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SPARC Processor and the System V ABI


The System V Application Binary Interface, or ABI, defines a system interface for compiled application pro-
grams. Its purpose is to establish a standard binary interface for application programs on systems that
implement the interfaces defined in the System V Interface Definition, Issue 3.


This document is a supplement to the generic System V ABI, and it contains information specific to Sys-
tem V implementations built on the SPARC processor architecture. Together, these two specifications,
the generic System V ABI and the SPARC System V ABI Supplement, constitute a complete System V Appli-
cation Binary Interface specification for systems that implement the SPARC processor architecture.
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How to Use the SPARC ABI Supplement


This document is a supplement to the generic System V ABI and contains information referenced in the
generic specification that may differ when System V is implemented on different processors. Therefore,
the generic ABI is the prime reference document, and this supplement is provided to fill gaps in that
specification.


As with the System V ABI, this specification references other publicly-available reference documents,
especially the The SPARC Architecture Manual, Version 8 (Copyright (c) 1992, SPARC International, Inc.,
ISBN 0-13-825001-4). All the information referenced by this supplement should be considered part of this
specification, and just as binding as the requirements and data explicitly included here.


Evolution of the ABI Specification


The System V Application Binary Interface will evolve over time to address new technology and market
requirements, and will be reissued at intervals of approximately three years. Each new edition of the
specification is likely to contain extensions and additions that will increase the potential capabilities of
applications that are written to conform to the ABI.


As with the System V Interface Definition, the ABI will implement Level 1 and Level 2 support for its con-
stituent parts. Level 1 support indicates that a portion of the specification will continue to be supported
indefinitely, while Level 2 support means that a portion of the specification may be withdrawn or altered
after the next edition of the ABI is made available. That is, a portion of the specification moved to
Level 2 support in an edition of the ABI specification will remain in effect at least until the following edi-
tion of the specification is published.


These Level 1 and Level 2 classifications and qualifications apply to this Supplement, as well as to the
generic specification. All components of the ABI and of this supplement have Level 1 support unless
they are explicitly labelled as Level 2.
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2 SOFTWARE INSTALLATION
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Software Distribution Formats


Physical Distribution Media


Approved media for physical distribution of ABI-conforming software are listed below. Inclusion of a
particular medium on this list does not require an ABI-conforming system to accept that medium. For
example, a conforming system may install all software through its network connection and accept none of
the listed media.


3.5" floppy disk: double-sided, 80 cylinders/side, 18 sectors/cylinder, 512 bytes/sector.


150 MB quarter-inch cartridge tape in QIC-150 format.


The QIC-150 cartridge tape data format is described in Serial Recorded Magnetic Tape Cartridge for Informa-
tion Interchange, Eighteen Track 0.250 in. (6.30 mm) 10,000 bpi (394 bpmm) Streaming Mode Group Code Record-
ing, Revision 1, May 12, 1987. This document is available from the Quarter-Inch Committee (QIC)
through Freeman Associates, 311 East Carillo St., Santa Barbara, CA 93101.
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Machine Interface


Processor Architecture


The SPARC Architecture Manual (Version 8) defines the processor architecture. Programs intended to exe-
cute directly on the processor use the instruction set, instruction encodings, and instruction semantics of
the architecture. Three points deserve explicit mention.


A program may assume all documented instructions exist.


A program may assume all documented instructions work.


A program may use only the instructions defined by the architecture.


In other words, from a program’s perspective , the execution environment provides a complete and working
implementation of the SPARC architecture.


This does not imply that the underlying implementation provides all instructions in hardware, only that
the instructions perform the specified operations and produce the specified results. The ABI neither
places performance constraints on systems nor specifies what instructions must be implemented in
hardware.


Some processors might support the SPARC architecture as a subset, providing additional instructions or
capabilities. Programs that use those capabilities explicitly do not conform to the SPARC ABI. Executing
those programs on machines without the additional capabilities gives undefined behavior.


Data Representation


Within this specification, the term halfword refers to a 16-bit object, the term word refers to a 32-bit object,
and the term doubleword refers to a 64-bit object.


Fundamental Types


Figure 3-1 shows the correspondence between ANSI C’s scalar types and the processor’s.
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Figure 3-1: Scalar Types


Alignment
Type C s i z e o f (bytes) SPARC_ _____________________________________________________________________


c h a r
s i g n e d c h a r


1 1 signed byte
_ _______________________________________________________
u n s i g n e d c h a r 1 1 unsigned byte_ _______________________________________________________
s h o r t
s i g n e d s h o r t


2 2 signed halfword
_ _______________________________________________________
u n s i g n e d s h o r t 2 2 unsigned halfword_ _______________________________________________________
i n t
s i g n e d i n t
l o n g
s i g n e d l o n g
e n u m


4 4 signed word


_ _______________________________________________________
u n s i g n e d i n t


Integral


u n s i g n e d l o n g
4 4 unsigned word


_ _____________________________________________________________________
any-type *Pointer
any-type ( * ) ( )


4 4 unsigned word
_ _____________________________________________________________________


f l o a t 4 4 single-precision_ _______________________________________________________
d o u b l e 8 8 double-precision_ _______________________________________________________Floating-point
l o n g d o u b l e 16 8 quad-precision_ _____________________________________________________________________ 









































































































A null pointer (for all types) has the value zero.


Double- and quad-precision values occupy 1 and 2 doublewords, respectively. Their natural alignment is
a doubleword boundary, meaning their addresses are multiples of 8. Compilers should allocate indepen-
dent data objects with the proper alignment; examples include global arrays of double-precision vari-
ables, FORTRAN C O M M O N blocks, and unconstrained stack objects. However, some language facilities
(such as FORTRAN E Q U I V A L E N C E statements) and the function calling sequence may create objects with
only word alignment. Consequently, arbitrary double- and quad-precision addresses, such as pointers or
reference parameters, might or might not be properly aligned. When a compiler knows an address is
aligned properly, it can use load and store doubleword instructions; otherwise, it must load and store the
object one word at a time.


Aggregates and Unions


Aggregates (structures and arrays) and unions assume the alignment of their most strictly aligned com-
ponent. The size of any object, including aggregates and unions, always is a multiple of the object’s align-
ment. An array uses the same alignment as its elements. Structure and union objects can require pad-
ding to meet size and alignment constraints. The contents of any padding is undefined.


An entire structure or union object is aligned on the same boundary as its most strictly aligned
member.


Each member is assigned to the lowest available offset with the appropriate alignment. This may
require internal padding , depending on the previous member.
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A structure’s size is increased, if necessary, to make it a multiple of the alignment. This may
require tail padding , depending on the last member.


In the following examples, members’ byte offsets appear in the upper left corners.


Figure 3-2: Structure Smaller Than a Word


s t r u c t {
c h a r c ;


} ;


Byte aligned, s i z e o f is 1


c
0


Figure 3-3: No Padding


s t r u c t {
c h a r c ;
c h a r d ;
s h o r t s ;
l o n g n ;


} ;


Word aligned, s i z e o f is 8


c
0


d
1


s
2


n
4


Figure 3-4: Internal Padding


s t r u c t {
c h a r c ;
s h o r t s ;


} ;


Halfword aligned, s i z e o f is 4


c
0


pad
1


s
2
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Figure 3-5: Internal and Tail Padding


s t r u c t {
c h a r c ;
d o u b l e d ;
s h o r t s ;


} ;


Doubleword aligned, s i z e o f is 24


c
0


pad
1


pad
4


d
8


d
12


s
16


pad
18


pad
20


Figure 3-6: u n i o n Allocation


u n i o n {
c h a r c ;
s h o r t s ;
i n t j ;


} ;


Word aligned, s i z e o f is 4


c
0


pad
1


s
0


pad
2


j
0


Bit-Fields


C s t r u c t and u n i o n definitions may have bit-fields , defining integral objects with a specified number of
bits.


Figure 3-7: Bit-Field Ranges


Bit-field Type Width w Range_ ____________________________________________
s i g n e d c h a r − 2w − 1 to 2w − 1 − 1
c h a r 0 to 2w − 1
u n s i g n e d c h a r


1 to 8
0 to 2w − 1_ ____________________________________________


s i g n e d s h o r t − 2w − 1 to 2w − 1 − 1
s h o r t 0 to 2w − 1
u n s i g n e d s h o r t


1 to 16
0 to 2w − 1_ ____________________________________________


s i g n e d i n t − 2w − 1 to 2w − 1 − 1
i n t 0 to 2w − 1
e n u m 0 to 2w − 1
u n s i g n e d i n t


1 to 32


0 to 2w − 1
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Figure 3-7: Bit-Field Ranges (continued )
_ ____________________________________________
s i g n e d l o n g − 2w − 1 to 2w − 1 − 1
l o n g 0 to 2w − 1
u n s i g n e d l o n g


1 to 32
0 to 2w − 1_ ____________________________________________ 













‘‘Plain’’ bit-fields always have non-negative values. Although they may have type c h a r, s h o r t, i n t, or
l o n g (which can have negative values), these bit-fields are extracted into a word with zero fill. Bit-fields
obey the same size and alignment rules as other structure and union members, with the following addi-
tions.


Bit-fields are allocated from left to right (most to least significant).


A bit-field must entirely reside in a storage unit appropriate for its declared type. Thus a bit-field
never crosses its unit boundary.


Bit-fields may share a storage unit with other s t r u c t / u n i o n members, including members that are
not bit-fields. Of course, s t r u c t members occupy different parts of the storage unit.


Unnamed bit-fields’ types do not affect the alignment of a structure or union, although individual
bit-fields’ member offsets obey the alignment constraints.


The following examples show s t r u c t and u n i o n members’ byte offsets in the upper left corners; bit
numbers appear in the lower corners.


Figure 3-8: Bit Numbering


0 1
0


31
0 2


1


23
0 3


2


15
0 4


3


7 0
0 x 0 1 0 2 0 3 0 4


Figure 3-9: Left-to-Right Allocation


s t r u c t {
i n t j : 5 ;
i n t k : 6 ;
i n t m : 7 ;


} ;


Word aligned, s i z e o f is 4


j
0


31
k


26
m


20
pad


13 0
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Figure 3-10: Boundary Alignment


s t r u c t {
s h o r t s : 9 ;
i n t j : 9 ;
c h a r c ;
s h o r t t : 9 ;
s h o r t u : 9 ;
c h a r d ;


} ;


Word aligned, s i z e o f is 12


s
0


31
j


22
pad


13
c


3


7 0


t
4


31
pad


22
u


15
pad


6 0


d
8


pad
9


Figure 3-11: Storage Unit Sharing


s t r u c t {
c h a r c ;
s h o r t s : 8 ;


} ;


Halfword aligned, s i z e o f is 2


c
0


s
1


7 0


Figure 3-12: u n i o n Allocation


u n i o n {
c h a r c ;
s h o r t s : 8 ;


} ;


Halfword aligned, s i z e o f is 2


c
0


pad
1


s
0


15
pad


7 0


Figure 3-13: Unnamed Bit-Fields


s t r u c t {
c h a r c ;
i n t : 0 ;
c h a r d ;
s h o r t : 9 ;
c h a r e ;
c h a r : 0 ;


} ;


Byte aligned, s i z e o f is 9


c
0


: 0
1


d
4


pad
5


: 9
6


15
pad


6 0


e
8
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As the examples show, i n t bit-fields (including s i g n e d and u n s i g n e d) pack more densely than smaller
base types. One can use c h a r and s h o r t bit-fields to force particular alignments, but i n t generally
works better.
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This section discusses the standard function calling sequence, including stack frame layout, register
usage, parameter passing, and so on. The system libraries described in Chapter 6 require this calling
sequence.


NOTE


C programs follow the conventions given here. For specific information on the implementation of C, see
‘‘Coding Examples’’ in this chapter.


Registers and the Stack Frame


SPARC provides 32 floating-point registers and 8 integer registers that are global to a running program,
as the s a v e and r e s t o r e instructions do not affect them. All remaining integer registers are windowed:
24 are visible at any time, and sets of 24 overlap by 8 registers each. The s a v e and r e s t o r e instructions
manipulate the windows as part of the normal function prologue and epilogue, making the caller’s 8 out
registers coincide with the callee’s 8 in registers. Each window set also has 8 unshared local registers.
Generally, each new frame on the dynamic call stack uses a new register window.


Brief register descriptions appear in Figures 3-14 and 3-15; more complete information appears later.
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Figure 3-14: A Function’s Window Registers


Type Name Usage_ ____________________________________________________
% i 7 % r 3 1 return address – 8 †_ ___________________________


% f p , % i 6 % r 3 0 frame pointer †_ ___________________________
% i 5 % r 2 9 incoming param 5 †_ ___________________________
% i 4 % r 2 8 incoming param 4 †_ ___________________________
% i 3 % r 2 7 incoming param 3 †_ ___________________________
% i 2 % r 2 6 incoming param 2 †_ ___________________________
% i 1 % r 2 5 incoming param 1 †_ ___________________________


incoming param 0, †


in


% i 0 % r 2 4 outgoing return value_ ____________________________________________________
% l 7 % r 2 3 local 7 †_ ___________________________
% l 6 % r 2 2 local 6 †_ ___________________________
% l 5 % r 2 1 local 5 †_ ___________________________
% l 4 % r 2 0 local 4 †_ ___________________________
% l 3 % r 1 9 local 3 †_ ___________________________
% l 2 % r 1 8 local 2 †_ ___________________________
% l 1 % r 1 7 local 1 †_ ___________________________


local


% l 0 % r 1 6 local 0 †_ ____________________________________________________
% o 7 % r 1 5 address of c a l l instruction, ‡


temporary value_ ___________________________
% s p , % o 6 % r 1 4 stack pointer †_ ___________________________


% o 5 % r 1 3 outgoing param 5 ‡_ ___________________________
% o 4 % r 1 2 outgoing param 4 ‡_ ___________________________
% o 3 % r 1 1 outgoing param 3 ‡_ ___________________________
% o 2 % r 1 0 outgoing param 2 ‡_ ___________________________
% o 1 % r 9 outgoing param 1 ‡_ ___________________________


outgoing param 0, ‡


out


% o 0 % r 8 incoming return value_ ____________________________________________________ 













































































Figure 3-15: A Function’s Global Registers


Type Name Usage_ _________________________________________________________
% g 7 % r 7 global 7 (reserved for system)_ _______________________________
% g 6 % r 6 global 6 (reserved for system)_ _______________________________
% g 5 % r 5 global 5 (reserved for system)_ _______________________________
% g 4 % r 4 global 4 (reserved for application)_ _______________________________
% g 3 % r 3 global 3 (reserved for application)_ _______________________________
% g 2 % r 2 global 2 (reserved for application)_ _______________________________
% g 1 % r 1 global 1 ‡
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Figure 3-15: A Function’s Global Registers (continued )
_ _______________________________


global % g 0 % r 0 0_ _________________________________________________________
% f 3 1 floating-point value ‡_ _______________________________
. . . . . ._ _______________________________


floating-point value, ‡
floating-point


% f 0 floating-point return value_ _________________________________________________________
special % y Y register ‡_ _________________________________________________________ 





















NOTE


Registers marked † above are assumed to be preserved across a function call. Registers marked ‡
above are assumed to be destroyed (volatile) across a function call.


In addition to a register window, each function has a frame on the run-time stack. This stack grows
downward from high addresses, moving in parallel with the current register window. Figure 3-16 shows
the stack frame organization. Several key points about the stack frame deserve mention.


Although the architecture requires only word alignment, software convention and the operating
system require every stack frame to be doubleword aligned.


Every stack frame must have a 16-word save area for the in and local registers, in case of window
overflow or underflow. This save area always must exist at % s p + 0.


Software convention requires space for the s t r u c t/u n i o n return value pointer, even if the word is
unused.


Although the first 6 words of arguments reside in registers, the standard stack frame reserves space
for them. ‘‘Coding Examples’’ below explains how these words may be used to implement variable
argument lists. Arguments beyond the sixth reside on the stack.


Other areas depend on the compiler and the code being compiled. The standard calling sequence
does not define a maximum stack frame size, nor does it restrict how a language system uses the
‘‘unspecified’’ areas of the standard stack frame.


Figure 3-16: Standard Stack Frame


Base Offset Contents Frame_ _____________________________________________________________
unspecified High addresses


. . .
variable size_ _________________________________
(if present)


% f p +92 incoming arguments 6, . . ._ _________________________________
six words into which function may


% f p +68 write incoming arguments 0 to 5_ _________________________________
% f p +64 s t r u c t/u n i o n return pointer


_ _________________________________


Previous
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Figure 3-16: Standard Stack Frame (continued )


% f p 0 16-word window save area_ _____________________________________________________________
% f p –1 unspecified


. . .
variable size_ _________________________________
(if needed)


% s p +92 outgoing arguments 6, . . ._ _________________________________
six words into which callee may


% s p +68 write outgoing arguments 0 to 5_ _________________________________
% s p +64 s t r u c t/u n i o n return pointer


_ _________________________________


Current


% s p 0 16-word window save area Low addresses_ _____________________________________________________________ 































Across function boundaries, the standard function prologue shifts the register window, making the cal-
ling function’s out registers the called function’s in registers. It also allocates stack space, including the
required areas of Figure 16 and any private space it needs. The lowest 16 words in the stack must—at all
times—be reserved as the register save area. The example below illustrates this and allocates 80 bytes for
the stack frame.


Figure 3-17: Function Prologue


second:
save %sp, -80, %sp


For demonstration, assume a function named f i r s t calls s e c o n d. The register windows for the two
functions appear below.
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Figure 3-18: Register Windows


f i r s t ( )
{


. . .
s e c o n d ( ) ;
. . .


}


f i r s t


in


local


out


s e c o n d


in


local


out


shared


global


floating-point


As explained later, the function epilogue executes a r e s t o r e instruction to unwind the stack and restore
the register windows to their original condition.


NOTE


Strictly speaking, a function does not need the s a v e and r e s t o r e instructions if it preserves the regis-
ters as described below. Although some functions can be optimized to eliminate the s a v e and
r e s t o r e, the general case uses the standard prologue and epilogue.


Some registers have assigned roles.


% s p or % o 6 The stack pointer holds the limit of the current stack frame, which is the address of the
stack’s bottommost, valid word. Stack contents below the stack pointer are
undefined. At all times the stack pointer must point to a doubleword aligned, 16-
word window save area.


% f p or % i 6 The frame pointer holds the address of the previous stack frame, which coincides with
the word immediately above the current frame. Consequently, a function has regis-
ters pointing to both ends of its frame. Incoming arguments reside in the previous
frame, referenced as positive offsets from % f p.


% i 0 and % o 0 Integral and pointer return values appear in % i 0. A function that returns a structure,
union, or quad-precision value places the address of the result in % i 0. A calling
function receives values in the coincident out register, % o 0.


% i 7 and % o 7 The return address is the location to which a function should return control. Because a
calling function’s out registers coincide with the called function’s in registers, the cal-
ling function puts a return address in its own % o 7, while the called function finds the
return address in % i 7.


Actually, the return address register holds the call instruction’s address, normally
making the return address % i 7 + 8 for the called function. (Every call instruction has
a delay instruction.) Between function calls, % o 7 serves as a scratch register.
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% f 0 and % f 1 Floating-point return values appear in the floating-point registers. Single-precision
values occupy % f 0; double-precision values occupy % f 0 and % f 1. Otherwise, these
are scratch registers.


