĠ�äĠ”�
ǍĽĎďrĩɫ�Ɗ TSRMLS_CC �
Ǎt<Ďď type_spec ��<Ʃƺȑ�s7�Đ01àƖˤ6ș
�<Ďď
�Ǩ�UɃ�Ƿw
printf K�ĐĶ£ŝé
ȧ<ŝéȐƩƺȑ�
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;&
ĎďÚ�01s76șPHPĎďŔ
Ļļ
�ʧ�

zend_parse_parameters() ��żĎď
ÌÁNē�¦ÈæȍĎď�Ǩ�f�Ú�?˹ơ01ɫ�¦
./àƖx
�Ǩ
Ļļ� ǊB��ƾļ�Ǩå�?æȍ�ˌƟ��ƾļ�Ǩ�ȩ�\¦�ƾļ�ǨžŁ
Ǻ�Ǩƻ�AďȂƼYƄ@ą$yƽ
ƣė�æȍ� ARÒěÈ�ż@6ș/�Ďďǀȃ�æȍƖƣ�T
£�ĝĞ�ȧşf<ŲďÚNǓǔ SUCCESS�ÜöǓǔ FAILURE� ARf<Ųď\¦6ș/àǿƖ
Ď
ď<ďWX\¦ÒěæȍĎď�ǨÁÚNƘ£��ĝĞ¯°�

Ǎt<Ďď�Đ
�<Ďď�ǨŕĴA&àĵõ

l - Ɏ;ȉ
d - ǼĖdɂɃ�Ǩ
s - Ʃƺȑ (��¦�ȫƩǶ)@³Ɏd
b - è̵Ǩ
r - ą$�ơŴ� zval*
a - ďȂ�ơŴ� zval*
o - ƻǊB�
ƽYƄ�ơŴ� zval *
O - ƻÎclass entry �Đ
�
ƽYƄ�ơŴ� zval *
z - �Ȕ
 zval*

ȱ��<Ďď�Ǩ�Ǎt<Ďďº�?lÿ&z��Ʃƺ�k1
ÿŮA&õ

| - ĴÓ;&
Ďďå���Ďď�ARsƪTUȺė7f�ĎďŔ�ȧşf�ŔÚNƚɩ	ȐÒȿ
țŔ�
/ - ĴÓĎď�żŲď8NY;&
Ďď? SEPARATE_ZVAL_IF_NOT_REF() 
�é7Åǁf<Ď
ď
�Ϳ΀΁�ȱhf�Ďď��<ŷs�
! - ĴÓ;&
ĎďɁƶƚőĐ� NULLƻĕs� aƼoƼOƼr@zǵÄƽ�ARsƪȺė7��<
NULL Ŕ�öŴɄĩĎď
Ļļ8Nőę� NULL�

]^VēĔµ

�*JPëK��<ŲďW�<�Ż�ǫåUǓǔŔ�ȩ�Ŵ�\ǓǔŔ
ȣȤ�ǦÁ�f�Ųďĕ
ĕĕ�¥���ˊƁ� TUǓǔ�WXĸTUÓ˹
ǓǔŔ��pascalPëKkU�<ʼU
ĄɸƩ
procedure � �PHPK�ŲďåUǓǔŔ�¾ȁ�ȣȤ��sreturnPQÓ˹
Ǔǔ@TUreturnPQǓ
ǔNULL�

return¢Ć

¸�sreturnPQÁ�PHPʍsƪ±ĐŮ
ŲďǓǔ�Đ�Ǩ
Ļļ� ġɢ01·§$%
�é�Y
return ĄɸƩė�źŻ¾ż@PŻ¾żF�oÒKƣ�%� , Zend/zend_language_parser.yý�K�?
˹ț³oÒKƣ�%2s
� zend_do_return Ųď�

void zend_do_return(znode *expr, int do_end_vparse TSRMLS_DC) /* {{{ */
{
    zend_op *opline;
    int start_op_number, end_op_number;
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    if (do_end_vparse) {
        if (CG(active_op_array)->return_reference
                && !zend_is_function_or_method_call(expr)) {
            zend_do_end_variable_parse(expr, BP_VAR_W, 0 TSRMLS_CC);/* ¥�Ǔǔ
ŷs */
        } else {
            zend_do_end_variable_parse(expr, BP_VAR_R, 0 TSRMLS_CC);/* ¥�MŦ
ĻļǓǔ */
        }
    }
 
   ...// ˯ɐ  �³kKƣ�%��
 
    opline->opcode = ZEND_RETURN;
 
    if (expr) {
        opline->op1 = *expr;
 
        if (do_end_vparse && zend_is_function_or_method_call(expr)) {
            opline->extended_value = ZEND_RETURNS_FUNCTION;
        }
    } else {
        opline->op1.op_type = IS_CONST;
        INIT_ZVAL(opline->op1.u.constant);
    }
 
    SET_UNUSED(opline->op2);
}
/* }}} */

oÒKƣ�%� ZEND_RETURN� Ǎ�<��ď
�Ǩ�ǓǔŔ��s
ĴÞéÁ� ³�Ǩ�ĴÞ
é
���Ǩ�Üö�Ǩ� IS_CONST�f�FŀŒȀĉ�Kƣ�%ŲďÁUs/� ĊĤ��ď
\
Ì�ZEND_RETURNKƣ�%Nĉ� ZEND_RETURN_SPEC_CONST_HANDLER�
ZEND_RETURN_SPEC_TMP_HANDLERWZEND_RETURN_SPEC_TMP_HANDLER� ft<Ųď
ĉ
�ʌJÃ �Ƿ�lmY��ĝĞ
¥�� fg01?ZEND_RETURN_SPEC_CONST_HANDLER�ê
ĸÓŲďǓǔŔ
ĉ�IJõ

static int ZEND_FASTCALL  
ZEND_RETURN_SPEC_CONST_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
    zend_op *opline = EX(opline);
    zval *retval_ptr;
    zval **retval_ptr_ptr;
 
 
    if (EG(active_op_array)->return_reference == ZEND_RETURN_REF) {
 
        //  ǓǔŷsÁ\ɁƶMļ@ɗÁĻļ
        if (IS_CONST == IS_CONST || IS_CONST == IS_TMP_VAR) {   
            /* Not supposed to happen, but we'll allow it */
            zend_error(E_NOTICE, "Only variable references \
                should be returned by reference");
            goto return_by_value;
        }
 
        retval_ptr_ptr = NULL;  //  ǓǔŔ
 
        if (IS_CONST == IS_VAR && !retval_ptr_ptr) {
            zend_error_noreturn(E_ERROR, "Cannot return string offsets by 
reference");
        }
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        }
 
        if (IS_CONST == IS_VAR && !Z_ISREF_PP(retval_ptr_ptr)) {
            if (opline->extended_value == ZEND_RETURNS_FUNCTION &&
                EX_T(opline->op1.u.var).var.fcall_returned_reference) {
            } else if (EX_T(opline->op1.u.var).var.ptr_ptr ==
                    &EX_T(opline->op1.u.var).var.ptr) {
                if (IS_CONST == IS_VAR && !0) {
                      /* undo the effect of get_zval_ptr_ptr() */
                    PZVAL_LOCK(*retval_ptr_ptr);
                }
                zend_error(E_NOTICE, "Only variable references \
                 should be returned by reference");
                goto return_by_value;
            }
        }
 
        if (EG(return_value_ptr_ptr)) { //  Ǔǔŷs
            SEPARATE_ZVAL_TO_MAKE_IS_REF(retval_ptr_ptr);   //  is_ref__gcőę�
1
            Z_ADDREF_PP(retval_ptr_ptr);    //  refcount__gcŒď×1
 
            (*EG(return_value_ptr_ptr)) = (*retval_ptr_ptr);
        }
    } else {
return_by_value:
 
        retval_ptr = &opline->op1.u.constant;
 
        if (!EG(return_value_ptr_ptr)) {
            if (IS_CONST == IS_TMP_VAR) {
 
            }
        } else if (!0) { /* Not a temp var */
            if (IS_CONST == IS_CONST ||
                EG(active_op_array)->return_reference == ZEND_RETURN_REF ||
                (PZVAL_IS_REF(retval_ptr) && Z_REFCOUNT_P(retval_ptr) > 0)) {
                zval *ret;
 
                ALLOC_ZVAL(ret);
                INIT_PZVAL_COPY(ret, retval_ptr);   //  Ł��ͿʍǓǔŔ 
                zval_copy_ctor(ret);
                *EG(return_value_ptr_ptr) = ret;
            } else {
                *EG(return_value_ptr_ptr) = retval_ptr; //  ħ6ɶŔ
                Z_ADDREF_P(retval_ptr);
            }
        } else {
            zval *ret;
 
            ALLOC_ZVAL(ret);
            INIT_PZVAL_COPY(ret, retval_ptr);    //  Ł��ͿʍǓǔŔ 
            *EG(return_value_ptr_ptr) = ret;    
        }
    }
 
    return zend_leave_helper_SPEC(ZEND_OPCODE_HANDLER_ARGS_PASSTHRU);   //  Ǔ
ǔ�ĉ�șʒ��
}

Ųď
ǓǔŔ�JĨĉ�ÁŴɄ� *EG(return_value_ptr_ptr)�ZE��YŔǓǔ@ŷsǓǔ��Ù
¾� ǀȃ�ǦÃȈÄYMļ�ɗÁĻļ@³k�Ǩ
Ļļ�ǓǔÁė��\Ì
¥���returnĉ�č

�� ZE��òI2szend_leave_helper_SPECŲď�ŌȱŲď�Ơ�s
Ļļy� f��ZE��±Ƭ

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


ʍŲď×ÄNULLǓǔ
ıƜ
��

ÕÖreturn¢ĆV]^

�PHPK�TUIJf<ɿʇ�þUTUǓǔŔ
Ųď�ȩ�YwTUǓǔŔ
Ųď�PHP��N“̼
S“×Ä�<NULL7��ǓǔŔ� f<“̼S”
�����oÒKƣ�%Áė�
��¨<Ųď�żÁå
��ĉ�Ųď zend_do_end_function_declaration� �ǦŲďKU�ȡPQõ

zend_do_return(NULL, 0 TSRMLS_CC);

=ƍ�z
�¬�01�ưfȡPQ
�sÚ�ǓǔNULL�fÚ�TUreturnPQ
ŲďǓǔNULL

ıƜà��

�à]^VēĔµ

�ƠŲď
ǓǔŔå�òI�<Ŭ� return_value 
ĻļȺȻ
� f<ĻļÌÁ��ŲďK
�<Ď
ď��PHP_FUNCTIONŲďŚq�7F�?§/� f<Ďďɫ�lÿU�<ˊ`Ɇć¤ȫƣ
 zval ¬
Ƃ�ƜǦS�?ħ6ɀǝ³ÒʻǀY³ė�ª«-ŉ�`Y return_value ĉ��& MAKE_STD_ZVAL Ɗ
�ô� ��¦ɅÍ�ų,ŲďKǓǔ=R����˯΂ħ6ɀǝ zval ¬Ƃ�Ơ=>
̔̕�ZEND Åǁ�
�uƒƊóô7čÒăĄ
f���� f�ƊóôN±Ƭőę¤�Ǩ@ďŔ�

Ę]^ċJēĔµVRÎ

RETURN_RESOURCE(resource) Ǔǔ�<ą$�
RETURN_BOOL(bool) Ǔǔ�<è̵Ŕ�
RETURN_NULL() Ǔǔ�<ȫŔ�
RETURN_LONG(long) Ǔǔ�<Ɏ;ď�
RETURN_DOUBLE(double) Ǔǔ�<ǼĖdɂɃď�
RETURN_STRING(string, duplicate) Ǔǔ�<Ʃƺȑ�duplicate Ĵĵf<Ʃƺ�Ü�s estrdup()
ė�Ł��
RETURN_STRINGL(string, length, duplicate) Ǔǔ�<ĐɎ
Ʃƺȑ�³̷̝ RETURN_STRING
ăÌ�f<Ɗ¶dÍµ-ȃ�Ľė�ïƈ
�
RETURN_EMPTY_STRING() Ǔǔ�<ȫƩƺȑ�
RETURN_FALSE Ǔǔ�<è̵Ŕǆ�
RETURN_TRUE Ǔǔ�<è̵Ŕƭ�

êë]^ēĔµVRÎ

RETVAL_RESOURCE(resource) őĐǓǔŔ��Đ
�<ą$�
RETVAL_BOOL(bool) őĐǓǔŔ��Đ
�<è̵Ŕ�
RETVAL_NULL őĐǓǔŔ�ȫŔ
RETVAL_LONG(long) őĐǓǔŔ��Đ
�<Ɏ;ď�
RETVAL_DOUBLE(double) őĐǓǔŔ��Đ
�<ǼĖdɂɃď�
RETVAL_STRING(string, duplicate) őĐǓǔŔ��Đ
�<Ʃƺȑ�duplicate ÿŮÌ
RETURN_STRING�
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RETVAL_STRINGL(string, length, duplicate) őĐǓǔŔ��Đ
�<ĐɎ
Ʃƺȑ�³̷̝
RETVAL_STRING ăÌ�f<Ɗ¶dÍµ-ȃ�Ľė�ïƈ
�
RETVAL_EMPTY_STRING őĐǓǔŔ�ȫƩƺȑ�
RETVAL_FALSE őĐǓǔŔ�è̵Ŕǆ�
RETVAL_TRUE őĐǓǔŔ�è̵Ŕƭ�

AR��Ǔǔ
�ÇďȂ@YƄf�
ŁǺ�Ǩ
ďĤ�ȧÚ��`2s array_init() @
object_init()� ��?�săr
 hash Ųďħ6�� return_value� Îwf��ǨŐ��Î��Ą̊́Ǻ΃

Ŏŏ>Ò�à?Yk1ÚTU�ăr
Ɗ�

Ąw�ƠŲď
return_valueŔ�ABɶŔʍ*EG(return_value_ptr_ptr)� Ųď
2s�ABė�

�ćCD&�ƗǶ <<Ųď
2s@ĉ�>>.

�E� ]^Vę;���

�zƗǶKYŲď
�ƠĴĵ?#Ďď
ȺȻ�ǓǔŔåU�GH�ȧŲď��şƚ2s
Ȝɹ�ę
Ųď@sƪĐŮŲď�2sÁNUŞş\��Ȝɹ &z8GHŲď2s@ĉ�
IJ�

]^Vę;

Ųďƚ2s����Ã 
¯°��AŲď
ŬǾ�Ďď?#Ųď
ĐŮ(�Ú�EľŲď��şĉ�

)� ,01�pX
͗d7§� ĐŮ��<Ųď01�ĉ�
ÁÂ±¹�ưf<Ųď΄ŞşŬƩ�?#
2s
ÁÂʍȺȻ�ŞşĎď�?#Ųď��şĉ�
� ȩ�YwZendŷŸ7ĸ�kǀ\¦Ç01f�
¦“§ƕ”php$�%�Ě1��Y�%ė�¥�?Fǯ¦ĉ��01º�,?&ȁ<ƗêȨ�	õ

<?php
    function foo(){
        echo "I'm foo!";
    }   
    foo();
?>

&z01`§�&³Yr
opcodesõ

function name:  (null)
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
              DO_FCALL                                      0          'foo'
              NOP                                                      
            > RETURN                                                   1
 
function name:  foo
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
   4     0  >   ECHO                                                     
'I%27m+foo%21'
   5     1    > RETURN                                                   null

Äz��ȱ���΅Ƕ¯°

opcodes��?§/ĉ�ÁŲďƠ¾
opcodes�)ʗʗ¼£7
�f
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ɃYwŲď
ĉ�ɯŨĜ��&z
Ơ¾NijGH� ���01ÏΆɃů/YfooŲď
2sÄz�2s
foo
OPCODE�“DO_FCALL“� DO_FCALLė�Ųď2s��Á�ZEN�function_tableKĊĤŲďŬ
ƻA�à:�fg
ŲďŬLIstr_tolower
¥��à?PHP
ŲďŬuƗÀ\͞ǚ)·øŲď
ĐŮ� A
R\Ŵ�� öɑ£“Call to undefined function xxx()"
ĝĞ¯°; ARŴ��ÚǓǔĩŲďzend_function�
=>�ʧ� ¹FòIfunction.type
Ŕ7ȟȠŲď��ƠŲďº�sƪĐŮ
Ųď� 2s
zend_execute_internalƻzend_internal_function.handlerƽWXħ6 2szend_execute7ĉ�f<Ųď
lÿ
zend_op_array�

]^V��

jŵ
DX�¦NȷƐ/ÄzopcodesgŲďƚ2s
ÁÂ?#ŲďĐŮȧåU<"function name:"�
³�sƪĐŮŲď
ĉ�ž³ĚPQ
ĉ�ǀŉÙŨ� � ͱÄ§�³�ŲďK
phpPQžŲďƟ
php
PQǀŉ\Ì�ŲďŤ ǵEu
ÙŨ��w³ĉ�45
\Ì� f<“ĉ�45”EĜ�
ɯ·Ú�Ļļ

�s̍�uǙå�ư�Ųď�ĐŮ
Ļļ�ŲďŤƟ�ŉŻħ6�s
�ˡ
�����ȧş��Ųď
ĉ�
ÁÂ� ė�Ųď�
45¯°�ɦɧ�ơŴ
��Ųďĉ�čʓF�f�45¯°�Nƚºı��
;<JĨˋŀ
ĉ�&��

�ƠŲď
ĉ�žsƪŲď\Ì�sƪŲď�phpPQ�ȡȡ“ʨ+”Òop_lineȂÒ
�<op_array�
-�ƠŲďö�sC7��
�Ɯ�ĉ�45��C45� à?�?ħ62s�A&z
êȨõ

[php]   
<?php
    $foo = 'test';
    print_r($foo);
?>

Yr
opcodes�ã()õ

line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
   2     0  >   ASSIGN                                                   !0, 
'test'
   3     1      SEND_VAR                                                 !0
         2      DO_FCALL                                      1          
'print_r'
   4     3    > RETURN                                                   1

�?§£�oÒ
opcodesK��ƠŲď@sƪŲď
¥�å�ÎDO_FCALL7ė�
�-�³ƥŤ
��
zend_do_fcall_common_helper_SPEC()K� öY�Ü��ƠŲďė��ȟȠ�AR��ƠŲď�
ö�s�<�¡Ɏ
2s

((zend_internal_function *) EX(function_state).function)->handler(opline-
>extended_value, EX_T(opline->result.u.var).var.ptr, 
EX(function_state).function->common      .return_reference?&EX_T(opline-
>result.u.var).var.ptr:NULL, EX(object), RETURN_VALUE_USED(opline) TSRMLS_CC);

Äzf��é
�ƠŲď��zend_execute_internalŲďTUĐŮ
ȣȤ&�-�-�Zend/zend.c
ý�
zend_startupŲďK�
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zend_execute_internal = NULL;

ǦŲď˹�ƚɶŔ�NULL�w�01�if (!zend_execute_internal)ȟȠÁNÒ¼�à?01�ĉ�ȧ
ƓãɎ
2s� ȧş�fƓãɎ
2s/Û�ŞşȜɹ?01Ms
 countŲď�ê��<<Ǎ�Ƕ Ųď

�Ơ=>>>K� 01�ư�ƠŲďà�
=>ŤK U�<handler�ʧ�çǦŲď��2s
�ƠĐŮ

CŲď� f��ƠŲď�āĂɩ	ȐÁÚ?Śq
Ųď
ȉé×'/EG(function_table)�³2sɛĨõ

php_module_startup --> php_register_extensions --> 
zend_register_internal_module
--> zend_register_module_ex --> zend_register_functions
 
zend_register_functions(NULL, module->functions, NULL, module->type TSRMLS_CC)

