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Chapter 1. C Language

This chapter describes the target specific features of the C language, including language extensions that
are not standard in ISO-C. For example, pragmas are a way to control the compiler from within the C
source.

The TASKING VX-toolset for LC87 C compiler fully supports the ISO-C standard and adds extra possibilities
to program the special functions of the target.

In addition to the standard C language, the compiler supports the following:

« attribute to specify alignment and absolute addresses

« intrinsic (built-in) functions that result in target specific assembly instructions
» pragmas to control the compiler from within the C source

» predefined macros

* the possibility to use assembly instructions in the C source

» keywords for inlining functions and programming interrupt routines

* libraries

All non-standard keywords have two leading underscores (__).

In this chapter the target specific characteristics of the C language are described, including the above
mentioned extensions.

1.1. DataTypes

The TASKING C compiler for the LC87 supports the following data types. The sizes are shown in bits.

C type Size Align Limits
__bit 1 1 Oor1l
_Bool 1 8 Oorl
signed char 8 8 [-27, 27-1]
unsigned char 8 8 [0, 28-1]
short 16 8 [-25°, 25-1)
unsigned short 16 8 [0, 216-1]
int 16 8 [-27°, 27°-1)
unsigned int 16 8 [0, 216-1]
enum 8 8 [-27, 2"-1] or [0, 2°-1]
16 [-2%°, 2151
long 32 8 [-2°, 2%1.1)
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C type Size Align Limits

unsigned long 32 8 [0, 232-1]

long long 64 8 [-263, 263-1]

unsigned long long 64 8 [0, 264-1]

float (23-bit mantissa) 32 8 [-3.402E+38, —1.175E-38]
[+1.175E-38, +3.402E+38]

double 64 8 [-1.797E+308, -2.225E-308]

long double (52-bit mantissa) [+2.225E-308, +1.797E+308]

__bdata pointer - 16 8 [0, 216-1]

__bdata __hit pointer 16 8 [0, 211-1]

__sdata pointer 16 8 [0, 29-1]

__mdata pointer 16 8 [0, 213-1]

__mdata __bit pointer 16 8 [0, 216-1]

__data pointer 16 8 [0, 216-1]

__Xxdata pointer - 24 8 [0, 224-1]

__hxdata pointer 24 8 [0, 224-1]

__Xrom pointer 24 8 [0, 224-1]

__hxrom pointer 24 8 [0, 224-1]

__zeroO pointer 16 8 [0, 216-1]

__zerol pointer 16 8 [0, 216-1]

__bankO0 pointer 24 8 [0, 217-1]

__bank1 pointer 24 8 [0, 218-1]

__rom pointer 24 8 [0, 218-1]

" When you use the enumtype, the compiler will use the smallest suitable integer type (char ,
unsi gned char, ori nt), unless you use C compiler option --integer-enumeration (always use

16-bit integers for enumeration).

" __bdata pointers are calculated using 8-bit pointer arithmetic.

Kk

__xdata pointers and __xrom pointers are calculated using 16-bit pointer arithmetic.

Aggregate and union types

Aggregate types are aligned on 16 bits by default. All members of the aggregate types are aligned as
required by their individual types as listed in the table above. The struct/union data types may contain
bit-fields. The allowed bit-field fundamental data types are _Bool , (un)si gned char and (un)si gned
i nt . The maximum bit-field size is equal to that of the type’s size. For the bit-field types the same rules
regarding to alignment and signed-ness apply as specified for the fundamental data types. In addition,

the following rules apply:
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» The first bit-field is stored at the least significant bits. Subsequent bit-fields will fill the higher significant
bits.

» A bit-field of a particular type cannot cross a boundary as is specified by its maximum width. For example,
a bit-field of type short cannot cross a 16-bit boundary.

« Bit-fields share a storage unit with other bit-field members if and only if there is sufficient space in the
storage unit.

« An unnamed bit-field creates a gap that has the size of the specified width.

» As a special case, an unnamed bit-field having width O (zero) prevents any further bit-field from residing
in the storage unit corresponding to the type of the zero-width bit-field.

Bit structures

The __bi t data type is allowed as a struct/union member, with the restriction that no other type than
__bi t is member of this structure. This creates a bit-structure that is allocated in bit-addressable memory.
Its alignment is 1 bit.

There are a number of restrictions to bit-structures. They are described below:
« Itis not possible to pass a bit-structure argument to a function.

« Itis not possible to return a bit-structure.

« Itis not possible to make an automatic bit-structure.

The reason for these restrictions is that a bit-structure must be allocated in bit-addressable memory;,
which the stack is not.