% i 0 through % i 5 Incoming parameters use up to 6 in registers. Arguments beyond the sixth word
appear on the stack, as explained above. See the discussion below on structures,
unions, and floating-point values.


% o 0 through % o 5 Outgoing arguments use up to 6 out registers. Argument words beyond the sixth are
written onto the stack.


% l 0 through % l 7 Local registers have no specified role in the standard calling sequence.


% f 0 through % f 3 1 Except for floating-point return values, global floating-point registers have no specified
role in the standard calling sequence.


% g 0 and % g 1 Global integer registers 0 and 1 have no specified role in the standard calling sequence.


% g 2 through % g 4 Global integer registers 2, 3, and 4 are reserved for the application software. System
software (including the libraries described in Chapter 6) preserves these registers’
values for the application. Their use is intended to be controlled by the compilation
system and must be consistent throughout the application.


% g 5 through % g 7 Global integer registers 5, 6, and 7 are reserved for system software. Because system
software provides the low-level operating system interface, including signal han-
dling, an application cannot change the registers and safely preserve the system
values, even by saving and restoring them across function calls. Therefore, applica-
tion software must not change these registers’ values.


% y The Y register has no specified role in the standard calling sequence.


With some exceptions given below, all registers visible to both a calling and a called function ‘‘belong’’ to
the called function. In other words, a called function may use all visible registers without saving their
values before it changes them, and without restoring their values before it returns. Registers in this
category include global, floating-point, out (for the calling function), in (for the called function), the Y regis-
ter, the processor state register (PSR), and the floating-point state register (FSR). Correspondingly, if a
calling function wants to preserve such a register value across a function call, it must save the value and
restore it explicitly. Local registers in each window are private. A called function should not change its
calling function’s local or in registers, even though the registers may be visible temporarily. The excep-
tions are the stack pointer, % s p, and global registers % g 5 through % g 7. A called function is obligated to
preserve the stack pointer for its caller; application programs must never change the system global regis-
ters.


Signals can interrupt processes [see s i g n a l(BA_OS)]. Functions called during signal handling have no
unusual restrictions on their use of registers. Moreover, if a signal handling function returns, the process
resumes its original execution path with registers restored to their original values. Thus programs and
compilers may freely use all registers, even global and floating-point registers, without the danger of signal
handlers changing their values.
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Integral and Pointer Arguments


As mentioned, a function receives its first 6 argument words through the in registers: % i 0 is the first, % i 1
is the second, and so on. Functions pass all integer-valued arguments as words, expanding signed or
unsigned bytes and halfwords as needed. If a function call has more than 6 integral or pointer argu-
ments, the others go on the stack.


Figure 3-19: Integral and Pointer Arguments


Call Argument Caller Callee_ ______________________________________________
1 % o 0 % i 0
2 % o 1 % i 1
3 % o 2 % i 2
4 % o 3 % i 3
5 % o 4 % i 4
6 % o 5 % i 5
7 % s p + 9 2 % f p + 9 2


g ( 1 , 2 , 3 , 4 ,
5 , 6 , 7 ,
( v o i d * ) 0 ) ;


( v o i d * ) 0 % s p + 9 6 % f p + 9 6_ ______________________________________________ 



































Floating-Point Arguments


The integer in registers also hold floating-point arguments: single-precision values use one register and
double-precision use two. See the following section for information on quad-precision values. As
floating-point operations cannot use the integer registers, compilers normally store the input registers to
the stack before operating on floating-point values. See ‘‘Coding Examples’’ for information about
floating-point arguments and variable argument lists. The example below uses only double-precision
arguments. Single-precision arguments behave similarly.


Figure 3-20: Floating-Point Arguments


Call Argument Caller Callee___________________________________________________
word 0, 1 . 4 1 4 % o 0 % i 0
word 1, 1 . 4 1 4 % o 1 % i 1
1 % o 2 % i 2
word 0, 2 . 9 9 8 e 1 0 % o 3 % i 3
word 1, 2 . 9 9 8 e 1 0 % o 4 % i 4
word 0, 2 . 7 1 8 % o 5 % i 5


h ( 1 . 4 1 4 , 1 ,
2 . 9 9 8 e 1 0 ,
2 . 7 1 8 ) ;


word 1, 2 . 7 1 8 % s p + 9 2 % f p + 9 2___________________________________________________ 
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Structure, Union, and Quad-Precision Arguments


As described in the data representation section, structures and unions can have byte, halfword, word, or
doubleword alignment, depending on the constituents. To ensure proper argument alignment and to
facilitate addressing, structure and union objects are not passed directly in the argument list. Quad-
precision values follow the same conventions as structures and unions.


The example below shows the effect only; C code does not change.


Figure 3-21: Sending Structure, Union, and Quad-Precision Arguments


Source Compiler’s Internal Form_ __________________________ _ __________________________
c a l l e r ( ) c a l l e r ( )
{ {


s t r u c t s s ; s t r u c t s s , s 2 ;


c a l l e e ( s ) ; s 2 = s ;
} c a l l e e ( & s 2 ) ;


}_ __________________________ _ __________________________ 







































Addresses occupy one word; so structure, unions, and quad-precision values occupy a single word as
function arguments. In this respect, these arguments behave the same as integral and pointer arguments,
described above. The example’s temporary copy of the object, s 2 above, provides call-by-value seman-
tics, letting the called function modify its arguments without affecting the calling function’s object, s
above.


Because the calling function passes a pointer in the argument list, the compiled code for the called func-
tion must accept the same. Underlying machinations are transparent to the source program. The com-
piler translates appropriately, implicitly dereferencing the pointer as needed. Code for a called function
might appear as follows. Again, the example below shows the effect only; C code does not change.


Figure 3-22: Receiving Structure, Union, and Quad-Precision Arguments


Source Compiler’s Internal Form_ __________________________ _ __________________________
c a l l e e ( s t r u c t s a r g ) c a l l e e ( s t r u c t s * a r g )
{ {


s t r u c t s s , s 2 ; s t r u c t s s , s 2 ;


s . m = a r g . m ; s . m = a r g - > m ;
s 2 = a r g ; s 2 = * a r g ;


} }_ __________________________ _ __________________________ 
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Functions Returning Scalars or No Value


A function that returns an integral or pointer value places its result in % i 0; the calling function finds that
value in % o 0.


A floating-point return value appears in the floating-point registers for both the calling and the called
function. Single-precision uses % f 0; double-precision uses % f 0 and % f 1; quad-precision uses the same
method as structures and unions, described below.


Functions that return no value (also called procedures or v o i d functions) put no particular value in any
return register. Those registers may be used as scratch registers, however.


A call instruction writes its own address into out register % o 7. As usual for a control transfer instruction,
the call instruction takes a delay instruction that is executed before the first instruction of the called func-
tion. Because every instruction is one word long, the return address is the address of the call instruction
plus 8. This value is % i 7 + 8 for the called function and % o 7 + 8 for the calling function. The following
example returns the value contained in local register % l 4.


Figure 3-23: Function Epilogue


jmpl %i7 + 8, %g0
restore %l4, 0, %o0


If a function returns no value, or if the return register already contains the desired value, the next epilo-
gue would suffice.


Figure 3-24: Alternative Function Epilogue


jmpl %i7 + 8, %g0
restore %g0, 0, %g0


Functions Returning Structures, Unions, or Quad-Precision Values


As shown above, every stack frame reserves the word at % f p + 6 4. If a function returns a structure, union,
or quad-precision value, this word should hold the address of the object into which the return value
should be copied. The caller provides space for the return value and places its address in the stack frame
(the word is at % s p + 6 4 for the caller). Having the caller supply the return object’s space allows re-
entrancy.
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NOTE


Structures and unions in this context have fixed sizes. The ABI does not specify how to handle variable
sized objects.


A function returning a structure, union, or quad-precision value also sets % i 0 to the value it finds in
% f p + 6 4. Thus when the caller receives control again, the address of the returned object resides in register
% o 0.


Both the calling and the called functions must cooperate to pass the return value successfully:


The calling function must supply space for the return value and pass its address in the stack frame;


The called function must use the address from the frame and copy the return value to the object so
supplied.


Failure of either side to meet its obligations leads to undefined program behavior. The standard function
calling sequence includes a method to detect such failures and to detect type mismatches.


Whenever a calling function expects a structure, union, or quad-precision return value from the function
being called, the compiler generates an u n i m p (unimplemented) instruction immediately following the
delay instruction of the call. The u n i m p instruction’s immediate field holds the low-order 12 bits of the
expected return value’s size (higher bits are masked if the object is larger than 4095 bytes). When prepar-
ing to return its value, the called function checks for the presence of the u n i m p instruction, and it checks
that the low-order 12 bits agree with the low-order 12 bits of the size it plans to copy. If all tests pass, the
function copies the value and returns to % i 7 + 1 2, skipping the call instruction, the delay instruction, and
the u n i m p instruction.


If the called function disagrees with the caller’s object size, it returns to % i 7 + 8, executes the u n i m p
instruction and causes an illegal instruction trap. If the called function does not return a structure, union,
or quad-precision value, it will return to % i 7 + 8, trapping similarly. See section ‘‘Trap Interface’’ in this
chapter for more information about traps.


Finally, if the called function returns a structure, union, or quad-precision value but the calling function
doesn’t expect one, the called function copies nothing, returns to % i 7 + 8, and continues executing (there
will be no u n i m p instruction). Of course, the caller should assume no return value is present; both % i 0
and % f 0 have unpredictable values in this case. The following example assumes the return object has
already been copied and its address is in local register % l 4.


Figure 3-25: Function Epilogue


jmpl %i7 + 12, %g0
restore %l4, 0, %o0
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Virtual Address Space


Processes execute in a 32-bit virtual address space. Memory management hardware translates virtual
addresses to physical addresses, hiding physical addressing and letting a process run anywhere in the
system’s real memory. Processes typically begin with three logical segments, commonly called text, data,
and stack. As Chapter 5 describes, dynamic linking creates more segments during execution, and a pro-
cess can create additional segments for itself with system services.


Page Size


Memory is organized by pages, which are the system’s smallest units of memory allocation. Page size
can vary from one system to another, depending on the processor, memory management unit and system
configuration. Processes may call s y s c o n f(BA_OS) to determine the system’s current page size. The
maximum page size for SPARC is 64 KB.


Virtual Address Assignments


Conceptually, processes have the full 32-bit address space available. In practice, however, several factors
limit the size of a process.


The system reserves a configuration-dependent amount of virtual space.


A tunable configuration parameter limits process size.


A process whose size exceeds the system’s available, combined physical memory and secondary
storage cannot run. Although some physical memory must be present to run any process, the sys-
tem can execute processes that are bigger than physical memory, paging them to and from secon-
dary storage. Nonetheless, both physical memory and secondary storage are shared resources.
System load, which can vary from one program execution to the next, affects the available amounts.


Figure 3-26: Virtual Address Configuration
____________________


0 x f f f f f f f f Reserved End of memory
. . .


____________________
Stack and


dynamic segments
. . .


____________________
____________________


. . .
0 Loadable segments Beginning of memory____________________ 

























Loadable segments
Processes’ loadable segments may begin at 0. The exact addresses depend on the execut-
able file format [see Chapters 4 and 5].


Stack and dynamic segments
A process’s stack and dynamic segments reside below the reserved area. Processes can
control the amount of virtual memory allotted for stack space, as described below.
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Reserved A reserved area resides at the top of virtual space.


NOTE


Although application programs may begin at virtual address 0, they conventionally begin above
0 x 1 0 0 0 0 (64 K), leaving the initial 64 K with an invalid address mapping. Processes that reference this
invalid memory (for example, by dereferencing a null pointer) generate an access exception trap, as
described in the ‘‘Trap Interface’’ section of this chapter. A process may, however, establish a valid
mapping for this area using the m m a p(KE_OS) facilities.


As the figure shows, the system reserves the high end of virtual space, with a process’s stack and
dynamic segments below that. Although the exact boundary between the reserved area and a process
depends on the system’s configuration, the reserved area shall not consume more than 512 MB from the
virtual address space. Thus the user virtual address range has a minimum upper bound of 0 x d f f f f f f f.
Individual systems may reserve less space, increasing processes’ virtual memory range. More informa-
tion follows in the section ‘‘Managing the Process Stack.’’


Although applications may control their memory assignments, the typical arrangement follows the
diagram above. Loadable segments reside at low addresses; dynamic segments occupy the higher range.
When applications let the system choose addresses for dynamic segments (including shared object seg-
ments), it chooses high addresses. This leaves the ‘‘middle’’ of the address spectrum available for
dynamic memory allocation with facilities such as m a l l o c(BA_OS).


Managing the Process Stack


Section ‘‘Process Initialization’’ in this chapter describes the initial stack contents. Stack addresses can
change from one system to the next—even from one process execution to the next on the same system.
Processes, therefore, should not depend on finding their stack at a particular virtual address.


A tunable configuration parameter controls the system maximum stack size. A process also can use
s e t r l i m i t(BA_OS), to set its own maximum stack size, up to the system limit. On SPARC, the stack seg-
ment has read, write, and execute permissions.


Coding Guidelines


Operating system facilities, such as m m a p(KE_OS), allow a process to establish address mappings in two
ways. First, the program can let the system choose an address. Second, the program can force the system
to use an address the program supplies. This second alternative can cause application portability prob-
lems, because the requested address might not always be available. Differences in virtual address space
can be particularly troublesome between different architectures, but the same problems can arise within a
single architecture.


Processes’ address spaces typically have three segment areas that can change size from one execution to
the next: the stack [through s e t r l i m i t(BA_OS)], the data segment [through m a l l o c(BA_OS)], and the
dynamic segment area [through m m a p(KE_OS)]. Changes in one area may affect the virtual addresses
available for another. Consequently, an address that is available in one process execution might not be
available in the next. A program that used m m a p(KE_OS) to request a mapping at a specific address thus
could appear to work in some environments and fail in others. For this reason, programs that wish to
establish a mapping in their address space should let the system choose the address.


Despite these warnings about requesting specific addresses, the facility can be used properly. For exam-
ple, a multiprocess application might map several files into the address space of each process and build
relative pointers among the files’ data. This could be done by having each process ask for a certain
amount of memory at an address chosen by the system. After each process receives its own, private
address from the system, it would map the desired files into memory, at specific addresses within the ori-
ginal area. This collection of mappings could be at different addresses in each process but their relative
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positions would be fixed. Without the ability to ask for specific addresses, the application could not build
shared data structures, because the relative positions for files in each process would be unpredictable.


Trap Interface


Two execution modes exist in the SPARC architecture: user and supervisor. Processes run in user mode,
and the operating system kernel runs in supervisor mode. As the SPARC architecture manual describes,
the processor changes mode to handle traps, which may be precise, interrupting or deferred. Precise and
deferred traps, being caused by instruction execution, can be explicitly generated by a process. This sec-
tion, therefore, specifies those trap types with defined behavior.


Hardware Trap Types


The operating system defines the following correspondence between hardware traps and the signals
specified by s i g n a l(BA_OS).


Figure 3-27: Hardware Traps and Signals


Trap Name Signal_ ___________________________________________
cp_disabled S I G I L L
cp_exception S I G I L L
data_access_error unspecified
data_access_exception S I G S E G V, S I G B U S
data_store_error unspecified
division_by_zero S I G F P E
fp_disabled S I G I L L
fp_exception S I G F P E
illegal_instruction S I G I L L
instruction_access_exception S I G S E G V, S I G B U S
mem_address_not_aligned S I G B U S
privileged_instruction S I G I L L
r_register_access_error unspecified
tag_overflow S I G E M T
trap_instruction see next table
window_overflow none
window_underflow none_ ___________________________________________ 
























Two trap types, instruction_access_exception and data_access_exception, can generate two signals. In
both cases, the ‘‘normal’’ signal is S I G S E G V. Nonetheless, if the access also causes some external memory
error (such as a parity error), the system generates S I G B U S.


Floating-point instructions exist in the architecture, but they may be implemented either in hardware or
software. If the fp_disabled or fp_exception trap occurs because of an unimplemented, valid instruction,
the process receives no signal. Instead, the system intercepts the trap, emulates the instruction, and
returns control to the process. A process receives S I G I L L for the fp_disabled trap only when the indi-
cated floating-point instruction is illegal (invalid encoding, and so on).
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Software Trap Types


The operating system defines the following correspondence between software traps and the signals
specified by s i g n a l(BA_OS).


Figure 3-28: Software Trap Types


Trap Number Signal Purpose_ __________________________________________________________
0 S I G S Y S System calls
1 S I G T R A P Breakpoints
2 S I G F P E Division by zero
3 none Flush windows
4 none Clean windows
5 S I G I L L Range checking
6 none Fix alignment
7 S I G F P E Integer overflow
8 S I G S Y S System calls


9-15 unspecified Reserved for the operating system
16-31 S I G I L L Unspecified


32 none Get integer condition codes
33 none Set integer condition codes


34-127 unspecified Reserved for the operating system_ __________________________________________________________ 





































0 and 8 System calls, or requests for operating system services, use a type 0 or 8 trap instruction for
the low-level implementation. Normally, system calls do not generate a signal, but S I G S Y S
can occur in some error conditions. Both trap numbers are reserved, and they are not (neces-
sarily) equivalent.


NOTE


The ABI does not define the implementation of individual system calls. Instead, programs should use
the system libraries that Chapter 6 describes. Programs with embedded system call trap instructions do
not conform to the ABI.


1 A debugger can set a breakpoint by inserting a trap instruction whose type is 1.


2 A process can explicitly signal division by zero with this trap.


3 By executing a type 3 trap, a process asks the system to flush all its register windows to the
stack.


4 Normally during process execution, s a v e instructions allocate new register windows with
undefined local and out register contents. Executing a type 4 trap causes the system to initial-
ize local and out registers in all subsequent new windows either to zero or to a valid program
counter value. In addition, new windows allocated when a s a v e instruction generates a
window_overflow trap are also initialized in this manner. This behavior continues until the
process terminates.


5 A process can explicitly signal a range checking error with this trap.


LOW-LEVEL SYSTEM INFORMATION 3-21







Operating System Interface


6 Executing a type 6 trap makes the operating system ‘‘fix’’ subsequent unaligned data refer-
ences. Although the references still generate memory_address_not_aligned traps, the operat-
ing system handles the trap, emulates the data references, and returns control to the process
without generating a signal. In this context, a ‘‘data reference’’ is a load or a store operation.
Implicit memory references, such as control transfers, must always be aligned properly, and
the stack must always be aligned as described elsewhere.


7 A process can explicitly signal integer overflow with this trap. Either a positive or a negative
value can cause overflow.


9 to 15 The operating system reserves these trap types for its own use. Programs that use them do
not conform to the ABI.


16 to 31 Software trap types in this range have no specified meaning; moreover, they will never be
specified. Thus these trap types are reserved for process-specific, machine-specific, and
system-specific purposes. Besides receiving signal S I G I L L for these traps, the signal handler
receives the trap type (16-31) as the signal code.


