PHP/CLR

Extensionsto the PHP Languagein Phalanger 2.0

Tomas M atousek, L adislav Prosek
Draft version 1.0, July 2006

1. Overview

PHP/CLR(PHP for Common Language Runtinigs a language introduced by version 2.0 of Plydan
the PHP Language Compiler for .NET Framework []s Ivirtually a superset of PHP4, PHP5 and PHP6
languages supplemented with extensions targefiogymon Language Runtim{€LR) interoperability,
making the PHP/CLR a first class member of the CGrigyuage family [1].

The PHP language [4] evolves very quickly in tinfeew without precise specification of the featuites
provides. The current version is 5.2 and the neajomone, version 6.0, is on the way. It implements
Unicode strings, goto statement, 64-bit integes, Besides, an experimental branch of the versitimab
supports namespaces is available.

Tracking the proposals and announcements of the iRtdPpreter developers, we design the PHP/CLR
language to be as compatible with the existing futdre versions of PHP as possible. The ultimate
acceptability criterion for the PHP/CLR languagel dés implementation in Phalanger is an abilityrdo
vast array of existing PHP code without significanbdifications (ideally without any modifications)
unless it relies on apparent misbehavior of therpreter or deprecated features.

All novel features of the PHP/CLR language wereefidly considered before introduced with the aim to
keep the language consistent, to preserve its digahmature and to keep the number of novelties at
minimum while providing all constructs necessarybt able to consume and produce first class CLR
libraries.

This document describes the features already imgidad in Phalanger version 2.0 Beta 1 and also
proposes a few more which are to be implementatiénnext Beta releases. As the Phalanger is still i
Beta status, it is possible that some of them coblthge in details. This document should servelzesis

for a discussion over the proposed solutions, ot alefinite and final specification of the PHP/CLR
language. However, the overall design of the lagguextensions should be more or less stable. The
extensions include:

* NamespacesThe syntax and semantics in PHP/CLR is almoss#iee as the one proposed and
implemented in PHP5 namespace experimental patclessie Hernandez [REF]. Although the
PHP community disputes over usefulness of namespdleey are apparently essential for the
cooperation with the CLR. The support for namespaté®HP/CLR includes not only referring to
the existing CLR namespaces but also an abilitygfouping PHP classes, functions agidbal
constantgsee the next bullet) into the namespaces (ineguaihonymouones). The technique of
namespace importinig also available to make using namespaces caogveni

¢ Global constantsGlobal constants are syntactically similar tosslaonstants, however, they are
declared in aylobal scope(i.e. outside of any declaration). Global consgtaate introduced by
PHP namespace patch. To make the language consigittnrespect to global declarations,
PHP/CLR supplements the functionality of the pabghan ability to import a global constant
under an alias, which is indeed possible for ckassel functions as well.

« Partial type declarationsTo allow the type declarations to be scatteredsacmultiple source
files, PHP/CLR introducegartial type declarationsnspired by the C# language version 2.0



[REF]. The main advantage of partial declaratioegeals when some parts of the class are
manually written and the other parts are tool gateet;, e.g. viCodeDonREF].

Generics As of version 2.0, CLR types and methods cannéefieneric type parameters. The
PHP/CLR language, as a first class citizen, enablesnsume generic types and methods as well
as to produce them to a large extent (in some &speeen to the larger than C# version 2.0).
Since the PHP language is loosely typed, generdasotl bring anything revolutionary to the PHP
code itself, however, the notion of generic paramsetind arguments is essential for seamless
interoperability with CLR. The type arguments néedbe specified, for example, when extending
a generic CLR class, implementing a generic CLRBrfate, calling a CLR generic method etc.

Custom attributesCustom attributes are well known means for attechdditional information to
various language elements (classes, propertiehouet formal parameters, generic parameters
etc.). A custom attribute may drive the compiletreat the language element in some special way
or be consumed by third party tools reflecting coenpiled code (the attributes are persisted to the
resulting assembly). PHP/CLR defines a few spquigpose attributes, allows to use attributes
defined in CLR libraries and also to define newsone

Property accessorsThe PHP language defines special (“magic”) meshodjetand__sef which
are called when an undeclared property (field inRCterminology) is read and written,
respectively. It doesn’t, however, provide syntax €leclaring property accessors for a single
property. PHP/CLR introduces these accessors ierdal enable custom overriding of virtual
CLR properties. Besides, PHP/CLR allows to overadéLR property by so callefield-backed
property, which simply reads and writes the fi€lthe field-backed property is declared as an
ordinary PHP class variable, the compiler takee o&the overriding formalities.

Parent constructor callsin CLR, a constructor of a superclass is requiede called in the
constructor of the subclass (if there is any).Ha PHP language, there is no such requirement.
Hence, when deriving from the CLR class with a ¢arcsor but without a parameterless default
constructor, the subclass is required to call #wept constructor. Such requirement is expressed
by mandatory parent class constructor call.

Long integer PHP/CLR introduces 64-bit signed integer typdledant64. The PHP integer type
is 32-bit. Both widths are independent of the platf. If an operation on integer overflows in PHP
the type is changed tdouble In PHP/CLR theinteger overflows tolong integerand then to
double (with precision loss). The difference is only imettypes and not in the values so the
existing applications should be unaffected unlksy tount on the exact type.

Extended type hint$n PHP, it is possible to attach a type hint foranal parameter of a function
or method. The type hint can be an arbitrary clea®ie orarray. The types are automatically
checked at the entry to the function/method. Besiolethese, PHP/CLR enables gmymitive
type(i.e.bool, int, int64, double string, resource objectandarray) to be specified as a type hint.

Extended type cast€LR allows a method to be overloaded by the tydabe formal parameters.
Since the types of the arguments needn’t to be knatvcompile-time, PHP/CLR defines an
algorithm how to resolve the overload to be caiedun-time according to the actual values of the
arguments. In usual cases, the automatic seledisafficient. However, it may be the case that
the programmer wishes to call a different one. $iwwrh cases, PHP/CLR provides a set of type
casts (one for each CLR primitive type) that preval hint to the compiler, which overload to
choose.