__bitsizeof() operator

The si zeof operator always returns the size in bytes. Use the __bi t si zeof operator in a similar way
to return the size of an object or type in bits.

__bitsizeof ( object | type )

1.1.1. Bit Data Type

The TASKING C compiler for the LC87 supports the data type __bi t . The LC87 instruction set supports
some operations of the __bi t type directly.

The following rules apply to __bi t type variables:
« A__Dbit type variable is always unsigned.

« A __bit type variable can be exchanged with all other type variables. The compiler generates the
correct conversion.
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A __bi t type variable is like a boolean. Therefore, if you convertani nt type variabletoa __bi t type
variable, it becomes 1 (true) if the integer is not equal to 0, and 0 (false) if the integer is 0. The next
two C source lines have the same effect:

bit _variable
bit _variable

int_variable;
int_variable ? 1 : O;

» You cannot take the address of an automatic __bi t variable, because the stack is not bit addressable.
» The __bit data type is allowed as a struct/union member.

« A__Dbit type variable is allowed as a parameter of a function.

* A__bit type variable is allowed as a return type of a function.

* A__bit typed expression is allowed as switch expression.

* Thesi zeof ofa__bit typeis 1.

» Global or static __bi t type variables can be initialized.

* A__bit type variable can be declared absolute using the __at () attribute. See Section 1.3.5, Placing
an Object at an Absolute Address: __ at().

* A__bit type variable can be declared volatile.

Promotion rules

For the __bi t type, the promotion rules are similar to the promotion rules for char, short,int,| ong
and | ong | ong.

1.2. Changing the Alignment: __align()

Normally data, pointers and structure members are aligned according to the table in the previous section.
With the attribute __al i gn( n) you can overrule the default alignment of objects or structure members
to n bytes. The alignment must be a power of two.

Example:
int __align( 2 ) src[4];
The compiler generates the following assembly:

.section .bss

.global _src
.align 2
.size _src,8

_src: .type obj ect
.ds 8
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1.3. Accessing Memory

The LC87 series microcontrollers have the following three types of memory space:
* Program memory space: 2 ROM banks of 128 kB.

* Internal data memory space: 64 kB RAM, of which RAM/stack space at 0x0000 to OXFDFF (9-bit), SFR
space at OXFEOO to Ox FEFF (8-bit, some 9-bit)

» External data memory space: 16 MB RAM.

The TASKING VX-toolset for LC87 has several keywords you can use in your C source to specify memory
locations. This is explained in the sub-sections that follow.

1.3.1. Memory Type Qualifiers
In the C language you can specify that a variable or function must lie in a specific part of memory. You

can do this with a memory type qualifier. If you do not specify a memory type qualifier, data objects and
functions get a default memory type.

Memory type qualifiers for functions

You can specify the following memory type qualifiers for functions:

Qualifier |Description Memory space Location Maximum Section
object size |name
_r om’ function in ROM Program memory |0x00000 - Ox3FFFF |Ox1FFFE . text
space (2 pages of 128 kB)

__bank0 |function in ROM Program memory |0x00000 - Ox1FFFF|Ox1FFFE .textO
bank 0 space

__bank1 " |function in ROM Program memory  |0x20000 - Ox3FFFF|Ox1FFFE  |.text1
bank 1 space

__zeroO |function in lowest 64 |Program memory  |0x00000 - OXOFFFF |OxFFFE .ztextO
kB ROM space

__zerol Ifunction in lowest 64 Program memory |0x20000 - Ox2FFFF |OXFFFE .ztextl
kB ROM of bank 1  |space

" If you do not specify a memory type qualifier for functions, __r omis the default.

“ When you use __bankl or __zer ol in your C source you need to enable the option
--bank-switching of the linker. In Eclipse enable the option Generate bank switching stubs on
the Linker » Miscellaneous page of the Project Properties dialog.

Memory type qualifiers for data

You can specify the following memory type qualifiers for data:
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space

pages of 128 kB)