32 Executing a type 32 trap instruction copies the integer condition codes from the PSR to global
register % g 1. The result is right-justified; other % g 1 bits are set to zero.


33 Executing a type 33 trap instruction copies the rightmost four bits from global register % g 1 to
the PSR integer condition codes. Other bits in % g 1 are ignored.


34 to 127 The operating system reserves these trap types for its own use. Programs that use them do
not conform to the ABI.


Process Initialization


This section describes the machine state that e x e c(BA_OS) creates for ‘‘infant’’ processes, including argu-
ment passing, register usage, stack frame layout, and so on. Programming language systems use this ini-
tial program state to establish a standard environment for their application programs. As an example, a
C program begins executing at a function named m a i n, conventionally declared in the following way.


Figure 3-29: Declaration for m a i n


e x t e r n i n t m a i n ( i n t a r g c , c h a r * a r g v [ ] , c h a r * e n v p [ ] ) ;


Briefly, a r g c is a non-negative argument count; a r g v is an array of argument strings, with
a r g v [ a r g c ] = = 0; and e n v p is an array of environment strings, also terminated by a null pointer.


Although this section does not describe C program initialization, it gives the information necessary to
implement the call to m a i n or to the entry point for a program in any other language.
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Special Registers


As the architecture defines, two state registers control and monitor the processor: the processor state
register (PSR) and the floating-point state register (FSR). Application programs cannot access the PSR
directly; they run in the processor’s user mode , and the instructions to read and write the PSR are
privileged. Nonetheless, a program ‘‘sees’’ a processor that behaves as if the PSR had the following
values. PSR fields not in the table either have unspecified values or do not affect user program behavior.


Figure 3-30: Processor State Register Fields


Field Value Note_ ____________________________________________________
icc unspecified Integer condition codes unspecified
EC unspecified Coprocessor not specified
S 0 Processes run in user mode
ET 1 Traps enabled_ ____________________________________________________ 















No standard coprocessor is specified by the ABI. Applications that directly execute coprocessor operate
instructions do not conform to the ABI. Individual system implementations may use a coprocessor (to
improve performance, for example), but such use of the coprocessor should be under the control of system
software, not the application.


Similarly, ancillary state registers (ASR’s) besides the Y register either are privileged or unspecified by the
architecture. Applications thus may not execute the r d a s r and w r a s r instructions, with the exceptions
of r d y and w r y.


The architecture defines floating-point instructions, and those instructions work whether the processor
has a hardware floating-point unit or not. (A system may provide hardware or software floating-point
facilities.) Consequently, the EF bit in the PSR is unspecified, letting the system set it according to the
hardware configuration. In either case, however, the processor presents a working floating-point imple-
mentation, including an FSR with the following initial values.


Figure 3-31: Floating-Point State Register Fields


Field Value Note_ __________________________________________________________
RD 0 Round to nearest
TEM 0 Floating-point traps not enabled
NS 0 Nonstandard mode off
ftt unspecified Floating-point trap type unspecified
qne 0 Floating-point queue is empty
fcc unspecified Floating-point condition codes unspecified
aexc 0 No accrued exceptions
cexc 0 No current exceptions_ __________________________________________________________ 
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Process Stack and Registers


When a process receives control, its stack holds the arguments and environment from e x e c(BA_OS).


Figure 3-32: Initial Process Stack
_ ____________________________


Unspecified High addresses_ ____________________________
Information block, including


argument strings
environment strings


auxiliary information
. . .


(size varies)_ ____________________________
Unspecified_ ____________________________


Null auxiliary vector entry_ ____________________________
Auxiliary vector


. . .
(2-word entries)_ ____________________________


0 word_ ____________________________
Environment pointers


. . .
(one word each)_ ____________________________


0 word_ ____________________________
Argument pointers


. . .
(Argument count words)_ ____________________________


% s p + 6 4 Argument count_ ____________________________
Window save area


% s p + 0 (16 words) Low addresses_ ____________________________ 































































Argument strings, environment strings, and the auxiliary information appear in no specific order within
the information block; the system makes no guarantees about their arrangement. The system also may
leave an unspecified amount of memory between the null auxiliary vector entry and the beginning of the
information block.


Except as shown below, global, floating-point, and window registers have unspecified values at process
entry. Consequently, a program that requires registers to have specific values must set them explicitly
during process initialization. It should not rely on the system to set all registers to zero.


% g 1 A non-zero value gives a function pointer that the application should register
with a t e x i t(BA_OS). If %g1 contains zero, no action is required.


% g 2, % g 3, and % g 4 These registers are currently set to zero. Future versions of the system might use
the registers to hold special values; so applications should not depend on these
registers’ values.


% f p The system marks the deepest stack frame by setting the frame pointer to zero.
No other frame’s % f p has a zero value.
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% s p Performing its usual job, the stack pointer holds the address of the bottom of the
stack, which is guaranteed to be doubleword aligned.


Every process has a stack, but the system defines no fixed stack address. Furthermore, a program’s stack
address can change from one system to another—even from one process invocation to another. Thus the
process initialization code must use the stack address in % s p. Data in the stack segment at addresses
below the stack pointer contain undefined values.


Whereas the argument and environment vectors transmit information from one application program to
another, the auxiliary vector conveys information from the operating system to the program. This vector
is an array of the following structures, interpreted according to the a _ t y p e member.


Figure 3-33: Auxiliary Vector


typedef struct
{


int a_type;
union {


long a_val;
void *a_ptr;
void (*a_fcn)();


} a_un;
} auxv_t;


Figure 3-34: Auxiliary Vector Types, a _ t y p e


Name Value a _ u n_ ____________________________
A T _ N U L L 0 ignored
A T _ I G N O R E 1 ignored
A T _ E X E C F D 2 a _ v a l
A T _ P H D R 3 a _ p t r
A T _ P H E N T 4 a _ v a l
A T _ P H N U M 5 a _ v a l
A T _ P A G E S Z 6 a _ v a l
A T _ B A S E 7 a _ p t r
A T _ F L A G S 8 a _ v a l
A T _ E N T R Y 9 a _ p t r_ ____________________________ 





























A T _ N U L L The auxiliary vector has no fixed length; instead its last entry’s a _ t y p e member has this
value.
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A T _ I G N O R E This type indicates the entry has no meaning. The corresponding value of a _ u n is
undefined.


A T _ E X E C F D As Chapter 5 describes, e x e c(BA_OS) may pass control to an interpreter program. When
this happens, the system places either an entry of type A T _ E X E C F D or one of type
A T _ P H D R in the auxiliary vector. The entry for type A T _ E X E C F D uses the a _ v a l member
to contain a file descriptor open to read the application program’s object file.


A T _ P H D R Under some conditions, the system creates the memory image of the application program
before passing control to the interpreter program. When this happens, the a _ p t r
member of the A T _ P H D R entry tells the interpreter where to find the program header
table in the memory image. If the A T _ P H D R entry is present, entries of types A T _ P H E N T,
A T _ P H N U M, and A T _ E N T R Y must also be present. See Chapter 5 in both the System V ABI
and the processor supplement for more information about the program header table.


A T _ P H E N T The a _ v a l member of this entry holds the size, in bytes, of one entry in the program
header table to which the A T _ P H D R entry points.


A T _ P H N U M The a _ v a l member of this entry holds the number of entries in the program header table
to which the A T _ P H D R entry points.


A T _ P A G E S Z If present, this entry’s a _ v a l member gives the system page size, in bytes. The same
information also is available through s y s c o n f(BA_OS).


A T _ B A S E The a _ p t r member of this entry holds the base address at which the interpreter program
was loaded into memory. See ‘‘Program Header’’ in the System V ABI for more informa-
tion about the base address.


A T _ F L A G S If present, the a _ v a l member of this entry holds one-bit flags. Bits with undefined
semantics are set to zero.


A T _ E N T R Y The a _ p t r member of this entry holds the entry point of the application program to
which the interpreter program should transfer control.


Other auxiliary vector types are reserved. Currently, no flag definitions exist for A T _ F L A G S. Nonetheless,
bits under the 0 x f f 0 0 0 0 0 0 mask are reserved for system semantics.


In the following example, the stack resides below 0 x f 8 0 0 0 0 0 0, growing toward lower addresses. The
process receives three arguments.


c p


s r c


d s t


It also inherits two environment strings (this example is not intended to show a fully configured execu-
tion environment).


H O M E = / h o m e / d i r


P A T H = / h o m e / d i r / b i n : / u s r / b i n :


Its auxiliary vector holds one non-null entry, a file descriptor for the executable file.


1 3


The initialization sequence preserves the stack pointer’s doubleword alignment.
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Figure 3-35: Example Process Stack
_ ____________________
n : \ 0 pad_ ____________________
r / b i_ ____________________
: / u s_ ____________________


0 x f 7 f f f f f 0 / b i n_ ____________________
/ d i r_ ____________________
h o m e_ ____________________
T H = /_ ____________________


0 x f 7 f f f f e 0 r \ 0 P A_ ____________________
e / d i_ ____________________
/ h o m_ ____________________
O M E =_ ____________________


0 x f 7 f f f f d 0 s t \ 0 H_ ____________________
r c \ 0 d_ ____________________
c 






















p 




















\ 0 




















s_ ____________________
0_ ____________________


0 x f 7 f f f f c 0 0_ ____________________
1 3_ ____________________
2_ ____________________
0_ ____________________


0 x f 7 f f f f b 0 0 x f 7 f f f f e 2_ ____________________
0 x f 7 f f f f d 3_ ____________________


0_ ____________________
0 x f 7 f f f f c f_ ____________________


0 x f 7 f f f f a 0 0 x f 7 f f f f c b_ ____________________
0 x f 7 f f f f c 8_ ____________________


0 x f 7 f f f f 9 8 3_ ____________________
Window save area


% s p + 0 , 0 x f 7 f f f f 5 8 (16 words)_ ____________________ 
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This section discusses example code sequences for fundamental operations such as calling functions,
accessing static objects, and transferring control from one part of a program to another. Previous sections
discuss how a program may use the machine or the operating system, and they specify what a program
may and may not assume about the execution environment. Unlike previous material, the information
here illustrates how operations may be done, not how they must be done.


As before, examples use the ANSI C language. Other programming languages may use the same conven-
tions displayed below, but failure to do so does not prevent a program from conforming to the ABI. Two
main object code models are available.


Absolute code . Instructions can hold absolute addresses under this model. To execute properly, the
program must be loaded at a specific virtual address, making the program’s absolute addresses
coincide with the process’s virtual addresses.


Position-independent code . Instructions under this model hold relative addresses, not absolute
addresses. Consequently, the code is not tied to a specific load address, allowing it to execute
properly at various positions in virtual memory.


Size and performance considerations further require large and small position-independent models, giv-
ing three models total. Following sections describe the differences between these models. Code
sequences for the three models (when different) appear together, allowing easier comparison.


NOTE


Examples below show code fragments with various simplifications. They are intended to explain
addressing modes, not to show optimal code sequences nor to reproduce compiler output.


NOTE


When other sections of this document show assembly language code sequences, they typically show
only the absolute versions. Information in this section explains how position-independent code would
alter the examples.


Code Model Overview


When the system creates a process image, the executable file portion of the process has fixed addresses,
and the system chooses shared object library virtual addresses to avoid conflicts with other segments in
the process. To maximize text sharing, shared objects conventionally use position-independent code, in
which instructions contain no absolute addresses. Shared object text segments can be loaded at various
virtual addresses without having to change the segment images. Thus multiple processes can share a sin-
gle shared object text segment, even though the segment resides at a different virtual address in each pro-
cess.


Position-independent code relies on two techniques.


Control transfer instructions hold addresses relative to the program counter (PC). A PC-relative
branch or function call computes its destination address in terms of the current program counter,
not relative to any absolute address.


When the program requires an absolute address, it computes the desired value. Instead of embed-
ding absolute addresses in the instructions, the compiler generates code to calculate an absolute
address during execution.


Because the processor architecture provides PC-relative call and branch instructions, compilers can satisfy
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the first condition easily.


A global offset table provides information for address calculation. Position-independent object files (exe-
cutable and shared object files) have a table in their data segment that holds addresses. When the system
creates the memory image for an object file, the table entries are relocated to reflect the absolute virtual
addresses as assigned for an individual process. Because data segments are private for each process, the
table entries can change—unlike text segments, which multiple processes share.


Two position-independent models give programs a choice between more efficient code with some size
restrictions and less efficient code without those restrictions. Because of the processor’s architecture, a
global offset table with no more than 2048 entries (8192 bytes) is more efficient than a larger one. Pro-
grams that need more entries must use the larger, more general code.


Position-Independent Function Prologue


This section describes the function prologue for position-independent code. A function’s prologue first
allocates the local stack space. Position-independent functions also set local register % l 7 to the global
offset table’s address, accessed with the symbol _ G L O B A L _ O F F S E T _ T A B L E _. Because % l 7 is private for
each function and preserved across function calls, a function calculates its value once at the entry.


NOTE


As a reminder, this entire section contains examples. Using % l 7 is a convention, not a requirement;
moreover, this convention is private to a function. Not only could other registers serve the same pur-
pose, but different functions in a program could use different registers.


To explain the following, code before label 1 : updates the stack pointer as usual. The c a l l instruction
puts its own absolute address into register % o 7. The next two instructions calculate the offset between the
c a l l instruction and the global offset table. Adding the c a l l instruction’s address to the computed
offset gives the global offset table’s absolute address.


NOTE


When an instruction uses _ G L O B A L _ O F F S E T _ T A B L E _, it sees the offset between the current instruction
and the global offset table as the symbol value.


Figure 3-36: Position-Independent Function Prologue
_______________________________________________________________
n a m e :


s a v e % s p , - 8 0 , % s p
1 : c a l l 2 f


s e t h i % h i ( _ G L O B A L _ O F F S E T _ T A B L E _ + ( . - 1 b ) ) , % l 7
2 : o r % l 7 , % l o ( _ G L O B A L _ O F F S E T _ T A B L E _ + ( . - 1 b ) ) , % l 7


a d d % l 7 , % o 7 , % l 7_______________________________________________________________ 

















Both large and small position-independent models use this prologue. All models use the same function
epilogue.
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Data Objects


This discussion excludes stack-resident objects, because programs always compute their virtual addresses
relative to the stack and frame pointers. Instead, this section describes objects with static storage dura-
tion.


In the SPARC architecture, only load and store instructions access memory. Because instructions cannot
hold 32-bit addresses directly, a program normally computes an address into a register. Symbolic refer-
ences in absolute code put the symbols’ values—or absolute virtual addresses—into instructions.


Figure 3-37: Absolute Load and Store


C Assembly_ ____________________ _ ________________________________________
e x t e r n i n t s r c ; . g l o b a l s r c , d s t , p t r
e x t e r n i n t d s t ;
e x t e r n i n t * p t r ;
p t r = & d s t ; s e t h i % h i ( d s t ) , % o 0


o r % l o ( d s t ) , % o 0
s e t h i % h i ( p t r ) , % o 1
s t % o 0 , [ % o 1 + % l o ( p t r ) ]


* p t r = s r c ; s e t h i % h i ( s r c ) , % o 0
l d [ % o 0 + % l o ( s r c ) ] , % o 0
s e t h i % h i ( p t r ) , % o 1
l d [ % o 1 + % l o ( p t r ) ] , % o 1
s t % o 0 , [ % o 1 ]_ ____________________ _ ________________________________________ 









































































Position-independent instructions cannot contain absolute addresses. Instead, instructions that reference
symbols hold the symbols’ offsets into the global offset table. Combining the offset with the global offset
table address in % l 7 gives the absolute address of the table entry holding the desired address. A pro-
gram whose global offset table has no more than 8192 bytes can use the small model, with a base address
in % l 7 plus a 13-bit, signed offset.


NOTE


When assembling position-independent code, a symbol’s ‘‘value’’ is the offset into the global offset
table, not its virtual address.


Figure 3-38: Small Model Position-Independent Load and Store


C Assembly_ ____________________ _ _______________________________
e x t e r n i n t s r c ; . g l o b a l s r c , d s t , p t r
e x t e r n i n t d s t ;
e x t e r n i n t * p t r ;
p t r = & d s t ; l d [ % l 7 + d s t ] , % o 0


l d [ % l 7 + p t r ] , % o 1
s t % o 0 , [ % o 1 ]





































3-30 SPARC PROCESSOR SUPPLEMENT







Coding Examples


Figure 3-38: Small Model Position-Independent Load and Store (continued )


* p t r = s r c ; l d [ % l 7 + s r c ] , % o 0
l d [ % o 0 ] , % o 0
l d [ % l 7 + p t r ] , % o 1
l d [ % o 1 ] , % o 1
s t % o 0 , [ % o 1 ]_ ____________________ _ _______________________________ 





































The large model assumes no limit on global offset table size; it computes the table offset into one register
and combines that with % l 7 to address the desired entry.


Figure 3-39: Large Model Position-Independent Load and Store


C Assembly_ ____________________ _ _______________________________
e x t e r n i n t s r c ; . g l o b a l s r c , d s t , p t r
e x t e r n i n t d s t ;
e x t e r n i n t * p t r ;
p t r = & d s t ; s e t h i % h i ( d s t ) , % o 0


o r % l o ( d s t ) , % o 0
l d [ % l 7 + % o 0 ] , % o 0
s e t h i % h i ( p t r ) , % o 1
o r % l o ( p t r ) , % o 1
l d [ % l 7 + % o 1 ] , % o 1
s t % o 0 , [ % o 1 ]


* p t r = s r c ; s e t h i % h i ( s r c ) , % o 0
o r % l o ( s r c ) , % o 0
l d [ % l 7 + % o 0 ] , % o 0
l d [ % o 0 ] , % o 0
s e t h i % h i ( p t r ) , % o 1
o r % l o ( p t r ) , % o 1
l d [ % l 7 + % o 1 ] , % o 1
l d [ % o 1 ] , % o 1
s t % o 0 , [ % o 1 ]_ ____________________ _ _______________________________ 









































































































Function Calls


Programs use the c a l l instruction to make direct function calls. Even when the code for a function
resides in a shared object, the caller uses the same assembly language instruction sequence. A c a l l
instruction’s destination is a PC-relative value that can reach any address in the 32-bit virtual space.
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NOTE


Although the assembly language is the same for absolute and position-independent code, the binary
instruction sequences may differ. For example, when an executable file calls a shared object function,
control passes from the original call, through an indirection sequence, to the desired destination. See
‘‘Procedure Linkage Table’’ in Chapter 5 for more information on the indirection sequence.


Figure 3-40: Direct Function Call, All Models


C Assembly_ ___________________________ _ ______________________
e x t e r n v o i d f u n c t i o n ( ) ; . g l o b a l f u n c t i o n
f u n c t i o n ( ) ; c a l l f u n c t i o n


n o p_ ___________________________ _ ______________________ 























Indirect function calls use the j m p l instruction. As explained elsewhere, register % o 7 holds the return
address; so the compiler generates a j m p l instruction that follows this convention.