Quoted identifiers The interoperability among various languagesdting CLR requires one
language to be able to consume elements of the @pes, methods, etc.) even if their names
collide with keywords of the former language. Faample, thelist is a keyword in the PHP
language (note that keywords are case-insensitarg) alsolist is a name of the class
implementing a non-generic collection of itemsBase Class LibrarfBCL). To be able to use
names that are not valid identifiers in PHP languabe PHP/CLR provides syntax gfioted
identifiers For example, theist class can be referred to tyst' quoted identifier.



« Pragmas To enable a programmer or a tool to provide tbenmler additional information
anywhere in the source code, PHP/CLR comes witgmas The pragma is a single line
comment opened by ‘# character (which is a regsiagle line comment in PHP) followed
immediately by pragmd token. If such comment is found in the source gois content is
interpreted as directiveto the compiler. Currently supported directivesludeline, default ling
file anddefault filealtering the current source file location reportedompile-time and run-time
errors and warnings.

«  LINQ.[3]

2. Compiler Modes

Traditional PHP application comprises of a setafrse files, which refer to each other via inclusioThe
source file contains global code and declaratidi interpreter starts processing the statementheof
global code one by one stepping into the globakaoidthe included file when it encounters an inidns
and back when the global code of the includedriteirns. The inclusion targets can also be unknatvn
compile-time, which is very often case due to ttzgyWwow PHP searches for them.

This approach is inconvenient for building compdnessed applications and libraries. The main issue
the presence of global code as it is unclear whemin global code of the scripts constituting tibealry.
The inclusions are also making things more diffias the entire code of the library should be knaithe
compile-time.

Therefore, PHP/CLR distinguishes two modes of cdatipn. In thestandard modeall PHP features
including the global code and inclusions are erthblEhe standard mode is provided for backward
compatibility with existing PHP applications. Itvgell suited to the PHP web applications and et
programs.

In thepure modethe application comprises of a set of sources fitee of global code and inclusions. All
declarations stated in any source file are visfioben any other source file. The same effect woudd b
reached by concatenation of all source files inteirgyle file before the compilation. Note that tGg
compiler works this way. Pure executable applicatichave to declare an entry point — a static
parameterless function or method calMdin. There can be at most one entry point in the soaocle of
the application.

Most of the PHP/CLR features are available in botides. The only one that is bound to the pure nwde
the concept of partial type declarations as thepil@mmust know all parts of the declarations anpde-
time.



3. PHP/CLR Syntax and Semantics

3.1. Identifiers and Names

Micro Syntax

identifier:
simple-identifier
quoted-identifier

simple-identifier:
[A-Za-z_][0-9A-Za-z_]*

quoted-identifier:
I'((MW<>TANN] | \[A<>"#nn]))+

qualified-name
qualified-name:simple-identifier
simple-identifier

Semantics

1. Simple identifier Non-empty sequence of English alphabet lettensletscores and digits not
starting with a digit.

2. Quoted identifier Non-empty sequence of arbitrary characters exfoept’, *>', ‘#', back-quote
', carriage-return and new-line characters. Tdentifier is enclosed in single quotes preceded by
letter ‘i'. The identifier can contain backslashcaged single quote character and backslash
escaped backslash character.

3. Qualified name Contiguous sequence of simple identifiers sepdray the namespace separator

Examples

1. Quoted identifier Thearray is a PHP/CLR keyword referring to a PHP array jiim type (see
[REF]). There are two possibilities, how to referthe CLR array classSgstem:::Array directly.
The first uses the quoted identifigkrray’ :
<?

/I Compilation Mode: standard
/I References: PhpNetClassLibrary, mscorlib

import namespace System;

$a = i'Array"::Createlnstance(Type::GetType( "System.Int32" ), 10);
var_dump($a);
7>

The first line of the example imports the contehtie CLR Systermamespace into the current
naming context so that ttgystem:::Arrayand System:::TypeCLR classes become visible under
the names “Array” and “Type”, respectively. Th@reatelnstancestatic method of the
System:::Arrayclass creates a new CLR vector of a specified &ymklength. Th&etTypestatic
method of theSystem:::Typelass takes a CLR name and returns the type olgpotsenting the
type of that name. Note that in CLR type names ntdnmespace separator is a single dot while in
PHP/CLR it is a triple-colon “:::".

2. Qualified nameThe other possibility to refer to ti&ystem:::Arraytype is simply to use a fully
qualified name:

<?



/I Compilation Mode: standard
/I References: PhpNetClassLibrary, mscorlib

$a = System:::Array::Createlnstance(System::: Type GetType( "System.Int32" ), 10);
var_dump($a);
2>

This time, we refer to all used CLR types by tHally qualified names so we needn’t to import
the Systennamespace.

3.2. Pragmas
Micro Syntax

pragma:

#pragma linepositive-integer end-of-line

#pragma default lineend-of-line

#pragma filepath end-of-line

#pragma default fileend-of-line
Semantics

1. Pragma Thepragmais a single line comment whose content is integates airectivefor the
compiler.

2. Line and file mappingsThe mapping is defined by pragmas with line magmlirectivesl{ne and
default ling and file mapping directivedile and default fil§. When an error is reported (at
compile-time or run-time) the immediately precediing and file directives are determined.

If the line directive immediately preceding the error occureerg theline directive, the line
reported in the error is calculated as a differevfcihe actual position of the error occurrence and
the actual position of the directive added to the humber specified by the directive. Hence, the
number of the line where the directive appearsoissitlered to be the number stated in the
directive.
If the line directive immediately preceding the error occureeixcthedefault linedirective or no
line directive precedes the error occurrence atfal line reported in the error is the actual lifie
the error occurrence.
If the file directive immediately preceding thea@roccurrence is thile directive, the source file
path reported in the error is the verbapath value stated in the directive. The value can cantai
any characters except for the end-of-line charactéeither correctness nor existence of the file is
checked.
If the file directive immediately preceding the error occureeigcthedefault file directive or no
file directive precedes the error occurrence, theee file path reported in the error is the actual
source file path of the error occurrence.
Example
<? 1 program.php
#pragma file parser.y 2 parsery
function  DoAction(Stack $stack, $action) 3 parsery
4 parser.y
switch  ($action) 5 parsery
{ 6 parsery
case 1. #pragma line 20 E->E+E 20 parser.y
$stack->Push($stack->Peek(1) + $stack->Peek 2)); 21 parser.y
break ; 22 parser.y
23 parser.y
case 2. #pragma line 22 E->E-E 22 parser.y
$stack->Push($stack->Peek(1) - $stack->Peek 2)); 23 parser.y
break ; 24 parser.y

} 25 parser.y



3.3.