Qualifier Description Memory space Location Section name
__bdata initialized/cleared data |Internal data memory |[0x0000 - OXO0FF . bdata/
space . bbss
__bdata constant data Internal data memory |[0x0000 - OXO0FF . bdat a
const space
__bdata bit-addressable Internal data memory |0x0000 - OxXO7FF (bit |. bi tdata/
_bit initialized/cleared data |space addresses) . bitbss
__bdata bit-addressable constant|Internal data memory |0x0000 - OxO7FF (bit |. bi t dat a
__bit const |data space addresses)
__sdata short addressable Internal data memory |[0x0000 - OX01FF .sdata/
initialized/cleared data |space . sbhss
__sdata short addressable Internal data memory |[0x0000 - OX01FF .sdat a
const constant data space
__ndata medium addressable Internal data memory |0x0000 - OX1FFF .ndat a/
initialized/cleared data |space . nbss
__ndata medium addressable Internal data memory |0x0000 - OX1FFF . ndat a
const constant data space
__ndata medium bit-addressable |Internal data memory |[0x0000 - OxFFFF (bit |. mbi t data/
__bit initialized/cleared data |space addresses) . nbi t bss
__ndata medium bit-addressable |Internal data memory |[0x0000 - OXFFFF (bit |. nbi t dat a
__bit const |constant data space addresses)
__data normal initialized/cleared | Internal data memory [0x0000 - OXFFFF (sfr |. data /. bss
data space and system areas
reserved)
__data normal constant data Internal data memory [0x0000 - OXFFFF (sfr |. dat a
const space and system areas
reserved)
__xdata paged external External data memory [0x000000 - OxFFFFFF|. xdat a /
initialized/cleared data |space (pages of 64 kB) . Xbss
__Xdata paged external constant | External data memory |0x000000 - OxFFFFFF|. xdat a
const data space (pages of 64 kB)
__hxdata external External data memory |0x000000 - OXFFFFFF|. hxdat a /
initialized/cleared data |space . hxbss
__hxdata external constant data |External data memory |0x000000 - OxFFFFFF|. hxdat a
const space
__Xr om’ paged external constant | External data memory |0x000000 - OXFFFFFF|. xr odat a
data in ROM space (pages of 64 kB)
__hxr om’ external constant data in | External data memory |0x000000 - OxFFFFFF|. hxr odat a
ROM space
rom’ constant data in ROM  |Program memory 0x00000 - Ox3FFFF (2|. rodat a
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Qualifier Description Memory space Location Section name

__bankO0 i constant data in ROM  |Program memory 0x00000 - OX1FFFF |.rodat a0
bank 0 space

__bank1 i constant data in ROM  |Program memory 0x20000 - Ox3FFFF |.rodatal
bank 1 space

__zero0 i constant data in lowest |Program memory 0x00000 - OXOFFFF |. zr odat a0
64 kB ROM space

__zerol i constant data in lowest |Program memory 0x20000 - Ox2FFFF |. zr odat al
64 kB ROM of bank 1  |space

"The memory type qualifiers __xrom __hxrom __rom __bankO, _ bankl, _zer o0 and
__zer ol automatically imply the const qualifier. So, for example, if you specify __r om this is
the same as if you specify const __rom

If you do not specify a memory type qualifier for data, a default memory type is assigned based on memory
model options as explained in Section 1.3.2, Memory Models and Default Memory Type for Data.

Examples using explicit memory types

__bdata unsigned char ¢;

__sdata unsigned short s;

__data char text[] = "No snoking";
__Xram int array[ 10][4];

The memory type qualifiers are treated like any other data type specifier (such as unsi gned). This means
the examples above can also be declared as:

unsigned char _ _bdata c;

unsi gned short _ _sdata s;

char __data text[] = "No snoking";
i nt __xram array[10][4];

1.3.2. Memory Models and Default Memory Type for Data

The C compiler supports several RAM and ROM data memory models, listed in the following tables.
ROM data models

All ROM data models allow all memory type qualifiers to be used. Each model has a default memory type

qualifier, which is used for objects defined without a memaory type qualifier. You can select a ROM data
model with compiler option --rom-model.

ROM data model |Description Default data memory type
b0 bank 0 in program memory __bankO0
bl bank 1 in program memory __bank1
z0 lowest 64kB in bank 0 of program memory (default)| __zer 00
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ROM data model |Description Default data memory type
z1 lowest 64kB in bank 1 of program memory __zerol
rom any bank in program memory __rom

When an object is explicitly or automatically qualified with the default memory type qualifier, the compiler
can generate better optimized code to access the object.

RAM data models

All RAM data models allow all memory type qualifiers to be used. Each model has a default memory type
qualifier, which is used for objects defined without a memory type qualifier. You can select a RAM data
model with compiler option --ram-model.