Figure 3-41: Absolute Indirect Function Call


C Assembly_ _________________________ _ ____________________________________
e x t e r n v o i d ( * p t r ) ( ) ; . g l o b a l p t r , n a m e ;
e x t e r n v o i d n a m e ( ) ;
p t r = n a m e ; s e t h i % h i ( n a m e ) , % o 0


o r % l o ( n a m e ) , % o 0
s e t h i % h i ( p t r ) , % g 1
s t % o 0 , [ % g 1 + % l o ( p t r ) ]


( * p t r ) ( ) ; s e t h i % h i ( p t r ) , % g 1
l d [ % g 1 + % l o ( p t r ) ] , % g 1
j m p l % g 1 , % o 7
n o p_ _________________________ _ ____________________________________ 





























































A global offset table holds absolute addresses for all required symbols, whether the symbols name objects
or functions. Because the c a l l instruction uses a PC-relative operand, a function can be called without
needing its absolute address or a global offset table entry. Functions such as n a m e, however, must have
an entry, because their absolute address must be available.
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Figure 3-42: Small Model Position-Independent Indirect Function Call


C Assembly_ _________________________ _ ________________________________
e x t e r n v o i d ( * p t r ) ( ) ; . g l o b a l p t r , n a m e
e x t e r n v o i d n a m e ( ) ;
p t r = n a m e ; l d [ % l 7 + n a m e ] , % o 0


l d [ % l 7 + p t r ] , % g 1
s t % o 0 , [ % g 1 ]


( * p t r ) ( ) ; l d [ % l 7 + p t r ] , % g 1
l d [ % g 1 ] , % g 1
j m p l % g 1 , % o 7
n o p_ _________________________ _ ________________________________ 

























































Figure 3-43: Large Model Position-Independent Indirect Function Call


C Assembly_ _________________________ _ _______________________________
e x t e r n v o i d ( * p t r ) ( ) ; . g l o b a l p t r , n a m e
e x t e r n v o i d n a m e ( ) ;
p t r = n a m e ; s e t h i % h i ( n a m e ) , % o 0


o r % l o ( n a m e ) , % o 0
l d [ % l 7 + % o 0 ] , % o 0
s e t h i % h i ( p t r ) , % g 1
o r % l o ( p t r ) , % g 1
l d [ % l 7 + % g 1 ] , % g 1
s t % o 0 , [ % g 1 ]


( * p t r ) ( ) ; s e t h i % h i ( p t r ) , % g 1
o r % l o ( p t r ) , % g 1
l d [ % l 7 + % g 1 ] , % g 1
l d [ % g 1 ] , % g 1
j m p l % g 1 , % o 7
n o p_ _________________________ _ _______________________________ 





















































































Branching


Programs use branch instructions to control their execution flow. As defined by the architecture, branch
instructions hold a PC-relative value with a 16 megabyte range, allowing a jump to locations up to 8
megabytes away in either direction.
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Figure 3-44: Branch Instruction, All Models


C Assembly_ ________________________ _ ________________________
l a b e l : . L 0 1 :


. . . . . .
g o t o l a b e l ; b a . L 0 1


n o p_ ________________________ _ ________________________ 



























C s w i t c h statements provide multiway selection. When the c a s e labels of a s w i t c h statement satisfy
grouping constraints, the compiler implements the selection with an address table. The following exam-
ples use several simplifying conventions to hide irrelevant details:


The selection expression resides in local register % l 0;


c a s e label constants begin at zero;


c a s e labels, d e f a u l t, and the address table use assembly names . L c a s ei, . L d e f, and . L t a b,
respectively.


Address table entries for absolute code contain virtual addresses; the selection code extracts an entry’s
value and jumps to that address. Position-independent table entries hold offsets; the selection code com-
putes a destination’s absolute address.


Figure 3-45: Absolute s w i t c h Code


C Assembly_ _____________ _ ___________________________________________
s w i t c h ( j ) s u b c c % l 0 , 4 , % g 0
{ b g u . L d e f
c a s e 0 : s l l % l 0 , 2 , % l 0


. . . s e t h i % h i ( . L t a b ) , % o 1
c a s e 2 : o r % o 1 , % l o ( . L t a b ) , % o 1


. . . l d [ % l 0 + % o 1 ] , % l 0
c a s e 3 : j m p l % l 0 , % g 0


. . . n o p
d e f a u l t : . L t a b : . w o r d . L c a s e 0


. . . . w o r d . L d e f
} . w o r d . L c a s e 2


. w o r d . L c a s e 3_ _____________ _ ___________________________________________ 































































Figure 3-46: Position-Independent s w i t c h Code


C Assembly_ _____________ _ ________________________________________________
s w i t c h ( j ) s u b c c % l 0 , 4 , % g 0
{ b g u . L d e f
c a s e 0 : s l l % l 0 , 2 , % l 0


. . . 1 : c a l l 2 f
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Figure 3-46: Position-Independent s w i t c h Code (continued )


c a s e 2 : s e t h i % h i ( . L t a b - 1 b ) , % g 1
. . . 2 : o r % g 1 , % l o ( . L t a b - 1 b ) , % g 1


c a s e 3 : a d d % l 0 , % g 1 , % l 0
. . . l d [ % o 7 + % l 0 ] , % l 0


d e f a u l t : j m p l % o 7 + % l 0 , % g 0
. . . n o p


} . L t a b : . w o r d . L c a s e 0 - 1 b
. w o r d . L d e f - 1 b
. w o r d . L c a s e 2 - 1 b
. w o r d . L c a s e 3 - 1 b_ _____________ _ ________________________________________________ 

























































C Stack Frame


Figure 3-47 shows the C stack frame organization. It conforms to the standard stack frame with desig-
nated roles for unspecified areas in the standard frame.


Figure 3-47: C Stack Frame


Base Offset Contents Frame_ __________________________________________________________
% f p –1 y words local space: High addresses


automatic variables
. . .


% f p − 4y other addressable objects
% s p 92+ 4x


_ ________________________________ _______________________________
x words compiler scratch space:


temporaries,
register save area


% s p 92 outgoing arguments 6, . . ._ _______________________________
outgoing argument 5


. . .
% s p 68 outgoing argument 0_ _______________________________
% s p 64 s t r u c t/u n i o n return pointer


_ _______________________________


Current


% s p 0 16-word window save area Low addresses_ __________________________________________________________ 







































A C stack frame doesn’t normally change size during execution. The exception is dynamically allocated
stack memory, discussed below. By convention, a function allocates automatic (local) variables in the top
of its frame and references them as negative offsets from % f p. Its incoming arguments reside in the previ-
ous frame, referenced as positive offsets from % f p.


LOW-LEVEL SYSTEM INFORMATION 3-35







Coding Examples


Variable Argument List


Previous sections describe the rules for passing arguments. Unfortunately, some otherwise portable C
programs depend on the argument passing scheme, implicitly assuming that 1) all arguments reside on
the stack, and 2) arguments appear in increasing order on the stack. Programs that make these assump-
tions never have been portable, but they have worked on many machines. They do not work on SPARC
because the first 6 argument words reside in registers. Portable C programs should use the facilities
defined in the header files < s t d a r g . h > or < v a r a r g s . h > to deal with variable argument lists (on SPARC
and other machines as well).


When a function uses < s t d a r g . h > facilities, the compiler generates code in that function to move its
register arguments to the stack’s argument save area, thereafter treating them as regular stack objects.
Argument registers are allocated in word order, meaning the stack locations for multi-word floating-
point arguments may not be aligned properly. Thus a pointer to d o u b l e might sometimes reference an
unaligned object. Consequently, the compiler generates code to dereference ‘‘unknown’’ pointers one
word at a time.


Figure 3-48: Argument Stack Positions


Call Argument Original Stack_ ___________________________________________________
word 0, 1 . 4 1 4 % i 0 % f p + 6 8
word 1, 1 . 4 1 4 % i 1 % f p + 7 2
1 % i 2 % f p + 7 6
word 0, 2 . 9 9 8 e 1 0 % i 3 % f p + 8 0
word 1, 2 . 9 9 8 e 1 0 % i 4 % f p + 8 4
word 0, 2 . 7 1 8 % i 5 % f p + 8 8


h ( 1 . 4 1 4 , 1 ,
2 . 9 9 8 e 1 0 ,
2 . 7 1 8 ) ;


word 1, 2 . 7 1 8 % f p + 9 2 % f p + 9 2_ ___________________________________________________ 
































The save area for 1 . 4 1 4 is not doubleword aligned, because its offset, + 6 8, is not a multiple of 8. Thus
the compiler would load and store the value one word at a time. On the other hand, 2 . 7 1 8 resides at
% f p + 8 8, and the compiler can generate doubleword loads and stores. Alignments assume % f p and % s p
hold doubleword addresses.


Allocating Stack Space Dynamically


Unlike some other languages, C does not need dynamic stack allocation within a stack frame. Frames are
allocated dynamically on the program stack, depending on program execution, but individual stack
frames can have static sizes. Nonetheless, the architecture supports dynamic allocation for those
languages that require it, and the standard calling sequence and stack frame support it as well. Thus
languages that need dynamic stack frame sizes can call C functions, and vice versa.


Figure 3-47 shows the layout of the C stack frame. The double line divides the area referenced with the
frame pointer from the area referenced with the stack pointer. Dynamic space is allocated above the line
as a downward growing heap whose size changes as required. Typical C functions have no space in the
heap. All areas below the double line in the current frame have a known size to the compiler. Dynamic
stack allocation thus takes the following steps.
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1 . Stack frames are doubleword aligned; dynamic allocation should preserve this property. Thus the
program rounds (up) the desired byte count to a multiple of 8.


2 . The program decreases the stack pointer by the rounded byte count, increasing its frame size. At
this point, the ‘‘new’’ space resides just above the register save area at the bottom of the stack.


3 . The program copies the ‘‘bottom half’’ of the stack frame down into the new space, opening the
middle of the frame.


Even in the presence of signals, dynamic allocation is ‘‘safe.’’ If a signal interrupts allocation, one of three
things can happen.


The signal handler can return. The process then resumes the dynamic allocation from the point of
interruption.


The signal handler can execute a non-local goto, or l o n g j m p [see s e t j m p(BA_LIB)]. This resets the
process to a new context in a previous stack frame, automatically discarding the dynamic alloca-
tion.


The process can terminate.


Regardless of when the signal arrives during dynamic allocation, the result is a consistent (though possi-
bly dead) process.


To illustrate, assume a program wants to allocate 50 bytes; its current stack frame has 12 bytes of compiler
scratch space and 24 bytes of outgoing arguments. The first step is rounding 50 to 56, making it a multi-
ple of 8. Figure 3-49 shows how the stack frame changes.


Figure 3-49: Dynamic Stack Allocation


Original Intermediate Final_ ______________ _ ______________ _ ______________
% f p - 1 automatic automatic automatic % f p - 1


. . . . . . . . .
variables variables variables


% s p + 1 0 4
_ _______________ ______________ _ _______________ ______________ _ ______________


scratch scratch +++++++++
% s p + 9 2 space space new space


_ ______________ _ ______________ 56 bytes
outgoing outgoing +++++++++


% s p + 6 8 arguments arguments _ _______________ ______________ % s p + 1 0 4
_ ______________ _ ______________ scratch


% s p + 6 4 pointer pointer space % s p + 9 2_ ______________ _ ______________ _ ______________
save area +++++++++ outgoing


% s p + 0 16 words new space arguments % s p + 6 8
_ ______________ 56 bytes _ ______________


+++++++++ pointer % s p + 6 4_ ______________ _ ______________
save area save areaundefined
16 words 16 words % s p + 0_ ______________ _ ______________ _ ______________ 











































































































































New space starts at % s p + 1 0 4. As described, every dynamic allocation in this function will return a new
area starting at % s p + 1 0 4, leaving previous heap objects untouched (other functions would have different
heap addresses). Consequently, the compiler should compute the absolute address for each area, avoid-
ing relative references. Otherwise, future allocations in the same frame would destroy the heap’s
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integrity.


Existing stack objects reside at fixed offsets from the frame and stack pointers; stack heap allocation
preserves those offsets. Objects relative to the frame pointer don’t move. Objects relative to the stack
pointer move, but their % s p-relative positions do not change. Accordingly, compilers arrange not to pub-
licize the absolute address of any object in the bottom half of the stack frame (in a way that violates the
scope rules). % s p-relative references stay valid after dynamic allocation, but absolute addresses do not.


No special code is needed to free dynamically allocated stack memory. The function return resets the
stack pointer and removes the entire stack frame, including the heap, from the stack. Naturally, a pro-
gram should not reference heap objects after they have gone out of scope.
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ELF Header


Machine Information


For file identification in e _ i d e n t, SPARC requires the following values.


Figure 4-1: SPARC Identification, e _ i d e n t


Position Value_ _________________________________
e _ i d e n t [ E I _ C L A S S ] E L F C L A S S 3 2
e _ i d e n t [ E I _ D A T A ] E L F D A T A 2 M S B_ _________________________________ 






Processor identification resides in the ELF header’s e _ m a c h i n e member and must have the value 2,
defined as the name E M _ S P A R C.


The ELF header’s e _ f l a g s member holds bit flags associated with the file. SPARC defines no flags; so
this member contains zero.
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Sections


Special Sections


Various sections hold program and control information. Sections in the list below are used by the system
and have the indicated types and attributes.


Figure 4-2: Special Sections


Name Type Attributes_ _______________________________________________________________
. g o t S H T _ P R O G B I T S S H F _ A L L O C + S H F _ W R I T E
. p l t S H T _ P R O G B I T S S H F _ A L L O C + S H F _ W R I T E + S H F _ E X E C I N S T R
. s d a t a S H T _ P R O G B I T S S H F _ A L L O C + S H F _ W R I T E_ _______________________________________________________________ 













. g o t This section holds the global offset table. See ‘‘Coding Examples’’ in Chapter 3 and ‘‘Global
Offset Table’’ in Chapter 5 for more information.


. p l t This section holds the procedure linkage table. See ‘‘Procedure Linkage Table’’ in Chapter 5
for more information.


. s d a t a This section holds initialized data that contribute to the program’s memory image. The data
are addressable by the short-form address convention.


Symbol Table


Symbol Values


If an executable file contains a reference to a function defined in one of its associated shared objects, the
symbol table section for that file will contain an entry for that symbol. The s t _ s h n d x member of that
symbol table entry contains S H N _ U N D E F. This informs the dynamic linker that the symbol definition for
that function is not contained in the executable file itself. If that symbol has been allocated a procedure
linkage table entry in the executable file, and the s t _ v a l u e member for that symbol table entry is non-
zero, the value will contain the virtual address of the first instruction of that procedure linkage table
entry. Otherwise, the s t _ v a l u e member contains zero. This procedure linkage table entry address is
used by the dynamic linker in resolving references to the address of the function. See ‘‘Function
Addresses’’ in Chapter 5 for details.
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Relocation Types


An overview of the instruction and data formats from The SPARC Architecture Manual makes relocation
easier to understand. Relocation entries describe how to alter the following instruction and data fields
(bit numbers appear in the lower box corners).


Figure 4-3: Relocatable Fields


byte8
7 0


half16
15 0


word32
31 0


31
disp30


29 0


31
disp22


21 0


31
imm22


21 0


31
simm13


12 0


3-word PLT entry
31 0


31 0


31 0


Calculations below assume the actions are transforming a relocatable file into either an executable or a
shared object file. Conceptually, the link editor merges one or more relocatable files to form the output.
It first decides how to combine and locate the input files, then updates the symbol values, and finally per-
forms the relocation. Relocations applied to executable or shared object files are similar and accomplish
the same result. Descriptions below use the following notation.


A This means the addend used to compute the value of the relocatable field.


B This means the base address at which a shared object has been loaded into memory during execu-
tion. Generally, a shared object file is built with a 0 base virtual address, but the execution
address will be different. See ‘‘Program Header’’ in the System V ABI for more information
about the base address.
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G This means the offset into the global offset table at which the address of the relocation entry’s
symbol will reside during execution. See ‘‘Coding Examples’’ in Chapter 3 and ‘‘Global Offset
Table’’ in Chapter 5 for more information.


L This means the place (section offset or address) of the procedure linkage table entry for a symbol.
A procedure linkage table entry redirects a function call to the proper destination. The link edi-
tor builds the initial procedure linkage table, and the dynamic linker modifies the entries during
execution. See ‘‘Procedure Linkage Table’’ in Chapter 5 for more information.


P This means the place (section offset or address) of the storage unit being relocated (computed
using r _ o f f s e t).


S This means the value of the symbol whose index resides in the relocation entry.


Relocation entries apply to bytes (byte8), halfwords (half16), or words (the others). In any case, the
r _ o f f s e t value designates the offset or virtual address of the first byte of the affected storage unit. The
relocation type specifies which bits to change and how to calculate their values. SPARC uses only
E l f 3 2 _ R e l a relocation entries with explicit addends. Thus the r _ a d d e n d member serves as the reloca-
tion addend.


NOTE


Field names in the following table tell whether the relocation type checks for ‘‘overflow.’’ A calculated
relocation value may be larger than the intended field, and a relocation type may verify (V) the value fits
or truncate (T) the result. As an example, V-simm13 means the the computed value may not have
significant, non-zero bits outside the simm13 field.


Figure 4-4: Relocation Types


Name Value Field Calculation_ _____________________________________________________________
R _ S P A R C _ N O N E 0 none none
R _ S P A R C _ 8 1 V-byte8 S + A
R _ S P A R C _ 1 6 2 V-half16 S + A
R _ S P A R C _ 3 2 3 V-word32 S + A
R _ S P A R C _ D I S P 8 4 V-byte8 S + A - P
R _ S P A R C _ D I S P 1 6 5 V-half16 S + A - P
R _ S P A R C _ D I S P 3 2 6 V-word32 S + A - P
R _ S P A R C _ W D I S P 3 0 7 V-disp30 ( S + A - P ) > > 2
R _ S P A R C _ W D I S P 2 2 8 V-disp22 ( S + A - P ) > > 2
R _ S P A R C _ H I 2 2 9 T-imm22 ( S + A ) > > 1 0
R _ S P A R C _ 2 2 1 0 V-imm22 S + A
R _ S P A R C _ 1 3 1 1 V-simm13 S + A
R _ S P A R C _ L O 1 0 1 2 T-simm13 ( S + A ) & 0 x 3 f f
R _ S P A R C _ G O T 1 0 1 3 T-simm13 G & 0 x 3 f f
R _ S P A R C _ G O T 1 3 1 4 V-simm13 G
R _ S P A R C _ G O T 2 2 1 5 T-imm22 G > > 1 0
R _ S P A R C _ P C 1 0 1 6 T-simm13 ( S + A - P ) & 0 x 3 f f
R _ S P A R C _ P C 2 2 1 7 V-disp22 ( S + A - P ) > > 1 0
R _ S P A R C _ W P L T 3 0 1 8 V-disp30 ( L + A - P ) > > 2
R _ S P A R C _ C O P Y 1 9 none none
R _ S P A R C _ G L O B _ D A T 2 0 V-word32 S + A
R _ S P A R C _ J M P _ S L O T 2 1 none see below
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Figure 4-4: Relocation Types (continued )


R _ S P A R C _ R E L A T I V E 2 2 V-word32 B + A
R _ S P A R C _ U A 3 2 2 3 V-word32 S + A_ _____________________________________________________________ 
















Some relocation types have semantics beyond simple calculation.


