Writing Zend Extensions

Sometimes, what PHP provides simply isn’t enough. But fear not! The power of the Zend Engine has an answer. This article explores the basics of harnessing that power.

This is a beginner’s guide to writing Zend extensions using the C programming language and PHP version 5. For simplicity’s sake, not to mention brevity, it’s assumed that you understand how to write both PHP and C, and that you’re familiar with pointers, structures, and building PHP from source.


But before diving into this very deep pool, it’s a good idea to ask yourself whether a Zend extension is right for accomplishing your task. Here are a few points to consider:

· Is there already a PHP function that does what you want?

· Is there already a PECL extension that does what you want?

· Can what you want be done with userland code?

· Is there another way to do what you want?


If the answer to any of these questions is yes, then stop and think. Zend extensions aren’t easy to write. Mistakes are inevitable, and a C compiler won’t catch the mistakes the PHP interpreter does. One missed character can mean hours of frustrating debugging.


On the other hand, if writing an extension really will solve your problem, the Zend API is a great tool to do it with. Extensions make PHP even more useful, and the power of C makes some amazing things possible.
Starting at the beginning


You could start writing a Zend Extension from scratch, using a vanilla version of PHP, and issuing all your build commands by hand. But that would be time-consuming, error-prone, and needlessly complicated. PHP has plenty of tools to ease the extension writer’s burden.


A vanilla PHP, such as most systems install from binary packages, runs in release mode. It’s fast, it’s simple, and the failure modes work for end-users. This doesn’t work so well for extension writing. If something goes wrong, you need to debug, and running a debugger against a vanilla PHP will produce a lot of useless numbers that tell you nothing. So before doing anything else, build yourself a debug version of PHP by adding --enable-debug and --enable-maintainer-zts to your configure line. Backtraces of crashes will have nice readable function names, and Zend’s internal thread-safety and memory management code will be enabled.


Armed with a debug version of PHP, the next step is to create the files from which your new extension will be built. The PHP developers have thought ahead on this one by providing a tool called ext_skel, which, as its name suggests, creates a skeleton for an extension. Setting aside some of the advanced options, it takes just one parameter: The name of the extension. Running it as  ext_skel --extname=hello produces a directory named hello, containing eight files and a tests subdirectory. These files will be examined in more detail shortly.


Typically, ext_skel is run in the ext directory of your PHP source, and creates the extension folder there. It can also be run from somewhere else, but to do so you will have to pass it the --skel option to tell it where the skeleton directory from ext is. It’s usually easier to just run it in the ext folder and move the new directory where you want it.

An extension created by ext_skel will only work when compiled in the ext directory as part of a larger PHP build. This is fine if you’re a PHP internals developer writing an extension intended to be part of the core, but everyone else needs one more tool: phpize. This tool takes an extension directory, such as the hello directory produced by ext_skel, and fills in all the pieces to make it build on its own.


It may seem logical to run phpize immediately after running ext_skel, but this is a road to disaster! phpize relies upon an extension’s config.m4 and config.w32 files to do its job. If you haven’t customized those files yet, the work phpize does is useless. You only want to run it when you’re ready to actually build your extension.


If you do run phpize at the wrong time, or just want to get rid of the myriad extra files it generates (perhaps in preparation for packaging your extension for distribution), run phpize --clean to undo its effects.

Hello, World!


The files created by ext_skel form a nearly working Hello, World! extension. To make it build, one only has to remove the M4 comment marker, “dnl”, from these lines in config.m4:

dnl PHP_ARG_ENABLE(hello, whether to enable hello support,
dnl [  --enable-hello           Enable hello support])


And the JavaScript comment marker, “//”, from this line in config.w32:

// ARG_ENABLE("hello", "enable hello support", "no");


Once that’s done, the command phpize && ./configure && make will compile and link the module. Congratulations, you’ve just created a Zend extension which exports a function called confirm_hello_compiled() to userland and identifies itself in phpinfo() output. Here’s a rundown of what each file does and why it’s important (or not!):

· .cvsignore
This file tells CVS, the version control system PHP uses, what files not to bother with. Most people don’t really need this, or will use the appropriate equivalent for their own VCS, such as svn:ignore or .gitignore.