RAM data model |Description

Default data memory type

data full 64kB internal data memory (RAM) (default)

__data

sdata lowest 512 bytes of internal data memory (RAM)

__sdata

Default memory type for data

The default memory type for data without a memory type qualifier is determined by the memory model

options as follows:

--rom-const

Memory model options |Description Initialized data |Cleared data|Constant data

none Set const default to .data . bss .data
__data

--rom-const Set const default to .data . bss . zrodat a0
__zero0

--rom-const Set const default to not affected not affected |. zr odat a0

--rom-model=z0 __zero0

--rom-const Set const default to not affected not affected |. zr odat al

--rom-model=z1 __zerol

--rom-const Set const default to not affected not affected |. rodat a0

--rom-model=b0 __bankO0

--rom-const Set const default to not affected not affected |.rodatal

--rom-model=b1 __bank1

--rom-const Setconst defaultto __r om not affected not affected |.rodata

--rom-model=r

--ram-model=d Set defaultto __dat a .data . bss .data

--ram-model=d Set defaultto __dat a .data . bss . zrodat a0

--rom-const

--ram-model=s Set defaultto __sdat a . sdata . sbss .sdata

--ram-model=s Setdefaultto __sdat a . sdat a . sbss . zrodat a0
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1.3.3. Pointers with Memory Type Qualifiers
Pointers for the LC87 can have two types: a 'logical’ type and a storage type. For example:
char __xdata * __sdata p;

This declaration means that pointer p is allocated in the __sdat a space, and that it is referring to a
character in the __xdat a space. The memory type qualifier used to the left of the **', specifies the logical
(target memory) type of the pointer, the memory type qualifier used to the right of the *', specifies the
storage memory of the pointer itself.

Pointer conversions

Conversions of pointers with the same qualifiers are always allowed, with one exception. It is not possible
to convert a pointer to __bi t to a pointer with another fundamental type and the other way around. The
following table contains the additionally allowed pointer conversions. Other pointer conversions are not
allowed to avoid possible run-time errors.

Source pointer Destination pointer Remarks

__bdata __sdata Fundamental type not __bi t

__bdata __ndata Fundamental type not __bi t

__bdata __bit __ndata __bit

__bdata __data Fundamental type not __bi t

__sdata __ndata Fundamental type not __bi t

__sdata __data

__ndata __sdata Fundamental type not __bi t

__mdata __data Fundamental type not __bi t

__data __sdata

__data __ndata Fundamental type not __bi t

__Xdata __hxdata

__xdata __Xrom

__Xrom __hxrom

__Xrom __hxdata Destination must be a pointer to const
to avoid a warning

__hxdata __hxrom

__hxrom __hxdata Destination must be a pointer to const
to avoid a warning

__zero0 __bank0

__zeroO __rom

__zerol __bank1l

__zerol __rom
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Source pointer Destination pointer Remarks
__bankO __rom
__bank1l __rom

1.3.4. Code Generation for the _ xdata Space

The __xdat a space is located in external data memory and is divided into pages of 64kB. Objects in the
__Xxdat a space are never located across a page boundary. Therefore, an object in the __xdat a space
cannot be larger than a page. Because objects do not cross a page boundary it is possible to do the
pointer arithmetic in the __xdat a space in 16 bits, instead of 24 bits as is the case in the __hxdat a
space. In addition to the page boundary restriction the first and last byte of each page are not used for
the following reasons:

* Itis necessary to exclude the first byte because with 16-bit pointer arithmetic there will be a NULL
pointer in each page.

» The last byte in each page is not used because in C it is allowed that a pointer refers to the first address
after an object. With 16-bit arithmetic this causes a wrap when an object is located at the end of a page.

Pointer comparisons are also done by comparing only the 16-bit offsets within the page. This is possible
because:

« It does not make sense to compare pointers that are not referring to the same object.
» Because the first byte in each page is not used NULL pointer comparisons will still work.

» Because the last byte in each page is not used it is possible to let a pointer refer to the first address
after an object.

1.3.5. Placing an Object at an Absolute Address: __ at()

Just like you can declare a variable in a specific part of memory (using memory type qualifiers), you can
also place an object or function at an absolute address in memory.

With the attribute __at () you can specify an absolute address. If you use this keyword on __bi t objects
or functions, the address is a bit address.

The compiler checks the address range, the alignment and if an object crosses a page boundary.
Examples
unsi gned char Display[80*24] __ at( 0x2000 );

The array Di spl ay is placed at address 0x2000. In the generated assembly, an absolute section is
created. On this position space is reserved for the variable Di spl ay.

int i __at(0x1000) = 1;
The variable i is placed at address 0x1000 and is initialized.

bit b __at(0x103);

10
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The variable b is placed at bit address 0x103.

void f(void) __at( Oxfoff + 1) { }

The function f is placed at address 0xf100.
Restrictions
Take note of the following restrictions if you place a variable at an absolute address:

» The argument of the __at () attribute must be a constant address expression.

» You can place only global variables at absolute addresses. Parameters of functions, or automatic
variables within functions cannot be placed at absolute addresses.