R _ S P A R C _ G O T 1 0 This relocation type resembles R _ S P A R C _ L O 1 0, except it refers to the address of
the symbol’s global offset table entry and additionally instructs the link editor to
build a global offset table.


R _ S P A R C _ G O T 1 3 This relocation type resembles R _ S P A R C _ 1 3, except it refers to the address of the
symbol’s global offset table entry and additionally instructs the link editor to
build a global offset table.


R _ S P A R C _ G O T 2 2 This relocation type resembles R _ S P A R C _ 2 2, except it refers to the address of the
symbol’s global offset table entry and additionally instructs the link editor to
build a global offset table.


R _ S P A R C _ W P L T 3 0 This relocation type resembles R _ S P A R C _ W D I S P 3 0, except it refers to the address
of the symbol’s procedure linkage table entry and additionally instructs the link
editor to build a procedure linkage table.


R _ S P A R C _ C O P Y The link editor creates this relocation type for dynamic linking. Its offset
member refers to a location in a writable segment. The symbol table index
specifies a symbol that should exist both in the current object file and in a shared
object. During execution, the dynamic linker copies data associated with the
shared object’s symbol to the location specified by the offset.


R _ S P A R C _ G L O B _ D A T This relocation type resembles R _ S P A R C _ 3 2, except it is used to set a global offset
table entry to the address of the specified symbol. The special relocation type
allows one to determine the correspondence between symbols and global offset
table entries.


R _ S P A R C _ J M P _ S L O T The link editor creates this relocation type for dynamic linking. Its offset
member gives the location of a procedure linkage table entry. The dynamic
linker modifies the procedure linkage table entry to transfer control to the desig-
nated symbol’s address [see ‘‘Procedure Linkage Table’’ in Chapter 5].


R _ S P A R C _ R E L A T I V E The link editor creates this relocation type for dynamic linking. Its offset
member gives a location within a shared object that contains a value representing
a relative address. The dynamic linker computes the corresponding virtual
address by adding the virtual address at which the shared object was loaded to
the relative address. Relocation entries for this type must specify 0 for the sym-
bol table index.


R _ S P A R C _ U A 3 2 This relocation type resembles R _ S P A R C _ 3 2, except it refers to an unaligned
word. That is, the ‘‘word’’ to be relocated must be treated as four separate bytes
with arbitrary alignment, not as a word aligned according to the architecture
requirements.
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Program Loading


As the system creates or augments a process image, it logically copies a file’s segment to a virtual
memory segment. When—and if—the system physically reads the file depends on the program’s execu-
tion behavior, system load, etc. A process does not require a physical page unless it references the logical
page during execution, and processes commonly leave many pages unreferenced. Therefore delaying
physical reads frequently obviates them, improving system performance. To obtain this efficiency in
practice, executable and shared object files must have segment images whose file offsets and virtual
addresses are congruent, modulo the page size.


Virtual addresses and file offsets for SPARC segments are congruent modulo 64 K (0 x 1 0 0 0 0) or larger
powers of 2. Because 64 KB is the maximum page size, the files will be suitable for paging regardless of
physical page size.


Figure 5-1: Executable File


File Offset File Virtual Address_ ______________________
0 ELF header_ ______________________


Program header table_ ______________________
Other information_ ______________________


0 x 1 0 0 Text segment 0 x 1 0 1 0 0
. . .


0 x 2 b e 0 0 bytes 0 x 3 b e f f_ ______________________
0 x 2 b f 0 0 Data segment 0 x 4 b f 0 0


. . .
0 x 4 e 0 0 bytes 0 x 5 0 c f f_ ______________________


0 x 3 0 d 0 0 Other information
. . .


_ ______________________ 































Figure 5-2: Program Header Segments


Member Text Data_ __________________________________________
p _ t y p e P T _ L O A D P T _ L O A D
p _ o f f s e t 0 x 1 0 0 0 x 2 b f 0 0
p _ v a d d r 0 x 1 0 1 0 0 0 x 4 b f 0 0
p _ p a d d r unspecified unspecified
p _ f i l e s z 0 x 2 b e 0 0 0 x 4 e 0 0
p _ m e m s z 0 x 2 b e 0 0 0 x 5 e 2 4
p _ f l a g s P F _ R + P F _ X P F _ R + P F _ W + P F _ X
p _ a l i g n 0 x 1 0 0 0 0 0 x 1 0 0 0 0_ __________________________________________ 

























Although the example’s file offsets and virtual addresses are congruent modulo 64 K for both text and
data, up to four file pages hold impure text or data (depending on page size and file system block size).


The first text page contains the ELF header, the program header table, and other information.
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The last text page holds a copy of the beginning of data.


The first data page has a copy of the end of text.


The last data page may contain file information not relevant to the running process.


Logically, the system enforces the memory permissions as if each segment were complete and separate;
segments’ addresses are adjusted to ensure each logical page in the address space has a single set of per-
missions. In the example above, the region of the file holding the end of text and the beginning of data
will be mapped twice: at one virtual address for text and at a different virtual address for data.


The end of the data segment requires special handling for uninitialized data, which the system defines to
begin with zero values. Thus if a file’s last data page includes information not in the logical memory
page, the extraneous data must be set to zero, not the unknown contents of the executable file. ‘‘Impuri-
ties’’ in the other three pages are not logically part of the process image; whether the system expunges
them is unspecified. The memory image for this program follows, assuming 4 KB (0 x 1 0 0 0) pages.


Figure 5-3: Process Image Segments


Virtual Address Contents Segment_ ___________________
0 x 1 0 0 0 0 Header padding


0 x 1 0 0 bytes_ ___________________
0 x 1 0 1 0 0 Text segment


. . .


0 x 2 b e 0 0 bytes_ ___________________
0 x 3 b f 0 0 Data padding


0 x 1 0 0 bytes


Text















_ ___________________












_ ___________________
0 x 4 b 0 0 0 Text padding


0 x f 0 0 bytes_ ___________________
0 x 4 b f 0 0 Data segment


. . .


0 x 4 e 0 0 bytes_ ___________________
0 x 5 0 d 0 0 Uninitialized data


0 x 1 0 2 4 zero bytes_ ___________________
0 x 5 1 d 2 4 Page padding


0 x 2 d c zero bytes


Data


_ ___________________ 































One aspect of segment loading differs between executable files and shared objects. Executable file seg-
ments typically contain absolute code [see ‘‘Coding Examples’’ in Chapter 3]. To let the process execute
correctly, the segments must reside at the virtual addresses used to build the executable file. Thus the
system uses the p _ v a d d r values unchanged as virtual addresses.
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On the other hand, shared object segments typically contain position-independent code. This lets a
segment’s virtual address change from one process to another, without invalidating execution behavior.
Though the system chooses virtual addresses for individual processes, it maintains the segments’ relative
positions . Because position-independent code uses relative addressing between segments, the difference
between virtual addresses in memory must match the difference between virtual addresses in the file.
The following table shows possible shared object virtual address assignments for several processes, illus-
trating constant relative positioning. The table also illustrates the base address computations.


Figure 5-4: Example Shared Object Segment Addresses


Source Text Data Base Address_ ___________________________________________________
File 0 x 2 0 0 0 x 2 a 4 0 0 0 x 0
Process 1 0 x c 0 0 0 0 2 0 0 0 x c 0 0 2 a 4 0 0 0 x c 0 0 0 0 0 0 0
Process 2 0 x c 0 0 1 0 2 0 0 0 x c 0 0 3 a 4 0 0 0 x c 0 0 1 0 0 0 0
Process 3 0 x d 0 0 2 0 2 0 0 0 x d 0 0 4 a 4 0 0 0 x d 0 0 2 0 0 0 0
Process 4 0 x d 0 0 3 0 2 0 0 0 x d 0 0 5 a 4 0 0 0 x d 0 0 3 0 0 0 0_ ___________________________________________________ 
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Dynamic Section


Dynamic section entries give information to the dynamic linker. Some of this information is processor-
specific, including the interpretation of some entries in the dynamic structure.


D T _ P L T G O T On SPARC, this entry’s d _ p t r member gives the address of the first entry in the pro-
cedure linkage table. As described below, the first entry is special, and the dynamic
linker must know its address.


D T _ J M P _ R E L As explained in the System V ABI, this entry is associated with a table of relocation
entries for the procedure linkage table. For the SPARC processor, this entry is manda-
tory both for executable and shared object files. Moreover, the relocation table’s entries
must have a one-to-one correspondence with the procedure linkage table. See ‘‘Pro-
cedure Linkage Table’’ below for more information.


Global Offset Table


Position-independent code cannot, in general, contain absolute virtual addresses. Global offset tables
hold absolute addresses in private data, thus making the addresses available without compromising the
position-independence and sharability of a program’s text. A program references its global offset table
using position-independent addressing and extracts absolute values, thus redirecting position-
independent references to absolute locations.


Initially, the global offset table holds information as required by its relocation entries [see ‘‘Relocation’’ in
Chapter 4]. After the system creates memory segments for a loadable object file, the dynamic linker
processes the relocation entries, some of which will be type R _ S P A R C _ G L O B _ D A T referring to the global
offset table. The dynamic linker determines the associated symbol values, calculates their absolute
addresses, and sets the appropriate memory table entries to the proper values. Although the absolute
addresses are unknown when the link editor builds an object file, the dynamic linker knows the
addresses of all memory segments and can thus calculate the absolute addresses of the symbols contained
therein.


If a program requires direct access to the absolute address of a symbol, that symbol will have a global
offset table entry. Because the executable file and shared objects have separate global offset tables, a
symbol’s address may appear in several tables. The dynamic linker processes all the global offset table
relocations before giving control to any code in the process image, thus ensuring the absolute addresses
are available during execution.


The table’s entry zero is reserved to hold the address of the dynamic structure, referenced with the sym-
bol _ D Y N A M I C. This allows a program, such as the dynamic linker, to find its own dynamic structure
without having yet processed its relocation entries. This is especially important for the dynamic linker,
because it must initialize itself without relying on other programs to relocate its memory image.


The system may choose different memory segment addresses for the same shared object in different pro-
grams; it may even choose different library addresses for different executions of the same program.
Nonetheless, memory segments do not change addresses once the process image is established. As long
as a process exists, its memory segments reside at fixed virtual addresses.


A global offset table’s format and interpretation are processor-specific. For SPARC, the symbol
_ G L O B A L _ O F F S E T _ T A B L E _ may be used to access the table.


5-4 SPARC PROCESSOR SUPPLEMENT







Dynamic Linking


Figure 5-5: Global Offset Table


e x t e r n E l f 3 2 _ A d d r _ G L O B A L _ O F F S E T _ T A B L E _ [ ] ;


The symbol _ G L O B A L _ O F F S E T _ T A B L E _ may reside in the middle of the . g o t section, allowing both nega-
tive and non-negative ‘‘subscripts’’ into the array of addresses.


Function Addresses


References to the address of a function from an executable file and the shared objects associated with it
might not resolve to the same value. References from within shared objects will normally be resolved by
the dynamic linker to the virtual address of the function itself. References from within the executable file
to a function defined in a shared object will normally be resolved by the link editor to the address of the
procedure linkage table entry for that function within the executable file.


To allow comparisons of function addresses to work as expected, if an executable file references a func-
tion defined in a shared object, the link editor will place the address of the procedure linkage table entry
for that function in its associated symbol table entry. [See ‘‘Symbol Values’’ in Chapter 4]. The dynamic
linker treats such symbol table entries specially. If the dynamic linker is searching for a symbol, and
encounters a symbol table entry for that symbol in the executable file, it normally follows the rules below.


1 . If the s t _ s h n d x member of the symbol table entry is not S H N _ U N D E F, the dynamic linker has found
a definition for the symbol and uses its s t _ v a l u e member as the symbol’s address.


2 . If the s t _ s h n d x member is S H N _ U N D E F and the symbol is of type S T T _ F U N C and the s t _ v a l u e
member is not zero, the dynamic linker recognizes this entry as special and uses the s t _ v a l u e
member as the symbol’s address.


3 . Otherwise, the dynamic linker considers the symbol to be undefined within the executable file and
continues processing.


Some relocations are associated with procedure linkage table entries. These entries are used for direct
function calls rather than for references to function addresses. These relocations are not treated in the
special way described above because the dynamic linker must not redirect procedure linkage table entries
to point to themselves.


Procedure Linkage Table


Much as the global offset table redirects position-independent address calculations to absolute locations,
the procedure linkage table redirects position-independent function calls to absolute locations. The link
editor cannot resolve execution transfers (such as function calls) from one executable or shared object to
another. Consequently, the link editor arranges to have the program transfer control to entries in the pro-
cedure linkage table. On SPARC, procedure linkage tables reside in private data. The dynamic linker
determines the destinations’ absolute addresses and modifies the procedure linkage table’s memory
image accordingly. The dynamic linker thus can redirect the entries without compromising the position-
independence and sharability of the program’s text. Executable files and shared object files have separate
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procedure linkage tables.


The first four procedure linkage table entries are reserved. (The original contents of these entries are
unspecified, despite the example below.) Each entry in the table occupies 3 words (12 bytes), and the last
table entry must be followed by a n o p instruction. As mentioned before, a relocation table is associated
with the procedure linkage table. The D T _ J M P _ R E L entry in the _ D Y N A M I C array gives the location of the
first relocation entry. The relocation table’s entries parallel the procedure linkage table in a one-to-one
correspondence. That is, relocation table entry 0 applies to procedure linkage table entry 0, and so on.
With the exception of the first four entries, the relocation type will be R _ S P A R C _ J M P _ S L O T, the relocation
offset will specify the address of first byte of the associated procedure linkage table entry, and the symbol
table index will reference the appropriate symbol.


To illustrate procedure linkage tables, the figure below shows four entries: two of the four initial reserved
entries, a third to call n a m e 1, and a fourth to call n a m e 2. The example assumes the entry for n a m e 2 is the
table’s last entry and shows the following n o p instruction. The left column shows the instructions from
the object file before dynamic linking. The right column demonstrates a possible way the dynamic linker
might ‘‘fix’’ the procedure linkage table entries.


Figure 5-6: Procedure Linkage Table Example


Object File Memory Segment_ ________________________________________________________________
. P L T 0 : . P L T 0 :


u n i m p s a v e % s p , - 6 4 , % s p
u n i m p c a l l dynamic-linker
u n i m p n o p


. P L T 1 : . P L T 1 :
u n i m p . w o r d identification
u n i m p u n i m p
u n i m p u n i m p
. . . . . ._ ________________________________________________________________
. . . . . .


. P L T 1 0 1 : . P L T 1 0 1 :
s e t h i ( . - . P L T 0 ) , % g 1 s e t h i ( . - . P L T 0 ) , % g 1
b a , a . P L T 0 s e t h i % h i ( n a m e 1 ) , % g 1
n o p j m p l % g 1 + % l o ( n a m e 1 ) , % g 0


. P L T 1 0 2 : . P L T 1 0 2 :
s e t h i ( . - . P L T 0 ) , % g 1 s e t h i ( . - . P L T 0 ) , % g 1
b a , a . P L T 0 s e t h i % h i ( n a m e 2 ) , % g 1
n o p j m p l % g 1 + % l o ( n a m e 2 ) , % g 0_ ________________________________________________________________
n o p n o p_ ________________________________________________________________ 



























Following the steps below, the dynamic linker and the program ‘‘cooperate’’ to resolve symbolic refer-
ences through the procedure linkage table. Again, the steps described below are for explanation only.
The precise execution-time behavior of the dynamic linker is not specified.


1 . When first creating the memory image of the program, the dynamic linker changes the initial pro-
cedure linkage table entries, making them transfer control to one of the dynamic linker’s own rou-
tines: dynamic-linker above. It also stores a word of identification information in the second entry.
When it receives control, it can examine this word to determine what object called it.
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2 . All other procedure linkage table entries initially transfer to the first entry, allowing the dynamic
linker to can gain control at the first execution of each table entry. For illustration, assume the pro-
gram calls n a m e 1, which transfers control to the label . P L T 1 0 1.


3 . The s e t h i instruction computes the distance between the current and the initial procedure linkage
table entries, . P L T 1 0 1 and . P L T 0, respectively. This value occupies the most significant 22 bits of
the % g 1 register. In this example, % g 1 will contain 0 x 1 2 f 0 0 0 when the dynamic linker receives
control.


4 . Next, the b a , a instruction jumps to . P L T 0, which then establishes a stack frame and calls the
dynamic linker.


5 . Using the identification value, the dynamic linker finds its data structures associated with the object
in question, including the relocation table.


6 . By shifting the % g 1 value and dividing by the size of each procedure linkage table entry, the
dynamic linker computes the index of the relocation entry for n a m e 1. Relocation entry 101 will
have type R _ S P A R C _ J M P _ S L O T, its offset will specify the address of . P L T 1 0 1, and its symbol table
index will reference n a m e 1.


7 . Knowing this, the dynamic linker finds the symbol’s ‘‘real’’ value, unwinds the stack, modifies the
procedure linkage table entry, and transfers control to the desired destination.


Although the dynamic linker is not required to create the instruction sequences under the ‘‘Memory Seg-
ment’’ column, it might. Assuming it actually did, several points deserve further explanation.


To make the code re-entrant, the procedure linkage table’s instructions must be changed in a partic-
ular sequence. That is, if the dynamic linker is ‘‘fixing’’ a function’s procedure linkage table entry
and a signal arrives, the signal handling code must be able to call the original function with predict-
able (and correct) results.


The dynamic linker must change two words to convert an entry; it can update each word atomi-
cally. Re-entrancy can be achieved by first overwriting the n o p with the j m p l instruction, and then
patching the b a , a to be s e t h i. If a re-entrant function call occurs between the two word updates,
the j m p l will reside in the delay slot of the b a , a instruction, which annuls the delay instruction’s
effects. Consequently, the dynamic linker gains control a second time. Although both invocations
of the dynamic linker modify the same procedure linkage table entry, their changes do not interfere
with each other.


The first s e t h i instruction of a procedure linkage table entry can fill the delay slot of the previous
entry’s j m p l instruction. Although the s e t h i changes the value of the % g 1 register, the previous
contents can be safely discarded.


After conversion, the last procedure linkage table entry (. P L T 1 0 2 above) needs a delay instruction
for its j m p l. The required, trailing n o p fills this delay slot.


The L D _ B I N D _ N O W environment variable can change dynamic linking behavior. If its value is non-null,
the dynamic linker evaluates procedure linkage table entries before transferring control to the program.
That is, the dynamic linker processes relocation entries of type R _ S P A R C _ J M P _ S L O T during process initial-
ization. Otherwise, the dynamic linker evaluates procedure linkage table entries lazily, delaying symbol
resolution and relocation until the first execution of a table entry.
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NOTE


Lazy binding generally improves overall application performance, because unused symbols do not incur
the dynamic linking overhead. Nevertheless, two situations make lazy binding undesirable for some
applications. First, the initial reference to a shared object function takes longer than subsequent calls,
because the dynamic linker intercepts the call to resolve the symbol. Some applications cannot tolerate
this unpredictability. Second, if an error occurs and the dynamic linker cannot resolve the symbol, the
dynamic linker will terminate the program. Under lazy binding, this might occur at arbitrary times. Once
again, some applications cannot tolerate this unpredictability. By turning off lazy binding, the dynamic
linker forces the failure to occur during process initialization, before the application receives control.