· CREDITS
This is a plain text file containing the credits for the extension. It has to appear in this form with this name for certain purposes, such as creating a PEAR extension package, but can be set aside, renamed, or ignored by the majority of people.

· EXPERIMENTAL
This is an empty file which marks the extension as being experimental for PHP’s build system. It can be ignored or deleted by most people.
· config.m4
This is a file written for Autoconf in the M4 macro language. Even more, it is written for PHP’s build system, and it’s how you tell the user’s system what your extension’s special requirements are. If you’re wrapping around an external library, this is where you tell PHP how to compile and/or link to that library. If your extension has compile-time options, this is where they’re defined.

· config.w32
This is the same as config.m4, except it’s written in JavaScript and talks to the Windows version of PHP’s build system. If your extension will never be used on Windows, you can forget this file, but it’s better to have it.

· hello.c
Here you have the main source code file for the extension. This contains the zend_module structure, support code for the extension, and the functions the extension exports to userland.

· hello.php
This is a small PHP script which acts as a simple test to confirm that the extension’s being loaded into PHP and that the functions you want available are actually being exposed.

· php_hello.h
This is the header file for the extension, containing function prototypes, globals definitions, and a few macros for you to use.

· tests/ and 001.phpt
In this directory reside any regression tests for your extension. One is provided for you by ext_skel, a simple test which just checks that the extension is available. These tests are run whenever you execute make test.

 
For this article, the focus will be on hello.c and php_hello.h, since they’re the meat of the extension.

The header file


The relevant parts of php_hello.h are:

1: #ifndef PHP_HELLO_H

2: #define PHP_HELLO_H

3: extern zend_module_entry hello_module_entry;

4: #define phpext_hello_ptr &hello_module_entry

5: #ifdef ZTS

6: #include "TSRM.h"

7: #endif

8: PHP_FUNCTION(confirm_hello_compiled);
9: #endif  /* PHP_HELLO_H */


Even though most of the comments have been stripped here for brevity, you shouldn’t take them out of your copy of the header until you’re sure you don’t need them. They provide a lot of helpful hints.


Lines 1, 2, and 13 are a familiar stanza to experienced C programmers, protecting the header from being included multiple times in the same compilation.


Lines 4 and 5 define the zend_module_entry for the extension, which the Zend API uses to load it.


Lines 7 through 9 are a familiar #include, grabbing the TSRM header for the case when thread-safety mode is turned on.


Line 11 is the prototype for the extension’s userland function. When you want to expose more functions to userland, you give the prototypes for them here using the PHP_FUNCTION() macro. This will be explained in more detail later.

The source file


The relevant parts of hello.c look something like this:

1: #ifdef HAVE_CONFIG_H

2: #include "config.h"

3: #endif

4: #include "php.h"

5: #include "php_ini.h"

6: #include "ext/standard/info.h"

7: #include "php_hello.h"

8: /* {{{ hello_functions[] */

9: const zend_function_entry hello_functions[] = {

10:     PHP_FE(confirm_hello_compiled,  NULL)

11:     {NULL, NULL, NULL}

12: };

13: /* }}} */

14: /* {{{ hello_module_entry */

15: zend_module_entry hello_module_entry = {

16:     STANDARD_MODULE_HEADER,

17:     "hello",

18:     hello_functions,

19:     PHP_MINIT(hello),

20:     PHP_MSHUTDOWN(hello),

21:     PHP_RINIT(hello),

22:     PHP_RSHUTDOWN(hello),

23:     PHP_MINFO(hello),

24:     "0.1", /* Replace with version number for your extension */

25:     STANDARD_MODULE_PROPERTIES

26: };

27: /* }}} */

28: #ifdef COMPILE_DL_HELLO

29: ZEND_GET_MODULE(hello)