Syntax

26 parsery

#pragma file default 27 parser.y
#pragma line default 17 program.php
2> 18 program.php

Custom Attributes

custom-attributes

custom-attributes custom-attribute-section
custom-attribute-section

custom-attribute-section:

[ attribute-target-select@p, custom-attribute-list]

attribute-target-selector:

attribute-target :

attribute-target:

assembly
module

custom-attribute-list:

custom-attribute-list, custom-attribute
custom-attribute

custom-attribute:

qualified-name

qualified-name( positional-attribute-argument-list hamed-attribute-argument-lis}
qualified-name( positional-attribute-argument-lis)

qualified-name( named-attribute-argument-lis}

positional-attribute-argument-list

positional-attribute-argument-list positional-attribute-argument
positional-attribute-argument

positional-attribute-argument:

constant-expression

named-attribute-argument-list

named-attribute-argument-list named-attribute-argument
named-attribute-argument

named-attribute-argument:

variable => constant-expression

Semantics

1.

Custom attribute clasCustom attribute clasgs a PHP or CLR class that derives (directly or
indirectly) from System.AttributeCLR class $ystem:::Attributeusing PHP/CLR namespace
syntax) and is not generic nor constructed. Besithescustom attribute class must be resolvable
at compile time. It is an error to use classesngefiat run-timeincomplete classeghose deriving
from compile time unknown parent or implementingkmown interface), or classes declared
conditionally (so calledun-time activated classgas custom attribute types. Only a type meeting
all these criteria can be referred to bygjtslified-namen the custom attribute usage.

The name of the attribute class usually has Afteibute suffix. When resolving the custom
attribute type in a custom attribute usage, themtemfirst searches for thgualified-namewith
the Attribute suffix and if not found it searches for thealified-nameitself. For example, if the
name of the custom attribute classEigportAttribute the qualified-namestated in the attribute
usage can bExportor ExportAttribute



2. Custom attribute targetdn general, a custom attribute can be appliedmmssembly, module,

global constant, function, class, interface, methmaperty, class constant, return value of a
function or method, parameter and generic paramaAtemttribute type can restrict the range of
possible targets and multiplicity of the attributgage on a single target. The restriction is ddfine
by application of th&ystem.AttributeUsageAttribu@LR custom attribute on the custom attribute

type.

Built-in custom attributesPHP/CLR defines a couple of built-in custom atites known to the
compiler that influence the compilation resultseThst is theExportAttributeand the next is the
AppStaticAttribute

The ExportAttribute can be applied on an assembly, class, interfacectibn, method and
property. It cannot be applied multiple times. Wlamplied on a function or a class member, it
instructs the compiler to emit a set of additionsthods/properties to the type that allows to
access the member from other CLR languages moneen@ntly, hiding the specific features of
the PHP language. The member becomgmrted If the attribute is applied on an entire class or
interface the type itself and all its members bee@wported. If the attribute is applied on a
module or assembly all types contained within tsseanbly become exported.

The ExportAttributeis available only in the pure mode and is esplgciagdeful for writing class
libraries that are to be used by other CLR langsage

The AppStaticAttributas applicable only on field-backed properties, fag properties backed by
storage. The PHP language allows to define instprmgerties and static properties. However, the
semantics of a static property is in fact threadist which means the storage of the property is
associated with the current thread (HTTP requétire is no way in PHP how to define a storage
whose content is available during the entire apgitio lifetime. TheAppStaticAttributeallows to
define such storage.

Custom attribute argumenté custom attribute can be parameterized by positiand/or named
parameters. The values of the parameters have toobstant expressions, i.e. compile time
evaluable expressions. The number of positionahmaters is determined by the definition of
custom attribute’s class public constructor(s).

If the custom attribute class is a CLR class, it dafine multiple public constructors with various
number and types of parameters. The PHP/CLR comglitgically resolves the constructor that
fits the best the number and static types of thgtipmal arguments specified in the attribute
usage.

Although a PHP custom attribute class can definenast one public constructor, the PHP
language enables the method (and constructor dstevelefine some of the arguments optional.
Therefore, the PHP custom attribute class also igesvthe feature of optional positional

arguments in attribute usage. If the constructdinds any type-hints, the static types of the
attribute arguments must be compatible with theshilfi the attribute class defines no constructor
at all the default parameterless constructor ikquic

A custom attribute usage can optionally specify eanparameters, which corresponds to the
public writable properties/fields of the customriatite class. The static type of the argument
value must be compatible with the type of the priypiéeld for CLR properties and fields.

Example

1.

AppStatic attribute usagelfhe example of a multithreaded application illatgs the difference
between a static field-backed property with ancheitt AppStaticattribute. TheData::$shared
property is shared among all threads, asAppStaticattribute is applied, whil®ata::$local
property is local to each thread.

<?

.// Compilation mode: standard
/I References: PhpNetClassLibrary, mscorlib

class Data



[AppStatic]
public  static  $shared = 0;

[AppStatic]
public  static $mutex = 0;

public  static  $local = 0;

function ~ Worker($id, $iterations, $sleep)

for ($i = 0; $i < $iterations; $i++)

System:::Threading:::Monitor::Enter(Data::$mu tex);
$local = Data::$local++;
$shared = Data::$shared++;
System:::Threading:::Monitor::i'Exit'(Data::$ mutex);
echo "$id/$i local=$local shared=$shared\n"
usleep($sleep);
}
}
for ($i=0; $i < 3; $i++)
clr_create_thread( "Worker" , $i, rand(2, 5), rand(100, 100000))->Start();

>

The clr_create_threadfunction of thePhpNetClassLibrarycreates a new CLR thread using a
given routine (specified by PHP callback, i.e. lame ,Worker*) and arguments passed to the
routine. It returns an instance of CLR claSgstem:::Threading:::Threadhat represents the
created thread. A new thread should always be exeby this function and not by a direct
instantiation of theThreadclass as the PHP run-time context (so cadlexpt context has to be

adjusted when a new thread is created.