» A variable that is declared ext er n, is not allocated by the compiler in the current module. Hence it is
not possible to use the keyword __at () on an external variable. Use __at () at the definition of the
variable.

» You cannot place structure members at an absolute address.

» Absolute variables cannot overlap each other. If you declare two absolute variables at the same address,
the assembler and/or linker issues an error. The compiler does not check this.

1.3.6. Accessing Bits

There are several methods to access single bits in the bit-addressable area. The compiler generates
efficient bit operations where possible.

Masking and shifting
The classic method to extract a single bit in C is masking and shifting.

__bdata unsigned short bitword;
void foo( void )

{
if( bitword & 0x0004 ) /] bit 2 set?
{
bitword &= ~0x0004; /Il clear bit 2
}
bi tword | = 0x0001; /1 set bit O;
}

Built-in macros __getbit() and __ putbit()

The compiler has the built-in macros __get bi t () and __put bi t () . These macros expand to shift/and/or
combinations to perform the required result.

__bdata unsigned short bw,
void foo( void )

{
if( __getbit( bw, 2) )

11



TASKING VX-toolset for LC87 User Guide

{

}
__putbit( 1, bw, 0 );

__putbit( 0, bw, 2);

}

Accessing bits using a struct/union combination

typedef __bdata union

{

unsi gned short word;

struct

{
int b0 : 1;
int bl : 1;
int b2 : 1;
int b3 : 1;
int b4 : 1;
int b5 : 1;
int b6 : 1;
int b7 : 1;
int b8 : 1;
int b9 : 1;
int bl0: 1;
int bll: 1;
int bl2: 1;
int bl3: 1;
int bl4: 1;
int bl5: 1;

} bits;

} bitword_t;

bi tword_t bw;
void foo( void )

i f( bw bits.b3 )

{ bw. bits. b3 = 0;
}l;wbits.bo = 1;

}

void reset( void )

{ bw. word = 0;

}

12
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1.4. Shift JIS Kanji Support

In order to allow for Japanese character support on non-Japanese systems (like PCs), you can use the
Shift JIS Kanji Code standard. This standard combines two successive ASCII characters to represent
one Kaniji character. A valid Kanji combination is only possible within the following ranges:

* First (high) byte is in the range 0x81-0x9f or Oxe0-0xef.
» Second (low) byte is in the range 0x40-0x7e or 0x80-0xfc

Compiler option -Ak enables support for Shift JIS encoded Kanji multi-byte characters in strings and
(wide) character constants. Without this option, encodings with 0x5c as the second byte conflict with the
use of the backslash (\ ') as an escape character. Shift JIS in comments is supported regardless of this
option.

Note that Shift JIS also includes Katakana and Hiragana.
Example:

/1 Exanpl e usage of Shift JIS Kanji
/1 Do not switch off option -Ak
/1 At the position of the italic text you can
/1 put your Shift JI'S Kanji code
int i; // put Shift JIS Kanji here
char cli;
char c2;
unsi gned int ui;
const char mes[]="put Shift JIS Kanji here";
const unsigned int ar[5]={"K ,"a",
SRR Y
/1 5 Japanese array

n.,

voi d mai n(voi d)

{
i=(int)cl;
i++, /* put Shift JIS Kanji here\
conti nuous conment */
c2=nes[9];
ui =ar[0];
}

1.5. Using Assembly in the C Source: __asm()

With the keyword __asmyou can use assembly instructions in the C source and pass C variables as
operands to the assembly code. Be aware that C modules that contain assembly are not portable and
harder to compile in other environments.

The compiler does not interpret assembly blocks but passes the assembly code to the assembly source
file; they are regarded as a black box. So, it is your responsibility to make sure that the assembly block
is syntactically correct. Possible errors can only be detected by the assembler.

13
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You need to tell the compiler exactly what happens in the inline assembly code because it uses that for
code generation and optimization. The compiler needs to know exactly which registers are written and
which registers are only read. For example, if the inline assembly writes to a register from which the
compiler assumes that it is only read, the generated code after the inline assembly is based on the fact
that the register still contains the same value as before the inline assembly. If that is not the case the
results may be unexpected. Also, an inline assembly statement using multiple input parameters may be
assigned the same register if the compiler finds that the input parameters contain the same value. As
long as this register is only read this is not a problem.