Program Interpreter


There are two valid program interpreters for programs conforming to the SPARC ABI:


/ u s r / l i b / l d . s o . 1 / u s r / l i b / l i b c . s o . 1
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System Library


Support Routines


Besides operating system services, libsys contains the following processor-specific support routines.


Figure 6-1: l i b s y s Support Routines


_ Q _ a d d _ Q _ c m p _ Q _ c m p e _ Q _ d i v _ Q _ d t o q
_ Q _ f e q _ Q _ f g e _ Q _ f g t _ Q _ f l e _ Q _ f l t
_ Q _ f n e _ Q _ i t o q _ Q _ m u l _ Q _ n e g _ Q _ q t o d
_ Q _ q t o i _ Q _ q t o s _ Q _ q t o u _ Q _ s q r t _ Q _ s t o q
_ Q _ s u b _ Q _ u t o q . d i v _ _ d t o u _ _ f t o u
. m u l . r e m . s t r e t 1 . s t r e t 2 . s t r e t 4
. s t r e t 8 . u d i v . u m u l . u r e m


Routines listed below employ the standard calling sequence that Chapter 3 describes in ‘‘Function Calling
Sequence.’’ Descriptions are written from the caller’s point of view, with respect to register usage and
stack frame layout.


l o n g d o u b l e _ Q _ a d d ( l o n g d o u b l e a , l o n g d o u b l e b )
This function corresponds to the SPARC f a d d q instruction. It returns a + b computed in
quad-precision. The following aspects of exception handling mimic the f a d d q instruction: If
any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise any exceptions are
OR’ed into the aexc field of the FSR.


i n t _ Q _ c m p ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a value that indicates
their relative ordering.


Relation Value_ __________________________________
a equal b 0
a less than b 1
a greater than b 2
a unordered with respect to b 3_ __________________________________ 








The following aspects of exception handling mimic the f c m p q instruction: If any exceptions
arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will be generated,
and the aexc field of the FSR will be unchanged. Otherwise any exceptions are OR’ed into the
aexc field of the FSR. Upon return, the floating-point condition codes have unspecified
values.


i n t _ Q _ c m p e ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a value that indicates
their relative ordering, using the same values as _ Q _ c m p. The following aspects of exception
handling mimic the f c m p e q instruction: If any exceptions arise for which the corresponding
TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field of the FSR will be
unchanged. Otherwise any exceptions are OR’ed into the aexc field of the FSR. Upon return,
the floating-point condition codes have unspecified values.
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l o n g d o u b l e _ Q _ d i v ( l o n g d o u b l e a , l o n g d o u b l e b )
This function corresponds to the SPARC f d i v q instruction. It returns a / b computed in
quad-precision. The following aspects of exception handling mimic the f d i v q instruction: If
any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise any exceptions are
OR’ed into the aexc field of the FSR.


l o n g d o u b l e _ Q _ d t o q ( d o u b l e a )
This function corresponds to the SPARC f d t o q instruction. It converts the double-precision
input argument to quad-precision and returns the quad-precision value. The following
aspects of exception handling mimic the f d t o q instruction: If any exceptions arise for which
the corresponding TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field
of the FSR will be unchanged. Otherwise any exceptions are OR’ed into the aexc field of the
FSR.


i n t _ Q _ f e q ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if they
are equal, zero otherwise. The following aspects of exception handling mimic the f c m p q
instruction: If any exceptions arise for which the corresponding TEM bits of the FSR are on, a
S I G F P E will be generated, and the aexc field of the FSR will be unchanged. Otherwise any
exceptions are OR’ed into the aexc field of the FSR. Upon return, the floating-point condition
codes have unspecified values.


i n t _ Q _ f g e ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if a is
greater than or equal to b, zero otherwise. The following aspects of exception handling
mimic the f c m p e q instruction: If any exceptions arise for which the corresponding TEM bits
of the FSR are on, a S I G F P E will be generated, and the aexc field of the FSR will be
unchanged. Otherwise any exceptions are OR’ed into the aexc field of the FSR. Upon return,
the floating-point condition codes have unspecified values.


i n t _ Q _ f g t ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if a is
greater than b, zero otherwise. The following aspects of exception handling mimic the
f c m p e q instruction: If any exceptions arise for which the corresponding TEM bits of the FSR
are on, a S I G F P E will be generated, and the aexc field of the FSR will be unchanged. Other-
wise any exceptions are OR’ed into the aexc field of the FSR. Upon return, the floating-point
condition codes have unspecified values.


i n t _ Q _ f l e ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if a is
less than or equal to b, zero otherwise. The following aspects of exception handling mimic
the f c m p e q instruction: If any exceptions arise for which the corresponding TEM bits of the
FSR are on, a S I G F P E will be generated, and the aexc field of the FSR will be unchanged. Oth-
erwise any exceptions are OR’ed into the aexc field of the FSR. Upon return, the floating-
point condition codes have unspecified values.


i n t _ Q _ f l t ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if a is
less than b, zero otherwise. The following aspects of exception handling mimic the f c m p e q
instruction: If any exceptions arise for which the corresponding TEM bits of the FSR are on, a
S I G F P E will be generated, and the aexc field of the FSR will be unchanged. Otherwise any
exceptions are OR’ed into the aexc field of the FSR. Upon return, the floating-point condition
codes have unspecified values.
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i n t _ Q _ f n e ( l o n g d o u b l e a , l o n g d o u b l e b )
This function compares a and b as quad-precision values and returns a nonzero value if they
are unordered or not equal, zero otherwise. The following aspects of exception handling
mimic the f c m p q instruction: If any exceptions arise for which the corresponding TEM bits of
the FSR are on, a S I G F P E will be generated, and the aexc field of the FSR will be unchanged.
Otherwise any exceptions are OR’ed into the aexc field of the FSR. Upon return, the floating-
point condition codes have unspecified values.


l o n g d o u b l e _ Q _ i t o q ( i n t a )
This function corresponds to the SPARC f i t o q instruction. It converts the integer input
argument to quad-precision and returns the quad-precision value. _ Q _ i t o q raises no excep-
tions.


l o n g d o u b l e _ Q _ m u l ( l o n g d o u b l e a , l o n g d o u b l e b )
This function corresponds to the SPARC f m u l q instruction. It returns a × b computed in
quad-precision. The following aspects of exception handling mimic the f m u l q instruction: If
any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise any exceptions are
OR’ed into the aexc field of the FSR.


l o n g d o u b l e _ Q _ n e g ( l o n g d o u b l e a )
This function corresponds to the SPARC f n e g s instruction. It returns −a computed in quad-
precision. _ Q _ n e g raises no exceptions.


d o u b l e _ Q _ q t o d ( l o n g d o u b l e a )
This function corresponds to the SPARC f q t o d instruction. It converts the quad-precision
input argument to double-precision and returns the double-precision value. The following
aspects of exception handling mimic the f q t o d instruction: If any exceptions arise for which
the corresponding TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field
of the FSR will be unchanged. Otherwise any exceptions are OR’ed into the aexc field of the
FSR.


i n t _ Q _ q t o i ( l o n g d o u b l e a )
This function corresponds to the SPARC f q t o i instruction. It converts the quad-precision
input argument to a signed 32-bit integer and returns the integer value. The following aspects
of exception handling mimic the f q t o i instruction: If any exceptions arise for which the
corresponding TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field of
the FSR will be unchanged. Otherwise any exceptions are OR’ed into the aexc field of the
FSR.


f l o a t _ Q _ q t o s ( l o n g d o u b l e a )
This function corresponds to the SPARC f q t o s instruction. It converts the quad-precision
input argument to single-precision and returns the single-precision value. The following
aspects of exception handling mimic the f q t o s instruction: If any exceptions arise for which
the corresponding TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field
of the FSR will be unchanged. Otherwise any exceptions are OR’ed into the aexc field of the
FSR.


u n s i g n e d i n t _ Q _ q t o u ( l o n g d o u b l e a )
This function converts the quad-precision input argument to an unsigned integer (discarding
any fractional part) and returns the unsigned integer value. _ Q _ q t o u raises exceptions as fol-
lows.
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If 0 ≤ a < 232, the operation is successful. If a is a whole number, no exceptions are
raised. If a is not a whole number, the inexact exception is raised.


Otherwise, the value returned by _ Q _ q t o u is unspecified, and the invalid exception is
raised.


If any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise, any exceptions are
OR’ed into the aexc field of the FSR. (Note that _ Q _ q t o u is present for the convenience of
compilers and has no direct counterpart in the SPARC instruction set.)


l o n g d o u b l e _ Q _ s q r t ( l o n g d o u b l e a )
This function corresponds to the SPARC f s q r t q instruction. It returns the square root of its
argument, computed in quad-precision. The following aspects of exception handling mimic
the f s q r t q instruction: If any exceptions arise for which the corresponding TEM bits of the
FSR are on, a S I G F P E will be generated, and the aexc field of the FSR will be unchanged. Oth-
erwise any exceptions are OR’ed into the aexc field of the FSR.


l o n g d o u b l e _ Q _ s t o q ( f l o a t a )
This function corresponds to the SPARC f s t o q instruction. It converts the single-precision
input argument to quad-precision, and returns the quad-precision value. The following
aspects of exception handling mimic the f s t o q instruction: If any exceptions arise for which
the corresponding TEM bits of the FSR are on, a S I G F P E will be generated, and the aexc field
of the FSR will be unchanged. Otherwise any exceptions are OR’ed into the aexc field of the
FSR.


l o n g d o u b l e _ Q _ s u b ( l o n g d o u b l e a , l o n g d o u b l e b )
This function corresponds to the SPARC f s u b q instruction. It returns a − b computed in
quad-precision. The following aspects of exception handling mimic the f s u b q instruction: If
any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise any exceptions are
OR’ed into the aexc field of the FSR.


l o n g d o u b l e _ Q _ u t o q ( u n s i g n e d i n t a )
This function converts the unsigned integer value in its argument to quad-precision, and
returns the quad-precision value. _ Q _ u t o q raises no exceptions. (Note that _ Q _ u t o q is
present for the convenience of compilers and has no direct counterpart in the SPARC instruc-
tion set.)


i n t . d i v ( i n t a , i n t b )
This function computes a / b with signed integer division, leaving the result in the caller’s
% o 0 register. Truncation is toward zero, regardless of the operands’ signs. If the divisor (b)
is zero, the function generates a software trap 2, with the consequences specified in ‘‘Operat-
ing System Interface’’ of Chapter 3. Upon return, the integer condition codes and registers
% o 1 through % o 5 have unspecified values.


u n s i g n e d i n t _ _ d t o u ( d o u b l e a )
This function converts the double-precision input argument to an unsigned integer (discard-
ing any fractional part) and returns the unsigned integer value. _ _ d t o u raises exceptions as
follows.
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If 0 ≤ a < 232, the operation is successful. If a is a whole number, no exceptions are
raised. If a is not a whole number, the inexact exception is raised.


Otherwise, the value returned by _ _ d t o u is unspecified, and the invalid exception is
raised.


If any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise, any exceptions are
OR’ed into the aexc field of the FSR. (Note that _ _ d t o u is present for the convenience of
compilers and has no direct counterpart in the SPARC instruction set.)


u n s i g n e d i n t _ _ f t o u ( f l o a t a )
This function converts the single-precision input argument to an unsigned integer (discard-
ing any fractional part) and returns the unsigned integer value. _ _ f t o u raises exceptions as
follows.


If 0 ≤ a < 232, the operation is successful. If a is a whole number, no exceptions are raised.
If a is not a whole number, the inexact exception code is raised.


Otherwise, the value returned by _ _ f t o u is unspecified, and the invalid exception is
raised.


If any exceptions arise for which the corresponding TEM bits of the FSR are on, a S I G F P E will
be generated, and the aexc field of the FSR will be unchanged. Otherwise, any exceptions are
OR’ed into the aexc field of the FSR. (Note that _ _ f t o u is present for the convenience of
compilers and has no direct counterpart in the SPARC instruction set.)


i n t . m u l ( i n t a , i n t b )
This function computes a × b with signed integer multiplication. When . m u l returns, the
caller’s register % o 0 contains the least significant 32 bits of the 64-bit result; register % o 1 holds
the most significant 32 bits of the result. Upon return, the integer condition codes and regis-
ters % o 2 through % o 5 have unspecified values.


i n t . r e m ( i n t a , i n t b )
This function computes the signed integer remainder of a / b, leaving the result in the caller’s
% o 0 register. The remainder has the same sign as the dividend. If the divisor (b) is zero, the
function generates a software trap 2, with the consequences specified in ‘‘Operating System
Interface’’ of Chapter 3. Upon return, the integer condition codes and registers % o 1 through
% o 5 have unspecified values.


. s t r e t 1 , . s t r e t 2 , . s t r e t 4 , . s t r e t 8
Although these entry points work with the standard calling sequence, they should not be
called . Instead, a function that returns a structure, union, or quad-precision value may
transfer control to one of these entry points, which in turn will copy the result structure’s
value, restore the original caller’s context, and return control to the original caller. Descrip-
tions are written from the current stack frame’s point of view, with respect to register usage
and stack frame layout. That is, the routines run in the stack frame of the function that was
called to return the structure, union, or quad-precision value; they use the following inter-
face.


% o 0 This register holds the address of the object to be returned. That is, the value of
this object will be copied into the space supplied by the original caller.
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% o 1 This register holds the size, in bytes, of the object the called function intends to
return to its caller.


% f p + 6 4 The word residing at % f p + 6 4 holds the address of the destination object supplied
by the caller. That is, the object to which % o 0 points will be copied to the space
addressed by % f p + 6 4.


% i 7 As the standard calling sequence specifies, this register holds the address of the
original c a l l instruction.


% i 7 + 8 Again following the calling sequence for functions that return structures, unions,
or quad-precision values, the word at this address should be an u n i m p instruc-
tion. The least significant 12 bits of the instruction hold the least significant 12
bits of the size of the object expected by the caller.


The entry points perform the following steps.


1 . They verify the word at % i 7 + 8 is an u n i m p instruction. If it is not, they restore the
caller’s context and return control to the word addressed by % i 7 + 8.


2 . If % i 7 + 8 is an u n i m p instruction, they compare the low order 12 bits of the instruc-
tion to the low order 12 bits of % o 1. If the actual and expected sizes do not match,
the entry points restore the caller’s context and return control to the word
addressed by % i 7 + 8.


3 . If the low order 12 bits of the sizes match, they copy % o 1 bytes from the object
addressed by % o 0 to the object addressed by the word residing at % f p + 6 4.


4 . After copying the return object, they set % i 0 to the address of the destination object,
restore the caller’s context, and return control to the word addressed by % i 7 + 1 2.


Upon return, the integer condition codes and the called function’s registers % i 1 through % i 5
have unspecified values. Moreover, the value of % i 0 is unspecified too, unless the program
successfully copies the return object to its destination.


Four entry points exist to handle the four possible alignment constraints for structured
objects. That is, . s t r e t 1, . s t r e t 2, . s t r e t 4, and . s t r e t 8 should be used when both the
source and the destination are aligned on at least a byte, halfword, word, or doubleword
boundary, respectively. If either the source or the destination object has insufficient align-
ment for the entry point used, the program has undefined behavior. For example, if the
address of the caller’s destination object is odd and the called function uses . s t r e t 2 to
return its value, the program behavior is undefined.


u n s i g n e d . u d i v ( u n s i g n e d a , u n s i g n e d b )
This function computes a / b with unsigned integer division, leaving the result in the caller’s
% o 0 register. If the divisor (b) is zero, the function generates a software trap 2, with the
consequences specified in ‘‘Operating System Interface’’ of Chapter 3. Upon return, the
integer condition codes and registers % o 1 through % o 5 have unspecified values.


u n s i g n e d . u m u l ( u n s i g n e d a , u n s i g n e d b )
This function computes a × b with unsigned integer multiplication. When . u m u l returns, the
caller’s register % o 0 contains the least significant 32 bits of the 64-bit result; register % o 1 holds
the most significant 32 bits of the result. Upon return, the integer condition codes and regis-
ters % o 2 through % o 5 have unspecified values.
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u n s i g n e d . u r e m ( u n s i g n e d a , u n s i g n e d b )
This function computes the unsigned integer remainder of a / b, leaving the result in the
caller’s % o 0 register. If the divisor (b) is zero, the function generates a software trap 2, with
the consequences specified in ‘‘Operating System Interface’’ of Chapter 3. Upon return, the
integer condition codes and registers % o 1 through % o 5 have unspecified values.


Global Data Symbols


The l i b s y s library requires that some global external data objects be defined for the routines to work
properly. In addition to the corresponding data symbols listed in the System V ABI, the following sym-
bols must be provided in the system library on all ABI-conforming systems implemented with the
SPARC processor architecture. Declarations for the data objects listed below can be found in the Data
Definitions section of this chapter or immediately following the table.


Figure 6-2: l i b s y s, Global External Data Symbols


_ _ h u g e _ v a l


Application Constraints


As described above, l i b s y s provides symbols for applications. In a few cases, however, an application is
obliged to provide symbols for the library. In addition to the application-provided symbols listed in this
section of the System V ABI, conforming applications on the SPARC processor architecture are also
required to provide the following symbols.


e x t e r n _ e n d ; This symbol refers neither to a routine nor to a location with interesting contents.
Instead, its address must correspond to the beginning of a program’s dynamic alloca-
tion area, called the heap. Typically, the heap begins immediately after the data seg-
ment of the program’s executable file.


e x t e r n c o n s t i n t _ l i b _ v e r s i o n ;
This variable’s value specifies the compilation and execution mode for the program.
If the value is zero, the program wants to preserve the semantics of older (pre-ANSI)
C, where conflicts exist with ANSI. Otherwise, the value is non-zero, and the pro-
gram wants ANSI C semantics.
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Data Definitions


This section contains standard header files that describe system data. These files are referred to by their
names in angle brackets: <name.h> and <sys/name.h>. Included in these headers are macro definitions
and data definitions.


The data objects described in this section are part of the interface between an ABI-conforming application
and the underlying ABI-conforming system where it will run. While an ABI-conforming system must
provide these interfaces, it is not required to contain the actual header files referenced here. Program-
mers should observe that the sources of the structures defined in these headers are defined in SVID.


ANSI C serves as the ABI reference programming language, and data definitions are specificed in ANSI C
format. The C language is used here as a convenient notation. Using a C language description of these
data objects does not preclude their use by other programming languages.