One of the possible outputs of the program could be

0/0 local=0 shared=0
1/0 local=0 shared=1
2/0 local=0 shared=2
1/1 local=1 shared=3
1/2 local=2 shared=4
2/1 local=1 shared=5
0/1 local=1 shared=6
0/2 local=2 shared=7
0/3 local=3 shared=8

Custom attribute type definitiotn PHP/CLR, the programmer can also define aocasttribute

type. This examples shows how:
<?
/I Compilation mode: pure or standard
/I References: mscorlib

import namespace System;

[AttributeUsage(Attribute Targets::All, $AllowMult
class MyAttribute extends Attribute

private  $a, $b;

public  $c;

function  _ construct ($a, $b = "Default"
$this->a = $a;
$this->b = $b;
$this->c = "Default"

}
}

iple=>  true )]



?2>

3. Custom attribute type usagehe custom attribute class defined above camubgegjuently used as
follows:
<?

[My( "on class C" , "optional positional arg" ,$c=>  “optional named arg" )
class C
[My(  "on function" )
function  [My( "on return value" )] f(IMy( "on parameter" )] $arg)
{
}
}
[assembly: My( "on declaring CLR assembly" )
[module: My( "on declaring CLR module" ), My( "once more on declaring module" )
[My( "on class D" )
class D
{
}
class G<:[My( "on generic parameter S" )IS, T:>
function  f<:P, [My( "on generic parameter Q" )] Q:>()
{
}
}
>
3.4. Primitive Types
Syntax

primitive-type:
bool
int
int64
double
string
resource
object
array

Semantics

1. Long integer PHP/CLR introduces 64-bit signed integer typdledaint64. The signed integer
typeint is of 32-bits in PHP/CLR. Both widths are indepemtdof the platform.

2. Silent overflows If an operation on integer overflows in PHP tlypet is silently changed to
double In PHP/CLR theinteger overflows tolong integerand then tadouble (with precision
loss). The difference is only in the types andinahe values so the existing applications should
be unaffected unless they count on the exact type.

3. Coercions Primitive types are coercible as follows:

« boolis coerced tinteger(falseto 0,trueto 1),

« integeris coerced tdong integer

¢ long integers coerced taouble

« boolis coerced tatring (falseto an empty stringrueto “1”),

« integer, long integeranddoubleare coerced tstring (using invariant culture formatting),



* resources coerced tinteger(id assigned to the resource),
« stringis coerced tanteger, long integer anddouble

Numeric coercion of the string typA string value can be automatically coercednteger, long
integer, or doubleif the operation it takes part defines. The stiggaid to bewumericif it exactly
matches one of the following patterns:

e [:white:]*[+-]?[0-9]*[.]?[0-9]*([dDeE][+-]?[0-9]+)? (floating point number)
e [:white:]*[+-]?[0-9]* (decimal integer number)
e [:white:]*[+-]?0(x|X)[0-9A-Fa-f]* (hexadecimal intger number)

and if the corresponding numeric value fits thegeanf theinteger, long integer or doubletype.
The numeric value of the string is of typeubleif it matches the a) format and doesn’t match the
b) or matches b) yet the value doesn't fit to ltthveg integer The numeric value of the string is of
type long integerif it matches format b) or ¢) and doesn't fit ir@@-bit integer. Otherwise, the
numeric value of string is of typeteger.

CLR primitive typesA PHP variable (local variable, global varialHP fields, keys and values
of a PHP array) can only store PHP/CLR types. Aaly® of a CLR primitive type is converted to
the corresponding PHP/CLR primitive type if it i be stored in PHP variable. Non-primitive
types are wrapped into a designa®dP/CLR type. A value of any CLR integer primitityge is
coerced either to thietegeror to thelong integertype, which fits the best. If evéong integeris
too small, the value is converted to ttmubletype with a possible loss of information.

Array. The PHParray type is a hash table mappimgeger and/orstring keys to an arbitrary
PHP/CLR type. Entries with keys of both types carirtermixed. The order of entries addition is
preserved and the array used for iteration.

Object WhenCLR Semantics enabled, thebjectprimitive type is a superclass of any PHP/CLR
type including wrapped CLR types and all PHP/CLRtive types (which can be treated as
objects having fields and methods). Un@&R Semantiggheobject primitive type is equivalent
to theSystem.ObjedCLR type). The result of the $nstanceobbjectexpression is alwaytsue in
this setting, regardless of the value of $x.

When CLR Semantics is disabled (the default, whamgling is standard mode, for backward
compatibility), theobject primitive type is a superclass of any PHP class tlnesn't (indirectly)
derive from a CLR class. There are two inheritahiegarchies, each having its root. The first is
the hierarchy of PHP classes not derived from a Cld8s with the roobbject (which itself
cannot be instantiated). The second is the hieyadtCLR classes and PHP classes deriving from
a CLR class with the rodbystem.Objectin this setting, a primitive type cannot be teshis
object.

Methods of primitive typedJnder CLR Semantics, each primitive type can $eduas an object
with methods as follows:

¢ bool

* integer

« long integer
* double

e string

e resource

e oObject

e array



3.5. Generics

Syntax

static-type-reference:
primitive-type
qualified-static-type-reference

qualified-static-type-reference:
qualified-namestatic-type-argumengs

static-type-arguments:
<: static-type-reference-list>

static-type-reference-list
static-type-reference-list static-type-reference
static-type-reference

qualified-static-type-reference-list:
qualified-static-type-reference-list qualified-static-type-reference
qualified-static-type-reference-list

dynamic-type-reference:
qualified-static-type-reference
dynamic-name dynamic-type-argumegts

dynamic-type-arguments:
<: dynamic-type-reference-list

dynamic-type-reference-list
dynamic-type-reference-list dynamic-type-reference
dynamic-type-reference

type-parameters:
<: type-parameter-list:>
<: optional-type-parameter-list-
<: type-parameter-list, optional-type-parameter-list-

type-parameter:
custom-attributeg; identifier

optional-type-parameter:
custom-attributeg; identifier = static-type-reference

type-parameter-list:
type-parameter-list, type-parameter
type-parameter-list

optional-type-parameter-list:
optional-type-parameter-list optional-type-parameter
optional-type-parameter-list

Semantics

1. Generics As of version 2.0, CLR types and methods canneefieneric type parameters. The
PHP/CLR language, as a first class citizen, enablesnsume generic types and methods as well
as to produce them to a large extent (in some &spewen to the larger than the C# version 2.0).
Since the PHP language is loosely typed, the gemdo not bring something revolutionary to the
PHP code itself, however, the notion of generi@apaaters and arguments is essential for seamless



interoperability with CLR. The type arguments néedbe specified, for example, when extending
a generic CLR class, implementing a generic CLRrfate, calling a CLR generic method etc.