General syntax of the __asm keyword

__asn( "instruction_tenplate”
[ : output_paramli st
[ @ input_param.li st
[ : register_reserve_list]]] );

instruction_template Assembly instructions that may contain parameters from the input
list or output list in the form: %parm_nr[.kid]

Y%parm_nr[.kid] Parameter number in the range 0 .. 9. With the optional .kid number
you can select a byte kid register from a word register. Kid 0 selects
the least significant byte, and kid 1 the most significant byte. For
example, if r 4 is used for %0, %0. 1 selects byte register r 4h.

output_param_list [[ "=[&]constraint_char" (C_expression)],...]
input_param_list [[ "constraint_char" (C_expression)],...]
& Says that an output operand is written to before the inputs are read,
so this output must not be the same register as any input.
constraint _char Constraint character: the type of register to be used for the
C_expression. See the table below.
C_expression Any C expression. For output parameters it must be an Ivalue, that
is, something that is legal to have on the left side of an assignment.
register_reserve_list [["register_name"],...]
register_name Name of the register you want to reserve. For example because this

register gets clobbered by the assembly code. The compiler will not
use this register for inputs or outputs. You can use byte register
rOl,rOh...r361,r36h, word registers r0 ... r36, bit registers r0l,[0..7] ...
r36h,[0..7], the accumulators a, b, c and the program status register
psw. Note that reserving too many registers can make register
allocation impossible.

Specifying registers for C variables
With a constraint character you specify the register type for a parameter.
You can reserve the registers that are used in the assembly instructions, either in the parameter lists or

in the reserved register list (register_reserve_list). The compiler takes account of these lists, so no
unnecessary register saves and restores are placed around the inline assembly instructions.

14



C Language

Constraint Type Operand Remark

character

B bit register r01,[0..7] .. r36h,[0..7]

b byte register rOl .. r36h

w word register r0..r36

number type of operand it is same as %number |Input constraint only. The number

associated with must refer to an output parameter.

Indicates that %number and number
are the same register.

If an input parameter is modified by the inline assembly then this input parameter must also be
added to the list of output parameters (see Example 6). If this is not the case, the resulting code
may behave differently than expected since the compiler assumes that an input parameter is not
being changed by the inline assembly.

Loops and conditional jumps

The compiler does not detect loops with multiple __asn{) statements or (conditional) jumps across
__asn() statements and will generate incorrect code for the registers involved.

If you want to create a loop with __asn{ ) , the whole loop must be contained in a single __asm()
statement. The same counts for (conditional) jumps. As a rule of thumb, all references to a label in an
__asn() statement must be in that same statement. You can use numeric labels for these purposes.

Example 1: no input or output

A simple example without input or output parameters. You can use any instruction or label. When it is
required that a sequence of __asn{) statements generates a contiguous sequence of instructions, then
they can be best combined to a single __asn{) statement. Compiler optimizations can insert instruction(s)
in between __asmn() statements. Use newline characters ‘\n’ to continue on a new lineina __asm()
statement. For multi-line output, use tab characters '\t' to indent instructions.

__asn( "nop\n"
"\'tnop" );

Example 2: using output parameters

Assign the result of inline assembly to a variable. With the constraint b a byte register is chosen for the
parameter; the compiler decides which register is best to use. The %0 in the instruction template is replaced
by the name of this register. The compiler generates code to assign the result to the output variable.

char initone( void )

{
char out;
_asn( "mov #1,9%9" : "=b"(out) );
return out;

}

15
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Generated assembly code:

_initone: .type func
nmov #1, r4l
Id r4l
ret

Example 3: using input parameters

Assign a variable to the LDCBNK bit in the PSW register. A bit register is chosen for the parameter
because of the constraint B, the compiler decides which register is best to use. The %® in the instruction
template is replaced by the name of this register. Because there are no output parameters, the output
parameter list is empty. Only the colon has to be present.

voi d bnkselect( __bit bnk )

{
__asn( "chgp3 #0O\n\t"
"bn %0, bankO\ n\t"
"chgp3 #1\ n"
"bankO: "
"B"(bnk) )
return;
}

Generated assembly code:

_bnkselect: .type func

chgp3 #0
bn r1l, 0, bankO
chgp3 #1

bankO:

ret

Example 4: using input and output parameters

Multiply two C variables and assign the result to a third C variable. Data type registers are necessary for
the input and output parameters (constraint w, %0 for out 1, %4 for out 2, 92 for i n1 and 98 for i n2 in
the instruction template). The compiler generates code to assign the result to the output variables. With
the .kid notation you can select the byte kid-registers from a word register. Kid 0 is the least significant
byte and kid 1 is the most significant byte. In the reserved register list the accumulators and the psware
specified to let the compiler know that these registers are overwritten.

| ong out;
void mul tiply32( unsigned int inl, unsigned int in2)
{

unsi gned int outl;

unsi gned i nt out?2;