Figure 6-3: < a s s e r t . h >


e x t e r n v o i d _ _ a s s e r t ( c o n s t c h a r * , c o n s t c h a r * , i n t ) ;
# d e f i n e a s s e r t ( E X ) ( v o i d ) ( ( E X ) | | ( _ _ a s s e r t ( # E X , _ _ F I L E _ _ , _ _ L I N E _ _ ) , 0 ) )
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Figure 6-4: < c t y p e . h >


# d e f i n e _ U 0 1
# d e f i n e _ L 0 2
# d e f i n e _ N 0 4
# d e f i n e _ S 0 1 0
# d e f i n e _ P 0 2 0
# d e f i n e _ C 0 4 0
# d e f i n e _ B 0 1 0 0
# d e f i n e _ X 0 2 0 0


e x t e r n u n s i g n e d c h a r _ _ c t y p e [ ] ;


# d e f i n e i s a l p h a ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & ( _ U | _ L ) )
# d e f i n e i s u p p e r ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ U )
# d e f i n e i s l o w e r ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ L )
# d e f i n e i s d i g i t ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ N )
# d e f i n e i s x d i g i t ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ X )
# d e f i n e i s a l n u m ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & ( _ U | _ L | _ N ) )
# d e f i n e i s s p a c e ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ S )
# d e f i n e i s p u n c t ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ P )
# d e f i n e i s p r i n t ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & ( _ P | _ U | _ L | _ N | _ B ) )
# d e f i n e i s g r a p h ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & ( _ P | _ U | _ L | _ N ) )
# d e f i n e i s c n t r l ( c ) ( ( _ _ c t y p e + 1 ) [ c ] & _ C )
# d e f i n e i s a s c i i ( c ) ( ! ( ( c ) & ̃ 0 1 7 7 ) )
# d e f i n e _ t o u p p e r ( c ) ( ( _ _ c t y p e + 2 5 8 ) [ c ] )
# d e f i n e _ t o l o w e r ( c ) ( ( _ _ c t y p e + 2 5 8 ) [ c ] )
# d e f i n e t o a s c i i ( c ) ( ( c ) & 0 1 7 7 )


CAUTION The data definitions in ctype.h are moved to Level 2 as of Jan. 1 1993. In order to correctly function
in an internationalized environment, applications are encouraged to use the functions in libc/libsys
instead.
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Figure 6-5: < d i r e n t . h >


t y p e d e f s t r u c t {
i n t d d _ f d ;
i n t d d _ l o c ;
i n t d d _ s i z e ;
c h a r * d d _ b u f ;


} D I R ;


s t r u c t d i r e n t {
i n o _ t d _ i n o ;
o f f _ t d _ o f f ;
u n s i g n e d s h o r t d _ r e c l e n ;
c h a r d _ n a m e [ 1 ] ;


} ;


# d e f i n e r e w i n d d i r ( d i r p ) s e e k d i r ( d i r p , 0 L )


Figure 6-6: < e r r n o . h >


e x t e r n i n t e r r n o ;


# d e f i n e E P E R M 1
# d e f i n e E N O E N T 2
# d e f i n e E S R C H 3
# d e f i n e E I N T R 4
# d e f i n e E I O 5
# d e f i n e E N X I O 6
# d e f i n e E 2 B I G 7
# d e f i n e E N O E X E C 8
# d e f i n e E B A D F 9
# d e f i n e E C H I L D 1 0
# d e f i n e E A G A I N 1 1
# d e f i n e E N O M E M 1 2
# d e f i n e E A C C E S 1 3
# d e f i n e E F A U L T 1 4
# d e f i n e E N O T B L K 1 5
# d e f i n e E B U S Y 1 6
# d e f i n e E E X I S T 1 7
# d e f i n e E X D E V 1 8
# d e f i n e E N O D E V 1 9
# d e f i n e E N O T D I R 2 0
# d e f i n e E I S D I R 2 1
# d e f i n e E I N V A L 2 2
# d e f i n e E N F I L E 2 3
# d e f i n e E M F I L E 2 4
# d e f i n e E N O T T Y 2 5
# d e f i n e E T X T B S Y 2 6


(continued on next page )
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Figure 6-6: < e r r n o . h > (continued )


# d e f i n e E F B I G 2 7
# d e f i n e E N O S P C 2 8
# d e f i n e E S P I P E 2 9
# d e f i n e E R O F S 3 0
# d e f i n e E M L I N K 3 1
# d e f i n e E P I P E 3 2
# d e f i n e E D O M 3 3
# d e f i n e E R A N G E 3 4
# d e f i n e E N O M S G 3 5
# d e f i n e E I D R M 3 6
# d e f i n e E C H R N G 3 7
# d e f i n e E L 2 N S Y N C 3 8
# d e f i n e E L 3 H L T 3 9
# d e f i n e E L 3 R S T 4 0
# d e f i n e E L N R N G 4 1
# d e f i n e E U N A T C H 4 2
# d e f i n e E N O C S I 4 3
# d e f i n e E L 2 H L T 4 4
# d e f i n e E D E A D L K 4 5
# d e f i n e E N O L C K 4 6
# d e f i n e E N O S T R 6 0
# d e f i n e E N O D A T A 6 1
# d e f i n e E T I M E 6 2
# d e f i n e E N O S R 6 3
# d e f i n e E N O N E T 6 4
# d e f i n e E N O P K G 6 5
# d e f i n e E R E M O T E 6 6
# d e f i n e E N O L I N K 6 7
# d e f i n e E A D V 6 8
# d e f i n e E S R M N T 6 9
# d e f i n e E C O M M 7 0
# d e f i n e E P R O T O 7 1
# d e f i n e E M U L T I H O P 7 4
# d e f i n e E B A D M S G 7 7
# d e f i n e E N A M E T O O L O N G 7 8
# d e f i n e E O V E R F L O W 7 9
# d e f i n e E N O T U N I Q 8 0
# d e f i n e E B A D F D 8 1
# d e f i n e E R E M C H G 8 2
# d e f i n e E N O S Y S 8 9
# d e f i n e E L O O P 9 0
# d e f i n e E R E S T A R T 9 1
# d e f i n e E S T R P I P E 9 2
# d e f i n e E N O T E M P T Y 9 3
# d e f i n e E U S E R S 9 4
# d e f i n e E C O N N A B O R T E D 1 3 0
# d e f i n e E C O N N R E S E T 1 3 1
# d e f i n e E C O N N R E F U S E D 1 4 6
# d e f i n e E S T A L E 1 5 1
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Figure 6-7: < f c n t l . h >


# d e f i n e O _ R D O N L Y 0
# d e f i n e O _ W R O N L Y 1
# d e f i n e O _ R D W R 2
# d e f i n e O _ A P P E N D 0 1 0
# d e f i n e O _ S Y N C 0 2 0
# d e f i n e O _ N O N B L O C K 0 2 0 0
# d e f i n e O _ C R E A T 0 0 4 0 0
# d e f i n e O _ T R U N C 0 1 0 0 0
# d e f i n e O _ E X C L 0 2 0 0 0
# d e f i n e O _ N O C T T Y 0 4 0 0 0


# d e f i n e F _ D U P F D 0
# d e f i n e F _ G E T F D 1
# d e f i n e F _ S E T F D 2
# d e f i n e F _ G E T F L 3
# d e f i n e F _ S E T F L 4
# d e f i n e F _ G E T L K 1 4
# d e f i n e F _ S E T L K 6
# d e f i n e F _ S E T L K W 7


# d e f i n e F D _ C L O E X E C 1
# d e f i n e O _ A C C M O D E 3


t y p e d e f s t r u c t f l o c k {
s h o r t l _ t y p e ;
s h o r t l _ w h e n c e ;
o f f _ t l _ s t a r t ;
o f f _ t l _ l e n ;
l o n g l _ s y s i d ;
p i d _ t l _ p i d ;
l o n g p a d [ 4 ] ;


} f l o c k _ t ;


# d e f i n e F _ R D L C K 0 1
# d e f i n e F _ W R L C K 0 2
# d e f i n e F _ U N L C K 0 3


Figure 6-8: < f l o a t . h >


e x t e r n i n t _ _ f l t _ r o u n d s ;
# d e f i n e F L T _ R O U N D S _ _ f l t _ r o u n d s
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Figure 6-9: < f m t m s g . h >


# d e f i n e M M _ N U L L 0 L


# d e f i n e M M _ H A R D 0 x 0 0 0 0 0 0 0 1 L
# d e f i n e M M _ S O F T 0 x 0 0 0 0 0 0 0 2 L
# d e f i n e M M _ F I R M 0 x 0 0 0 0 0 0 0 4 L
# d e f i n e M M _ R E C O V E R 0 x 0 0 0 0 0 1 0 0 L
# d e f i n e M M _ N R E C O V 0 x 0 0 0 0 0 2 0 0 L
# d e f i n e M M _ A P P L 0 x 0 0 0 0 0 0 0 8 L
# d e f i n e M M _ U T I L 0 x 0 0 0 0 0 0 1 0 L
# d e f i n e M M _ O P S Y S 0 x 0 0 0 0 0 0 2 0 L
# d e f i n e M M _ P R I N T 0 x 0 0 0 0 0 0 4 0 L
# d e f i n e M M _ C O N S O L E 0 x 0 0 0 0 0 0 8 0 L


# d e f i n e M M _ N O S E V 0
# d e f i n e M M _ H A L T 1
# d e f i n e M M _ E R R O R 2
# d e f i n e M M _ W A R N I N G 3
# d e f i n e M M _ I N F O 4


# d e f i n e M M _ N U L L L B L ( ( c h a r * ) 0 )
# d e f i n e M M _ N U L L S E V M M _ N O S E V
# d e f i n e M M _ N U L L M C 0 L
# d e f i n e M M _ N U L L T X T ( ( c h a r * ) 0 )
# d e f i n e M M _ N U L L A C T ( ( c h a r * ) 0 )
# d e f i n e M M _ N U L L T A G ( ( c h a r * ) 0 )


# d e f i n e M M _ N O T O K - 1
# d e f i n e M M _ O K 0 x 0 0
# d e f i n e M M _ N O M S G 0 x 0 1
# d e f i n e M M _ N O C O N 0 x 0 4
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Figure 6-10: < f t w . h >


# d e f i n e F T W _ P H Y S 0 1
# d e f i n e F T W _ M O U N T 0 2
# d e f i n e F T W _ C H D I R 0 4
# d e f i n e F T W _ D E P T H 0 1 0


# d e f i n e F T W _ F 0
# d e f i n e F T W _ D 1
# d e f i n e F T W _ D N R 2
# d e f i n e F T W _ N S 3
# d e f i n e F T W _ S L 4
# d e f i n e F T W _ D P 6


s t r u c t F T W
{


i n t q u i t ;
i n t b a s e ;
i n t l e v e l ;


} ;


Figure 6-11: < g r p . h >


s t r u c t g r o u p {
c h a r * g r _ n a m e ;
c h a r * g r _ p a s s w d ;
g i d _ t g r _ g i d ;
c h a r * * g r _ m e m ;


} ;
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Figure 6-12: < s y s / i p c . h >


s t r u c t i p c _ p e r m {
u i d _ t u i d ;
g i d _ t g i d ;
u i d _ t c u i d ;
g i d _ t c g i d ;
m o d e _ t m o d e ;
u n s i g n e d l o n g s e q ;
k e y _ t k e y ;
l o n g p a d [ 4 ] ;


} ;


# d e f i n e I P C _ C R E A T 0 0 0 1 0 0 0
# d e f i n e I P C _ E X C L 0 0 0 2 0 0 0
# d e f i n e I P C _ N O W A I T 0 0 0 4 0 0 0


# d e f i n e I P C _ P R I V A T E ( k e y _ t ) 0


# d e f i n e I P C _ R M I D 1 0
# d e f i n e I P C _ S E T 1 1
# d e f i n e I P C _ S T A T 1 2


Figure 6-13: < l a n g i n f o . h >


# d e f i n e D A Y _ 1 1
# d e f i n e D A Y _ 2 2
# d e f i n e D A Y _ 3 3
# d e f i n e D A Y _ 4 4
# d e f i n e D A Y _ 5 5
# d e f i n e D A Y _ 6 6
# d e f i n e D A Y _ 7 7


# d e f i n e A B D A Y _ 1 8
# d e f i n e A B D A Y _ 2 9
# d e f i n e A B D A Y _ 3 1 0
# d e f i n e A B D A Y _ 4 1 1
# d e f i n e A B D A Y _ 5 1 2
# d e f i n e A B D A Y _ 6 1 3
# d e f i n e A B D A Y _ 7 1 4


# d e f i n e M O N _ 1 1 5
# d e f i n e M O N _ 2 1 6
# d e f i n e M O N _ 3 1 7
# d e f i n e M O N _ 4 1 8
# d e f i n e M O N _ 5 1 9
# d e f i n e M O N _ 6 2 0
# d e f i n e M O N _ 7 2 1
# d e f i n e M O N _ 8 2 2
# d e f i n e M O N _ 9 2 3


(continued on next page )
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Figure 6-13: < l a n g i n f o . h > (continued )


# d e f i n e M O N _ 1 0 2 4
# d e f i n e M O N _ 1 1 2 5
# d e f i n e M O N _ 1 2 2 6


# d e f i n e A B M O N _ 1 2 7
# d e f i n e A B M O N _ 2 2 8
# d e f i n e A B M O N _ 3 2 9
# d e f i n e A B M O N _ 4 3 0
# d e f i n e A B M O N _ 5 3 1
# d e f i n e A B M O N _ 6 3 2
# d e f i n e A B M O N _ 7 3 3
# d e f i n e A B M O N _ 8 3 4
# d e f i n e A B M O N _ 9 3 5
# d e f i n e A B M O N _ 1 0 3 6
# d e f i n e A B M O N _ 1 1 3 7
# d e f i n e A B M O N _ 1 2 3 8


# d e f i n e R A D I X C H A R 3 9
# d e f i n e T H O U S E P 4 0
# d e f i n e Y E S S T R 4 1
# d e f i n e N O S T R 4 2
# d e f i n e C R N C Y S T R 4 3


# d e f i n e D _ T _ F M T 4 4
# d e f i n e D _ F M T 4 5
# d e f i n e T _ F M T 4 6
# d e f i n e A M _ S T R 4 7
# d e f i n e P M _ S T R 4 8
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Figure 6-14: < l i m i t s . h >


# d e f i n e M B _ L E N _ M A X 5


# d e f i n e A R G _ M A X *
# d e f i n e C H I L D _ M A X *
# d e f i n e M A X _ C A N O N *
# d e f i n e N G R O U P S _ M A X *
# d e f i n e L I N K _ M A X *
# d e f i n e N A M E _ M A X *
# d e f i n e O P E N _ M A X *
# d e f i n e P A S S _ M A X *
# d e f i n e P A T H _ M A X *
# d e f i n e P I P E _ B U F *
# d e f i n e M A X _ I N P U T *


/ * s t a r r e d v a l u e s v a r y a n d s h o u l d b e r e t r i e v e d u s i n g s y s c o n f ( ) o r p a t h c o n f ( ) * /


# d e f i n e N L _ A R G M A X 9
# d e f i n e N L _ L A N G M A X 1 4
# d e f i n e N L _ M S G M A X 3 2 7 6 7
# d e f i n e N L _ N M A X 1
# d e f i n e N L _ S E T M A X 2 5 5
# d e f i n e N L _ T E X T M A X 2 5 5
# d e f i n e N Z E R O 2 0
# d e f i n e T M P _ M A X 1 7 5 7 6
# d e f i n e F C H R _ M A X 1 0 4 8 5 7 6
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Figure 6-15: < l o c a l e . h >


s t r u c t l c o n v {
c h a r * d e c i m a l _ p o i n t ;
c h a r * t h o u s a n d s _ s e p ;
c h a r * g r o u p i n g ;
c h a r * i n t _ c u r r _ s y m b o l ;
c h a r * c u r r e n c y _ s y m b o l ;
c h a r * m o n _ d e c i m a l _ p o i n t ;
c h a r * m o n _ t h o u s a n d s _ s e p ;
c h a r * m o n _ g r o u p i n g ;
c h a r * p o s i t i v e _ s i g n ;
c h a r * n e g a t i v e _ s i g n ;
c h a r i n t _ f r a c _ d i g i t s ;
c h a r f r a c _ d i g i t s ;
c h a r p _ c s _ p r e c e d e s ;
c h a r p _ s e p _ b y _ s p a c e ;
c h a r n _ c s _ p r e c e d e s ;
c h a r n _ s e p _ b y _ s p a c e ;
c h a r p _ s i g n _ p o s n ;
c h a r n _ s i g n _ p o s n ;


} ;


# d e f i n e L C _ C T Y P E 0
# d e f i n e L C _ N U M E R I C 1
# d e f i n e L C _ T I M E 2
# d e f i n e L C _ C O L L A T E 3
# d e f i n e L C _ M O N E T A R Y 4
# d e f i n e L C _ M E S S A G E S 5
# d e f i n e L C _ A L L 6
# d e f i n e N U L L 0


Figure 6-16: < m a t h . h >


t y p e d e f u n i o n _ h _ v a l {
u n s i g n e d l o n g i [ 2 ] ;
d o u b l e d ;


} _ h _ v a l ;


e x t e r n c o n s t _ h _ v a l _ _ h u g e _ v a l ;
# d e f i n e H U G E _ V A L _ _ h u g e _ v a l . d
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Figure 6-17: < s y s / m m a n . h >


# d e f i n e P R O T _ R E A D 0 x 1
# d e f i n e P R O T _ W R I T E 0 x 2
# d e f i n e P R O T _ E X E C 0 x 4
# d e f i n e P R O T _ N O N E 0 x 0


# d e f i n e M A P _ S H A R E D 1
# d e f i n e M A P _ P R I V A T E 2
# d e f i n e M A P _ F I X E D 0 x 1 0


# d e f i n e M S _ S Y N C 0 x 0
# d e f i n e M S _ A S Y N C 0 x 1
# d e f i n e M S _ I N V A L I D A T E 0 x 2


# d e f i n e P R O C _ T E X T ( P R O T _ E X E C | P R O T _ R E A D )
# d e f i n e P R O C _ D A T A ( P R O T _ R E A D | P R O T _ W R I T E | P R O T _ E X E C )


# d e f i n e S H A R E D 0 x 1 0
# d e f i n e P R I V A T E 0 x 2 0


# d e f i n e M C _ S Y N C 1
# d e f i n e M C _ L O C K 2
# d e f i n e M C _ U N L O C K 3
# d e f i n e M C _ L O C K A S 5
# d e f i n e M C _ U N L O C K A S 6


# d e f i n e M C L _ C U R R E N T 0 x 1
# d e f i n e M C L _ F U T U R E 0 x 2


Figure 6-18: < s y s / m o u n t . h >


# d e f i n e M S _ R D O N L Y 0 x 0 1
# d e f i n e M S _ D A T A 0 x 0 4
# d e f i n e M S _ N O S U I D 0 x 1 0
# d e f i n e M S _ R E M O U N T 0 x 2 0
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Figure 6-19: < s y s / m s g . h >


s t r u c t m s q i d _ d s {
s t r u c t i p c _ p e r m m s g _ p e r m ;
s t r u c t m s g * m s g _ f i r s t ;
s t r u c t m s g * m s g _ l a s t ;
u n s i g n e d l o n g m s g _ c b y t e s ;
u n s i g n e d l o n g m s g _ q n u m ;
u n s i g n e d l o n g m s g _ q b y t e s ;
p i d _ t m s g _ l s p i d ;
p i d _ t m s g _ l r p i d ;
t i m e _ t m s g _ s t i m e ;
l o n g m s g _ p a d 1 ;
t i m e _ t m s g _ r t i m e ;
l o n g m s g _ p a d 2 ;
t i m e _ t m s g _ c t i m e ;
l o n g m s g _ p a d 3 ;
l o n g m s g _ p a d 4 [ 4 ] ;