30: #endif

31: /* {{{ proto string confirm_hello_compiled(string arg)

32:    Return a string to confirm that the module is compiled in */

33: PHP_FUNCTION(confirm_hello_compiled)

34: {

35:     char *arg = NULL;

36:     int arg_len, len;

37:     char *strg;

38:     if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, "s",

39:             &arg, &arg_len) == FAILURE) {

40:         return;

41:     }

42:     len = spprintf(&strg, 0, "Congratulations! You have “

43:          “successfully modified ext/%.78s/config.m4. Module %.78s “

44:          “is now compiled into PHP.", "hello", arg);

45:     RETURN_STRINGL(strg, len, 0);

46: }

47: /* }}} */


The lines that have a triple opening or closing brace ({{{ and }}}) activate the “folding” feature of the vim(1) editor. You can remove them if your text editor is smart enough to figure out the folding for C on its own, or you just don’t want to use it.

Lines 1 through 8 include some standard PHP headers, the configuration file with options determined by configure, and the extension’s own header file.


Lines 10 through 15 declare the zend_function_entry array used by the extension. Here it has only two entries: The confirm_hello_compiled function, and a NULL termination marker.


Lines 17 through 30 declare the extension’s zend_module structure. This extension has the standard header, is named “hello”, exports a list of functions defined by the hello_functions variable above, has the standard lifecycle callbacks, is version 0.1 (this is a made-up number, obviously), and has the standard properties.


Lines 32 through 34 allow the extension to be loaded dynamically if it’s being built as a shared module.


Lines 36 and 37 are the prototype and documentation for the confirm_hello_compiled function. Every userland function should have a header comment that looks like this, so that documentation can be generated automatically.

Finally, lines 38 through 54 are the actual confirm_hello_compiled function. The function declares some variables, parses its single string parameter, and returns a string based on the extension’s name to show that it’s been compiled and loaded correctly.


If you look at php_hello.h and hello.c yourself, you’ll find there’re quite a few lines in them that weren’t mentioned here. That’s because those lines are either comments or deal with features of the Zend Engine which are beyond the scope of this article.

Anatomy of a PHP function


To expose a function in C to userland PHP code takes four steps: Tell the Zend engine it’s there, parse parameters, process data, and return values. In PHP, you just do something like:

function hello($value1, $value2)

{


return “Hello, World! You have {$value2} of {$value1}!\n”;

}


But that doesn’t work in C. C is a statically compiled language. You could do this, certainly:

char *hello(const char *value1, int value2)

{


char

*str = NULL;


asprintf(&str, “Hello, World! You have %d of %s!\n”,



value2, value1);


return str; /* Caller must free this string */

}


Which works fine, but how does Zend know that the C function hello() can be called from PHP? What happens when you want a function that can take parameters of different types and return any sort of value at all?  The PHP version can use anything for the two parameters, but the C version is limited to a NULL-terminated string and an integer value. C doesn’t provide constructs for dynamic typing. The Zend API defines a large set of structures, macros, and functions for working with the kind of data PHP supports, and for exporting C functions to the PHP world.


Referring back to hello.c, line 12 gives the “function entry” for the confirm_hello_compiled() PHP function using the PHP_FE() macro. PHP_FE() expands to a pointer to a function and a few other things you don’t have to worry about at this point. It’s meant to be used as part of a NULL-terminated C array of zend_function_entry structures. Exposing a new function to userland is as simple as adding a new PHP_FE() line. So assuming you want to add a function called hello(), your array now looks like this:

const zend_function_entry hello_functions[] = {

    PHP_FE(confirm_hello_compiled,  NULL)
    PHP_FE(hello, NULL)
    {NULL, NULL, NULL}

};


Now you have to actually create a function named hello(). This isn’t quite as simple as it seems, because when PHP_FE() takes a function name, it actually expands it to a name such as zif_hello(). Not only that, but a C function called from userland takes a very strict set of parameters. Fortunately, the Zend API has taken care of all this for you by providing the PHP_FUNCTION() macro:

/* {{{ proto string hello(string value1, integer value2) */

PHP_FUNCTION(hello)

{
}

/* }}} */


Of course, an empty function doesn’t do much good. Right now you don’t have to worry about the various parameters that PHP_FUNCTION() exposes, because you won’t be using them directly.