�standardŚqK�module
ĐŮ�õ

zend_module_entry basic_functions_module = { /* {{{ */
    STANDARD_MODULE_HEADER_EX,
    NULL,
    standard_deps,
    "standard",                 /* extension name */
    basic_functions,            /* function list */
    ... //˯ɐ
}

,Äz
�%�?§£�module->functions��çbasic_functions��basic_functions.cý�K·ø
basic_functions
ĐŮ�

const zend_function_entry basic_functions[] = { /* {{{ */
    ...//   ˯ɐ
    PHP_FE(count,                                                           
arginfo_count)
    ...//˯ɐ
}
 
#define PHP_FE          ZEND_FE
#define ZEND_FE(name, arg_info)                     ZEND_FENTRY(name, 
ZEND_FN(name), arg_info, 0)
#define ZEND_FN(name) zif_##name
#define ZEND_FENTRY(zend_name, name, arg_info, flags)   { #zend_name, name, 
arg_info, (zend_uint) (sizeof(arg_info)/sizeof(struct _zend_arg_info)-1), flags 
},

ΈƍÄz
�%�countŲďEF2s
ŲďŬ�zif_count�ȩ�ǦŲďYƟ
ŲďŬº��count�
2s
ŲďŬname?ǍĽ<ȄȅŴů�zend_function_entry=>ŤďȂK� Ywzend_function_entry

=>

typedef struct _zend_function_entry {
    const char *fname;
    void (*handler)(INTERNAL_FUNCTION_PARAMETERS);
    const struct _zend_arg_info *arg_info;
    zend_uint num_args;
    zend_uint flags;
} zend_function_entry;
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ǍĽ<Ȅȅ�handler�f�Ú�01�ĉ��ƠŲďÁ
2s�Ż�ƜǦ�ĉ�ÁÚN2s/Yr

Ųď�

YwsƪĐŮ
Ųď��zend_do_fcall_common_helper_SPEC()ŲďK�

if (EX(function_state).function->type == ZEND_USER_FUNCTION ||
    EX(function_state).function->common.scope) {
    should_change_scope = 1;
    EX(current_this) = EG(This);
    EX(current_scope) = EG(scope);
    EX(current_called_scope) = EG(called_scope);
    EG(This) = EX(object);
    EG(scope) = (EX(function_state).function->type == ZEND_USER_FUNCTION || 
!EX(object)) ? EX(function_state).function->common.scope : NULL;
    EG(called_scope) = EX(called_scope);
}

`8EG&
This�scopeyΉÁȾŴȇ7ƻf��FzNåΊŁ/ǦÁȾŴ
ďĤƽ��Ǧ
F�Y
wsƪ±ĐŮ
Ųď� JĨNġĤzend_execute�Üywexecuteǀȃ�Ü�ŘM7ȟȠ�Ǔǔ�º�ħ
6ĉ�ŲďĐŮ
op_arrayõ

if (zend_execute == execute && !EG(exception)) {
        EX(call_opline) = opline;
        ZEND_VM_ENTER();
    } else {
        zend_execute(EG(active_op_array) TSRMLS_CC);
    }

-�Zend/zend.cý�
zend_startupŲďK�Ë8zend_executeɶŔ�õ

zend_execute = execute;

,-YwŘM�JĨNƘ£ŘM˧³kȣȤ�JĨN2sexecuteĉ�ǦŲďKoÒ
opcodes�
executeŲďNʹZàȺȻʍk
zend_op_arrayďȂ�?�é

ret = EX(opline)->handler(execute_data TSRMLS_CC)

2s¨<opcode
¥�Ųď�-execute_data�executeŲď�	ÁÚËLʍ³¾Ę�ȫƣ�fÚ�
f<Ųď
ĉ�45�

�`� đ¦]^ªĚě

ͶŬŲď�*JPëK£�
�¡ʀ�Eʀ£��LispPëK�ǉFãä
*JPëå�	Uf<ě
¦�� Ê��s�¡ʰʱ
Javascript?#C#�PHPħ/5.3ǯ�	ƭƮ¿ĀͶŬŲď� C++
�ƾ
�C++0x��	¿Ā��

ͶŬŲď���\���Đƾĵƺ�-ʠ�?ƚ2s
ŲďWȨêJ�ͶŬŲď�?�ų
��Ďď
ȺȻʍ³ĚŲď� EMƉrs���ǔ2Ųď�

Ěě(Closure)
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ĸ/ͶŬŲď�Ú\.\Å/ʔl��ʔl�źŻʔl(Lexical Closure)
(Ǿ��ŷs�±ÎĻļ

Ųď� f<ƚrs
±ÎĻļ8@f<Ųď�ÌŴ��ǃ�ƞ��ɣ|k
45����à?ʔl��ț
��UŲď@ž³ăĄŷsȂƍ-Ò
�Ť� ���PëK��Ųď�ĐŮˌ�<Ųď
ÁÂ�AR�Ơ
Ųďŷs/ƟƠŲď
Ļļ�ö�¦ȳoʔl��Ź�ƟƠŲďÁ� �<ʔlÚȉÒ��

f<ź@ͶŬŲďã¬Ɣƚ΋s�³�f�ȁ<\Ì
ɿʇ�f�¦�Ɯ�ãäPë��ͶŬŲď

ÁÂɁƶȉÒʔl�

:;create_function()Ĝ!"đ¦"]^

�zÅ/PHP5.3Kǯǯ�	Ʈé¿ĀͶŬŲď�ĸ/fg�¦NUjŵDXUƐƉ��Ɯ�U<Ųď
��?oÒͶŬŲď
: create_functionŲď� �Ȍɚg�?·/f<Ųď�PHP4.1@PHP5KÚU��
f<ŲďòM�¦��ͶŬǔ2Ųď�s� êAA&:

<?php
 
$array = array(1, 2, 3, 4);
array_walk($array, create_function('$value', 'echo $value'));

fƓ�%þ�8ďȂK
Ŕġ©Ķ£�¸¹�¦�Íä
ˊȣ� ȧ�Şşf\ȀƭƮ
ͶŬŲďȜ�
01`§§f<Ųď
ǓǔŔ�f<ŲďǓǔ�<Ʃƺȑ� òM01�?Ç&zf�2s�<Ųď:

<?php
 
function a() {
    echo 'function a';
}
 
$a = 'a';
$a();

01���ǔ2Ųď
ÁÂ��?Ȫsf�
�é�êA:

<?php
 
function do_something($callback) {
    // doing
    # ...
 
    // done
    $callback();
}

f�Ú¦���Ųďdo_something()ĉ�čÒ
F2s$callback�Đ
Ųď�ǔ/create_functionŲ
ď
ǓǔŔ: ŲďǓǔ�<̳�
ƩƺȑŲďŬ� £�ĝĞ
ùöǓǔFALSE�fşĸf<Ųď�þ�Ƭ
ɖ
ɣ|��<Ųď�-f<Ųď�Ö]^¦
��Ú�ĸ�³�fǀ\�ͶŬ
� þ�ɣ|��<ƈȵ
̳�
Ųď-Ë�

<?php
$func = create_function('', 'echo "Function created dynamic";');
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echo $func; // lambda_1
 
$func();    // Function created dynamic
 
$my_func = 'lambda_1';
$my_func(); // \Ŵ�f<Ųď
lambda_1(); // \Ŵ�f<Ųď

ÄzfƓ�%
�zã¤���create_functionÚ�fşs
�Fz�ĐŲďŬ2s΂˱Ό��fÚ
U�\¤���� php��şơƢf<Ųď�ƈȵ̳�
? lambda_1§ȇ7���<ãȶò
ŲďÓ�A
R01`ĐŮ�<΄�lambda_1
ŲďȜ? fgŲď
ǓǔƩƺȑN�lambda_2�k�ɣ|Ųď
ÁÂ
NŰ·�Üf<Ųď�ÜŴ��ưø/ƍť
ŲďŬ� ȩAR01�create_function
FĐŮ�<΄�
lambda_1
ŲďN�ş�Ȝ? f�Ú£�ŲďĜŁĐŮ
ǝǞ�� f�
��΍Ύ\�E¤
�Ż��Ȕ
ÄARSƭ
ĐŮ�Ŭ�lambda_1
Ųď��\N£�0àĸ
ǝǞ
�f̒Ώ��şǔˊȜ? Äz�%

͙ď2ȁ��ĸÓ�f<ǝǞ��ȔÄǀTUĐŮŬ�lambda_1
Ųď�

�Ú�ĸ01
lambda_1@create_functionǓǔ
lambda_1ǀ\���
!? �şNf�Ȝ? ȧþ¦
ĸÓ01TU§/�ͱ� þ§/�Ĵz�Ĵz�01�echo
ÁÂĶ£�lambda_1�-01
lambda_1
�01±²ΐ�
. 01º��sdebug_zval_dumpŲď7§§ĭ�

<?php
$func = create_function('', 'echo "Hello";');
 
$my_func_name = 'lambda_1';
debug_zval_dump($func);         // string(9) "lambda_1" refcount(2)
debug_zval_dump($my_func_name); // string(8) "lambda_1" refcount(2)

§£7�ĭ�Ě1
ɎdΑ¹\���Ɏd\���à?012s
Ųď¸¹�\Ŵ�
� 01º�
ħ6§§create_functionŲď/Ûå���Şşĭ� ĩ��Ɖ:
$PHP_SRC/Zend/zend_builtin_functions.c

#define LAMBDA_TEMP_FUNCNAME    "__lambda_func"
 
ZEND_FUNCTION(create_function)
{
    // ... ˯�ŉĄ�%
    function_name = (char *) emalloc(sizeof("0lambda_")+MAX_LENGTH_OF_LONG);
    function_name[0] = '\0';  // <--- fg
    do {
        function_name_length = 1 + sprintf(function_name + 1, "lambda_%d", 
++EG(lambda_count));
    } while (zend_hash_add(EG(function_table), function_name, 
function_name_length+1, &new_function, sizeof(zend_function), NULL)==FAILURE);
    zend_hash_del(EG(function_table), LAMBDA_TEMP_FUNCNAME, 
sizeof(LAMBDA_TEMP_FUNCNAME));
    RETURN_STRINGL(function_name, function_name_length, 0);
}

ĩŲď�ĐŮ��<Ųď
F�ʍŲďȇ�<ŬƩ�k8ŲďŬ
Ǎ�<ƩƺĻ��'\0'�Ú�ȫƩ
ƺ�¹F�ŲďĴK·ø�ÜËLĐŮ�f<Ųď� ARËLU�öoÒ�
ŲďŬ� Ǎ�<Ʃƺ�ȫƩ
ƺ
ĐŮ�é�¡ɯˍ� f��sƪ�%KÚŉŻĐŮ£f�
Ųď�� f��Ú\Ŵ�óŬĲĳ
ǝǞ
�� f�Ȁ���ŋ
�Ż�� ���/f<ɯˍ
Ųď
F�01³�º��?2s/f<Ųď
�
þ�01�ŲďŬ�×�<ȫƩƺÚ�?�� chr()Ųď�?̼01oÒf�
Ʃƺȑ� êA�zɣ|
Ų
ď�?òIA&
�éɀǝ/:
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ď�?òIA&
�éɀǝ/:

<?php
 
$my_func = chr(0) . "lambda_1";
$my_func(); // Hello

f�ɣ|"ͶŬŲď"
�éU��ğɃ:

1. Ųď
ĐŮ�òIƩƺȑƬɖeval
� fÚŉŻė�Ã 
PŻŰ·;
2. f�Ųď@ȶòŲďTU ͱÙŨ� ŉŻ��ʔl
ǹR.

mĝVđ¦]^

�PHP5.3ŷ�
Ͳäě¦K� ȱ�ͶŬŲďºU�<ɯÐŔ.ŇŇ: �ŷ�
__invoke ͸Β�Ż�

__invokeĞğ56

f<͸Β�Żƚ2s
ÁŽ�: ¸�<YƄ¸�Ųď2s
ÁÂ� ARYƄĐŮ�__invoke͸Β�Ż
öf<ŲďNƚ2s� f@C++K
��ƺĜ'U��Ƿ� êA�?Ç&zf��s:

<?php
class Callme {
    public function __invoke($phone_num) {
        echo "Hello: $num";
    }
}
 
$call = new Callme();
$call(13810688888); // "Hello: 13810688888

đ¦]^V��

�zGH�8YƄ��Ųď2s
�Ż� ̢Ó
S�¦ř/�PHP��ͶŬŲď
�Ż��PHPK

ͶŬŲďÚ
˹�òIf��é��
� 01`7�Ƣ�&:

<?php
$func = function() {
    echo "Hello, anonymous function";
}
 
echo gettype($func);    // object
echo get_class($func);  // Closure

ı7ͶŬŲď�þ��<ȶò
�-Ë�ĪīJavascript
Ì}YͶŬŲď
�s�ŻãĪī��
PHP��s@Javascript�Ƿ
PŻ7ĐŮ� ͶŬŲď�?ɶŔʍ�<Ļļ� Ɯ�ͶŬŲď³���<�
�ê� à?¦Ł���ã¬Ɣ��
� �JavascriptK�?8�<ͶŬŲďɶŔʍ�<YƄ
½Ð� êA:

var a = {};
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a.call = function() {alert("called");}
a.call(); // alert called

f�JavascriptKãMƉ� ȩ�PHPKf�ǀ\�?� ʍYƄ
½ÐŁ��\¦ƚ2s
� f��s
8Nɥß�Ǒø�KĐŮ
�Ż� �PHPK½ÐŬ@ĐŮ
�ŻŬ��?ĜŁ
� f�ÎPHP
�āǨà
ĮĐ
� ¸¹PHP�f�z��?«ė
� Fŀ
v K�¦NɁƶf�
2s� f�
ùÚÍ¬Ɣ̚
ɨ
����ě¦��Ê�ř���f�
ǹR��U�Ż
: �sˌƟ�<͸Β�Ż__call()� Ʋw�ş
��Úɵʍ�ǎDX¸�~Ǟĭ�

ĚěV:;

PHP�sʔl(Closure)7��ͶŬŲď� ͶŬŲďEìu
ě¦�Ú�ͶŬŲďàÅǁ
��Ƭɖɯ
Ð?#ʔlǹR� ͶŬŲď�ĐŮ
ÁÂAR���s�s̍Ɵ
Ļļ���sA&
PŻ7��:

<?php
$name = 'TIPI Tea';
$func = function() use($name) {
    echo "Hello, $name";
}
 
$func(); // Hello TIPI Team

f<usePQ§ȇ7ΓŨΔ
� ˾³�@Javascript�ȇ7� \If�rĩ�PHP-CoreΈƍǩǪǯ�
s
PŻ� Ɯ�@Javascript
�s̍\Ì� PHP�Ųď�ĐŮ
ĻļȿțÚ�ȵƠĻļ� -�
JavascriptKöăˡ� ȱ�ÔéĐŮ
ǯ�ȵƠĻļ� PHP�ĻŘ
ÁÂöŉŻ˹ĐĻļ�ȵƠĻļº�
Äƅ�s̍�
Ļļ� ¸¹��¦UΕŻ�*+Á˹Đ� \If�YwPë
ǹǲ@ŁǺÐÚUãu
Õ
Ö�

f<PŻ�¡ħ6� AR��ɀǝÄƅ�s̍�
Ļļö���susePQ7ɆÓ� f��()Ɣ
D� ĸ/fg� ³��?�suse7���ǷglobalPQ
ǹR�

ͶŬŲď�¨©ĉ�
ÁÂå¦ɀǝ/Äƅ�s̍�
Ļļ� f�Ļļ�ͶŬŲďƚ͚͛
�	ľơ
Ŵ»±²
ɝɖ� êAA&
êȨ:

<?php
function getCounter() {
    $i = 0;
    return function() use($i) { // fgAR�sŷsȺ�Ļļ: use(&$i)
        echo ++$i;
    };
}
 
$counter = getCounter();
$counter(); // 1
$counter(); // 1

@JavascriptK\Ì� fgȁ©Ųď2sǀTU�$iĻļ±Ȗ� ȿțPHP�òI΀΁
�éȺ�Äƅ
Ļļė�ͶŬŲď� AR��«ĻÄƅĻļ
Ŕö��òIŷs
�éȺȻ� à?Äz.�%TUĶ£
1� 2-�1� 1�
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ĚěV��

�zÅ/ͶŬŲď�òIʔl7��
� ��01�	§§ʔl(�)��ş��
� ͶŬŲď@ȶò
Ųďȱ��ÜUĻļŬ?ƟǀTUÙŨ� ʔl
���%�$PHP_SRC/Zend/zend_closure.c�ͶŬŲ
ď"YƄȐ"
ǝǞËLòIClosure��� -YwͶŬ��ş�ɀǝ/ɣ|ĩͶŬŲďÁ
Ļļ
Ȝ?