__asn( "pushw %2\ n\t"
"push #O\n\t"

16
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"pushw 98\ n\t"

"mul 24\ n\t"
"stw %O\ n\t"
"Id c\n\t"

" st 9%4.0\n\t"
" pop %. 1\ n\t"
"pop 4.1"
"=w' (outl), "=w' (out2)
"w' (inl), "w' (in2)
"a", "b", "c", "psw' );
out = outl | (signed long)out2 << 16;
return;

}

Generated assembly code:

_multiply32: .type func

pushw r1l
push #0
pushw r2
mul 24

stw r3
Id c

st ral
pop r4h
pop r4h
ldw r3
stw _out
ldw r4
stw _out+2
ret

Because out is a global variable it is also possible to omit the output parameters, and use the symbol
_out directly in the inline assembly code.

Example 5: reserving registers

Sometimes an instruction knocks out certain specific registers. The most common example of this is a
function call, where the called function is allowed to do whatever it likes with some registers. If this is the
case, you can list specific registers that get clobbered by an operation after the inputs.

Same as Example 4, but now registers r 3 and r 4 are reserved registers. You can do this by adding these
registers to the reserved register list (, "r3", "r4").Asyou can see in the generated assembly code,
registers r 3 and r 4 are not used (the first register used is r 1).

| ong out;
void mul tiply32( unsigned int inl, unsigned int in2)
{

unsi gned int outl;

unsi gned i nt out?2;

17
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__asn( "pushw %2\ n\t"
"push #O\n\t"
"pushw 98\ n\t"

"mul 24\ n\t"
"stw %O\ n\t"
"Id c\n\t"

" st %.0\n\t"
"pop od. 1\ n\t"
"pop 94.1"
:o"=w' (outl), "=w' (out?2)
"w' (inl), "w' (in2)
"a", "b", "c", "psw', "r3", "r4" );
out = outl | (signed long)out2 << 16;
return;

}

Generated assembly code:

_multiply32: .type func

pushw r1l
push #0
pushw r2
mul 24

stw r3
Id c

st ral
pop r4h
pop r4h
ldw r3
stw _out
ldw r4
stw _out+2
ret

Example 6: use the same register for input and output

As input constraint you can use a number to refer to an output parameter. This tells the compiler that the
same register can be used for the input and output parameter. When the input and output parameter are
the same C expression, these will effectively be treated as if the input parameter is also used as output.
In that case it is allowed to write to this register. For example:

I ong swap( long p )
{

unsi gned int hi;
unsigned int |o;

| o
hi

(unsi gned int)p;
(unsigned int)(p >> 16);

18
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_asn( "ldw 9B\n\t"
"xchw 99\ n\t"
"stw "
"=w'(lo), "=w'(hi)
"0"(lo), "1"(hi)
"a", "b", "psw' );
return (long)hi << 16 | |o;

}

In this example the "0" constraint for the input parameter | o refers to the output parameter | o, and similar
for the "1" constraint and hi . In the inline assembly %® (I 0) and %L (hi ) are written. This is allowed
because the compiler is aware of this.

This results in the following generated assembly code:

_swap: .type func

ldw r2
xchw r1l
stw r2
ret

Example 7: using a constant value from a preprocessor macro

When it is necessary to use an immediate value from a preprocessor macro, you can first convert the
constant to a string. For example:

#defi ne QUOTEME(X) #x
#define | M x) QUOTEME( x)

#defi ne VALUE 6

char imm void )

{
char out;
__asm "nov #" IMMVALUE) ",%" : "=b"(out) );
return out;

}

The | MMmacro converts VALUE into a string. Next string concatenation is used to build the instruction
template. The generated code is:

_imm .type func

nmov  #6, r 4l
I d r4l
ret
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1.6. Attributes

You can use the keyword __attri but e__ to specify special attributes on declarations of variables,
functions, types, and fields.

Syntax:

_attribute_ ((name,...))
or:

__hane__

The second syntax allows you to use attributes in header files without being concerned about a possible
macro of the same name.

alias("symbol")

Youcanuse __attribute_ ((alias("synbol"))) to specify that the function declaration appears
in the object file as an alias for another symbol. For example:

void _ f() { /* function body */; }
void f() __attribute_ ((weak, alias("__f")));

declares 'f ' to be a weak alias for'__f .

align(value)

Youcanuse __attribute__((align(n))) tochange the alignment of objects. The alignment must
be a power of two. See also Section 1.2, Changing the Alignment: __align().

const

Youcanuse __attribute__ ((const)) to specify that a function has no side effects and will not
access global data. This can help the compiler to optimize code. See also attribute pur e.