2. Generic declarationsClasses, interfaces, methods, and functions eadeglared with generic
type parameters (see type declaration and fundeéataration).

3. Type parametersType parameter is a type name visible within tless; interface, method or
function declaration. Type parameters are not ldsib the declarations nested into the generic
class/method/function declaration. The name oftijpee parameter cannot be the same as the
name of the declaring generic type; however, it barthe same as the name of the declaring
method. Moreover, it is possible (yet not recomneedor the type parameter of the method to
be of the same name as the type parameter of ttlarithg class/interface. In such case, the
method’s one hides the class’ one within the saffgbe method declaration starting jaster the
declaration of the type parameters.

Type parameters can be declared as mandatory imnaptThe optional declaration follows the
mandatory ones and requires a default type to eeifsgd. This typecannotbe the type parameter
of the generic type/method/function whose type petars are currently being defined. The scope
of visibility of the type parameters starts judteatthe declaration dll the type parameters (i.e.
behind the closing *:>% When referring to a generic type/function/methibe;, default type of the
optional type parameter is used if the correspandargument is missing. Arguments
corresponding to the mandatory parameters mugpdsfied.

Generic CLR types and methods are treated as ibfatheir type parameters were declared
optional all with default typ&ystem.Objectunless constraints prevent such substitutiosoifie
constraint on a type parameter rules out the dubsti, the parameter itself and all proceeding
ones are treated as mandatory.

PHP classes and interfaces as well as functionsnaettiods cannot be overloaded over the
number of type arguments. Constraints on generpe tparameters are not supported in
declarations of PHP classes and interfaces. Theyhawever checked when instantiating CLR

types.

PHP classes and interfaces should be emitted asrige®LR types with the same number of
generic type parameters as declared in (mandatagtienal) in order to allow inheriting from
generic CLR types. To comply with CLR conventiohe thame of the generic type should be
suffixed by the back-quote followed by the stringpresentation of the number of generic
arguments. On the other hand, the generic PHP methAnd functions needn’t to be emitted as
generic CLR methods. The type arguments may beegdssregular hidden parameters.

4. Type argumentsType arguments are specified using eitbitic-type-argumentsr dynamic-
type-arguments The former can only list type names, while theedacan use variables for
specifying the type arguments. Static type refezen@re used in class/interface declaration for
specifying base class and interfaces, in functiettimd declaration for specifying type hints, and
in static field access and static method invocation specifying the class. Dynamic type
references can be used imstanceofand new operators and generic methods and functions
invocations. Type arguments can be omitted if theesponding type parameters are optional. If
all parameters are optional, the type/method carrelberred to without specifying any type
arguments at all.

5. Dynamically specified constructed typ@®ssibility to specify variables in constructgpds using
dynamic-type-referencallows some extent of dynamicity. To allow fullyyrdamic use of a
constructed type, PHP/CLR enables to encode thstreated type into a string. If thlynamic-
nameused without type arguments yields to a stringu@alith a correct format, the value is

! This rule prevents from type parameters to redezach other, which would cause complications fier t
compiler and the run-time. Besides, it would beessary to check for cycles.



decoded to a constructed type. The format of thiegstlets denote ifconstructed-typelis
following:

{qualified-type-namdK][:]? {type-argument]} {type-argumenf}{:]?[>]
The{qualified-type-nameis a (qualified) name of a generic type dtygpe-argument}s

a. {qualified-type-name}

b. {constructed-type}

c. ['1{type-parameter-name}

d. [@]{primitive-type-name}

The {type-parameter-namefollowing an exclamation mark can refer to a tyggrameter of the
current generic type or generic method/function.

The{primitive-type-name}efers to a primitive type name as defined in ®ac3.4.

Example

1. Declaring a generic type

<?
/I Compilation mode: pure or standard
/I References: mscorlib

import  interface System:::Collections:::Generic:::IComparer;

/I Generic class with two generic parameters:
class Ci1<:T, S:>

public  static $x=0;

}

/I Generic class with one generic parameter:
class C2<:T:> extends CI1<:T, bool >
{

}

/I Non-generic class:

class C3 extends CIl<: string , double :>
{

}

/I Generic class implementing BCL generic interface
/I The generic parameter has a default value,

/I which means that in PHP the generic parameter ca n be ommitted.
class MyGenericComparer<:T = array :> implements IComparer<:T:>
{

function ~ Compare($x, $y)

if  ($x < By) return  -1;
if  ($x>3By) return  1;
return  0O;
}
}

>

2. Creating an instance of a generic typdsing above declarations, we can create instaoctse
classesC1, C2, C3 andMyGenericComparewith various type arguments.

<?
/I Compilation mode: pure or standard
/I References: PhpNetClassLibrary, mscorlib

function  Main()

{
$cl= newCl<: int , string :>;
$c2=  new C2<:C1<:C3, C3:>:>;



$c3= newCs3;

/I generic parameter T is optional so we needn’t to specify any type argument:
$cmp = new MyGenericComparer;

$t1 = "c1";

$t2 = "c2"

$t3 = "C3";

$i= "@int"

$s=  "@string"

/I pass type arguments dynamically:
$dcl=  new Ci<: $i, $s:>;
$dc2 =  new C2<: C1 <: $t3, $t3 :> :>;
$dc3 = new $t3;

/I state both the generic types and type arguments dynamically:
$ddcl = new $tl<: $i, $s :>;
$ddc2 = new $t2<: $tl <: $t3, $t3 > :>;

/I let the entire constructed names be parsed at run-time:
$cl_name=  "Cl<@int,@string:>"

$c2_name = "C2<:C1<:C3,C3:>:>"

$c3_name=  "C3";

$c4_name = "MyGenericComparer"

$scl=  new $cl_name;
$sc2 = new $c2_name;
$sc3 = new $c3_name;
$sc4 = new $c4_name;

/I Although the following constructed name is corre nt, the type won't be
I resolved as may be expected — the second para meter's name includes
/I a leading space and type " @string" wasn't dec lared.
$unknown_name = "Cl<:@int, @string:>" ;
$sc_error = new $unknown_name;

}
3. Declaring a generic function/method

4. Invoking a generic method

5. Accessing a static propertyJsing above declarations, we can access a staifmerty $x if the
type C1. Note that the static storage is associated withnatantiation of the generic type as
illustrated by the following example.