êAA&fƓ�%:

<?php
$i=100;
$counter = function() use($i) {
    debug_zval_dump($i);
};  
 
$counter();

òIVLD7·§fƓ*%*+Şş�
opcode�

$ php -dvld.active=1 closure.php
 
vars:  !0 = $i, !1 = $counter
# *  op                           fetch          ext  return  operands
------------------------------------------------------------------------
0  >   ASSIGN                                                   !0, 100
1      ZEND_DECLARE_LAMBDA_FUNCTION                             '%00%7Bclosure
2      ASSIGN                                                   !1, ~1
3      INIT_FCALL_BY_NAME                                       !1
4      DO_FCALL_BY_NAME                              0          
5    > RETURN                                                   1
 
function name:  {closure}
number of ops:  5
compiled vars:  !0 = $i
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
-
  3     0  >   FETCH_R                      static              $0      'i'
        1      ASSIGN                                                   !0, $0
  4     2      SEND_VAR                                                 !0
        3      DO_FCALL                                      1          
'debug_zval_dump'
  5     4    > RETURN                                                   null

ÄzĊĤȣȤ�͓���ŉĄ
Ķ£� ,Ä/&� Ǎ1�	8100ɶŔʍ!0�Ú�Ļļ$i� ǉFĉ�
ZEND_DECLARE_LAMBDA_FUNCTION� ȧ01�ăĄ
opcodeĉ�ŲďK§§fg��şĉ�
�
f<opcode
¥�Ųďǎw$PHP_SRC/Zend/zend_vm_execute.hK:

static int ZEND_FASTCALL  
ZEND_DECLARE_LAMBDA_FUNCTION_SPEC_CONST_CONST_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
    zend_op *opline = EX(opline);
    zend_function *op_array;
 
    if (zend_hash_quick_find(EG(function_table), Z_STRVAL(opline-
>op1.u.constant), Z_STRLEN(opline->op1.u.constant), Z_LVAL(opline-
>op2.u.constant), (void *) &op_arra
y) == FAILURE ||
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        op_array->type != ZEND_USER_FUNCTION) {
        zend_error_noreturn(E_ERROR, "Base lambda function for closure not 
found");
    }
 
    zend_create_closure(&EX_T(opline->result.u.var).tmp_var, op_array 
TSRMLS_CC);
 
    ZEND_VM_NEXT_OPCODE();
}

ĩŲď2s�zend_create_closure()Ųď7ɣ|�<ʔlYƄ, ȧ01ˋŀ§§ǎw
$PHP_SRC/Zend/zend_closures.c
zend_create_closure()Ųďå���Şş�

ZEND_API void zend_create_closure(zval *res, zend_function *func TSRMLS_DC)
{
    zend_closure *closure;
 
    object_init_ex(res, zend_ce_closure);
 
    closure = (zend_closure *)zend_object_store_get_object(res TSRMLS_CC);
 
    closure->func = *func;
 
    if (closure->func.type == ZEND_USER_FUNCTION) { // AR�sƪĐŮ
ͶŬŲď
        if (closure->func.op_array.static_variables) {
            HashTable *static_variables = closure-
>func.op_array.static_variables;
 
            // �ŲďɆćŴɄʦɖĻļ
̹ɽĴȫƣ
            ALLOC_HASHTABLE(closure->func.op_array.static_variables); 
            zend_hash_init(closure->func.op_array.static_variables, 
zend_hash_num_elements(static_variables), NULL, ZVAL_PTR_DTOR, 0);
 
            // ȝ4¸�ʦɖĻļŕĴ� �szval_copy_static_var�Ż¥�
            zend_hash_apply_with_arguments(static_variables TSRMLS_CC, 
(apply_func_args_t)zval_copy_static_var, 1, closure-
>func.op_array.static_variables);
        }
        (*closure->func.op_array.refcount)++;
    }
 
    closure->func.common.scope = NULL;
}

AÄƓ�%ȷȸKàĸ, ˋŀ§§zval_copy_static_var()Ųď
��:

static int zval_copy_static_var(zval **p TSRMLS_DC, int num_args, va_list args, 
zend_hash_key *key) /* {{{ */
{
    HashTable *target = va_arg(args, HashTable*);
    zend_bool is_ref;
 
    // þYòIusePQ�Ǩ
ʦɖĻļė��Ŕ��� ÜöͶŬŲďŤ�
ʦɖĻļ�NÕÖ/�
s̍
Ɵ
Ļļ
    if (Z_TYPE_PP(p) & (IS_LEXICAL_VAR|IS_LEXICAL_REF)) {
        is_ref = Z_TYPE_PP(p) & IS_LEXICAL_REF;
 
        if (!EG(active_symbol_table)) {
            zend_rebuild_symbol_table(TSRMLS_C);
        }
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        // AR¸��s̍�TUf<Ļļ
        if (zend_hash_quick_find(EG(active_symbol_table), key->arKey, key-
>nKeyLength, key->h, (void **) &p) == FAILURE) {
            if (is_ref) {
                zval *tmp;
 
                // AR�ŷsĻļ� öɣ|�<ΖÁĻļ�Ƹ�ͶŬŲďĐŮ
FYĩĻļė
���
                ALLOC_INIT_ZVAL(tmp);
                Z_SET_ISREF_P(tmp);
                zend_hash_quick_add(EG(active_symbol_table), key->arKey, key-
>nKeyLength, key->h, &tmp, sizeof(zval*), (void**)&p);
            } else {
                // AR\�ŷsöĴĵf<Ļļ\Ŵ�
                p = &EG(uninitialized_zval_ptr);
                zend_error(E_NOTICE,"Undefined variable: %s", key->arKey);
            }
        } else {
            // ARŴ�f<Ļļ� öĊĤ�Ü�ŷs� YĻļė�ŷsWXŁ�
            if (is_ref) {
                SEPARATE_ZVAL_TO_MAKE_IS_REF(p);
            } else if (Z_ISREF_PP(p)) {
                SEPARATE_ZVAL(p);
            }
        }
    }
    if (zend_hash_quick_add(target, key->arKey, key->nKeyLength, key->h, p, 
sizeof(zval*), NULL) == SUCCESS) {
        Z_ADDREF_PP(p);
    }
    return ZEND_HASH_APPLY_KEEP;
}

f<Ųď���<ǔ2ŲďȺȻʍzend_hash_apply_with_arguments()Ųď� ¨©D�/hashĴK

Ŕ
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�`01§§��Şş���sƪĐŮ
��ƃƄďĤ�Ǩ�k���ΗʢK´�ƥUʽÐˊʣ
ƃ
Ƅ� UÁ01��?��³�YƄ
�Ũ����?§����ŁƍǨ
=>�³��ŴɄäȄȐ
ď
Ĥ� A½ÐƼ�ŻƼ?#±ǵ
��Ðͱy�

�@Ųď�Ƿ�PHP�ę#PHPŚq˖�?��±²
�Ơ����?Îsƪ�sPHP�%ė�Đ
Ů� ¸¹01�*À�%ÁòMÁ±²ĐŮ�

�sÄ�01�sclassĄɸƩė�ĐŮ�Fz6�Ŭ��Ŭ�?�ǊBhPHPơɵƩ
ŬƩ� ��Ŭ
Fzʘ̝»�Yšmķ�gz��
�Ť�lm�àƥU
½Ð�f�½Ð�YƄ
ɝɖ
ƃƄ� ³Ĵ�
�PHPK¿Ā
ďĤ�Ǩ���?lmYƄ ǵ�òM01Ǿ³�ÒʻĻļ� ȱ��
½Ð� �
�ŤK
�lm�àƥU
���f����YƄ
��
ƃƄ�³Ĵ��s��Ŭ@��ĩ��
�Ż� òM0
1Ǿ³�Òʻ�ŻWÒʻŲď�§�ĵê
�%õ

class ParentClass {
}
 
interface Ifce {
        public function iMethod();
}
 
final class Tipi extends ParentClass implements Ifce {
        public static $sa = 'aaa';
        const CA = 'bbb';
 
        public function __constrct() {
        }
 
        public function iMethod() {
        }
 
        private function _access() {
        }
 
        public static function access() {
        }
}

fgĐŮ��<Π�ParentClass��<6ƆIfce��<Ȩ�Tipi�Ȩ�ˋ̜Π�ParentClass� ��6
ƆIfce�ǀȃU�<ʦɖĻļ$sa��<�Mļ CA��<Țs�Ż��<ͣU�Ż@�<Țsʦɖ�Ż�
f�=>�ZendŷŸ�Ơ�AB��
ɹ�
�ŻƼÒʻĻļ�ABŴɄ
ɹɀǝ���ʦɖÒʻ�AB
ƾƿ
ɹ

�`�01§§�
�ƠŴɄ=>:

struct _zend_class_entry {
    char type;     // �ǨõZEND_INTERNAL_CLASS / ZEND_USER_CLASS
    char *name;// �ŬǾ
    zend_uint name_length;                  // ǃsizeof(name) - 1
    structͺ_zend_class_entry *parent; // ˋ̜
Π�
    intͺrefcount;  // ŷsď
    zend_bool constants_updated;
 
    zend_uint ce_flags; // ZEND_ACC_IMPLICIT_ABSTRACT_CLASS: �Ŵ�abstract�Ż
    // ZEND_ACC_EXPLICIT_ABSTRACT_CLASS: ��ŬǾ�×�abstractĄɸƩ
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    // ZEND_ACC_FINAL_CLASS
    // ZEND_ACC_INTERFACE
    HashTable function_table;      // �Ż
    HashTable default_properties;          // ȿț½Ð
    HashTable properties_info;     // ½Ð¯°
    HashTable default_static_members;// � ǵàƥU
ʦɖĻļ
    HashTable *static_members; // type == ZEND_USER_CLASSÁ��
&default_static_members;
    // type == ZEND_INTERAL_CLASSÁ�ő�NULL
    HashTable constants_table;     // Mļ
    struct _zend_function_entry *builtin_functions;// �ŻĐŮ�Ɔ
 
 
    union _zend_function *constructor;
    union _zend_function *destructor;
    union _zend_function *clone;
 
 
    /* ͸͹�Ż */
    union _zend_function *__get;
    union _zend_function *__set;
    union _zend_function *__unset;
    union _zend_function *__isset;
    union _zend_function *__call;
    union _zend_function *__tostring;
    union _zend_function *serialize_func;
    union _zend_function *unserialize_func;
    zend_class_iterator_funcs iterator_funcs;// ͘�
 
    /* �QΡ */
    zend_object_value (*create_object)(zend_class_entry *class_type TSRMLS_DC);
    zend_object_iterator *(*get_iterator)(zend_class_entry *ce, zval *object,
        intby_ref TSRMLS_DC);
 
    /* �ǧÓ
6Ɔ */
    int(*interface_gets_implemented)(zend_class_entry *iface,
            zend_class_entry *class_type TSRMLS_DC);
 
 
    /* ĨŕȐǔ2Ųď�ʧ */
    int(*serialize)(zval *object� unsignedchar**buffer, zend_uint *buf_len,
             zend_serialize_data *data TSRMLS_DC);
    int(*unserialize)(zval **object, zend_class_entry *ce, 
constunsignedchar*buf,
            zend_uint buf_len, zend_unserialize_data *data TSRMLS_DC);
 
 
    zend_class_entry **interfaces;  //  ���
6Ɔ
    zend_uint num_interfaces;   //  ���
6Ɔď
 
 
    char *filename; //  �
Ŵůý�ÈÉ űYÈÉ
    zend_uint line_start;   //  �ĐŮ
�	�
    zend_uint line_end; //  �ĐŮ
=ʏ�
    char *doc_comment;
    zend_uint doc_comment_len;
 
 
    struct _zend_module_entry *module; // �à�
āĂ�ƆõEG(current_module)
};

�Äzf<=>
Ơ¾ƩƓ�01¾żý!E�	
ȧƓPHP�%���K
Ĵ�� AĴ5.1àĵõ
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MĀ¦
MĀ

��

ParentClass
¬

IfceJ| Tipi¬

name �Ŭ ParentClass Ifce Tipi

type �Ũ 2 2 2

parent Π� ȫ ȫ ParentClass�

refcount
ŷs
Œď

1 1 2

ce_flags�
�

�Ǩ

0 144 524352

function_table
Ųď
ŕĴ

ȫ
function_name=iMethod
| type=2 | fn_flags=258�

function_name=__construct
| type=2 | fn_flags=8448�
function_name=iMethod |
type=2 | fn_flags=65800�
function_name=_access |
type=2 | fn_flags=66560�
function_name=access |
type=2 | fn_flags=257�

interfaces
6Ɔ
ŕĴ

ȫ ȫ Ifce6Ɔ 6Ɔď�1

filename�
Ŵů
ý�
ÈÉ

/tipi.php /tipi.php /ipi.php

line_start
��
	�
ď

15 18 22

line_end
�=
ʏ�
ď

16 20 38

�
=>K�typeUȁ��Ǩ�ďƩƾƿ�1@2�¾Ũ��&Ɗ
ĐŮ��Ú�ĸsƪĐŮ
�@ā
ĂWX�ę
���ơŴ�f<=>g
:

#define ZEND_INTERNAL_CLASS         1
#define ZEND_USER_CLASS             2

YwΠ�@6Ɔ�å�ơŴ�structġ_zend_class_entry=>ŤK�fĴĵ6Ɔ��?�
ȉéŴ
Ʉ� -�����
�ǀȃ�ˋ̜y��ÁUž���
\Ì
¥��MŦ
Òʻ�ŻŴů�Ųď=>Ť

̹ɽĴK� -͸͹�Żö)ʗơŴ� A��ĐŮK
 union _zend_function *constructor; ĐŮÚ��

>Ñ͸͹�Ż� k�?Ųď
ȉéŴ�w�=>K�ǀȃžMŦ
�Ż¾Ɲ�7���ɩ	ȐÁ�f�
͸͹�ŻåNƚőę�NULL�
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�
ĐŮ�?classĄɸƩ�	��Zend/zend_language_scanner.lý�K�ø/classYr
token�
T_CLASS� ĊĤǦtoken��Zend/zend_language_parser.yý�K�ø/*+Á2s
Ųďõ

unticked_class_declaration_statement:
        class_entry_type T_STRING extends_from
            { zend_do_begin_class_declaration(&$1, &$2, &$3 TSRMLS_CC); }
            implements_list
            '{'
                class_statement_list
            '}' { zend_do_end_class_declaration(&$1, &$2 TSRMLS_CC); }
    |   interface_entry T_STRING
            { zend_do_begin_class_declaration(&$1, &$2, NULL TSRMLS_CC); } 
interface_extends_list
            '{'
                class_statement_list
            '}' { zend_do_end_class_declaration(&$1, &$2 TSRMLS_CC); }
;
 
 
class_entry_type:
        T_CLASS         { $$.u.opline_num = CG(zend_lineno); $$.u.EA.type = 0; 
}
    |   T_ABSTRACT T_CLASS { $$.u.opline_num = CG(zend_lineno); $$.u.EA.type = 
ZEND_ACC_EXPLICIT_ABSTRACT_CLASS; }
    |   T_FINAL T_CLASS { $$.u.opline_num = CG(zend_lineno); $$.u.EA.type = 
ZEND_ACC_FINAL_CLASS; }
;

Äz
class_entry_typePŻĸÓ�PŻ¾żȯƓ8�¾�t��ǨõMŦ�(T_CLASS)� ƃƄ�
(T_ABSTRACT T_CLASS)@final�(T_FINAL T_CLASS )� Ě1¾ŨYr
�Ǩ���K�:�

MŦ�(T_CLASS) Yr
type=0
ƃƄ�(T_ABSTRACT T_CLASS) Yrtype=ZEND_ACC_EXPLICIT_ABSTRACT_CLASS
final�(T_FINAL T_CLASS) Yrtype=ZEND_ACC_FINAL_CLASS�

ȱ�Äz
t��ǨƟ��ºlÿUˌƟȁ��ǨTU×abstractĄɸƩ
ƃƄ�@6Ɔõ

TU×abstractĄɸƩ
ƃƄ��kYr
type=ZEND_ACC_IMPLICIT_ABSTRACT_CLASS� Î
w�class�zTUabstractĄɸƩ��PŻ¾żÁǀTU¾ż£7f��<ƃƄ��ȩ�Îw�K
ˉUƃƄ�Ż� �ŲďȷɚÁȟȠÒʻŲď�ƃƄ�ŻWˋ̜�K
Òʻ�Ż�ƃƄ�ŻÁ�N8
f<�őę�Ǧ�ƃƄ��Ǩ�
6Ɔ�³type=ZEND_ACC_INTERFACE�6Ɔ�Ǩ
Ù¾��interfaceĄɸƩ�żÁőę�Ɖ
interface_entry:Yr
PŻĸÓ�

f̻��Ǩ�Zend/zend_complie.hý�KĐŮA&õ

#define ZEND_ACC_IMPLICIT_ABSTRACT_CLASS    0x10
#define ZEND_ACC_EXPLICIT_ABSTRACT_CLASS    0x20
#define ZEND_ACC_FINAL_CLASS                0x40
#define ZEND_ACC_INTERFACE                  0x80

MŦ��0��fgTUĐŮ�ǀȃ�JĨ��ħ6ɶŔ�0�

PŻ�żčFÚ�?�ư�<��ƃƄ�º�final��ȶò
��ʠWX6Ɔ� ĐŮ�Á2s��
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zend_do_begin_class_declaration@zend_do_end_class_declarationŲď� ,fȁ<ŲďȺ�
Ď
ď�zend_do_begin_class_declarationŲďs7¥��Ŭ��
�Ũ@Π��
zend_do_end_class_declarationŲďs7¥�6Ɔ@�
Kƣ�% fȁ<Ųď�Zend/zend_complie.cý
�K�?ø/³���

�zend_do_begin_class_declarationK��`NYȺ�
�Ŭ��<æȐ���ÒƗÀ�f���Ş
ş�Ŭ\Ù¾uƗ
ıƜ�A&�%

<?php
class TIPI {
}
 
class tipi {
 
}

Ź�ÁJĨɑĝ: Fatal error: Cannot redeclare class tipi� f<ĝĞN�Ź�oÒKƣ
�%ÁV
p� ǦĝĞ
ȟȠIJ�FzKƣ�%oÒÁĸÓ�-Ąw�
ŬǾ
ȟȠö�òI T_STRING token�
�PŻ�żÁ�
ȟȠ� ȩ�fþ¦�Ũ£�Ŭ��<Ʃƺȑ�ǆA�Ŭ���ĄɸƩ� A&�%õ

class self {
}

Ź�� JĨNÔĵõ Fatal error: Cannot use 'self' as class name as it is reserved in...

?Ä
ĝĞJĨȟȠĐŮ� zend_do_begin_class_declaration Ųď� žselfĄɸƩ��� ºU
parent� staticȁ<ĄɸƩ
ȟȠ�Ì�<È�� ¸f<Ųďĉ�čF�01N./�ǧÓoÒ
Kƣ�
%�õZEND_DECLARE_CLASS � ¸¹�AR01�ǧÓ�Ơ�
ù�öoÒ
Kƣ�%�õ
ZEND_DECLARE_INHERITED_CLASS�

ĊĤoÒ
Kƣ�%�01�Zend/zend_vm_execute.hý�Kø/³Yr
ĉ�Ųď
ZEND_DECLARE_CLASS_SPEC_HANDLER� f<ŲďòI2s do_bind_class Ųď8Ǧ�×�/
EG(class_table) � �ǌ×/ŕĴ
ÌÁ��ȟȠĩ��ÜŴ��ARŴ��öǌ×˱Ό�ɑ01
�Å
/
�ĜŁǧÓĝĞ�þ�f<ȟȠ�*+�đÁ�\Noǹ
�

�ăĄ
�<=>˖ơŴ�struct _zend_class_entry =>ŤK�f�ƥŤ
�Ũ�PŻ¾żIJK
ė�Ù¾� �Ũ£�
�Ũ��
�Ŭy�ǀ8�Ũ£7
=RŴů/�
=>K�

&�Ƕ01�ȇ§§�àlÿ
ÒʻĻļ@Òʻ�Ż�

�.� ¬VñĢ\?ª56

�Ä�ƗǶ�01GH��
=>@ǧÓIJ�,-�01�ư��
ŴɄ=>�6ƆƃƄ�y�Ǩ

���é� � ƗǶ�018GH�
ÒʻĻļ@Òʻ�Ż��`�01§�&�Şş�ÒʻĻļ�Ş
ş�Òʻ�Ż�

�
ÒʻĻļ�PHPK ͱÄ��<Ļļ�þ�f�Ļļå̄½w´<��ǀȃʍf�Ļļ�Uɀǝ
��
� �
ÒʻĻļ�Ǿ�Òʻ½Ð�k���Ηʢ�Ť½Ð
ƃƄ���?s79:YƄɝɖ
ď
Ĥ�
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�
Òʻ�Ż�PHPK ͱÄ��<Ųď�þ�f<Ųď?�
�ŻŴ��k�¦��<��Ż��
¦��<�ê�Ż� ǀȃ�f��ŻÄå×Ä��
ɀǝ����
Òʻ�Ż���Ηʢ�Ť��
ƃ
Ƅ��?s7���
���

ñĢ\?

