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About this document

This is the programmer’s manual for Free Pascal.

It describes some of the peculiarities of the Free Pascal compiler, and provides a glimpse of how
the compiler generates its code, and how you can change the generated code. It will not, however,
provide a detailed account of the inner workings of the compiler, nor will it describe how to use
the compiler (described in the User’s Guide). It also will not describe the inner workings of the
Run-Time Library (RTL). The best way to learn about the way the RTL is implemented is from the
sources themselves.

The things described here are useful when things need to be done that require greater flexibility than
the standard Pascal language constructs (described in the Reference Guide).

Since the compiler is continuously under development, this document may get out of date. Wherever

possible, the information in this manual will be updated. If you find something which isn’t correct,

or you think something is missing, feel free to contact me'.

lat michael@freepascal.org
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Chapter 1

Compiler directives

Free Pascal supports compiler directives in the source file: Basically the same directives as in Turbo
Pascal, Delphi and Mac OS pascal compilers. Some are recognized for compatibility only, and have
no effect. There is a distinction between local and global directives:

e [ocal directives take effect from the moment they are encountered till they are changed by
another directive or the same directive with a different argument: they can be specified more
than once in a source file.

e Global directives have an effect on all of the compiled code. They can, in general, only be
specified once per source file. It also means that their effect ends when the current unit is
compiled; the effect does not propagate to another unit.

Some directives can only take a boolean value, a ’+’ to switch them on, or a ’-’ to switch them off.
These directives are also known as switches. Many switches have a long form also. If they do, then
the name of the long form is given also.

For long switches, the + or - character to switch the option on or off, may be replaced by the ON or
OFF keywords.

Thus {$I+} isequivalent to { SIOCHECKS ON} or { SIOCHECKS +} and {$C-} is equivalent
to {SASSERTIONS OFF} or { SASSERTIONS -}

The long forms of the switches are the same as their Delphi counterparts.

1.1 Local directives

Local directives can occur more than once in a unit or program, If they have a command line counter-
part, the command line argument is restored as the default for each compiled file. The local directives
influence the compiler’s behaviour from the moment they’re encountered until the moment another
switch annihilates their behaviour, or the end of the current unit or program is reached.

1.1.1 $A or $ALIGN : Align Data

The { SALIGN directive can be used to select the data alignment strategy of the compiler for records.
It takes a numerical argument which can be 1, 2, 4, 8, 16 or 32, specifying the alignment boundary
in bytes. For these values, it has the same effect as the { SPACKRECORDS} directive (see section
1.1.60, page 33).

Thus, the following
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{$A 8}
is equivalent to
{SPACKRECORDS 8}

and specifies to the compiler that all data inside a record should be aligned on 8 byte boundaries.
In MACPAS mode, additionally it can have the following values:

MACG68K Specifies alignment following the m68K ABI.

POWER Specifies alignment following the PowerPC ABI.

POWERPC Specifies alignment following the PowerPC ABI.

RESET Resets the default alignment.

ON Same as specifying 4.

OFF Same as specifying 1.

These values are not available in the { SPACKRECORDS} directive.

1.1.2 $A1, $A2,5A4 and $AS8

These directives are the same as the SPACKRECORDS directive (see section 1.1.60, page 33), but
they have the alignment specifier embedded in the directive. Thus the following:

{SA8 }
is equivalent to
{$SPACKRECORDS 8}

Note that the special cases of SPACKRECORDS cannot be expressed this way.

1.1.3 $ASMMODE : Assembler mode (Intel 80x86 only)

The { SASMMODE XXX} directive informs the compiler what kind of assembler it can expect in an
asm block. The XXX should be replaced by one of the following:

att Indicates that asm blocks contain AT&T syntax assembler.
intel Indicates that asm blocks contain Intel syntax assembler.

direct Tells the compiler that asm blocks should be copied directly to the assembler file. It is not
possible to use such assembler blocks when the internal assembler of the compiler is used.

These switches are local, and retain their value to the end of the unit that is compiled, unless they are
replaced by another directive of the same type. The command line switch that corresponds to this
switch is —R.

The default assembler reader is the AT&T reader.
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1.1.4 $B or $BOOLEVAL : Complete boolean evaluation

By default, the compiler uses shortcut boolean evaluation, i.e., the evaluation of a boolean expression
is stopped once the result of the total exression is known with certainty. The { $B } switch can be
used to change this behaviour: if its argument is ON, then the compiler will always evaluate all terms
in the expression. If it is OFF (the default) then the compiler will only evaluate as many terms as are
necessary to determine the result of the complete expression.

So, in the following example, the function Bofu, which has a boolean result, will never get called.

If False and Bofu then

A consequence of this is that any additional actions that are done by Bofu are not executed. If
compiled with { SB ON}, then BoFu will be called anyway.

1.1.5 $C or $ASSERTIONS : Assertion support

The { SASSERTIONS} switch determines if assert statements are compiled into the binary or not.
If the switch is on, the statement

Assert (BooleanExpression, AssertMessage) ;

Will be compiled in the binary. If the BooleanExpression evaluates to False, the RTL
will check if the AssertErrorProc is set. If it is set, it will be called with as parameters the
AssertMessage message, the name of the file, the LineNumber and the address. If it is not set, a
runtime error 227 is generated.