<?

/I Compilation mode: pure or standard

/I References: PhpNetClassLibrary, mscorlib
function  Main()

Cl<: int , string >u$x=1;
Cl<: int , int >u$x=2;

/l prints 1, 2:
var_dump(Cl<: int , string :>:$x, Cl<: int , int :>:$x);

2>

3.6. Source Unit
Syntax

source-unit:
empty-statemengs



import-statement-lig;
top-statementsg;

empty-statements:
empty-statements empty-statement

top-statements:
top-statementgop-statement
top-statement

top-statement:
global-constant-declaration
declarative-statement
non-declarative-statement permitted only in standard mode
empty-statement

declarative-statement:
type-declaration-statement
function-declaration-statement

Semantics

1. Source unit The source unit corresponds to a file or a pfceode to be evaluated at run-time.
Each source unit has its own set of imported naaeesp and aliases for classes, interfaces,
functions and constants listed import-statement-listThe scope of the imported declarations is
exactly the source unit. Note that the importsrddiin the source unit are not visible to the code
evaluated inside the unit, for example by ¢val construct. The evaluated code need to use either
fully qualified names or to declare the importsitgglf.

3.7. Namespaces

Syntax

import-statement-list:
import-statement-list import-statement
import-statement

import-statement
import declaration-kind qualified-name::: identifier ;
import declaration-kind qualified-name::: identifier as identifier ;
import namespacegualifiedname ;

declaration-kind:
class
interface
function
const

namespaceleclaration-statement:
namespacgqualified-namg, { namespace-statement-jist}

namespace-statement-list:
namespace-statement
namespace-statement-list namespace-statement

namespace-statement:
global-constant-declaration
declarative-statement

Semantics



1. Import Theimport-statementlefines either an alias name for the fully quedifname of a class,
interface, function or constant visible throughdbe declaring source unit, or imports all
declarations from a specified namespace. Neitteed#tlarations nor the namespace need to exist
at the time of importing. Thamport-statemenbnly establishes a hame mapping that is applied
when a type/function/constant is being resolvedhieycompiler or at run-time.

2. Name resolvingType/function/constant name resolving uses thppimg established bynport-
statemerd of the source unit referring to the type/functimmstant. First, the name is resolved as
is. If not found, the name is mapped using thesaBadefined bymport-statemerst Only the
aliases of the kind of the resolved name are censit(e.g. when resolving a type name, only
class and interface aliases are considered). lalims matches the name being resolved, the
resolving continues by prefixing the name with imtpd namespaces, one by another. If the name
cannot be resolved neither this way, it is congdaemknown.

In compile-time, references to unknown types/funrdiconstants are allowed as the entity may be
created at run-time. The same resolving processstgkace at run-time for the compile-time
unknown types, now considering run-time activatedreated types as well. Besides, the feature
of user defined class/interface loading is alsdlabke as defined by PHP language (see “magic”
function___autoload. If the type or function is still not resolvedun-time error occurs.

3. Namespace declaratioiNamespaces can be declared only as top-levehstats, i.e. cannot be
declared conditionally. The namespace declarat@mmperises of an optional name and a list of
class, interface, function and global constant atations. If the name is not specified, the
namespace is said to Beonymous

4. A class/function/constant declared in a namespacebe referred to only via a fully qualified
name or using an import. The declarations are noessible by their unqualified names even
within the namespace itself. The declaration inaabnymous namespace is imported implicitly
with an alias equal to its unqualified name (it Waobe impossible to access the declaration
otherwise). As it is not possible to import declemas of an anonymous namespace from other
source unit, the anonymous namespace effectivekemthe declarations visible only within the
declaring source unit.

5. Namespace-private declaratians

Examples
<?
/I Compilation mode: pure
/I References: mscorlib, System, System.Drawing, System.Windows.Forms

import namespace System;
import namespace System::Windows:::Forms;

import class WinApp:::MainForm as MyForm;

namespace WinApp

{

class MainForm extends Form

{

private  function InitializeComponent()

$this->tooltip = new ToolTip;
$this->tooltip->ToolTiplcon = ToolTiplcon:: Info;
$this->tooltip->ToolTipTitle = "Click the image to zoom in and out" ;

function  Main()

Application::Run( new MyForm);



?2>

3.8. Type Declaration

Syntax

type-declaration-statement:
class-attributesclass-declarator
interface-attributesinterface-declarator

class-attributes:
custom-attributeg; declaration-visibility,, partialyy class-modifiegy,

class-declarator:
classidentifier type-parametegg; extends, implements; { member-declaration-lisg

interface-attributes:
custom-attributeg; declaration-visibility, partialyp

interface-declarator:
interface identifier type-parametegs extends-multiplg, { member-declaration-lis§

declaration-visibility:
private

class-modifier:
abstract
final

partial:
partial

extends:
extendsqualified-static-type-reference

extends-multiple:
extendsqualified-static-type-reference-list

implements:
implementsqualified-static-type-reference-list

Semantics

1. Partial modifier A new partial modifier is added to grammar productions of clasd interface
declarations. When this modifier is applied on rpldttype declarations of the same name, all of
them constitute a single type (class or interfacbg resulting type declaration is an aggregate of
all the declarations within the compilation unitvhg the same name. The concept of partial
classes applies only at compile-time, there is umotime type merging. Therefore, the partial
modifier is available only in the pure compilatiomode, a partial declaration must be
unconditional, all partial declarations of a claszsst extend the same base class (if any), all must

have the samelass-modifies and the same generic parameter declarations.