�Ǎt!GHIĻļ�\Iȧ�Ļļ�ş�ĐŮ�ƈȵŧ˔K�΄�ƈȵĻļ��ş�ĐŮ�´<Ų
ďK� ΄�ȵƠĻļ� ÒʻĻļ�ĐŮ��gz�ǀ@Òʻ�Ż¥wÌ�ƅ©�A&�<()
PHP�%
ĵê�ĐŮ��<�� ǀȃf<�U�<ÒʻĻļ�

class Tipi {
    public $var;
}

�
=>�PHP��K
ŴɄ�é01ËL�Ä�ƗǶGHI�����01�ɼʈ�
ÒʻĻļ

ŴɄ�é� ǆA01��ħ6ɀǝf<Ļļ�;<ɀǝIJ�Şşɹ ¸¹�?f<ĵê7ĸ�ɀǝf<Ò
ʻĻļ�òIYƄ7ɀǝ�ĄwYƄ
ăĄ��018�Fz
ƗǶ�ij
GH�

¸01sVLDŚq·§?Ä�%oÒ
Kƣ�%Á�01p��ǀTUăĄ
Kƣ�%Ķ£� f�Ɯ
�ÒʻĻļ�*+ÁËLȷɚ/��
=>K�ȧȷɚ
IJ�Şş? ÒʻĻļȷɚ
ǎę�Ɍɹ

01,Ä�ƗǶ�ư��*+Á�
ǧÓ*+N2szend_do_begin_class_declarationŲď� ǦŲď
s7ɩ	Ȑ�
Ã ¯°�³Klm�
ÒʻĻļ�³2sɛĨ�õ [zend_do_begin_class_declaration]
--> [zend_initialize_class_data] --> [zend_hash_init_ex]

zend_hash_init_ex(&ce->default_properties, 0, NULL, zval_ptr_dtor_func, 
persistent_hashes, 0);

Ɯ��
ÒʻĻļ�ơŴ�HashTableK�à?�³ďĤ
ɩ	Ȑ�szend_hash_init_exŲď7ė
��

�ǧÓ�
ÁÂɩ	Ȑ��
ÒʻĻļà�
HashTable�
FARU�
ÒʻĻļǧÓÁ��*+
Á zend_do_declare_property�Ųď�`Ű·ÒʻĻļ\Ɂƶ
��ȣȤõ

6ƆK\Ɂƶ�sÒʻĻļ
ÒʻĻļ\¦ˉUƃƄ½Ð
\¦ǧÓÒʻĻļ�final�
\¦ĜŁǧÓ½Ð

AR�Äz
PHP�%K
�ĐŮK�ʍÒʻĻļ�zǌ×finalĄɸƩõ�

class Tipi {
    public final $var;
}

Ź�JĨ8ɑĝõFatal error: Cannot declare property Tipi::$var final, �the final modifier is allowed��
only for methods and classes in .. f<ĝĞÎzend_do_declare_propertyŲďƘ£õ
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if (access_type & ZEND_ACC_FINAL) {
    zend_error(E_COMPILE_ERROR, "Cannot declare property %s::$%s final, the 
final modifier is allowed only for methods and classes",
               CG(active_class_entry)->name, var_name-
>u.constant.value.str.val);
}

�ĐŮŰ·TUǝǞ
F�ŲďNė�ÒʻĻļ
ɩ	Ȑ���

ALLOC_ZVAL(property);   //  ¾Ę�Ŵ
 
if (value) {    //  ÒʻĻļUɩ	ȐďĤ
    *property = value->u.constant;
} else {
    INIT_PZVAL(property);
    Z_TYPE_P(property) = IS_NULL;
}

�ɩ	ȐIJK�JĨN`¾Ę�Ŵ�ARf<ÒʻĻļUɩ	Ȑ
ďĤ�ö8ďĤħ6ɶŔʍĩ½
Ð� Üöɩ	ȐZVAL�ǀ8³�Ǩőę�IS_NULL��ɩ	ȐIJčÒF�JĨòI2s
zend_declare_property_ex Ųď8ǦÒʻĻļǌ×/�Đ
�=>K�

?Ä�ÒʻĻļ
ɩ	Ȑ@ȷɚÒʻĻļ
IJ�MŦ
ÒʻĻļEFåNȷɚ/�

default_properties ƩƓ� �01ƎÁ
��K��¦Ns\/Äzàĸ
f�IJ�ȩ�01�¦N�
sget_class_vars()Ųď7·§�
ÒʻĻļ� ǦŲďǓǔÎ�
ȿț½ÐȂÒ
ĄǸďȂ�f<ďȂ

Ȅȅ? varname => value 
ȉéŴ��³���ŵ�%A&õ

if (zend_lookup_class(class_name, class_name_len, &pce TSRMLS_CC) == FAILURE) {
    RETURN_FALSE;
} else {
    array_init(return_value);
    zend_update_class_constants(*pce TSRMLS_CC);
    add_class_vars(*pce, &(*pce)->default_properties, return_value TSRMLS_CC);
    add_class_vars(*pce, CE_STATIC_MEMBERS(*pce), return_value TSRMLS_CC);
}

�`2szend_lookup_classŲď·øŬ�class_name
��ǀ8ɶŔʍpceĻļ� f<·ø
IJ
E�ŵ��<HashTable
·øŲďzend_hash_quick_find�kN·øEG(class_table)� ȟȠ��ÜŴ�
��ARŴ�öħ6Ǔǔ�AR\Ŵ��ö��ȟȠ�Ü�?±Ƭ×'�AR�?±Ƭ×'�öN×'�
FȞǓǔ� AR\¦ø/��öǓǔFALSE�ARø/���öɩ	ȐǓǔ
ďȂ�Í��
ʦɖÒʻĻ
ļ�ǌ×�
ÒʻĻļ/Ǔǔ
ďȂ� fgʧY�
ʦɖÒʻĻļU�<Í�
IJ�Ąwf<IJ01
�&zUĄwʦɖÒʻĻļK�ăĄGH�

ïðñĢ\?

�
ʦɖÒʻĻļ�àU�êʽs
�k̄½wf<��ƜǦk�΄��Ļļ� �PHP
�=>K�
� ǵ
ʦɖĻļŴů��=>
 default_static_members ƩƓK�

žȶòÒʻĻļ\Ì��Ļļ�?ħ6òI�Ŭ2s�f�Ť�³Ǿ��Ļļ
ɯŨ��<PHPĵ
êõ
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class Tipi {
    public static $var = 10;
}
 
Tipi::$var;

f��<()
��kĕlm�<ȚU
ʦɖĻļ$var� òIVLDŚq·§³oÒ
Kƣ�%õ

function name:  (null)
number of ops:  6
compiled vars:  !0 = $var
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
-
-
   2     0  >   EXT_STMT
         1      NOP
   6     2      EXT_STMT
         3      ZEND_FETCH_CLASS                                 :1      'Tipi'
         4      FETCH_R                      static member               'var'
         5    > RETURN                                                   1
 
branch: #  0; line:     2-    6; sop:     0; eop:     5
path #1: 0,
Class Tipi: [no user functions]

fƓoÒ
Kƣ�%ĕžTipi::$var;fƓ2sYr�kž�z
�ĐŮTUäuĄ�� ĊĤ�z
�¬
@VLDoÒ
�¬�01�?�ưPHP�%õTipi::$var;ͺoÒ
Kƣ�%lmZEND_FETCH_CLASS@
FETCH_R� fgþ��<ʦɖĻļ
2s�ȩ�k΂oÒ�ȁ<Kƣ�%�ŞşıƜȜɹ ãħȲ
�
ȸõ01�2s�<�
ʦɖĻļ�¸¹�`ø/f<��¹FȞ��f<�
Ļļ� ,PHP$%7§�
f�Îw�*+Á³2s�zend_do_fetch_static_memberŲď� -�ǦŲďKʠ2s�
zend_do_fetch_classŲď� ,-NoÒZEND_FETCH_CLASSKƣ�%�kàYr
ĉ�Ųď�
ZEND_FETCH_CLASS_SPEC_CONST_HANDLER� ǦŲďN2szend_fetch_classŲď
ƻZend/zend_execute_API.cƽ� -zend_fetch_classŲďEľ�N2s zend_lookup_class_ex Ųď
·ø��fž�z
·ø�é���

ø/���6»rĩÚ�·ø�
ʦɖÒʻĻļ�³Eľ2s
Ųď�õ
zend_std_get_static_property� fgÎwǍĽ<Ďď
�Ǩ� ZEND_FETCH_STATIC_MEMBER�f<
ŲďEF�, static_members ƩƓK·øYr
ŔǓǔ� -�·ø�N@�z���ĉ�
zend_update_class_constantsŲď�,-Í�Ǧ�
àUʦɖÒʻĻļ�³JĨʌJAʖ5.1àĵõ
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ʖ5.1 ʦɖĻļÍ�ʌJʖ

ñĢ56
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Òʻ�Ż, ͱÄ7Ň����Ųď�à?³ŴɄ=>�@MŦŲď���ŴɄ�zend_function=>
ŤK� Yw�<�
ä<Òʻ�Ż�k�?HashTable
ďĤ=>ŴɄ�ä<zend_function=>Ť� @�
z
ÒʻĻļ�����ǧÓÁÒʻ�Ż�òI2szend_initialize_class_data�Ż�ɩ	Ȑ�;<�Ż
ŕĴà�
HashTable� ��K01AR�ĐŮ�<Òʻ�Ż�ŝéA&õ

class Tipi{
    public function t() {
        echo 1;
    }
}

ȱ�ɀǝ��ĄɸƩ��<Òʻ�Ż@MŦŲď���
�,PŻ�żK2s
Ųď��ƻå�
zend_do_begin_function_declarationŲďƽ� ȩ�³2s
ĎďU��\Ì�Ǎt<Ďďis_method�Ò
ʻ�Ż
ɶŔ�1�Ĵĵk��Òʻ�Ż
½Ð� �f<ŲďKNU���
*+ȟȠ��A�6ƆK\
¦ǧÓͣU
Òʻ�Ż� §f��Ɠ�%õ

interface Ifce {
   private function method();
}

ARħ6Ź��JĨNɑĝõFatal error: Access type for interface method Ifce::method() must be
omitted in fƓ�%Yr/zend_do_begin_function_declarationŲďK
�%�A&õ

if (is_method) {
    if (CG(active_class_entry)->ce_flags & ZEND_ACC_INTERFACE) {
        if ((Z_LVAL(fn_flags_znode->u.constant) & 
~(ZEND_ACC_STATIC|ZEND_ACC_PUBLIC))) {
            zend_error(E_COMPILE_ERROR, "Access type for interface method 
%s::%s() must be omitted",
                CG(active_class_entry)->name, function_name-
>u.constant.value.str.val);
        }
        Z_LVAL(fn_flags_znode->u.constant) |= ZEND_ACC_ABSTRACT; /* propagates 
to the rest of the parser */
    }
    fn_flags = Z_LVAL(fn_flags_znode->u.constant); /* must be done *after* the 
above check */
} else {
    fn_flags = 0;
}

�ǦJĨȟȠF�JĨ8�Żħ6ǌ×/�=>
function_talbeƩƓ��Ǧ
F�ʠ�ǈ˚
*+Ű
Ĕ� �A6Ɔ
��͸͹�Ż\¦ƚőę�hȚU�\¦ƚőę�static�A__call()Ƽ__callStatic()Ƽ
__get()y� AR�6ƆKőę�ʦɖ�Ż�A&ĐŮ
�<6Ɔõ

interface ifce {
    public static function __get();
}

ǈŹ�fƓ�%�öNÔĵWarningõWarning: The magic method __get() must have public
visibility and cannot be static in
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fƓ*+ŰĔ�zend_do_begin_function_declarationŲďKYr
$%A&õ

if (CG(active_class_entry)->ce_flags & ZEND_ACC_INTERFACE) {
        if ((name_len == sizeof(ZEND_CALL_FUNC_NAME)-1) && (!memcmp(lcname, 
ZEND_CALL_FUNC_NAME, sizeof(ZEND_CALL_FUNC_NAME)-1))) {
            if (fn_flags & ((ZEND_ACC_PPP_MASK | ZEND_ACC_STATIC) ^ 
ZEND_ACC_PUBLIC)) {
                zend_error(E_WARNING, "The magic method __call() must have 
public visibility and cannot be static");
            }
        } else if() {   //  ³k͸͹�Ż
*+ŰĔ
        }
}

Ì��Yw�K
f�͸͹�Ż��UÌ�
ɕ��AR��KĐŮ�ʦɖ
͸͹�Ż�öÔĵɉ
Ɋ�A&�%

class Tipi {
    public static function __get($var) {
 
    }
}

Ź�fƓ�%�öNÔĵõ Warning: The magic method __get() must have public visibility and
cannot be static in

žÒʻĻļ���Òʻ�Ż�U�<ǓǔàUÒʻ�Ż
Ųď--get_class_methods()� ǦŲďǓǔÎ
�Đ
�KĐŮ
�ŻŬàȂÒ
ďȂ� , PHP 4.0.6 �	��?�ĐYƄ ǵ7�ƨ�Đ
�Ŭ� k½
wPHP�|Ųď�;<JĨʌJÚ��<ʹZ�Òʻ�ŻŕĴ�ȟȠ�Ü�ƺƍȡ�
�Ż� AR��ö
8f<�Ż���<Ȅȅǌ×/ǓǔďȂK�

ïðñĢ56

�
ʦɖÒʻ�ŻòM�΄���Ż� žʦɖÒʻĻļ\Ì�ʦɖÒʻ�ŻžÒʻ�ŻåŴɄ��=
>
function_table ƩƓ�

�
ʦɖÒʻ�Ż�?òI�Ŭħ6ɀǝ�

class Tipi{
    public static function t() {
        echo 1;
    }
}
 
Tipi::t();

?Ä
�%�VLDŚq&oÒ
Ơ¾Kƣ�%AA&õ

number of ops:  8
compiled vars:  none
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
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   2     0  >   EXT_STMT
         1      NOP
   8     2      EXT_STMT
         3      ZEND_INIT_STATIC_METHOD_CALL                             
'Tipi','t'
         4      EXT_FCALL_BEGIN
         5      DO_FCALL_BY_NAME                              0
         6      EXT_FCALL_END
   9     7    > RETURN                                                   1
 
branch: #  0; line:     2-    9; sop:     0; eop:     7
path #1: 0,
Class Tipi:
Function t:
Finding entry points
Branch analysis from position: 0

,?Ä
�¬�?§£;<ʦɖÒʻ�Ż
2s��<`·ø�Ż�Ȟ2s
IJ� -Yw2s�
��Yr
Kƣ�%� ZEND_INIT_STATIC_METHOD_CALL�Îw�Ŭ@�ŻŬå�Mļ� w�01
�?�ưKƣ�%Yr
Ųď�
ZEND_INIT_STATIC_METHOD_CALL_SPEC_CONST_CONST_HANDLER� �f<ŲďK�kN�`
2szend_fetch_classŲď�òI�Ŭ�EG(class_table)K·ø��¹FȞĉ�ʦɖ�Ż
���Ż�

if (ce->get_static_method) {
    EX(fbc) = ce->get_static_method(ce, function_name_strval, 
function_name_strlen TSRMLS_CC);
} else {
    EX(fbc) = zend_std_get_static_method(ce, function_name_strval, 
function_name_strlen TSRMLS_CC);
}
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<?php
 
error_reporting(E_ALL);
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class A {
    public static function staticFunc() {
        echo "static";
    }
 
    public function instanceFunc() {
        echo "instance";    
    }
}
 
A::instanceFunc(); // instance
$a = new A();
$a->staticFunc();  // static
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Strict Standards: Non-static method A::instanceFunc() should not be called 
statically
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member_modifier:
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    T_PUBLIC                { Z_LVAL($$.u.constant) = ZEND_ACC_PUBLIC; }
|   T_PROTECTED             { Z_LVAL($$.u.constant) = ZEND_ACC_PROTECTED; }
|   T_PRIVATE               { Z_LVAL($$.u.constant) = ZEND_ACC_PRIVATE; }

ft�ɀǝ��
ƾƿ�PHP��KĐŮ
t<Mļ��Zend/zend_complic.hK�³ĐŮA&õ

#define ZEND_ACC_PUBLIC     0x100
#define ZEND_ACC_PROTECTED  0x200
#define ZEND_ACC_PRIVATE    0x400
#define ZEND_ACC_PPP_MASK  (ZEND_ACC_PUBLIC | ZEND_ACC_PROTECTED | 
ZEND_ACC_PRIVATE)
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method_modifiers:
        /* empty */
        { Z_LVAL($$.u.constant) = ZEND_ACC_PUBLIC; }
    |   non_empty_member_modifiers          { $$ = $1;  
        if (!(Z_LVAL($$.u.constant) & ZEND_ACC_PPP_MASK))
        { Z_LVAL($$.u.constant) |= ZEND_ACC_PUBLIC; } }
;
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// ...˯ɐ
fn_flags = Z_LVAL(fn_flags_znode->u.constant);
// ... ˯ɐ
 
op_array.fn_flags |= fn_flags;
//  ...˯ɐ
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class Tipi{
    private static function t() {
        echo 1;
    }
}
 
Tipi::t();
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if (fbc->op_array.fn_flags & ZEND_ACC_PUBLIC) {
    //ȚU�Ż��?ɀǝ
} else if (fbc->op_array.fn_flags & ZEND_ACC_PRIVATE) {
    //  ͣU�Ż�ɑĝ
} else if ((fbc->common.fn_flags & ZEND_ACC_PROTECTED)) {
    //  ơɜ�Ż�ɑĝ
}
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<?php
 
class A {
    private $money = 10000;
    public function doSth($anotherA) {
        $anotherA->money = 10000000000;
    }
 
    public function getMoney() {
        return $this->money;    
    }
}
 
$b = new A();
echo $b->getMoney(); // 10000
 
$a = new A();
$a->doSth($b);
echo $b->getMoney(); // 10000000000;
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static int zend_verify_property_access(zend_property_info *property_info, 
zend_class_entry *ce TSRMLS_DC) /* {{{ */
{
    switch (property_info->flags & ZEND_ACC_PPP_MASK) {
        case ZEND_ACC_PUBLIC:
            return 1;
        case ZEND_ACC_PROTECTED:
            return zend_check_protected(property_info->ce, EG(scope));
        case ZEND_ACC_PRIVATE:
            if ((ce==EG(scope) || property_info->ce == EG(scope)) && EG(scope)) 
{
                return 1;
            } else {
                return 0;
            }
            break;
    }
    return 0;
}
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*+Ųďzend_do_inheritance()�³2sɛĨA&: [zend_do_early_binding] -->
[do_bind_inherited_class()] --> [zend_do_inheritance()]

ZEND_API void zend_do_inheritance(zend_class_entry *ce, zend_class_entry 
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*parent_ce TSRMLS_DC)
{
    //  ...˯ɐ  ɑĝ¥� 6Ɔ\¦,�ˋ̜�final�\¦ˋ̜
 
    //  ...˯ɐ ĨŕȐŲď@ˡĨŕȐŲď AR¸��TU�ö�Π�

 
    /* Inherit interfaces */
    zend_do_inherit_interfaces(ce, parent_ce TSRMLS_CC);
 
    /* Inherit properties */
    zend_hash_merge(&ce->default_properties, &parent_ce->default_properties, 
(void (*)(void *)) zval_add_ref, NULL, sizeof(zval *), 0);
    if (parent_ce->type != ce->type) {
        /* User class extends internal class */
        zend_update_class_constants(parent_ce  TSRMLS_CC);
        zend_hash_apply_with_arguments(CE_STATIC_MEMBERS(parent_ce) TSRMLS_CC, 
(apply_func_args_t)inherit_static_prop, 1, &ce->default_static_members);
    } else {
        zend_hash_apply_with_arguments(&parent_ce->default_static_members 
TSRMLS_CC, (apply_func_args_t)inherit_static_prop, 1, &ce-
>default_static_members);
    }
    zend_hash_merge_ex(&ce->properties_info, &parent_ce->properties_info, 
(copy_ctor_func_t) (ce->type & ZEND_INTERNAL_CLASS ? 
zend_duplicate_property_info_internal : zend_duplicate_property_info), 
sizeof(zend_property_info), (merge_checker_func_t) 
do_inherit_property_access_check, ce);
 
    zend_hash_merge(&ce->constants_table, &parent_ce->constants_table, (void 
(*)(void *)) zval_add_ref, NULL, sizeof(zval *), 0);
    zend_hash_merge_ex(&ce->function_table, &parent_ce->function_table, 
(copy_ctor_func_t) do_inherit_method, sizeof(zend_function), 
(merge_checker_func_t) do_inherit_method_check, ce);
    do_inherit_parent_constructor(ce);
 
    if (ce->ce_flags & ZEND_ACC_IMPLICIT_ABSTRACT_CLASS && ce->type == 
ZEND_INTERNAL_CLASS) {
        ce->ce_flags |= ZEND_ACC_EXPLICIT_ABSTRACT_CLASS;
    } else if (!(ce->ce_flags & ZEND_ACC_IMPLEMENT_INTERFACES)) {
        /* The verification will be done in runtime by 
ZEND_VERIFY_ABSTRACT_CLASS */
        zend_verify_abstract_class(ce TSRMLS_CC);
    }
}
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class Base {
    public function __construct() {
        echo 'Base __construct<br />';
    }
}
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class Foo extends Base {
 