The following kinds of functions should not be declared __const __:
« A function with pointer arguments which examines the data pointed to.

» A function that calls a non-const function.

export

Youcanuse __attribute__((export)) to specify that a variable/function has external linkage and
should not be removed. During MIL linking, the compiler treats external definitions at file scope as if they
were declared st at i c. As a result, unused variables/functions will be eliminated, and the alias checking
algorithm assumes that objects with static storage cannot be referenced from functions outside the current
module. During MIL linking not all uses of a variable/function can be known to the compiler. For example
when a variable is referenced in an assembly file or a (third-party) library. With the export attribute the
compiler will not perform optimizations that affect the unknown code.
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int i __attribute__((export)); /* "i' has external |inkage */

flatten

Youcanuse __attribute__ ((flatten)) toforce inlining of all function calls in a function, including
nested function calls.

Unless inlining is impossible or disabled by __attribute__((noinline)) for one of the calls, the
generated code for the function will not contain any function calls.

format(type,arg_string_index,arg_check_start)

Youcanuse __attribute__ ((format(type,arg_string_index,arg _check_start))) to
specify that functions take pri ntf, scanf,strfti ne or strf nmon style arguments and that calls to
these functions must be type-checked against the corresponding format string specification.

type determines how the format string is interpreted, and should be pri ntf, scanf,strftime or
strfron.

arg_string_index is a constant integral expression that specifies which argument in the declaration of the
user function is the format string argument.

arg_check_start is a constant integral expression that specifies the first argument to check against the
format string. If there are no arguments to check against the format string (that is, diagnostics should only
be performed on the format string syntax and semantics), arg_check_start should have a value of 0. For
strfti me-style formats, arg_check_start must be 0.

Example:
int foo(int i, const char * ny format, ...) _ attribute_((format(printf, 2, 3)));

The format string is the second argument of the function f oo and the arguments to check start with the
third argument.

leaf

Youcanuse __attribute__ ((leaf)) tospecify that a function is a leaf function. A leaf function is
an external function that does not call a function in the current compilation unit, directly or indirectly. The
attribute is intended for library functions to improve dataflow analysis. The attribute has no effect on
functions defined within the current compilation unit.

malloc

Youcanuse __attribute__((malloc)) toimprove optimization and error checking by telling the
compiler that:

» The return value of a call to such a function points to a memory location or can be a null pointer.

» Onreturn of such a call (before the return value is assigned to another variable in the caller), the memory
location mentioned above can be referenced only through the function return value; e.g., if the pointer
value is saved into another global variable in the call, the function is not qualified for the malloc attribute.
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» The lifetime of the memory location returned by such a function is defined as the period of program
execution between a) the point at which the call returns and b) the point at which the memory pointer
is passed to the corresponding deallocation function. Within the lifetime of the memory object, no other
calls to malloc routines should return the address of the same object or any address pointing into that
object.

noinline

Youcanuse __attribute__((noinline)) to preventa function from being considered for inlining.
Same as keyword __noi nl i ne or #pragnma noi nl i ne.

always_inline

With __attribute__((always_inline)) you force the compiler to inline the specified function,
regardless of the optimization strategy of the compiler itself. Same as keyword i nl i ne or #pr agna
inline.

noreturn

Some standard C function, such as abort and exit cannot return. The C compiler knows this automatically.
Youcanuse __attribute__((noreturn)) to tell the compiler that a function never returns. For
example:

void fatal () __attribute__((noreturn));

void fatal ( /* ... */ )

{
/* Print error nessage */
exit(1);

}

The function f at al cannot return. The compiler can optimize without regard to what would happen if
f at al ever did return. This can produce slightly better code and it helps to avoid warnings of uninitialized
variables.

protect

Youcanuse__attribute_ ((protect)) toexclude avariable/function from the duplicate/unreferenced
section removal optimization in the linker. When you use this attribute, the compiler will add the "protect”
section attribute to the symbol's section. Example:

int i __attribute__ ((protect));

Note that the protect attribute will not prevent the compiler from removing an unused variable/function
(see the used symbol attribute).
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pure

Youcanuse __attribute__ ((pure)) to specify that a function has no side effects, although it may
read global data. Such pure functions can be subject to common subexpression elimination and loop
optimization. See also attribute const .

section("section_name")

Youcanuse __attribute__((section("nane"))) to specify that a function must appear in the
object file in a particular section. For example:

extern void foobar(void) __attribute__((section("bar")));

puts the function f oobar in the section named bar .

used

Youcanuse __attribute__((used)) to prevent an unused symbol from being removed, by both the
compiler