3.9. Function Declaration

Syntax

function-declaration-statement:
function-attributes function-declarator

function-attributes:
custom-attributeg; declaration-visibility,



function-declarator
function return-value function-nametype-parametegs; ( formal-parameterg,) block

function-name
identifier
__autoload

return-value
custom-attributeg; referencey

reference:
&

formal-parameters:
formal-parameter-list
optional-formal-parameter-list
formal-parameter-list, optional-formal-parameter-list

formal-parameter:
custom-attributg, type-hing, reference, variable

optional-formal-parameter:
custom-attributg, type-hing, reference,, variable= constant-initializer

type-hint:
static-type-reference

formal-parameter-list:
formal-parameter-list formal-parameter
formal-parameter

optional-formal-parameter-list:
optional-formal-parameter-list optional-formal-pameter
optional-formal-parameter
Semantics
1. Custom attributes
2. Type hints

3. Optional parameter§‘overloading” by number of parameters)

3.10. Global Constant Declaration

Syntax

global-constant-declaration:
custom-attributeg; const global-constant-declarator-list

global-constant-declarator:
identifier = constant-initializer

global-constant-declarator-list:
global-constant-declarator-list global-constantefgrator
global-constant-declarator

Semantics



1. Global constantsGlobal constants are similar to class constahesmajor difference is that they
are declared in a global scope and can be dedissitk a namespace.

Example

3.11. Type Member Declaration

Syntax

type-member-declaration:
custom-attributeg; member-modifiegs; const class-constant-declarator-list
custom-attributeg; property-modifiers,, property-declarator-list;
custom-attributeg; member-modifiegg; method-declarator,
custom-attributes, member-modifiegg; constructor-declarator,

method-declarator
function return-value method-name( formal-parameters; ) ;
function return-value method-name( formal-parameterg,; ) block

constructor-declaratar
function return-value __construct formal-parameters,; ) parent-ctor-call, block

parent-ctor-call:
. parent (actual-argument-ligf, )

method-name:
identifier
__destruct
__Qget
__set
__call
__sleep
__wakeup
__tostring

property-modifiers:
var
member-modifiers

member-modifiers:
member-modifiersmember-modifier
member-modifier

member-modifier:
private
protected
public
static
abstract
final

Semantics

3.12. Class Constants

Syntax



class-constant-declarator-list
class-constant-declarator-list class-constant-deafor
class-constant-declarator

class-constant-declarator:
identifier = constant-initializer

Semantics

1. Same as in the PHP language version 5.

3.13. Property Accessors

Syntax

property-declarator-list
property-declarator-list, property-declarator
property-declarator

property-declarator:
variable constant-initializey,
variable { property-getteg,, property-settey, }
variable { property-settey, property-getteg, }

property-getter:
custom-attributes, method-modifierg; __getblock

property-setter:
custom-attributeg; method-modifierg; _ setblock

Semantics

1. Properties and fieldsCLR distinguishes fields and properties — a figldvide storage for a value
associated with an object (instance field) or veitblass (static field) while a property is a pdir o
methods (getter and setter, one may be omittedighwdre often used merely to read/write the
value of the field from outside the class. Suchpprtes are calledield-backedproperties.
PHP/CLR uses the same syntax for accessing PHP \daisbles, CLR fields and CLR properties
(i.e. $object->$property_or_fieldor Class::$property_or_field

3.14. Statements

Syntax

statement:
non-declarative-statement
declarative-statement

non-declarative-statement:
empty-statement
label
block
echo-statement
inline-html-statement
expression-statement
unset-statement
if-statement
switch-statement
loop-statement
branch-statement



try-catch-statement
throw-statement
variable-declaration-statement

empty-statement:

label:
identifier :

block:
{ statement-lig}; }

echo-statement:
echoexpression-list;

inline-html-statement:
inline-html

expression-statement:
expression;

unset-statement:
unset ( writable-chain-list) ;

if-statement:
if ( expression) non-declarative-statemerglse-if-list,; elsgp
if ( expression) : statement-ligt,; else-if-colon-lisg, else-colog,, endif ;

else-if-list:
else-if-list elseif (expression) non-declarative-statement

else-if-colon-list:
else-if-colon-list elseif (expression) : statement-ligt,

switch-statement:
switch ( expression) switch-block

switch-block:
{ switch-casesp: }
{ ; switch-caseg; }
. switch-caseg; endswitch ;
. ; switch-caseg, endswitch ;

switch-cases:
switch-cases switch-case
switch-case

switch-case:
caseexpression: statement-ligh:
caseexpression; statement-ligfy
default expression: statement-lig;
default expression; statement-ligg;

loop-statement:
while-statement
do-while-statement
for-statement



foreach-statement

while-statement:
while ( expression) non-declarative-statement
while ( expression) : statement-lig; endwhile ;

do-while-statement:
do non-declarative-statementhile ( expression) ;

for-statement:
for ( expression-ligf: ; expression-ligf; ; expression-lig, ) non-declarative-statement
for ( expression-ligf: ; expression-ligf, ; expression-ligt ) : statement-ligh; endfor ;

foreach-statement:
foreach (writable-chain as referencg,; foreach-entry non-declarative-statement
foreach (chain-free-expressioras foreach-entry non-declarative-statement
foreach (writable-chain as reference,; foreach-entry : statement-list; endforeach ;
foreach (chain-free-expressioras foreach-entry : statement-lisf; endforeach ;

foreach-entry:
writable-chain
writable-chain => referenceg,; writable-chain

branch-statement:
breakexpressiog ;
continueexpressiog ;
returnexpressiogy; ;
gotoidentifier ;

throw-statement:
throw expression;

try-catch-statement:
try block catch-blocks

catch-blocks:
catch-blocks catch-block
catch-block

catch-block
catch (qualified-static-type-referenceariable ) block

variable-declaration-statement:
globalglobal-variable-list ;
staticstatic-variable-list ;

global-variable:
variable
$ chain
$ { expression}

static-variable:
variable
variable = constant-initializer

global-variable-list
global-variable-list, global-variable
global-variable



static-variable-list
static-variable-list, static-variable
static-variable

statement-list:
statement-list statement
statement

Semantics

1. Only the statements specific to the PHP/CLR ardaéxed further. The others are have the same
syntax and semantics as in the PHP language veBsion