}
 
$foo = new Foo();

�PHPŲďKŹ��NĶ£õBase __construct
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class Base {
    private function privateMethod() {
    }
}
 
class Child extends Base{
    public function publicMethod() {
    }
}
 
$c = new Child();
 
if (method_exists($c, 'privateMethod')) {
    echo 1;
}else{
    echo 0;
}
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interface Animal {
    public function run();
}
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class Dog implements Animal {
    public function run() {
        echo 'dog run';
    }
}
 
class  Cat implements Animal{
    public function run() {
        echo 'cat run';
    }
}
 
class Context {
    private $_animal;
 
    public function __construct(Animal $animal) {
        $this->_animal = $animal;
    }
 
    public function run() {
        $this->_animal->run();
    }
}
 
$dog = new Dog();
$context = new Context($dog);
$context->run();
 
$cat = new Cat();
$context = new Context();
$context->run();
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if (Z_TYPE_P(arg) == IS_OBJECT) {
    need_msg = zend_verify_arg_class_kind(cur_arg_info, fetch_type, 
&class_name, &ce TSRMLS_CC);
    if (!ce || !instanceof_function(Z_OBJCE_P(arg), ce TSRMLS_CC)) {
        return zend_verify_arg_error(zf, arg_num, cur_arg_info, need_msg, 
class_name, "instance of ", Z_OBJCE_P(arg)->name TSRMLS_CC);
    }
}
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ZEND_API zend_bool instanceof_function_ex(const zend_class_entry *instance_ce, 
const zend_class_entry *ce, zend_bool interfaces_only TSRMLS_DC) /* {{{ */
{
    zend_uint i;
 
    for (i=0; i<instance_ce->num_interfaces; i++) { //  Ȼ̄ʹZàU
6Ɔ
        if (instanceof_function(instance_ce->interfaces[i], ce TSRMLS_CC)) {
            return 1;
        }
    }
    if (!interfaces_only) {
        while (instance_ce) {   //  ʹZàU
Π�
            if (instance_ce == ce) {
                return 1;
            }
            instance_ce = instance_ce->parent;
        }
    }
 
    return 0;
}
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type=ZEND_ACC_INTERFACE�

interface_entry:
    T_INTERFACE     { $$.u.opline_num = CG(zend_lineno);
             $$.u.EA.type = ZEND_ACC_INTERFACE; }
;

-�ǧÓ�
Ųďzend_do_begin_class_declarationK�òI&ŕPQ�8PŻ�ż
�
�ǨɶŔ
ʍ�
ce_flagsƩƓ��

new_class_entry->ce_flags |= class_token->u.EA.type;
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=>Ťzend_class_entry.ce_flagsKơŴ�f�¯�
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if (fn_flags & ZEND_ACC_ABSTRACT) {
        CG(active_class_entry)->ce_flags |= ZEND_ACC_IMPLICIT_ABSTRACT_CLASS;
    }
}

ǈŲď�ƃƄŲď�öőę�
ce_flags�ZEND_ACC_IMPLICIT_ABSTRACT_CLASS�,-8f<�
�őę�ƃƄ��

ƃƄ��6Ɔ�ȶò�å�ơŴ�zend_class_entry=>ŤK�Ě1þòI�<ƾ®ƩƓ7Ù¾� ƃ
Ƅ�@6ƆºU�<ʽÐõŉŻ�êȐ�ȧ01§§Zend�ȧgɕ�
���êȐ�<YƄ01þ¦�s
newĄɸƩ7ė�� &z�ĉ�new�ė�
��:

static int ZEND_FASTCALL  ZEND_NEW_SPEC_HANDLER(ZEND_OPCODE_HANDLER_ARGS)
{
    zend_op *opline = EX(opline);
    zval *object_zval;
    zend_function *constructor;
 
    if (EX_T(opline->op1.u.var).class_entry->ce_flags & 
(ZEND_ACC_INTERFACE|ZEND_ACC_IMPLICIT_ABSTRACT_CLASS|ZEND_ACC_EXPLICIT_ABSTRACT
_CLASS)) {
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        char *class_type;
 
        if (EX_T(opline->op1.u.var).class_entry->ce_flags & ZEND_ACC_INTERFACE) 
{
            class_type = "interface";
        } else {
            class_type = "abstract class";
        }
        zend_error_noreturn(E_ERROR, "Cannot instantiate %s %s", class_type,  
EX_T(opline->op1.u.var).class_entry->name);
    }
    // ...
}
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!Ǎ�Ƕƽ

struct _zend_class_entry {
    ...
    //>Ñ�Ż __construct
    union _zend_function *constructor;
    //ż>�Ż __destruct
    union _zend_function *destructor;
    //ΛΜ�Ż __clone
    union _zend_function *clone;
    union _zend_function *__get;
    union _zend_function *__set;
    union _zend_function *__unset;
    union _zend_function *__isset;
    union _zend_function *__call;
    union _zend_function *__callstatic;
    union _zend_function *__tostring;
    //ĨŕȐ
    union _zend_function *serialize_func;
    //ˡĨŕȐ
    union _zend_function *unserialize_func;
    ...
}

fƓ�%Ó˹
�YƄ�ƠĐŮ�\Ì
�ʧ7ơŴ��͸͹Ļļ� ĄwZend VMY͸͹�Ż
2s
Ž��Îw¨��Ż
2sȣ5\Ì� X�fg�¾�ė�¾ż�

__construct

__construct>Ñ�Ż��YƄɣ|Áƚ±Ƭ2s� ž³kãäPëƻAJAVAƽ\Ì
���PHP
K�>Ñ�ŻǀTU�s”ž�ĐŮÌŬ“
ɷĐ�é�-�)ʗs͸͹�Ż7��� **__construct**�Ż

2s�Ɔ�newĄɸƩYr
ZEND_NEW_SPEC_HANDLERŲď� Zend VM�ɩ	ȐYƄ
ÁÂ��s
�newĄɸƩ�Y³OPCODEė�¾żF��sGDB�?./&z
̉̊¯°õ

#0  ZEND_NEW_SPEC_HANDLER (execute_data=0x100d00080) at zend_vm_execute.h:461
#1  0x000000010041c1f0 in execute (op_array=0x100a1fd60) at 
zend_vm_execute.h:107
#2  0x00000001003e9394 in zend_execute_scripts (type=8, retval=0x0, 
file_count=3) at /Volumes/DEV/C/php-5.3.4/Zend/zend.c:1194
#3  0x0000000100368031 in php_execute_script (primary_file=0x7fff5fbff890) at 
/Volumes/DEV/C/php-5.3.4/main/main.c:2265
#4  0x00000001004d4b5c in main (argc=2, argv=0x7fff5fbffa30) at 
/Volumes/DEV/C/php-5.3.4/sapi/cli/php_cli.c:1193

Äz
ΰ̊¯°ŌōÔĵ�newĄɸ
2sIJ��?p�newĄɸƩYr�
ZEND_NEW_SPEC_HANDLER
¥�Ųď� �ZEND_NEW_SPEC_HANDLERK�Zend VM�s&z

�%7��YƄ�ÜĐŮ�__construct�Żõ

...
constructor = Z_OBJ_HT_P(object_zval)->get_constructor(object_zval TSRMLS_CC);
if (constructor == NULL){
    ...
} else {
    ...
}
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//get_constructor
��
ZEND_API union _zend_function *zend_std_get_constructor(zval *object TSRMLS_DC)  
{
    zend_object *zobj = Z_OBJ_P(object);
    zend_function *constructor = zobj->ce->constructor;
 
    if(constructor){ ... } else { ...}
    ...
}

,Äz
�%�?§£ZendVMòID�zend_object->ce->constructor
Ŕ7ȟȠYƄ�\�ĐŮ

>ÑŲď�

Z_OBJ_P(zval); Z_OBJ_PƊ8�<zval�ǨĻļ>Ñ�zend_object�Ǩ�

�ȟȠ�__construct͸͹ĻļŴ�
F�ZEND_NEW_SPEC_HANDLERKY¸�
EX(called_scope)ė��Ĝ�ɶŔ� �ZEND_VM_NEXT_OPCODE();8opline�ʧ�ç__construct�Ż

op_array��	ĉ�__construct͸͹�Ż

    [c]
    EX(object) = object_zval;
    EX(fbc) = constructor;
    EX(called_scope) = EX_T(opline->op1.u.var).class_entry;
    ZEND_VM_NEXT_OPCODE();

__destruct

__destruct�ż>�Ż�Ź�wYƄƚÔĵ͚͛WXČ ĄʔÁ��ǫƚswȸů͈s
ą$�
__destruct
2s"#/ȗȘǔșŽ���Ą̌!KNUÍiē
GH�  ý XþʧY__destruct2s
Ž�ė�¾ż�³2s̉̊¯°A&õ

//˯ɐƠ¾�ŴÈÉ¯°F
̉̊õ
#0  zend_call_function () at /..//php-5.3.4/Zend/zend_execute_API.c:767
#1  zend_call_method () at /..//php-5.3.4/Zend/zend_interfaces.c:97
#2  zend_objects_destroy_object () at /..//php-5.3.4/Zend/zend_objects.c:112
#3  zend_objects_store_del_ref_by_handle_ex () at /..//php-
5.3.4/Zend/zend_objects_API.c:206
#4  zend_objects_store_del_ref () at /..//php-5.3.4/Zend/zend_objects_API.c:172
#5  _zval_dtor_func () at /..//php-5.3.4/Zend/zend_variables.c:52
#6  _zval_dtor () at zend_variables.h:35
#7  _zval_ptr_dtor () at /..//php-5.3.4/Zend/zend_execute_API.c:443
#8  _zval_ptr_dtor_wrapper () at /..//php-5.3.4/Zend/zend_variables.c:189
#9  zend_hash_apply_deleter () at /..//php-5.3.4/Zend/zend_hash.c:614
#10 zend_hash_reverse_apply () at /..//php-5.3.4/Zend/zend_hash.c:763
#11 shutdown_destructors () at /..//php-5.3.4/Zend/zend_execute_API.c:226
#12 zend_call_destructors () at /..//php-5.3.4/Zend/zend.c:874
#13 php_request_shutdown () at /..//php-5.3.4/main/main.c:1587
#14 main () at /..//php-5.3.4/sapi/cli/php_cli.c:1374

__destruct�ŻŴ�žÜ��zend_objects_destroy_objectŲďKė�ȟȠ
� �Č ĉ�=R
Á�ZendVM�php_request_shutdownȯƓN8YƄ̺K
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�__destruct͸͹�Ż�Ǧ�ŻųNƚĉ��
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�zend_objects_destroy_objectK�ž__construct��� ZendVMȟȠzend_object->ce-
>destructor�Ü�ȫ�AR\�ȫ�ö2szend_call_methodĉ�__destructż>�Ż� ė
�__destruct
�éž__construct\Ì
��__destruct
ĉ��é�ÎZendVMħ62
szend_call_function7ĉ��

__call�__callStatic

__callõ�YYƄ\Ŵ�
�Żė�2sÁ±Ƭĉ�;
__callStaticõ�YYƄ\Ŵ�
ʦɖ�Żė�2sÁ±Ƭĉ�;

__callž__callStatic
2sŽ�łƧčƈăÌ�ĄwŲď
ĉ�ËL�Ä�!KÅ/� sƪYŲď

2s�Îzend_do_fcall_common_helper_SPEC()�Żė�¥�
�

__callÎ

LI[ZEND_DO_FCALL_BY_NAME_SPEC_HANDLER]->
[zend_do_fcall_common_helper_SPEC]-> [zend_std_call_user_call]-> [zend_call_method]-
>[zend_call_function] 2s�LIzend_do_fcall_common_helper_SPEC
¾p�Eľ�
szend_call_function7ĉ�__call�

__callStaticÎ

LI[ZEND_DO_FCALL_BY_NAME_SPEC_HANDLER]->
[zend_do_fcall_common_helper_SPEC]-> [zend_std_callstatic_user_call]->
[zend_call_method]->[zend_call_function] 2s�LIzend_do_fcall_common_helper_SPEC
¾
p�Eľ�szend_call_function7ĉ�__callStatic�
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PHPKºUãä�͸͹�Ż�k1
¥��éÃ žÄz�Ƿ�Ź�Áĉ�žÜ�Į
ȟȠĊĤ� E
ľå�_zend_class_entry=>ŤKYr
�ʧ�Ü�ȫ� fgŕ£k1
Ûƅ��Ųďõ

Ğį56 �ĵY�]^ Ñr$�Ķ

__set zend_std_call_setter() Zend/zend_object_handlers.c

__get zend_std_call_getter() Zend/zend_object_handlers.c

__isset zend_std_call_issetter() Zend/zend_object_handlers.c

__unset zend_std_call_unsetter() Zend/zend_object_handlers.c

__sleep php_var_serialize_intern() ext/standard/var.c

__wakeup php_var_unserialize() ext/standard/var_unserializer.c

__toString zend_std_cast_object_tostring() Zend/zend_object_handlers.c

__invoke ZEND_DO_FCALL_BY_NAME_SPEC_HANDLER() Zend/zend_vm_execute.h
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__set_state php_var_export_ex() ext/standard/var.c

__clone ZEND_CLONE_SPEC_CV_HANDLER() Zend/zend_vm_execute.h
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,PHP 5.3.0�	�PHPȖ×��<΄�FƖʦɖ˨Đ
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ĸ�static::\Ȟƚ�ż�ĐŮ¸��Żà�
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��Ąɸ�wstaticĄɸƩ�AR?static2sʦɖ�Ż�ö�PŻ�żÁ:

function_call:
...//˯ɐǈ˚³kȣȤ
Ųď2s
|   class_name T_PAAMAYIM_NEKUDOTAYIM T_STRING '(' { $4.u.opline_num = 
zend_do_begin_class_member_function_call(&$1, &$3 TSRMLS_CC); }
        function_call_parameter_list
        ')' { zend_do_end_function_call($4.u.opline_num?NULL:&$3, &$$, &$6, 
$4.u.opline_num, $4.u.opline_num TSRMLS_CC); 
zend_do_extended_fcall_end(TSRMLS_C);}
...//˯ɐǈ˚³kȣȤ
Ųď2s
 
class_name:
    T_STATIC { $$.op_type = IS_CONST; ZVAL_STRINGL(&$$.u.constant, "static", 
sizeof("static")-1, 1);}

AÄàĵ�static8?Ǎ�<Ďď(class_name)ȺȻʍzend_do_begin_class_member_function_call
Ųď� ǦÁclass_name
op_typeƩƓ�IS_CONST�ȩ�òIzend_get_class_fetch_type��Ǧ�
�
Ǩ�ZEND_FETCH_CLASS_STATIC� f<�Ǩ����
extended_valueƩƓŴ��ǦƩƓ�Fzĉ
����
Kƣ�%ZEND_FETCH_CLASSƻZEND_FETCH_CLASS_SPEC_CONST_HANDLERƽÁ�
8��Ǎt<Ďď(fetch_type)ȺȻʍ���Ŭ
Eľĉ�Ųďzend_fetch_class�

EX_T(opline->result.u.var).class_entry = 
zend_fetch_class(Z_STRVAL_P(class_name), 
    Z_STRLEN_P(class_name), opline->extended_value TSRMLS_CC);
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�ŲďŤ�
ªΨĻļ
staticĄɸƩswĐŮʦɖȵƠĻļ�
swªΨ�ÒʻŲď@ÒʻĻļÁswǧÓʦɖÒʻ�
(PHP5.3)��s̍�żƺ(::)�ʠĴĵʦɖΝΞ˨Đ
ɯˍ��

f<ĄɸƩªΨ
ƐŮåĴĵ"ʦɖ"��PHPȌɚKÅ/self� parent@staticfł<ĄɸƩ�ȩ�Ȕ
Äȱ�static�ĄɸƩ?Ɵ�³Ěȁ<˖\�ĄɸƩ� �Ȍɚ
ĄɸƩŕĴK�TUfȁ<ĄɸƩ� ��
Ƣf�Ƀã():

<?php
var_dump(self); // ->  string(4) "self"

Äz
�%ǀTUɑĝ�ARSÏerror_reporting(E_ALL)Ƒ��Ú¦§/�Ȕ�ŞşȣȤ�: Ź�f
Ɠ�%N£�“ Notice: Use of undefined constant self - assumed 'self'“� �Ú�ĸPHPÏself¸Ò�<ȶ�
òMļ��Ǐ3ƙĐŮ
MļNÏȳļ ǵ¸Ò�<Ʃƺȑ� êAÄê
”self"�\IÌÁN£�<
NOTICE�fÚ�ĸselff<ƾĵƺǀTUŞşɯˍ
�

<?php
define('self'�"stdClass");
echo self; // stdClass

\ÌPëK
ĄɸƩ
ƐŮNU�ÙŨ�WikipediaÄ
�ȸ�õ ƥUɯˍÿŮ
ƾĵƺ
WX)ź�,f<ƐŮÄĸ$this�Ȁ��<ĄɸƩ�ȩ�PHP
ĄɸƩŕĴKǀTU� PHP

ĄɸƩ@C/C++��½wơɵƩ(ĄɸƩ)�ĄɸƩswĴĵɯĐ
PŻȉé�êAŲďĐ
Ů�ʌJ��y=>� f�ĄɸƩUĚ1
ɯĐ
�sȓ��-ÄzÅ/
self@parentǀT
Uf�
ɕ��

self�parent�static¬

�zËLĸIself
ɯˍÐ�self��<ɯˍ��k�ç¸���ȩþU��ĐŮ�ƠǯUǹ� ȩ�ǀ
\�Đ�ç� ǵf<ɯˍ���A�z
�%�ARů���ŻŤ�Ź��echo self; º�NĶ£Mļ
self
Ŕ�-\�¸���k\â�ȼ��
ĐŮ�Ơ�º�ȼ��
Ä&ý45� �A new self()
Á
Â�fÁselfÚ�ç¸���WXself::$static_varible� self::CONSTANT�Ƿ
�s̍�żƺķ(::)�fÁ

selfǯN���ç ǵ
�-Ŵ��

Ì�parent�@self�Ƿ�&z`§§���
45&
*+ĭ
$PHP_SRC/Zend/zend_language_parser.y:

class_name_reference:
        class_name                      { zend_do_fetch_class(&$$, &$1 
TSRMLS_CC); }
    |   dynamic_class_name_reference    { zend_do_end_variable_parse(&$1, 
BP_VAR_R, 0 TSRMLS_CC); zend_do_fetch_class(&$$, &$1 TSRMLS_CC); }
;