This particular function takes a string parameter and an integer parameter. The Zend API has a function for getting the parameters your function expects from PHP: zend_parse_parameters(). This function takes a few standard parameters, and then a set of pointers to where you want the data stored. One of the standard parameters is a “format string”. If you’ve ever used the printf() family of functions, or PHP’s date() function, you know what this is: A string containing a set of specifiers that tells the function what to do with its remaining parameters.


For this example, you’ll only be working with two of the eighteen specifiers zend_parse_parameters() accepts, “s” for strings and “l” for (long) integers. The “s” specifier requires two pointers in the argument list, one for the string content and another for the string length. The “l” specifier takes only one parameter, the integer value. Here’s how to use them to parse the two parameters:


char *arg1;


int arg1_len, arg2;


if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, “sl”,




&arg1, &arg1_len, &arg2) == FAILURE) {



return;


}


Whoa, whoa, whoa! What’s ZEND_NUM_ARGS()? What’s this weird-looking TSRMLS_CC thing that doesn’t have a comma before it? Well, ZEND_NUM_ARGS() is just what it says, a macro that expands to the number of parameters actually passed to the PHP function.


TSRMLS_CC is a macro which expands to a parameter that can be passed or not passed to Zend functions depending on whether thread-safety is on or off, without having to add or remove commas. In short, it’ll work in all cases. That’s what the “CC” means: “call with comma”. You’ll see it being passed to a lot of Zend functions, though not all. Usually it’s passed at the end of a function’s parameter list, but with some functions that’s not practical.


It’s very important that this TSRM stuff be passed around correctly, or your extension just won’t work right for a lot of people, especially on Windows. It won’t even work right for you, since you turned on TSRM back at the beginning when you activated debug mode. But on the bright side, as long as you remember to pass it where it’s needed, you can otherwise forget about it.


Now that the function takes some parameters, how do you return the string? Well, first you have to construct the string, which is easily done with spprintf() just as confirm_hello_compiled() does. So now you have a NULL-terminated C string and you want to expose it as your hello() function’s return value. The easy way is the RETURN_STRINGL() macro:


RETURN_STRINGL(str, str_len, 0);


Yep, that’s all it takes is that one line! That zero at the end of RETURN_STRINGL() tells the Zend Engine not to duplicate your string, and instead to free the pointer you passed when its lifetime is done. But don’t do this unless you’ve allocated the memory through Zend somehow. The spprintf() function uses Zend’s allocators. You can also return other kinds of values with macros like RETURN_BOOL(), RETURN_LONG(), RETURN_NULL(), and RETURN_DOUBLE().

Here’s the complete hello() function:

PHP_FUNCTION(hello)
{


char *arg1 = NULL, retval = NULL;


int arg1_len = 0, retval_len = 0, arg2 = 0;


if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, “sl”,




&arg1, &arg1_len, &arg2) == FAILURE) {



return;


}


retval_len = spprintf(&retval, “Hello, World! You have %d of %s!\n”,



arg2, arg1);


RETURN_STRINGL(retval, retval_len, 0);

}

Looking forward


It’s been obvious throughout these examples that you’ve only scratched the surface of the Zend API. With any luck, more articles on the subject will follow this one, but in the meantime, here are some resources you can use to learn on your own:

· The book “Extending And Embedding PHP” (ISBN 978-0672327049) by Sara Golemon, a core PHP developer.

· The book “Building Custom PHP Extensions” (ISBN 978-1411601888) by Blake Schwendiman.

· The official PHP documentation, found at http://www.php.net/manual/. A section on Zend Engine 2 is currently under development there.

· The PHP mailing lists, representing a huge user and developer community. Subscribe at http://www.php.net/mailing-lists.php.