2. Labels

3.15. Expressions

Syntax

expression-list:
expression-list, expression
expression

expression:
chain
expression-without-chain

expression-without-chain:
parenthesized-expression
assignment-expression
new-expression
clone-expression
instance-of-expression
eval-expression
assert-expression
exit-expression
isset-expression
empty-expression
array-match-expression
array-construction-expression
inclusion-expression
increment-expression
decrement-expression
unary-expression
binary-expression
conditional-expression
shell-command-expression
scalar-expression
ling-expression

parenthesized-expression:
( expression)

assignment-expression:
writable-chain assignment-operator expression
writable-chain = referencg,, new dynamic-type-referencé¢ actual-argument-ligg; )

assignment-operator: one of
= =& += = *= [= = Op= &= |: N=>>S= <<=



new-expression:
new dynamic-type-referencé actual-argument-ligh; )

clone-expression:
clone expression

instance-of-expression:
expressioninstanceof dynamic-type-reference

eval-expression:
eval ( expression)

assert-expression:
assert (expression)

exit-expression:
exit
exit ()
exit ( expression)

empty-expression:
empty (chain)

isset-expression:
isset (writable-chain-list)

array-match-expression:
list ( array-match-item-list)

array-match-item-list:
array-match-item-list, array-match-iterg,
array-match-iterg,

array-match-item:
chain
array-match-expression

array-construction-expression:
array (array-item-list,; commay, )

constant-array-construction-expression:
array (constant-array-item-ligh; commay )

array-item-list:
array-item-list array-item
array-item

array-item:
expression
& writable-chain
expression=> expression
expression=> & writable-chain

constant-array-item-list:
constant-array-item-list constant-array-item
constant-array-item

constant-array-item:
constant-initializer
constant-initializer => constant-initializer



inclusion-expression:
include expression
include_onceexpression
require expression
require_onceexpression

increment-expression:
writable-chain ++
++ writable-chain

decrement-expression:
writable-chain --
-- writable-chain

unary-expression:
unary-operator expression
type-cast-operatorexpression

unary-operator: one of
+ - *

type-cast-operator: one of:

(bool) (double) (float) (string) (unicodefarray) (object) (unset)
(int8) (intl6) (int32) (int64) (uint8) ifit16) (uint32) (uint64) (decimal)

binary-expression
expressionbinary-operator expression

binary-operator: one of
| & ™ || && or and xor . + ¥ | % << >> ==

conditional-expression:
expression? expression: expression

shell-command-expression:
* composite-stringy

invocation-expression:
callee dynamic-type-argumegys ( actual-argument-ligf, )

callee:
qualified-name
dynamic-name
qualified-static-type-reference dynamic-name

actual-argument-list:
actual-argument-list actual-argument
actual-argument

actual-argument:
expression

constant-initializer:
constant
constant-array-construction-expression

< <=

>=



+ constant-initializer
- constant-initializer

constant:
literal-constant
pseudo-constant
global-constant
class-constant

literal-constant:
integer-literal
long-integer-literal
double-literal
single-quoted-string-literal
double-quoted-string-literal

pseudo-constant:
__LINE__
__FILE__
_ NAMESPACE___
_ CLASS
_ METHOD__
__FUNCTION__

class-constant:
qualified-static-type-reference identifier

global-constant:
qualified-name

scalar-expression:
constant
string-embedded-variable-name
composite-binary-string
composite-double-quoted-string
composite-binary-heredoc
composite-heredoc

composite-binary-string:
b” composite-string, *

composite-double-quoted-string:
" composite-string, *

composite-binary-heredoc:
b<<< ABEL composite-string, LABEL

composite-heredoc:
<<<LABEL composite-string. LABEL

composite-string:
composite-string string-embedded-variable
composite-string string-embedded-literal
string-embedded-variable
string-embedded-literal

string-embedded-literal:
string-embedded-simple-identifier
string-embedded-integer
string-embedded-characters



Ay e —

string-embedded-variable:
variable
variable [ string-embedded-key
variable -> string-embedded-simple-identifier
${ expression}
${ string-embedded-variable-nanfeexpression] }
{ chain }

string-embedded-key:
string-embedded-simple-identifier
string-embedded-integer
variable
Semantics

1. Only the expression specific to or modified in #ldP/CLR language are explained further. The
others are have the same syntax and semanticgtas BHP language version 5.

Type arguments
Type casts

4. Assertion.The assert-expressiois treated as ordinary function call in PHP. PHRRGxplicitly
treats the assertions in a special way so that¢heybe evaluated more effectively and wiped off
when compiled in release mode.

5. Passing an argument by reference.

3.16. Chains

Syntax

writable-chain:
chain

writable-chain-list:
writable-chain-list , writable-chain
writable-chain

chain:
chain-with-calls

dynamic-name:
chain-without-calls

chain-without-calls:
chain-base member-chgjn

chain-with-calls:
chain-base-with-callsnember-chain-with-callg



member-chain:
member-chain member-chain-link
member-chain-link

member-chain-with-calls:
member-chain-with-calls member-chain-link-withical
member-chain-link-with-call

member-chain-link:
-> keyed-member-name

member-chain-link-with-call:
-> keyed-member-name
-> keyed-member-namg actual-argument-lig; )

chain-base:
qualified-static-type-reference keyed-variable
keyed-variable

chain-base-with-calts
chain-base
invocation-expression

keyed-member-name:
keyed-simple-member-name
keyed-variable

keyed-simple-member-name:
keyed-simple-member-nanjekey,; ]
keyed-simple-member-nanfeexpression}
identifier
{ expression}

keyed-variable:
$ keyed-variable
keyed-compound-variable

keyed-compound-variable:
keyed-compound-variablg key,; ]
keyed-compound-variablé expression}
compound-variable

compound-variable:
variable
$ { expression}
Semantics
1. Semantics of the chains is the same as in PHP dayeguersion 5.

3.17. Language Integrated Query (LINQ)

Syntax



ling-expression:
ling-from-clause ling-query-body

ling-from-clause:
from ling-generator-list

ling-where-clause:
where expression

ling-generator-list:
ling-generator-list, ling-generator
ling-generator

ling-generator:
expressionas variable
expressionas variable => variable

ling-query-body:
ling-from-where-clause-ligf;
ling-order-by-clausg
ling-select-group-by-clause
ling-into-clausgy:

ling-from-where-clause-list:
ling-from-where-clause-list ling-from-clause
ling-from-where-clause-list ling-where-clause
ling-from-clause
ling-where-clause

ling-order-by-clause:
orderby ling-ordering-list

ling-ordering-list:
ling-ordering-list , ling-ordering-clause
ling-ordering-clause

ling-ordering-clause:
expression
expressiondescending
expressionascending

ling-select-group-by-clause:

select expression

group expressionby expression
ling-into-clause:

as variable in ling-query-body

as variable => variable in ling-query-body

Semantics
1. LINQ.
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