������ŬÁNĉ�zend_do_fetch_class()Ųďõ

void zend_do_fetch_class(znode *result, znode *class_name TSRMLS_DC) /* {{{ */
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{
    // ...
    opline->opcode = ZEND_FETCH_CLASS;
    if (class_name->op_type == IS_CONST) {
        int fetch_type;
 
        fetch_type = zend_get_class_fetch_type(class_name-
>u.constant.value.str.val, class_name->u.constant.value.str.len);
        switch (fetch_type) {
            case ZEND_FETCH_CLASS_SELF:
            case ZEND_FETCH_CLASS_PARENT:
            case ZEND_FETCH_CLASS_STATIC:
                SET_UNUSED(opline->op2);
                opline->extended_value = fetch_type;
                zval_dtor(&class_name->u.constant);
                break;
            default:
                zend_resolve_class_name(class_name, &opline->extended_value, 0 
TSRMLS_CC);
                opline->op2 = *class_name;
                break;
        }
    } else {
        opline->op2 = *class_name;
    }
    // ...
}

Äz˯ɐ���ŉĄ
�%�ĜɃĄȷfetch_typeĻļ�f�òIzend_get_class_fetch_type()Ųď
��/
�

int zend_get_class_fetch_type(const char *class_name, uint class_name_len) /* 
{{{ */
{
    if ((class_name_len == sizeof("self")-1) &&
        !memcmp(class_name, "self", sizeof("self")-1)) {
        return ZEND_FETCH_CLASS_SELF;
    } else if ((class_name_len == sizeof("parent")-1) &&
        !memcmp(class_name, "parent", sizeof("parent")-1)) {
        return ZEND_FETCH_CLASS_PARENT;
    } else if ((class_name_len == sizeof("static")-1) &&
        !memcmp(class_name, "static", sizeof("static")-1)) {
        return ZEND_FETCH_CLASS_STATIC;
    } else {
        return ZEND_FETCH_CLASS_DEFAULT;
    }
}

�z
�%�ZendŷŸ*+�ăĄ��
�%�&zÚ/ĉ�ȯƓ��self�parenty�
�çN�
ĉ�Áė���� ø/ĉ�opcode�ZEND_FETCH_CLASS
ĉ�Ųď:

zend_class_entry *zend_fetch_class(const char *class_name, uint class_name_len, 
int fetch_type TSRMLS_DC) /* {{{ */
{
    zend_class_entry **pce;
    int use_autoload = (fetch_type & ZEND_FETCH_CLASS_NO_AUTOLOAD) == 0;
    int silent       = (fetch_type & ZEND_FETCH_CLASS_SILENT) != 0;
 
    fetch_type &= ZEND_FETCH_CLASS_MASK;
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check_fetch_type:
    switch (fetch_type) {
        case ZEND_FETCH_CLASS_SELF:
            if (!EG(scope)) {
                zend_error(E_ERROR, "Cannot access self:: when no class scope 
is active");
            }
            return EG(scope);
        case ZEND_FETCH_CLASS_PARENT:
            if (!EG(scope)) {
                zend_error(E_ERROR, "Cannot access parent:: when no class scope 
is active");
            }
            if (!EG(scope)->parent) {
                zend_error(E_ERROR, "Cannot access parent:: when current class 
scope has no parent");
            }
            return EG(scope)->parent;
        case ZEND_FETCH_CLASS_STATIC:
            if (!EG(called_scope)) {
                zend_error(E_ERROR, "Cannot access static:: when no class scope 
is active");
            }
            return EG(called_scope);
        case ZEND_FETCH_CLASS_AUTO: {
                fetch_type = zend_get_class_fetch_type(class_name, 
class_name_len);
                if (fetch_type!=ZEND_FETCH_CLASS_DEFAULT) {
                    goto check_fetch_type;
                }
            }
            break;
    }
 
    if (zend_lookup_class_ex(class_name, class_name_len, use_autoload, &pce 
TSRMLS_CC) == FAILURE) {
        if (use_autoload) {
            if (!silent && !EG(exception)) {
                if (fetch_type == ZEND_FETCH_CLASS_INTERFACE) {
                    zend_error(E_ERROR, "Interface '%s' not found", 
class_name);
                } else {
                    zend_error(E_ERROR, "Class '%s' not found", class_name);
                }
                }
            }
        }
        return NULL;
    }
    return *pce;
}

,f<ŲďÚ¦§£Ŀα��¸����self�
ÁÂ�ö8EG(scope)�Ǔǔ�-EG(scope)�ç

Ʈ�¸��� ARÁparent�
ùö,�EG(scope)->parent�Ú�¸��
Π��-static��
Á
EG(called_scope)� ¾ŨĸĸEGƊ
fł<ƩƓ��zËLGHIEGƊ�k�?q��A&f<=>Ť:

struct _zend_executor_globals {
    // ...
    zend_class_entry *scope;
    zend_class_entry *called_scope; /* Scope of the calling class */
    // ...
}

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


 
struct _zend_class_entry {
    char type;
    char *name;
    zend_uint name_length;
    struct _zend_class_entry *parent;
}
#define struct _zend_class_entry zend_class_entry

³K
zend_class_entryÚ�PHPK�
�Ơ=>Ĵĵ�zend_class_entryU�<parentƩƓ��Ú
�ĩ�
Π�� �EG=>ŤK
Kcalled_scopeN�ĉ�IJK8¸�ĉ�
�ɶŔʍcalled_scope�ê
AA&�%:

<?php
class A {
    public static funcA() {
        static::funcB();
    }
}
 
class B {
    public static funcB() {
        echo  "B::funcB()";
    }
}
 
B::funcA();

�%B::funcA()ĉ�
ÁÂ��Ȕĉ�
�B
Π�AKĐŮ
funcAŲď�A::funcA()ĉ�Á¸�
�
(scope)�ç
��A� -f<�Ż�,B��	2s
�called_scope�ç
��B�staticɯˍ��ç

Ʈ�called_scope��Ú�¸��(Vp�Ż2s
�)� f��ΝΞ˨Đ
ı��

�ć� ��
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zçYƄ*J(OOP)�.YƄƥUʅʆ¦ˁ
Ő�āǨÚ�ɋ
°ȺȻāǨ� YƄ�ɋ°ȺȻ
ŐŤ�k�?6ș���?γűƟʢp7
ɋ°�

f�ƗǶ�01,$%=>7§§PHP��YƄ
�Ż?#³ɋ°ȺȻ
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typedef struct _zend_object_value {
    zend_object_handle handle;
        //  unsigned int�Ǩ�EG(objects_store).object_buckets
Ħŷ
    zend_object_handlers *handlers;
} zend_object_value;

PHP��N8àU
YƄŴů��<YƄŕĴ¬ƂK�f<ŕĴ¬Ƃ�ơŴ�EG(objects_store)g

�<ƈȵĻļ� Äz
handleƩƓÚ�f<ŕĴKobject_buckets
Ħŷ�¸01���PHPKŴɄYƄ

ÁÂ� PHP��NĊĤhandleĦŷ,YƄŕĴK��ăYr
YƄ�-��
YƄU³ʗ¼
=>�A
&�%àĵõ

typedef struct _zend_object {
    zend_class_entry *ce;
    HashTable *properties;
    HashTable *guards; /* protects from __get/__set ... recursion */
} zend_object;

ce�ŴɄĩYƄ
�=>�properties��<HashTable�s7ŴůYƄ
½Ð�

�zend_object_value=>ŤKȱ�ĦŷƩƓƟºU�<lÿYƄ¥��Ż
ƩƓõhandlers� k
�
Ǩ�zend_object_handlers�01�?�Zend/zend_object_handlers.hý�Kø/k
ĐŮ� f��<
lÿ�ä<�ʧŲď
=>Ť�f��ʧŲďlmYYƄ½Ð
���YYƄ�Ż
���ΛΜy� ǦƩ
ƓN�YƄɣ|
ÁÂɩ	Ȑ�

��VĜ!

�PHP�%K�YƄ
ɣ|�òIĄɸƩ new ė�
�,ǦĄɸƩ£p�01ʹZźŻ¾ż�PŻ¾
ż@*+ÒKƣ�%yIJ� ./³EFĉ�
Ųď� ZEND_NEW_SPEC_HANDLER �

ZEND_NEW_SPEC_HANDLERŲď�`NȟȠYƄàYr
��Ü���êȐ
�� ǃȟȠ�

ce_flags�ÜžZEND_ACC_INTERFACEƼZEND_ACC_IMPLICIT_ABSTRACT_CLASSW�
ZEND_ACC_EXPLICIT_ABSTRACT_CLASSUʅƌ� ǃȟȠ��Ü�6ƆWƃƄ��

Ǧ¥
ƃƄ�lmħ6ǧÓ
ƃƄ�WƜ�lÿ�ƃƄ�Ż-ƚǧÓ
ƃƄ�

��
�ǨȟȠčÒF�AR�˳ƮM�JĨNʍ��ɣ|
YƄŴů
ZVAL¬Ƃ¾Ę�Ŵ� ¹F2
sobject_init_ex�Żɩ	Ȑ��³2sɛĨ�õ [object_init_ex()] --> [_object_init_ex()] -->
[_object_and_properties_init()]

�_object_and_properties_initŲďK�JĨNĉ��zÅ/
�
�Ǩ
ȟȠ�¹FÍ��
ʦɖĻ
ļy¯°ƻ�f�z
!ǶUĸÓƽ� Í�čÒF�JĨNőęzval
�Ǩ�IS_OBJECT�

Z_TYPE_P(arg) = IS_OBJECT;

�őę��Ǩ
F�JĨNĉ�zend_object�Ǩ
YƄ
ɩ	Ȑ���ǦÁ2s
Ųď�
zend_objects_new�

ZEND_API zend_object_value zend_objects_new(zend_object **object, 
zend_class_entry *class_type TSRMLS_DC)
{
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    zend_object_value retval;
 
    *object = emalloc(sizeof(zend_object));
    (*object)->ce = class_type;
    retval.handle = zend_objects_store_put(*object, (zend_objects_store_dtor_t) 
zend_objects_destroy_object, (zend_objects_free_object_storage_t) 
zend_objects_free_object_storage, NULL TSRMLS_CC);
    retval.handlers = &std_object_handlers;
    (*object)->guards = NULL;
    return retval;
}

zend_objects_newŲďNɩ	ȐYƄ±ǵ
ăĄ¯°�lmYƄ̄½w
��YƄ�Ť
ŴɄĦŷ�
YƄ
ăĄ¥�Ųď� �fg8YƄů�YƄ̺K
Ųď�zend_objects_store_put�

�8YƄů�YƄ̺�ǓǔYƄ
ŴůĦŷF�JĨőęYƄ
¥�Ųď�ƾ�YƄ¥�Ųďõ
std_object_handlers� ³ǎwZend/zend_object_handles.cý�K�

��Ļ

fgʧYYƄ�01ŷ��<�
ɿʇ--YƄ̺� 018PHP���Ź�KŴɄàUYƄ
ŕĴǾ

�YƄ̺�ǃEG(objects_store)� f<YƄ̺
�s�ŴɄPHPKƣ�%Ź�ȯƓàUoÒ
YƄ�f<
ŭřUɃ�Ƿw01�ďĤģĴőŒÁ� ¸�<�êžˌ�<�ŤŴ��Yä
Ą�Á�8ä
ȧ�ĿY
r
�ŤÅ�£7ŴɄ��<ʗ¼
Ĵ��� f��
¤¥Uȁ<��<��?YƄŁs�ˌ�<�Ƕ˯
�Ŵ�ɯŨ��YƄãu�ǀȃ01\��s/YƄ
àU¯°Á� YƄ̺
ŴɄ=>�
zend_objects_store=>Ť�A&;

typedef struct _zend_objects_store {
    zend_object_store_bucket *object_buckets;
    zend_uint top;
    zend_uint size;
    int free_list_head;
} zend_objects_store;
 
typedef struct _zend_object_store_bucket {
    zend_bool destructor_called;
    zend_bool valid;
    union _store_bucket {
        struct _store_object {
            void *object;
            zend_objects_store_dtor_t dtor;
            zend_objects_free_object_storage_t free_storage;
            zend_objects_store_clone_t clone;
            const zend_object_handlers *handlers;
            zend_uint refcount;
            gc_root_buffer *buffered;
        } obj;
        struct {
            int next;
        } free_list;
    } bucket;
} zend_object_store_bucket;

ʧYYƄ̺�PHP��U�ƒYƄ��API�ǎwZend/zend_objects_API.cý��³ŕĴA&õ

zend_objects_store_init YƄ̺ɩ	Ȑ���k
ĉ�ȯƓ�ćȼɩ	ȐȯƓ� ĉ�ɛĨ�õ
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zend_objects_store_init YƄ̺ɩ	Ȑ���k
ĉ�ȯƓ�ćȼɩ	ȐȯƓ� ĉ�ɛĨ�õ
[php_request_startup] --> [php_start_sapi] --> [zend_activate] --> [init_executor] ɩ	ȐÁ�kN
¾Ę1024<zend_object_store_bucketʍYƄ̺�
zend_objects_store_destroyͺ͚͛YƄ̺�2sefreeȸů�Ŵ
zend_objects_store_mark_destructed ƾƿàUYƄËL2s�ż>Ųď
zend_objects_store_free_object_storage ȸůŴɄ
YƄ
zend_objects_store_put YƄ
ǌ×API��ǦŲďK�JĨNĉ�)<bucket
ɩ	Ȑ��
zend_objects_store_get_refcountͺ��YƄ̺KYƄ
ŷsŒď
zend_objects_store_add_refͺYƄ
ŷsŒď×1�Ⱥ�Ŕ�YƄ
zend_objects_store_add_ref_by_handle òIhandle·øYƄ�ǀ8³ŷsŒď×1
zend_objects_store_del_ref YƄ
ŷsŒďȊ1�Ⱥ�Ŕ�YƄ
zend_objects_store_del_ref_by_handle_ex òIhandle·øYƄ�ǀ8³ŷsŒďȊ1�Ywŷs
Œď�1
YƄUŌȱ¥�
zend_objects_store_clone_obj YƄΛΜAPI�>Ñ�<�
bucket�ǀ8�
YƄǌ×/YƄ̺
zend_object_store_get_object ��YƄ̺KbucketK
YƄ�Ⱥ�Ŕ�YƄ
zend_object_store_get_object_by_handle ��YƄ̺KbucketK
YƄ�Ⱥ�Ŕ�ĦŷŔ

ñĢ\?

,�z
YƄ=>7§�YƄ
ÒʻĻļŴɄ�propertiesĎďK�ǀȃ¨<YƄåNU�ƒƾ�
�
�Ųď� AR����ÒʻĻļ�YƄEF2s
�read_property�³Yr
ƾ�Ųď�
zend_std_read_property; AR��őęÒʻĻļ�YƄEF2s
�write_property�³Yr
ƾ�Ųď
zend_std_write_property� f�Ųďå��?Đ�
�ARU\Ì
�ȼ��?òIőęYr
Ųď�ʧ
ƨȍ�A�domŚqK�k
Ļļ
��Ųď@őęŲďå�Đ�
�

/* {{{ PHP_MINIT_FUNCTION(dom) */
PHP_MINIT_FUNCTION(dom)
{
    zend_class_entry ce;
 
    memcpy(&dom_object_handlers, zend_get_std_object_handlers(), 
sizeof(zend_object_handlers));
    dom_object_handlers.read_property = dom_read_property;
    dom_object_handlers.write_property = dom_write_property;
    //  ...˯ɐ
}

?Ä�domŚq
āĂɩ	ȐŲď
Ơ¾�¬��fg�kƨȍ�YƄ
read_property�Ży�

fg01?ƾ�
��Ųď�êĸÓÒʻĻļ
D�@���ÒʻĻļ
��Eľ2s
�
zend_std_read_propertyŲď� f<Ųď
ʌJ�f�
õ

Ǎ�b���YƄ
½Ð�ARŴ��æǍĽb˧ARTUăĄ½Ð�æǍtb
ǍĽb�,YƄ
properties·ø�ÜŴ�žŬǾYr
½ÐŴ��ARŴ�Ǔǔ=R�AR\Ŵ
��æǍtb
Ǎtb�ARŴ�__get͸͹�Ż�ö2sǦ�Ż��Ļļ�AR\Ŵ��æǍ̱b
Ǎ̱b�ARtype=BP_VAR_IS�Ǔǔ &EG(uninitialized_zval_ptr)�Üöɑĝ

ÒʻĻļ
őęEľ2s
�zend_std_write_propertyŲď�;<ĉ�ʌJA&õ

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


Ǎ�b���YƄ
½Ð�ARŴ��æǍĽb˧ARTUăĄ½Ð�æǍ̱b
ǍĽb�,YƄ
properties·ø�ÜŴ�žŬǾYr
½ÐŴ��ARŴ��æǍtb�AR\Ŵ
��æǍ̱b
Ǎtb�ARËU
Ŕ@��őę
ŔăÌ�ö\ĉ�ǊB���Üöĉ�ĻļɶŔ��� Ǧ¥
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ĻļɶŔ�Ƿ�U��ÙŨ�fgþ¥���Üŷs
ǝǞ
Ǎ̱b�ARŴ�__set͸͹�Ż�ö2sǦ�ŻőęĻļ�AR\Ŵ��æǍ̻b
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propertiesƩƓà�
HashTableK�

ñĢ56

Òʻ�ŻʠlmMŦ
Òʻ�Ż@͸͹�Ż�͸͹�Ż��z
Ǎ̻ƗǶËLGHI��fgÚ\Ȟ
δ:� �YƄ
ƾ�ŲďKǀTUÒʻ�Ż
2sŲď�ȿțȣȤ&őę�NULL��SPLŚqK�UǦŲ
ď
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PHP_MINIT_FUNCTION(spl_iterators)
{
    // ...˯ɐ
    memcpy(&spl_handlers_dual_it, zend_get_std_object_handlers(), 
sizeof(zend_object_handlers));
    spl_handlers_dual_it.get_method = spl_dual_it_get_method;
    /*spl_handlers_dual_it.call_method = spl_dual_it_call_method;*/
    spl_handlers_dual_it.clone_obj = NULL;
 
    // ...˯ɐ
}
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class Tipi {
    public function t() {
        echo 'tipi';
    }
}
 
$obj = new Tipi();
$obj->t();

f��<()
����kĕU�<Òʻ�Ż΄t�ɣ|�<Ǧ�
�ê�8³ɶŔʍĻļ$obj�òI
f<YƄĻļĉ�³Òʻ�Ż� �sVLDŚq·§³oÒ
Kƣ�%��?�ư³IJ¾�ɩ	ȐÒʻ�
Ż
2s�ĉ��Żȁ<IJ� ɩ	ȐÒʻ�Ż
2sYr
Kƣ�%�ZEND_INIT_METHOD_CALL�
,01
2s�éƻ�<�CV��<�CONSTƽ��³Yr
ĉ�Ųď�
ZEND_INIT_METHOD_CALL_SPEC_CV_CONST_HANDLER ǦŲď
2sʌJA&õ

Ǎ�b�¥�2s
�ŻŬ���³Ŕ�ǀ�Ű�¥�õAR\�Ʃƺȑ�öɑĝ
ǍĽb�ARǍ�<��ď�YƄ�öæǍtb�Üöɑĝ Call to a member function t on a non-
object
Ǎtb�2sYƄ
get_methodŲď��Òʻ�Ż
Ǎ̱b�³k¥��lmʦɖ�Ż�thisĻļy�

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php.net/echo
http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


-get_methodŲď�ǫ��ƾ���K
get_methodŲď�³Yr
ƥŤŲď�
Zend/zend_object_handlers.cý�Kzend_std_get_methodŲď� zend_std_get_methodŲď
ʌJA
&õ