The AssertErrorProc is defined as

Type
TAssertErrorProc=procedure (Const msg, fname : String;
lineno,erroraddr : Longint);
Var

AssertErrorProc = TAssertErrorProc;

This can be used mainly for debugging purposes. The system unit sets the AssertErrorProc
to a handler that displays a message on stderr and simply exits with a run-time error 227. The
sysultils unit catches the run-time error 227 and raises an EAssertionFailed exception.

1.1.6 $BITPACKING : Enable bitsize packing

The $BITPACKING directive tells the compiler whether it should use bitpacking or not when it
encounters the packed keyword for a structured type. The possible values are ON and OFF. If ON,
then the compiler will bitpack structures when it encounters the Packed keyword.

In the following example, the TMyRecord record will be bitpacked:

{SBITPACKING ON}
Type
TMyRecord = packed record
B1,B2,B3,B4 : Boolean;
end;

Note that:
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e The SBITPACKING directive is ignored in macpas mode, where packed records are always
bitpacked.

e The bitpacked keyword can always be used to force bitwise packing, regardless of the value
of the SBITPACKING directive, and regardless of the mode.

1.1.7 $CALLING : Specify calling convention

The { SCALLING } directive tells the compiler which calling convention should be used if none is
specified:

{SCALLING REGISTER}
By default it is REGISTER. The following calling conventions exist:

default
register
cdecl
pascal
safecall
stdcall

oldfpccall

For a more detailed explanation of calling conventions, see section 6.3, page 79. As a special case,
DEFAULT can be used, to restore the default calling convention.

1.1.8 $CHECKPOINTER : Check pointer values

The { SCHECKPOINTER} directive turns heap pointer checking on (value ON) or off (value OFF).
If heap pointer checking is on and the code is compiled with the —gh (heaptrace) option on, then a
check is inserted when dereferencing a pointer. The check will verify that the pointer contains a valid
value, i.e. points to a location that is reachable by the program: the stack or a location in the heap. If
not, a run-time error 216 or 204 is raised.

If the code is compiled without —gh switch, then this directive has no effect. Note that this consider-
ably slows down the code.

1.1.9 $CODEALIGN : Set the code alignment

This switch sets the code alignment. It takes an argument which is the alignment in bytes.
{SCODEALIGN 8}

There are some more arguments which can be specified, to tune the behaviour even more. The general
form is

{$SCODEALIGN PARAM=VALUE}

Where PARAM is the parameter to tune, and VAR value is a numerical value specifying an alignment.
PARAM can be one of the following strings:
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PROC Set the alignment for procedure entry points.

JUMP Set the alignment for jump destination locations.

LOOP Set alignment for loops (for, while, repeat).

CONSTMIN Minimum alignment for constants (both typed and untyped).
CONSTMAX Maximum alignment for constants (both typed and untyped).
VARMIN Minimum alignment for static and global variables.

VARMAX Maximum alignment for static and global variables.
LOCALMIN Minimum alignment for local variables.

LOCALMAX Maximum alignment for local variables.

RECORDMIN Minimum alignment for record fields.

RECORDMAX Maximum alignment for record fields.

By default the size of a data structure determines the alignment:

e A SmallInt will be aligned at 2 bytes.
e A LongInt will be aligned at 4 bytes.

e A Int64 will be aligned at 8 bytes.

With the above switches the minimum required alignment and a maximum used alignment can be
specified. The maximum allowed alignment is only meaningful if it is smaller than the natural size.
i.e. setting the maximum alignment (e.g. VARMAX) to 4, the alignment is forced to be at most 4
bytes: The Int 64 will then also be aligned at 4 bytes. The SmallInt will still be aligned at 2
bytes.

These values can also be specified on the command line as

—0aPARAM=VALUE

1.1.10 $COPERATORS : Allow C like operators

This boolean switch determines whether C like assignment operators are allowed. By default, these
assignments are not allowed. After the following statement:

{SCOPERATORS ON}
The following operators are allowed:

Var
I : Integer;

begin
I:=1;
I+=3; // Add 3 to I and assign the result to I;
I-=2; // Substract 2 from I and assign the result to I;
Ix=2; // Multiply I with 2 and assign the result to I;
I/=2; // Divide I with 2 and assign the result to I;
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1.1.11 $DEFINE or $DEFINEC : Define a symbol

The directive
{SDEFINE name}

defines the symbol name. This symbol remains defined until the end of the current module (i.e. unit
or program), or until a SUNDEF name directive is encountered.

If name is already defined, this has no effect. Name is case insensitive.

The symbols that are defined in a unit, are not saved in the unit file, so they are also not exported
from a unit.

Under Mac Pascal mode, the SDEFINEC directive is equivalent to the SDEFINE directive and is
provided for Mac Pascal compatibility.

1.1.12 $ELSE : Switch conditional compilation

The { SELSE} switches between compiling and ignoring the source text delimited by the preceding
{$IFxxx} and following { SENDIF}. Any text after the ELSE keyword but before the brace is
ignored:

{SELSE some ignored text}
is the same as
{SELSE}

This is useful for indication what switch is meant.

1.1.13 $ELSEC : Switch conditional compilation

In MACPAS mode, this d