Ǎ�b�,zobj->ce->function_tableK·ø�ÜŴ���2s
Ųď�AR\Ŵ��æǍĽb�A
RŴ��æǍtb
ǍĽb�AR__callŲďŴ��ö2szend_get_user_call_functionŲď��ǀǓǔ�AR\Ŵ��
öǓǔNULL
Ǎtb�Ű·�Ż
ɀǝ���AR�ͣUŲď�æǍ̱b�ÜöæǍ̻b
Ǎ̱b�AR�Ì�<�WΠ�@f<�Ż�Ì�<�s̍ŧ˔�öǓǔǦ�Ż�ÜöȟȠ__callŲ
ď�ÜŴ��Ŵ�ö2sǦŲď�Üöɑĝ
Ǎ̻b�¥�ŲďĜ'#ɀǝ���protected
ȣȤ� æǍ͡b
Ǎ͡b�Ǔǔfbc

��.�Ųď
¯°F�&z
��Ú�ĉ���ĄwŲď
ĉ��Ǎ̱!ËLGHI��

�ď� u¦ļò

u¦ļòi�

�ʫÃceK�YóŬȫƣ
ĐŮ�õ óŬȫƣƻ̩PõNamespaceƽĴĵƾ�ƺƻidentifierƽ
Ä�
&ýƻcontextƽ��<ƾ�ƺ��ä<óŬȫƣKĐŮ� k�\ÌóŬȫƣK
ÿŮ�ʆ\ă˚
��*
JPëK�óŬȫƣ���ɯˍ
�s̍�klÿ�¥wĩ�s̍�
ƾ�ƺ� ȃ ǵ�s�<ƾ�ƺ7
Ĵĵ�f�ų8��ŕ�ȕƤÄăĄ
ƾ�ƺs�<ƾ�ƺȂε�ȇ7� Ųď@�
�s̍�ƚή�ͯé
óŬȫƣ�k1@�ƉÐƼ�ɀǝÐ@YƄoóʄƖ\�¾́
Ǹ���ȇ�

óŬȫƣ�?§����Ƌðˊʣ
�Ż�ÌÁ��?§��Ȃε�%=>
��ȉé��ãäPë
Kå�?Ɖ/f�ƃƄɿʇ@Ȃεȉé� �PHPK�óŬȫƣs7�Į�*À�ģWrsJĨÁɣ|�Ĝ
s
�%A�WŲďÁ͎/
ȁ�ǝǞõ

1. sƪ*À
�%žPHP�Ơ
�/Ųď/MļWǍt��/Ųď/Mļ
ƣ
ŬƩĲĳ�
2. �ãɎ
ƾ�ƺŬǾ(òM���Ⱦ�Ǎ��ǝǞ-ĐŮ
)ɣ|�<ŨŬƻW(ζƽ
ŬǾ�ÅǴ$
�%
�DÐ�

PHP,5.3.0v �	¿ĀóŬȫƣɯÐ�§�<ĐŮ@�sóŬȫƣ
ĵêõ

<?php
namespace tipi;
class Exception {
    public static $var = 'think in php internal';
}
 
const E_ALL = "E_ALL IN Tipi";
 
function strlen(){
    echo 'strlen in tipi';
}
 
echo Exception::$var;
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echo strlen(Exception::$var);
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if (CG(current_namespace)) {
    /* Prefix class name with name of current namespace */
    znode tmp;
 
    tmp.u.constant = *CG(current_namespace);
    zval_copy_ctor(&tmp.u.constant);
    zend_do_build_namespace_name(&tmp, &tmp, class_name TSRMLS_CC);
    class_name = &tmp;
    efree(lcname);
    lcname = zend_str_tolower_dup(Z_STRVAL(class_name->u.constant), 
Z_STRLEN(class_name->u.constant));
}
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ʖ6.1 PHP�Ŵñ�Ƃ

�`01§&6Ɔƅ
���6Ɔƅ���ƊĐŮ�A&õ

/* Standard wrapper macros */
#define emalloc(size)                       _emalloc((size) ZEND_FILE_LINE_CC 
ZEND_FILE_LINE_EMPTY_CC)
#define safe_emalloc(nmemb, size, offset)   _safe_emalloc((nmemb), (size), 
(offset) ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define efree(ptr)                          _efree((ptr) ZEND_FILE_LINE_CC 
ZEND_FILE_LINE_EMPTY_CC)
#define ecalloc(nmemb, size)                _ecalloc((nmemb), (size) 
ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define erealloc(ptr, size)                 _erealloc((ptr), (size), 0 
ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define safe_erealloc(ptr, nmemb, size, offset) _safe_erealloc((ptr), (nmemb), 
(size), (offset) ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define erealloc_recoverable(ptr, size)     _erealloc((ptr), (size), 1 
ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define estrdup(s)                          _estrdup((s) ZEND_FILE_LINE_CC 
ZEND_FILE_LINE_EMPTY_CC)
#define estrndup(s, length)                 _estrndup((s), (length) 
ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
#define zend_mem_block_size(ptr)            _zend_mem_block_size((ptr) 
TSRMLS_CC ZEND_FILE_LINE_CC ZEND_FILE_LINE_EMPTY_CC)
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/* mm block type */
typedef struct _zend_mm_block_info {
    size_t _size;   /* block
uƗ*/
    size_t _prev;   /* ŒȀ��<ĂUs/*/
} zend_mm_block_info;
 
 
typedef struct _zend_mm_block {
    zend_mm_block_info info;
} zend_mm_block;
 
typedef struct _zend_mm_small_free_block {  /* ǼçʶĴ */
    zend_mm_block_info info;
    struct _zend_mm_free_block *prev_free_block;    /* ��<Ă */
    struct _zend_mm_free_block *next_free_block;    /* F�<Ă */
} zend_mm_small_free_block; /* Ɨ
ȫωĂ*/
 
typedef struct _zend_mm_free_block {    /* ǼçʶĴ + ϊ=> */
    zend_mm_block_info info;
    struct _zend_mm_free_block *prev_free_block;    /* ��<Ă */
    struct _zend_mm_free_block *next_free_block;    /* F�<Ă */
 
    struct _zend_mm_free_block **parent;    /* Π=Ƀ */
    struct _zend_mm_free_block *child[2];   /* ȁ<Ȩ=Ƀ*/
} zend_mm_free_block;
 
 
 
struct _zend_mm_heap {
    int                 use_zend_alloc; /* �Ü�szend�Ŵñ�Ƃ */
    void               *(*_malloc)(size_t); /* �Ŵ¾ĘŲď*/
    void                (*_free)(void*);    /* �ŴȸůŲď*/
    void               *(*_realloc)(void*, size_t);
    size_t              free_bitmap;    /* ƗĂȫω�Ŵƾ� */
    size_t              large_free_bitmap;  /* uĂȫω�Ŵƾ�*/
    size_t              block_size;     /* �©�Ŵ¾Ę
ƓuƗ�ǃ
ZEND_MM_SEG_SIZE�Đ
uƗ�ȿț�ZEND_MM_SEG_SIZE   (256 * 1024)*/
    size_t              compact_size;   /* ˀŠ��ƸʢŔ��ZEND_MM_COMPACT�Đu
Ɨ�ȿț� 2 * 1024 * 1024*/
    zend_mm_segment    *segments_list;  /* Ɠ�ʧŕĴ */
    zend_mm_storage    *storage;    /* à2s
ŴɄƅ */
    size_t              real_size;  /* ̉
ƭ�uƗ */
    size_t              real_peak;  /* ̉ƭ�uƗ
φŔ */
    size_t              limit;  /* ̉
�ŴƸʢ */
    size_t              size;   /* ̉uƗ */
    size_t              peak;   /* ̉uƗ
φŔ*/
    size_t              reserve_size;   /* �s̉uƗ*/
    void               *reserve;    /* �s̉ */
    int                 overflow;   /* �Ŵϋ£ď*/
    int                 internal;
#if ZEND_MM_CACHE
    unsigned int        cached; /* ËȾŴuƗ */
    zend_mm_free_block *cache[ZEND_MM_NUM_BUCKETS]; /* ȾŴďȂ/
#endif
    zend_mm_free_block *free_buckets[ZEND_MM_NUM_BUCKETS*2];    /* ƗĂ�ŴďȂ�
ă¸Ħŷ
͗ͳ */
    zend_mm_free_block *large_free_buckets[ZEND_MM_NUM_BUCKETS];    /* uĂ�Ŵ
ďȂ�ă¸Ħŷ
͗ͳ */
    zend_mm_free_block *rest_buckets[2];    /* ;̷�ŴďȂ*/
 
};
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#define ZEND_MM_BUCKET_INDEX(true_size)     
((true_size>>ZEND_MM_ALIGNMENT_LOG2)-
(ZEND_MM_ALIGNED_MIN_HEADER_SIZE>>ZEND_MM_ALIGNMENT_LOG2))
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Ŕå�
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p = ZEND_MM_SMALL_FREE_BUCKET(heap, 0);
for (i = 0; i < ZEND_MM_NUM_BUCKETS; i++) {
    p->next_free_block = p;
    p->prev_free_block = p;
    p = (zend_mm_free_block*)((char*)p + sizeof(zend_mm_free_block*) * 2);
    heap->large_free_buckets[i] = NULL;
}
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#define ZEND_MM_LARGE_BUCKET_INDEX(S) zend_mm_high_bit(S)
 
 
static inline unsigned int zend_mm_high_bit(size_t _size)
{
 
..//˯ɐǈ˚\Ì45
��
    unsigned int n = 0;
    while (_size != 0) {
        _size = _size >> 1;
        n++;
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        n++;
    }
    return n-1;
}
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ʖ6.3 large_free_bucketsŕĴ=>

,�Ŵ¾Ę
IJK�?§£��ŴĂ·øȟȠɛĨ�ƗĂ�ŴŕĴ�6»�uĂ�ŴŕĴ� EF�
;̷�ŴŕĴ��heap=>K�ǦŕĴYÚrest_bucketsƩƓ�f��<þUȁ<Ȅȅ
ďȂ� -01M
s
̈́�@·ø���ʧYǍ�<Ȅȅ�ǃheap->rest_buckets[0]� �ǌ×�ŴÁ�ARà��
�ŴĂ

uƗuwɩ	ȐÁőę
ZEND_MM_SEG_SIZE
Ŕƻ�heap=>K�block_sizeƩƓƽ ž
ZEND_MM_ALIGNED_SEGMENT_SIZE(yw8)@ZEND_MM_ALIGNED_HEADER_SIZE(yw8)
@

ŗ�öN8�oÒ
Ă̈́� rest_buckts[0]à�
ǼçʶĴK�f<��@�z
ǼçʶĴ�����å�
�Ǎ�<Ȅȅ
Fz̈́��
Ȅȅ� ǦŕĴ
=>@free_bucket�Ǩ�þ�f<ŕĴà�
ďȂTUȧş
äȄȅ��TUăr
hashŲď�

�heapƅ&z�ŴɄƅ�ŴɄƅ
�s�8�Ŵ¾Ę
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/* Heaps with user defined storage */
typedef struct _zend_mm_storage zend_mm_storage;
 
typedef struct _zend_mm_segment {
    size_t    size;
    struct _zend_mm_segment *next_segment;
} zend_mm_segment;
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typedef struct _zend_mm_mem_handlers {
    const char *name;
    zend_mm_storage* (*init)(void *params);    //    ɩ	ȐŲď
    void (*dtor)(zend_mm_storage *storage);    //    ż>Ųď
    void (*compact)(zend_mm_storage *storage);
    zend_mm_segment* (*_alloc)(zend_mm_storage *storage, size_t size);    //    
�Ŵ¾ĘŲď
    zend_mm_segment* (*_realloc)(zend_mm_storage *storage, zend_mm_segment 
*ptr, size_t size);    //    Ĝ�¾Ę�ŴŲď
    void (*_free)(zend_mm_storage *storage, zend_mm_segment *ptr);    //    ȸ
ů�ŴŲď
} zend_mm_mem_handlers;
 
struct _zend_mm_storage {
    const zend_mm_mem_handlers *handlers;    //    ¥�Ųďƌ
    void *data;
};

?Ä�%
Ąɸ�wŴɄƅ¥�Ųď
=>Ť�Yw\Ì
�Ŵ¾Ę�œ�à\Ì
Ú��Ŵ¾Ę

¥�Ųď� ³K?nameƩƓƾ�\Ì
¾Ę�œ��ʖ6.1K�01�?§/PHP�ŴɄƅʽU4��Ŵ
¾Ę�œ: malloc�win32�mmap_anon�mmap_zeroȿț�smalloc¾Ę�Ŵ� ARőę�
ZEND_WIN32Ɗ�ö�windowsv �2sHeapAlloc¾Ę�Ŵ�;&ȁ��Ŵ�œ�ͶŬ�Ŵ˵˶� ǀ
ȃPHP
�Ŵ�œ�?òIőęĻļ7ª«�³��ĸÓA&õ

The Zend MM can be tweaked using ZEND_MM_MEM_TYPE and ZEND_MM_SEG_SIZE 
environment
variables. Default values are “malloc” and “256K”. Dependent on target system 
you
can also use “mmap_anon”, “mmap_zero” and “win32″ storage managers.

��%K�Ywf4��Ŵ¾Ę�œ�¾ŨYr���zend_mm_mem_handlersK
�<¥�Ųď�
Ęƍ�%
()ĸÓA&õ

/* �smmap�Ŵ˵˶Ųď¾Ę�Ŵ À�Á΀΁
ͣU˵˶�ǀȃͶŬ˵˶�˵˶Ù\žǊBý�Ą
Ǹ�*/
# define ZEND_MM_MEM_MMAP_ANON_DSC {"mmap_anon", zend_mm_mem_dummy_init, 
zend_mm_mem_dummy_dtor, zend_mm_mem_dummy_compact, zend_mm_mem_mmap_anon_alloc, 
zend_mm_mem_mmap_realloc, zend_mm_mem_mmap_free}
 
/* �smmap�Ŵ˵˶Ųď¾Ę�Ŵ À�Á΀΁
ͣU˵˶�ǀȃ˵˶//dev/zero�*/
# define ZEND_MM_MEM_MMAP_ZERO_DSC {"mmap_zero", zend_mm_mem_mmap_zero_init, 
zend_mm_mem_mmap_zero_dtor, zend_mm_mem_dummy_compact, 
zend_mm_mem_mmap_zero_alloc, zend_mm_mem_mmap_realloc, zend_mm_mem_mmap_free}
 
/* �sHeapAlloc¾Ę�Ŵ windowsv  ĄwfɃ�ȷȸKÀ
�VirtualAlloc() to 
allocate memory��Ȕ�JĨK�s
�HeapAlloc*/
# define ZEND_MM_MEM_WIN32_DSC {"win32", zend_mm_mem_win32_init, 
zend_mm_mem_win32_dtor, zend_mm_mem_win32_compact, zend_mm_mem_win32_alloc, 
zend_mm_mem_win32_realloc, zend_mm_mem_win32_free}
 
/* �smalloc¾Ę�Ŵ ȿț�Ǧ�¾Ę ARU×ZEND_WIN32Ɗ�ö�swin32
¾Ę�œ*/
# define ZEND_MM_MEM_MALLOC_DSC {"malloc", zend_mm_mem_dummy_init, 
zend_mm_mem_dummy_dtor, zend_mm_mem_dummy_compact, zend_mm_mem_malloc_alloc, 
zend_mm_mem_malloc_realloc, zend_mm_mem_malloc_free}
 
static const zend_mm_mem_handlers mem_handlers[] = {
#ifdef HAVE_MEM_WIN32
    ZEND_MM_MEM_WIN32_DSC,
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#endif
#ifdef HAVE_MEM_MALLOC
    ZEND_MM_MEM_MALLOC_DSC,
#endif
#ifdef HAVE_MEM_MMAP_ANON
    ZEND_MM_MEM_MMAP_ANON_DSC,
#endif
#ifdef HAVE_MEM_MMAP_ZERO
    ZEND_MM_MEM_MMAP_ZERO_DSC,
#endif
    {NULL, NULL, NULL, NULL, NULL, NULL}
};
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<?php
$tipi = "o_o\n";
echo $tipi;
?>
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   ZEND_ASSIGN_SPEC_CV_CONST_HANDLER (......)
-> ALLOC_ZVAL(......)
-> ZEND_FAST_ALLOC(......) 
-> emalloc (......)
-> _emalloc(......)
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-> _zend_mm_alloc_int(.....)

void *_emalloc ���Y�Ŵ
Ɇć����_emalloc
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2. ARóKȾŴ��sfastcache./�ŴĂ(iƉǍ̻Ƕ)�¹Fħ6ė�Ǎ5b;
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heapƅŴɄKĥĦƍťuƗ
�ŴĂ, �f�bŃZendMMòIž

ZEND_MM_MAX_SMALL_SIZEė�uƗ�¡� Ï�Ŵćȼ¾�ȁ��Ǩõ large@small�small
�Ǩ

ćȼN`�szend_mm_low_bitŲď �mm_heapK
free_bucketsK·ø�ƙø/ö�
sžlarge�ǨăÌ
�éõ �szend_mm_search_large_blockŲď�“uĂ”�Ŵ
ƻ_zend_mm_heap->large_free_bucketsƽKė�·ø� ARºTU�?ʉʊuƗ�ȼ
�Ŵ�E
F�rest_bucketsKė�·ø� �Ú�ĸ��Ŵ
¾Ę��t�ŕĴKƗ/uė�
� ø/�?�
s
blockF�ė�Ǎ5b;

4. ARLIǍ3b
·øºTUø/�?�s
ą$ƻćȼ
�ŴIuƽ����s
ZEND_MM_STORAGE_ALLOCŲďç��ȞɆć�Ă�ŴƻuƗƲĠ�
ZEND_MM_SEG_SIZEƽ�¹Fħ68YϏF
ÈÉ¾Ęʍ ©ćȼ�ǒ/Ǎ6b;
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zend_mm_block *mm_block; //�͚͛
�ŴĂ
zend_mm_block *next_block;
...
next_block = ZEND_MM_BLOCK_AT(mm_block, size);
if (ZEND_MM_IS_FREE_BLOCK(next_block)) {
    zend_mm_remove_from_free_list(heap, (zend_mm_free_block *) next_block);
    size += ZEND_MM_FREE_BLOCK_SIZE(next_block);
}    
if (ZEND_MM_PREV_BLOCK_IS_FREE(mm_block)) {
    mm_block = ZEND_MM_PREV_BLOCK(mm_block);
    zend_mm_remove_from_free_list(heap, (zend_mm_free_block *) mm_block);
    size += ZEND_MM_FREE_BLOCK_SIZE(mm_block);
}    
if (ZEND_MM_IS_FIRST_BLOCK(mm_block) &&
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    ZEND_MM_IS_GUARD_BLOCK(ZEND_MM_BLOCK_AT(mm_block, size))) {
    zend_mm_del_segment(heap, (zend_mm_segment *) ((char *)mm_block - 
ZEND_MM_ALIGNED_SEGMENT_SIZE));
} else {
    ZEND_MM_BLOCK(mm_block, ZEND_MM_FREE_BLOCK, size);
    zend_mm_add_to_free_list(heap, (zend_mm_free_block *) mm_block);
}
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struct _zval_struct {
    /* Variable information */
    zvalue_value value;     /* value */
    zend_uint refcount__gc;
    zend_uchar type;    /* active type */
    zend_uchar is_ref__gc;
};
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/* The following macroses override macroses from zend_alloc.h */
#undef  ALLOC_ZVAL
#define ALLOC_ZVAL(z)                                   \
    do {                                                \
        (z) = (zval*)emalloc(sizeof(zval_gc_info));     \
        GC_ZVAL_INIT(z);                                \
    } while (0)

zend_gc.hý��zend.h
749�ƚŷsõ#include “zend_gc.h” ,-ƨȍʩʪ��237�ŷs
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typedef struct _zval_gc_info {
    zval z;
    union {
        gc_root_buffer       *buffered;
        struct _zval_gc_info *next;
    } u;
} zval_gc_info;

YwǊB�<ZVAL¬ƂŴɄ
Ļļ�¾Ę��<zval=>�f<=>˹ơ³@?zvalĻļ¾Ę
�Ŵ

�	YϏ� ,-�zval_gc_info�Ǩ�ʧ
ì�æȍÁ�³�?��zval�s��zvalƩƓFzU�<Ǹ
ƍŤ:u� ulmgc_root_buffer=>
bufferedƩƓ@zval_gc_info=>
nextƩƓ� fȁ<ƩƓ�<�Ĵ
ĵȗȘșƌŽ�ȾŴ
Ċ=Ƀ��<�zval_gc_infoŕĴ
&�<=Ƀ� ȗȘșƌŽ�ȾŴ
=Ƀŉʈ�
��Ċ=Ƀ�º�ŕĴ=Ƀ�å�?�fgŤ�� ALLOC_ZVAL�¾Ę��ŴFN2sGC_ZVAL_INITs
7ɩ	Ȑƨ��zval
zval_gc_info� kNÏzval_gc_infoK
Òʻu
bufferedƩƓőęÒNULL�ǦƩƓ
ĕ�8³ů�ȗȘǔșȾĲÙÁǯNUŔ�ÜöN�ħ�NULL� ÎwPHPKàU
Ļļå�?zvalĻļ

ȉéŴ��fg?zval_gc_infoƨȍzval�,-Òě��ȗȘșƌŽ��ıU��K
ƌÒ�

PHP
ȗȘǔșŽ��PHP5.3Kȿț��đ�ȩ�01�?òIĘęý�ħ6őę�ɮs�³Yr

ĘęƩƓ�õzend.enable_gc� �php.iniý�Kȿț�TUf<ƩƓ
�AR01��ɮsǦě¦�ö�
php.iniKǌ×zend.enable_gc=0Wzend.enable_gc=off� ȱ�ª«php.iniĘęzend.enable_gc���?
òI2sgc_enable()/gc_disable()Ųď7Ƒ�/ĄʔȗȘǔșŽ�� f�Ųď
2sǹRžª«ĘęĒ7
Ƒ�WĄʔȗȘǔșŽ�
ǹR���
� ȱ�fȁ<ŲďPHPÅǁ�gc_collect_cycles()Ųď�?�Ċ

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


ȾĲÙºTʉÁì�ĉ�ʄƖǔș� žȗȘǔșŽ��Ü�đ�PHP$%KU��ăĄ
��@ƩƓ��
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static ZEND_INI_MH(OnUpdateGCEnabled) /* {{{ */
{
    OnUpdateBool(entry, new_value, new_value_length, mh_arg1, mh_arg2, mh_arg3, 
stage TSRMLS_CC);
 
    if (GC_G(gc_enabled)) {
        gc_init(TSRMLS_C);
    }
 
    return SUCCESS;
}
/* }}} */
 
ZEND_INI_BEGIN()
    ZEND_INI_ENTRY("error_reporting",               NULL,       ZEND_INI_ALL,       
OnUpdateErrorReporting)
    STD_ZEND_INI_BOOLEAN("zend.enable_gc",              "1",    ZEND_INI_ALL,       
OnUpdateGCEnabled,      gc_enabled,     zend_gc_globals,        gc_globals)
#ifdef ZEND_MULTIBYTE
    STD_ZEND_INI_BOOLEAN("detect_unicode", "1", ZEND_INI_ALL, OnUpdateBool, 
detect_unicode, zend_compiler_globals, compiler_globals)
#endif
ZEND_INI_END()

zend.enable_gcYr
��Ųď�ZEND_INI_MH(OnUpdateGCEnabled)�AR�đ�ȗȘǔșŽ
�� ǃGC_G(gc_enabled)�ƭ�öN2sgc_initŲďĉ�ȗȘǔșŽ�
ɩ	Ȑ��� gc_initŲď�
zend/zend_gc.c 121��ǦŲďNȟȠ�Ü�đȗȘǔșŽ�� AR�đ�öɩ	Ȑ;<Ž��ǃħ62
smallocʍ;<ȾŴŕĴ¾Ę10000<gc_root_buffer�Ŵȫƣ� fg
10000�ξ*%��%K
�?Ɗ
GC_ROOT_BUFFER_MAX_ENTRIESŴ��AR��ª«f<Ŕ�ö��ª«$%�Ĝ�*+PHP�
gc_initŲď�ǿ¾Ę�ŴF2sgc_resetŲďĜę;<Ž�s/
��ƈȵĻļ�AőęgcŹ�
©ď�
Œ(gc_runs)@gcKȗȘ
<ď(collected)�0� őęǼçʶĴɠ=Ƀ
Ä�<=Ƀ@&�<=Ƀ�ç±²
y�ȱ�f�Å
��swȗȘǔșŽ�
ƈȵĻļ�ºU³k���s¡ä
Ļļ�Ơ¾ĸÓA&õ

typedef struct _zend_gc_globals {
    zend_bool         gc_enabled;   /* �Ü�đȗȘșƌŽ� */
    zend_bool         gc_active;    /* �ÜƮ�ė� */
 
    gc_root_buffer   *buf;              /* ǿ¾Ę
ȾĲÙďȂ�ȿț�
10000ƻpreallocated arrays of buffersƽ   */
    gc_root_buffer    roots;            /* ŕĴ
Ċ=Ƀƻlist of possible roots 
of cyclesƽ */
    gc_root_buffer   *unused;           /* TU�sI
ȾĲÙŕĴ(list of unused 
buffers)           */
    gc_root_buffer   *first_unused;     /* �çǍ�<TU�sI
ȾĲÙ=Ƀ
ƻpointer to first unused bufferƽ   */
    gc_root_buffer   *last_unused;      /* �çEF�<TU�sI
ȾĲÙ=Ƀ�Ǧ¥
�ƾƿ=ʏs(pointer to last unused buffer)    */
 
    zval_gc_info     *zval_to_free;     /* 8�ȸů
zvalĻļ
ɗÁŕĴ
ƻtemporaryt list of zvals to freeƽ */
    zval_gc_info     *free_list;        /* ɗÁĻļ���ȸů
ŕĴ�ɠ */
    zval_gc_info     *next_to_free;     /* ɗÁĻļ�&�<8�ȸů
Ļļǎę*/
 
    zend_uint gc_runs;  /* gcŹ�
©ď�Œ */
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    zend_uint collected;    /* gcKȗȘ
<ď */
 
    // ˯ɐ...

}
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ÁĻļN2szval_dtor��ǫ
ĻļN2szval_ptr_dtor�

¸¹01ŉŻ�PHP
ŲďƌKø/unsetŲď�Ɯ�k���Pë=>� ³Yr
Kƣ
�%�ZEND_UNSET��Zend/zend_vm_execute.hý�KS�?ø/žkăĄ
���

zval_ptr_dtorǀ\��<Ųď�þ��<Ɏ.UɃÇŲď
Ɗ� �Zend/zend_variables.hý�K�f
<Ɗ�çŲď_zval_ptr_dtor� �Zend/zend_execute_API.c 424��ŲďăĄ�%A&õ

ZEND_API void _zval_ptr_dtor(zval **zval_ptr ZEND_FILE_LINE_DC) /* {{{ */
{
#if DEBUG_ZEND>=2
    printf("Reducing refcount for %x (%x): %d->%d\n", *zval_ptr, zval_ptr, 
Z_REFCOUNT_PP(zval_ptr), Z_REFCOUNT_PP(zval_ptr) - 1);
#endif
    Z_DELREF_PP(zval_ptr);
    if (Z_REFCOUNT_PP(zval_ptr) == 0) {
        TSRMLS_FETCH();
 
        if (*zval_ptr != &EG(uninitialized_zval)) {
            GC_REMOVE_ZVAL_FROM_BUFFER(*zval_ptr);
            zval_dtor(*zval_ptr);
            efree_rel(*zval_ptr);
        }
    } else {
        TSRMLS_FETCH();
 
        if (Z_REFCOUNT_PP(zval_ptr) == 1) {
            Z_UNSET_ISREF_PP(zval_ptr);
        }
 
        GC_ZVAL_CHECK_POSSIBLE_ROOT(*zval_ptr);
    }
}
/* }}} */
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8Ļļů�ȗȘŕĴ
���GC_ZVAL_CHECK_POSSIBLE_ROOT�f���<Ɗ�³YrŲď
gc_zval_check_possible_root� ȩ�ǦŲďĕYďȂ@YƄĉ�ȗȘǔș���YwďȂ@YƄĻļ�k
N2sgc_zval_possible_rootŲď�

ZEND_API void gc_zval_possible_root(zval *zv TSRMLS_DC)
{
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    if (UNEXPECTED(GC_G(free_list) != NULL &&
                   GC_ZVAL_ADDRESS(zv) != NULL &&
                   GC_ZVAL_GET_COLOR(zv) == GC_BLACK) &&
                   (GC_ZVAL_ADDRESS(zv) < GC_G(buf) ||
                    GC_ZVAL_ADDRESS(zv) >= GC_G(last_unused))) {
        /* The given zval is a garbage that is going to be deleted by
         * currently running GC */
        return;
    }
 
    if (zv->type == IS_OBJECT) {
        GC_ZOBJ_CHECK_POSSIBLE_ROOT(zv);
        return;
    }
 
    GC_BENCH_INC(zval_possible_root);
 
    if (GC_ZVAL_GET_COLOR(zv) != GC_PURPLE) {
        GC_ZVAL_SET_PURPLE(zv);
 
        if (!GC_ZVAL_ADDRESS(zv)) {
            gc_root_buffer *newRoot = GC_G(unused);
 
            if (newRoot) {
                GC_G(unused) = newRoot->prev;
            } else if (GC_G(first_unused) != GC_G(last_unused)) {
                newRoot = GC_G(first_unused);
                GC_G(first_unused)++;
            } else {
                if (!GC_G(gc_enabled)) {
                    GC_ZVAL_SET_BLACK(zv);
                    return;
                }
                zv->refcount__gc++;
                gc_collect_cycles(TSRMLS_C);
                zv->refcount__gc--;
                newRoot = GC_G(unused);
                if (!newRoot) {
                    return;
                }
                GC_ZVAL_SET_PURPLE(zv);
                GC_G(unused) = newRoot->prev;
            }
 
            newRoot->next = GC_G(roots).next;
            newRoot->prev = &GC_G(roots);
            GC_G(roots).next->prev = newRoot;
            GC_G(roots).next = newRoot;
 
            GC_ZVAL_SET_ADDRESS(zv, newRoot);
 
            newRoot->handle = 0;
            newRoot->u.pz = zv;
 
            GC_BENCH_INC(zval_buffered);
            GC_BENCH_INC(root_buf_length);
            GC_BENCH_PEAK(root_buf_peak, root_buf_length);
        }
    }
}

��zĸ/gc_zval_check_possible_rootŲďĕYďȂ@YƄĉ�ȗȘǔș���¹-�
gc_zval_possible_rootŲďK� ʧYYƄ�Ǩ
ĻļN�2sGC_ZOBJ_CHECK_POSSIBLE_ROOT
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GC_WHITE ȲͳĴĵȗȘ
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#define GC_COLOR  0x03
 
#define GC_BLACK  0x00
#define GC_WHITE  0x01
#define GC_GREY   0x02
#define GC_PURPLE 0x03
 
#define GC_ADDRESS(v) \
    ((gc_root_buffer*)(((zend_uintptr_t)(v)) & ~GC_COLOR))
#define GC_SET_ADDRESS(v, a) \
    (v) = ((gc_root_buffer*)((((zend_uintptr_t)(v)) & GC_COLOR) | 
((zend_uintptr_t)(a))))
#define GC_GET_COLOR(v) \
    (((zend_uintptr_t)(v)) & GC_COLOR)
#define GC_SET_COLOR(v, c) \
    (v) = ((gc_root_buffer*)((((zend_uintptr_t)(v)) & ~GC_COLOR) | (c)))
#define GC_SET_BLACK(v) \
    (v) = ((gc_root_buffer*)(((zend_uintptr_t)(v)) & ~GC_COLOR))
#define GC_SET_PURPLE(v) \
    (v) = ((gc_root_buffer*)(((zend_uintptr_t)(v)) | GC_PURPLE))

TIPI:����PHP�� RELEASE_2011-07-29_V0.6.7

http://www.php-internal.com/?v=RELEASE_2011-07-29_V0.6.7&ref=pdf


?Ä
f�?ǎ7ƾƿɝɖ
�é�PHP
$%K�sǱǲ¡Ǵ�A�Ŵñ�yåUs/� f���
�¡Ǵǹ#Ƕ˯
�œ�ȩ��01�ďĤģőŒÁ�¦YwƩƓ\¦�sf��é� rĩ�?��Í×
ħɾ�Í×ƥU�DÐ
�é���

�ó� �·Ŀ�UVŎ·

�ʫÃceKUf��Ɠ9:õ ŏ³Ð�ŐőņŒœáVÞßŔĶ�òV�;�ŕęÞŖ^«ĒŗŐ
őŒŘV/0�řĬ´�āCache� ,Eɩ	
¥�Ƃž�Ŵƣ
Cache�	�å���˛ďĤɀǝ
¶
dťrCPU
¥�¶d� ³Ãw
ı���ŴK“JĨĉ�žďĤɀǝ
ȵ̍Ð��”� Ì�PHP�Ŵñ�
K
ȾŴ��Ãw“JĨĉ�žďĤɀǝ
ȵ̍Ð��”
ı�� ŷ�ȾŴ�Ú���ȊĠƗĂ�ŴĂ
·
ͬ©ď��EɈɀǝ
ďĤÅǁÍµ
ɀǝ�é�

PHP8ȾŴǌ×/�Ŵñ�Ž�K��A&����õ

ƾ�ȾŴ@ȾŴ
uƗɕ��ǃBÁ�sȾŴ��´�ȣȤ&�??EĠ
ª«ɮs͓ȾŴ
ȾŴ
ŴɄ=>�ǃȾŴ
ŴůǎęƼ=>@Ŵů
ȕƤ
ɩ	ȐȾŴ
��ȾŴK�¬
À�ȾŴ
ȸůȾŴWXŌȫȾŴŕĴ

�`01§ƾ�ȾŴ@ȾŴ
uƗɕ���PHP��K��Ü�sȾŴ
ƾ��Ɗ
ZEND_MM_CACHEƻZend/zend_alloc.c 400�ƽ� ȾŴ
uƗɕ�žsize_t=>uƗUĄ�ǆősize_t
͈4ǎ�öȿțȣȤ&�PHP��ʍPHP�Ŵñ�
ɕ��128K(32 * 4 * 1024)� A&àĵ�%õ

#define ZEND_MM_NUM_BUCKETS (sizeof(size_t) << 3)
 
#define ZEND_MM_CACHE 1
#define ZEND_MM_CACHE_SIZE (ZEND_MM_NUM_BUCKETS * 4 * 1024)
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struct _zend_mm_heap {
 
#if ZEND_MM_CACHE
    unsigned int        cached; //  ËȾŴȄȅ�s�Ŵ
ɫuƗ
    zend_mm_free_block *cache[ZEND_MM_NUM_BUCKETS]; //  ŴůƚȾŴ
Ă
#endif
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#if ZEND_MM_CACHE
    heap->cached = 0;
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    memset(heap->cache, 0, sizeof(heap->cache));
#endif
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#if ZEND_MM_CACHE
    if (EXPECTED(ZEND_MM_SMALL_SIZE(size)) && EXPECTED(heap->cached < 
ZEND_MM_CACHE_SIZE)) {
        size_t index = ZEND_MM_BUCKET_INDEX(size);
        zend_mm_free_block **cache = &heap->cache[index];
 
        ((zend_mm_free_block*)mm_block)->prev_free_block = *cache;
        *cache = (zend_mm_free_block*)mm_block;
        heap->cached += size;
        ZEND_MM_SET_MAGIC(mm_block, MEM_BLOCK_CACHED);
#if ZEND_MM_CACHE_STAT
        if (++heap->cache_stat[index].count > heap-
>cache_stat[index].max_count) {
            heap->cache_stat[index].max_count = heap->cache_stat[index].count;
        }
#endif
        return;
    }
#endif
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<?php
    $foo = 1;
    xdebug_debug_zval('foo');
    $bar = $foo;
    xdebug_debug_zval('foo');
    $bar = 2;
    xdebug_debug_zval('foo');   
?>
//-----ĉ�=R-----
foo: (refcount=1, is_ref=0)=1
foo: (refcount=2, is_ref=0)=1
foo: (refcount=1, is_ref=0)=1
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if (PZVAL_IS_REF(value) && Z_REFCOUNT_P(value) > 0) {
    ALLOC_ZVAL(variable_ptr);
    *variable_ptr_ptr = variable_ptr;
    *variable_ptr = *value;
    Z_SET_REFCOUNT_P(variable_ptr, 1);
    zval_copy_ctor(variable_ptr);
} else {
    *variable_ptr_ptr = value;
    Z_ADDREF_P(value);
}
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typedef struct _zval_struct zval;
...
struct _zval_struct {
    /* Variable information */
    zvalue_value value;     /* value */
    zend_uint refcount__gc;
    zend_uchar type;    /* active type */
    zend_uchar is_ref__gc;
};
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<?php
$tipi = 10;
$o_o  = &$tipi;
unset($o_o);
echo $tipi;
?>
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<?php
$foo ['love'] = 1;
$bar  = &$foo['love'];
$tipi = $foo;
$tipi['love'] = '2';
echo $foo['love'];
?>
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$a = 10;
echo $a;
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php -dvld.active=1 t.php
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Branch analysis from position: 0
Return found
filename:       D:\work\xampp\xampp\php\t.php
function name:  (null)
number of ops:  5
compiled vars:  !0 = $a
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
--
   2     0  >   EXT_STMT
         1      ASSIGN                                                   !0, 10
   3     2      EXT_STMT
         3      ECHO                                                     !0
   4     4    > RETURN                                                   1
 
branch: #  0; line:     2-    4; sop:     0; eop:     4
path #1: 0,
10
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php -dvld.active=1 -dvld.verbosity=3 t.php
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Finding entry points
Branch analysis from position: 0
Add 0
Add 1
Add 2
Add 3
Add 4
Return found
filename:       D:\work\xampp\xampp\php\t.php
function name:  (null)
number of ops:  5
compiled vars:  !0 = $a
line     # *  op                           fetch          ext  return  operands
-------------------------------------------------------------------------------
-
-
   2     0  >   EXT_STMT                                          RES[  
IS_UNUSED  ]         OP1[  IS_UNUSED  ] OP2[  IS_UNUSED  ]
         1      ASSIGN                                                    
OP1[IS_CV !0 ] OP2[ ,  IS_CONST (0) 10 ]
   3     2      EXT_STMT                                          RES[  
IS_UNUSED  ]         OP1[  IS_UNUSED  ] OP2[  IS_UNUSED  ]
         3      ECHO                                                      
OP1[IS_CV !0 ]
         4    > RETURN                                                    
OP1[IS_CONST (0) 1 ]
 
branch: #  0; line:     2-    3; sop:     0; eop:     4
path #1: 0,
10
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php -dvld.active=1 -dvld.execute=0 t.php
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php -dvld.active=1 -dvld.save_dir='D:\tmp' -dvld.save_paths=1 -
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dvld.dump_paths=1 t.php
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