} ;


# d e f i n e M S G _ N O E R R O R 0 1 0 0 0 0
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Figure 6-20: < n e t c o n f i g . h >


s t r u c t n e t c o n f i g {
c h a r * n c _ n e t i d ;
u n s i g n e d l o n g n c _ s e m a n t i c s ;
u n s i g n e d l o n g n c _ f l a g ;
c h a r * n c _ p r o t o f m l y ;
c h a r * n c _ p r o t o ;
c h a r * n c _ d e v i c e ;
u n s i g n e d l o n g n c _ n l o o k u p s ;
c h a r * * n c _ l o o k u p s ;
u n s i g n e d l o n g n c _ u n u s e d [ 8 ] ;


} ;
# d e f i n e N C _ T P I _ C L T S 1
# d e f i n e N C _ T P I _ C O T S 2
# d e f i n e N C _ T P I _ C O T S _ O R D 3
# d e f i n e N C _ T P I _ R A W 4
# d e f i n e N C _ N O F L A G 0 0
# d e f i n e N C _ V I S I B L E 0 1
# d e f i n e N C _ N O P R O T O F M L Y " - "
# d e f i n e N C _ L O O P B A C K " l o o p b a c k "
# d e f i n e N C _ I N E T " i n e t "
# d e f i n e N C _ I M P L I N K " i m p l i n k "
# d e f i n e N C _ P U P " p u p "
# d e f i n e N C _ C H A O S " c h a o s "
# d e f i n e N C _ N S " n s "
# d e f i n e N C _ N B S " n b s "
# d e f i n e N C _ E C M A " e c m a "
# d e f i n e N C _ D A T A K I T " d a t a k i t "
# d e f i n e N C _ C C I T T " c c i t t "
# d e f i n e N C _ S N A " s n a "
# d e f i n e N C _ D E C N E T " d e c n e t "
# d e f i n e N C _ D L I " d l i "
# d e f i n e N C _ L A T " l a t "
# d e f i n e N C _ H Y L I N K " h y l i n k "
# d e f i n e N C _ A P P L E T A L K " a p p l e t a l k "
# d e f i n e N C _ N I T " n i t "
# d e f i n e N C _ I E E E 8 0 2 " i e e e 8 0 2 "
# d e f i n e N C _ O S I " o s i "
# d e f i n e N C _ X 2 5 " x 2 5 "
# d e f i n e N C _ O S I N E T " o s i n e t "
# d e f i n e N C _ G O S I P " g o s i p "
# d e f i n e N C _ N O P R O T O " - "
# d e f i n e N C _ T C P " t c p "
# d e f i n e N C _ U D P " u d p "
# d e f i n e N C _ I C M P " i c m p "
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Figure 6-21: < n e t d i r . h >


s t r u c t n d _ a d d r l i s t {
i n t n _ c n t ;
s t r u c t n e t b u f * n _ a d d r s ;


} ;


s t r u c t n d _ h o s t s e r v l i s t {
i n t h _ c n t ;
s t r u c t n d _ h o s t s e r v * h _ h o s t s e r v s ;


} ;


s t r u c t n d _ h o s t s e r v {
c h a r * h _ h o s t ;
c h a r * h _ s e r v ;


} ;


# d e f i n e N D _ B A D A R G - 2
# d e f i n e N D _ N O M E M - 1
# d e f i n e N D _ O K 0
# d e f i n e N D _ N O H O S T 1
# d e f i n e N D _ N O S E R V 2
# d e f i n e N D _ N O S Y M 3
# d e f i n e N D _ O P E N 4
# d e f i n e N D _ A C C E S S 5
# d e f i n e N D _ U K N W N 6
# d e f i n e N D _ N O C T R L 7
# d e f i n e N D _ F A I L C T R L 8
# d e f i n e N D _ S Y S T E M 9
# d e f i n e N D _ H O S T S E R V 0
# d e f i n e N D _ H O S T S E R V L I S T 1
# d e f i n e N D _ A D D R 2
# d e f i n e N D _ A D D R L I S T 3


# d e f i n e H O S T _ S E L F " \ \ 1 "
# d e f i n e H O S T _ A N Y " \ \ 2 "
# d e f i n e H O S T _ B R O A D C A S T " \ \ 3 "


# d e f i n e N D _ S E T _ B R O A D C A S T 1
# d e f i n e N D _ S E T _ R E S E R V E D P O R T 2
# d e f i n e N D _ C H E C K _ R E S E R V E D P O R T 3
# d e f i n e N D _ M E R G E A D D R 4
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Figure 6-22: < n l _ t y p e s . h >


# d e f i n e N L _ S E T D 1


t y p e d e f s h o r t n l _ i t e m ;
t y p e d e f v o i d * n l _ c a t d ;


Figure 6-23: < s y s / p a r a m . h >


# d e f i n e C A N B S I Z 2 5 6
# d e f i n e H Z 1 0 0


# d e f i n e N G R O U P S _ U M I N 0


# d e f i n e M A X P A T H L E N 1 0 2 4
# d e f i n e M A X S Y M L I N K S 2 0
# d e f i n e M A X N A M E L E N 2 5 6


# d e f i n e N A D D R 1 3


# d e f i n e P I P E _ M A X 5 1 2 0


# d e f i n e N B B Y 8
# d e f i n e N B P S C T R 5 1 2
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Figure 6-24: < p o l l . h >


s t r u c t p o l l f d {
i n t f d ;
s h o r t e v e n t s ;
s h o r t r e v e n t s ;


} ;


# d e f i n e P O L L I N 0 x 0 0 0 1
# d e f i n e P O L L P R I 0 x 0 0 0 2
# d e f i n e P O L L O U T 0 x 0 0 0 4
# d e f i n e P O L L R D N O R M 0 x 0 0 4 0
# d e f i n e P O L L W R N O R M P O L L O U T
# d e f i n e P O L L R D B A N D 0 x 0 0 8 0
# d e f i n e P O L L W R B A N D 0 x 0 1 0 0
# d e f i n e P O L L N O R M P O L L R D N O R M


# d e f i n e P O L L E R R 0 x 0 0 0 8
# d e f i n e P O L L H U P 0 x 0 0 1 0
# d e f i n e P O L L N V A L 0 x 0 0 2 0
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Figure 6-25: < s y s / p r o c s e t . h >


# d e f i n e P _ I N I T P I D 1
# d e f i n e P _ I N I T U I D 0
# d e f i n e P _ I N I T P G I D 0


t y p e d e f l o n g i d _ t ;


t y p e d e f e n u m i d t y p e {
P _ P I D ,
P _ P P I D ,
P _ P G I D ,
P _ S I D ,
P _ C I D ,
P _ U I D ,
P _ G I D ,
P _ A L L


} i d t y p e _ t ;


t y p e d e f e n u m i d o p {
P O P _ D I F F ,
P O P _ A N D ,
P O P _ O R ,
P O P _ X O R


} i d o p _ t ;


t y p e d e f s t r u c t p r o c s e t {
i d o p _ t p _ o p ;
i d t y p e _ t p _ l i d t y p e ;
i d _ t p _ l i d ;
i d t y p e _ t p _ r i d t y p e ;
i d _ t p _ r i d ;


} p r o c s e t _ t ;


# d e f i n e P _ M Y I D ( - 1 )
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Figure 6-26: < p w d . h >


s t r u c t p a s s w d {
c h a r * p w _ n a m e ;
c h a r * p w _ p a s s w d ;
u i d _ t p w _ u i d ;
g i d _ t p w _ g i d ;
c h a r * p w _ a g e ;
c h a r * p w _ c o m m e n t ;
c h a r * p w _ g e c o s ;
c h a r * p w _ d i r ;
c h a r * p w _ s h e l l ;


} ;


Figure 6-27: < s y s / r e s o u r c e . h >


# d e f i n e R L I M I T _ C P U 0
# d e f i n e R L I M I T _ F S I Z E 1
# d e f i n e R L I M I T _ D A T A 2
# d e f i n e R L I M I T _ S T A C K 3
# d e f i n e R L I M I T _ C O R E 4
# d e f i n e R L I M I T _ N O F I L E 5
# d e f i n e R L I M I T _ V M E M 6
# d e f i n e R L I M I T _ A S R L I M I T _ V M E M
# d e f i n e R L I M _ I N F I N I T Y 0 x 7 f f f f f f f


t y p e d e f u n s i g n e d l o n g r l i m _ t ;


s t r u c t r l i m i t {
r l i m _ t r l i m _ c u r ;
r l i m _ t r l i m _ m a x ;


} ;
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Figure 6-28: < r p c . h >


# d e f i n e M A X _ A U T H _ B Y T E S 4 0 0
# d e f i n e M A X N E T N A M E L E N 2 5 5
# d e f i n e H E X K E Y B Y T E S 4 8


e n u m a u t h _ s t a t {
A U T H _ O K = 0 ,
A U T H _ B A D C R E D = 1 ,
A U T H _ R E J E C T E D C R E D = 2 ,
A U T H _ B A D V E R F = 3 ,
A U T H _ R E J E C T E D V E R F = 4 ,
A U T H _ T O O W E A K = 5 ,
A U T H _ I N V A L I D R E S P = 6 ,
A U T H _ F A I L E D = 7


} ;


u n i o n d e s _ b l o c k {
s t r u c t {
u n s i g n e d l o n g h i g h ;
u n s i g n e d l o n g l o w ;


} k e y ;
c h a r c [ 8 ] ;


} ;
s t r u c t o p a q u e _ a u t h {
i n t o a _ f l a v o r ;
c h a r * o a _ b a s e ;
u n s i g n e d i n t o a _ l e n g t h ;


} ;


t y p e d e f s t r u c t {
s t r u c t o p a q u e _ a u t h a h _ c r e d ;
s t r u c t o p a q u e _ a u t h a h _ v e r f ;
u n i o n d e s _ b l o c k a h _ k e y ;
s t r u c t a u t h _ o p s {
v o i d ( * a h _ n e x t v e r f ) ( ) ;
i n t ( * a h _ m a r s h a l ) ( ) ;
i n t ( * a h _ v a l i d a t e ) ( ) ;
i n t ( * a h _ r e f r e s h ) ( ) ;
v o i d ( * a h _ d e s t r o y ) ( ) ;


} * a h _ o p s ;
c h a r * a h _ p r i v a t e ;


} A U T H ;


(continued on next page )
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Figure 6-28: < r p c . h > (continued )


s t r u c t a u t h s y s _ p a r m s {
u n s i g n e d l o n g a u p _ t i m e ;
c h a r * a u p _ m a c h n a m e ;
u i d _ t a u p _ u i d ;
g i d _ t a u p _ g i d ;
u n s i g n e d i n t a u p _ l e n ;
g i d _ t * a u p _ g i d s ;


} ;
e x t e r n s t r u c t o p a q u e _ a u t h _ n u l l _ a u t h ;


# d e f i n e A U T H _ N O N E 0
# d e f i n e A U T H _ N U L L 0
# d e f i n e A U T H _ S Y S 1
# d e f i n e A U T H _ U N I X A U T H _ S Y S
# d e f i n e A U T H _ S H O R T 2
# d e f i n e A U T H _ D E S 3


e n u m c l n t _ s t a t {
R P C _ S U C C E S S = 0 ,
R P C _ C A N T E N C O D E A R G S = 1 ,
R P C _ C A N T D E C O D E R E S = 2 ,
R P C _ C A N T S E N D = 3 ,
R P C _ C A N T R E C V = 4 ,
R P C _ T I M E D O U T = 5 ,
R P C _ I N T R = 1 8 ,
R P C _ U D E R R O R = 2 3 ,
R P C _ V E R S M I S M A T C H = 6 ,
R P C _ A U T H E R R O R = 7 ,
R P C _ P R O G U N A V A I L = 8 ,
R P C _ P R O G V E R S M I S M A T C H = 9 ,
R P C _ P R O C U N A V A I L = 1 0 ,
R P C _ C A N T D E C O D E A R G S = 1 1 ,
R P C _ S Y S T E M E R R O R = 1 2 ,
R P C _ U N K N O W N H O S T = 1 3 ,
R P C _ U N K N O W N P R O T O = 1 7 ,
R P C _ U N K N O W N A D D R = 1 9 ,
R P C _ N O B R O A D C A S T = 2 1 ,
R P C _ R P C B F A I L U R E = 1 4 ,
R P C _ P R O G N O T R E G I S T E R E D = 1 5 ,
R P C _ N 2 A X L A T E F A I L U R E = 2 2 ,
R P C _ T L I E R R O R = 2 0 ,
R P C _ F A I L E D = 1 6


} ;


(continued on next page )
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Figure 6-28: < r p c . h > (continued )


# d e f i n e R P C _ P M A P F A I L U R E R P C _ R P C B F A I L U R E
# d e f i n e R P C _ A N Y S O C K - 1
# d e f i n e R P C _ A N Y F D R P C _ A N Y S O C K


s t r u c t r p c _ e r r {
e n u m c l n t _ s t a t r e _ s t a t u s ;
u n i o n {


s t r u c t {
i n t e r r n o ;
i n t t _ e r r n o ;


} R E _ e r r ;
e n u m a u t h _ s t a t R E _ w h y ;
s t r u c t {
u n s i g n e d l o n g l o w ;
u n s i g n e d l o n g h i g h ;


} R E _ v e r s ;
s t r u c t {
l o n g s 1 ;
l o n g s 2 ;


} R E _ l b ;
} r u ;


} ;


s t r u c t r p c _ c r e a t e e r r {
e n u m c l n t _ s t a t c f _ s t a t ;
s t r u c t r p c _ e r r c f _ e r r o r ;


} ;


t y p e d e f s t r u c t {
A U T H * c l _ a u t h ;
s t r u c t c l n t _ o p s {
e n u m c l n t _ s t a t ( * c l _ c a l l ) ( ) ;
v o i d ( * c l _ a b o r t ) ( ) ;
v o i d ( * c l _ g e t e r r ) ( ) ;
i n t ( * c l _ f r e e r e s ) ( ) ;
v o i d ( * c l _ d e s t r o y ) ( ) ;
i n t ( * c l _ c o n t r o l ) ( ) ;


} * c l _ o p s ;
c h a r * c l _ p r i v a t e ;
c h a r * c l _ n e t i d ;
c h a r * c l _ t p ;


} C L I E N T ;


# d e f i n e F E E D B A C K _ R E X M I T 1 1
# d e f i n e F E E D B A C K _ O K 2


# d e f i n e C L S E T _ T I M E O U T 1
# d e f i n e C L G E T _ T I M E O U T 2
# d e f i n e C L G E T _ S E R V E R _ A D D R 3
# d e f i n e C L G E T _ F D 6
# d e f i n e C L G E T _ S V C _ A D D R 7
# d e f i n e C L S E T _ F D _ C L O S E 8
# d e f i n e C L S E T _ F D _ N C L O S E 9


(continued on next page )
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Figure 6-28: < r p c . h > (continued )


# d e f i n e C L S E T _ R E T R Y _ T I M E O U T 4
# d e f i n e C L G E T _ R E T R Y _ T I M E O U T 5
e x t e r n s t r u c t
r p c _ c r e a t e e r r r p c _ c r e a t e e r r ;


e n u m x p r t _ s t a t {
X P R T _ D I E D ,
X P R T _ M O R E R E Q S ,
X P R T _ I D L E


} ;


t y p e d e f s t r u c t {
i n t x p _ f d ;
u n s i g n e d s h o r t x p _ p o r t ;
s t r u c t x p _ o p s {


i n t ( * x p _ r e c v ) ( ) ;
e n u m x p r t _ s t a t ( * x p _ s t a t ) ( ) ;
i n t ( * x p _ g e t a r g s ) ( ) ;
i n t ( * x p _ r e p l y ) ( ) ;
i n t ( * x p _ f r e e a r g s ) ( ) ;
v o i d ( * x p _ d e s t r o y ) ( ) ;


} * x p _ o p s ;
i n t x p _ a d d r l e n ;
c h a r * x p _ t p ;
c h a r * x p _ n e t i d ;
s t r u c t n e t b u f x p _ l t a d d r ;
s t r u c t n e t b u f x p _ r t a d d r ;
c h a r x p _ r a d d r [ 1 6 ] ;
s t r u c t o p a q u e _ a u t h x p _ v e r f ;
c h a r * x p _ p 1 ;
c h a r * x p _ p 2 ;
c h a r * x p _ p 3 ;


} S V C X P R T ;


s t r u c t s v c _ r e q {
u n s i g n e d l o n g r q _ p r o g ;
u n s i g n e d l o n g r q _ v e r s ;
u n s i g n e d l o n g r q _ p r o c ;
s t r u c t o p a q u e _ a u t h r q _ c r e d ;
c h a r * r q _ c l n t c r e d ;
S V C X P R T * r q _ x p r t ;


} ;


t y p e d e f s t r u c t f d _ s e t {
l o n g f d s _ b i t s [ 3 2 ] ;


} f d _ s e t ;
e x t e r n f d _ s e t s v c _ f d s e t ;


e n u m m s g _ t y p e {
C A L L = 0 ,
R E P L Y = 1


} ;


(continued on next page )
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Figure 6-28: < r p c . h > (continued )


e n u m r e p l y _ s t a t {
M S G _ A C C E P T E D = 0 ,
M S G _ D E N I E D = 1


} ;


e n u m a c c e p t _ s t a t {
S U C C E S S = 0 ,
P R O G _ U N A V A I L = 1 ,
P R O G _ M I S M A T C H = 2 ,
P R O C _ U N A V A I L = 3 ,
G A R B A G E _ A R G S = 4 ,
S Y S T E M _ E R R = 5


} ;


e n u m r e j e c t _ s t a t {
R P C _ M I S M A T C H = 0 ,
A U T H _ E R R O R = 1


} ;


s t r u c t a c c e p t e d _ r e p l y {
s t r u c t o p a q u e _ a u t h a r _ v e r f ;
e n u m a c c e p t _ s t a t a r _ s t a t ;
u n i o n {
s t r u c t {
u n s i g n e d l o n g l o w ;
u n s i g n e d l o n g h i g h ;
} A R _ v e r s i o n s ;
s t r u c t {
c h a r * w h e r e ;
x d r p r o c _ t p r o c ;
} A R _ r e s u l t s ;
} r u ;


} ;


s t r u c t r e j e c t e d _ r e p l y {
e n u m r e j e c t _ s t a t r j _ s t a t ;
u n i o n {
s t r u c t {
u n s i g n e d l o n g l o w ;
u n s i g n e d l o n g h i g h ;
} R J _ v e r s i o n s ;
e n u m a u t h _ s t a t R J _ w h y ;
} r u ;


} ;


s t r u c t r e p l y _ b o d y {
e n u m r e p l y _ s t a t r p _ s t a t ;
u n i o n {
s t r u c t a c c e p t e d _ r e p l y R P _ a r ;
s t r u c t r e j e c t e d _ r e p l y R P _ d r ;


} r u ;
} ;


(continued on next page )
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Figure 6-28: < r p c . h > (continued )


s t r u c t c a l l _ b o d y {
u n s i g n e d l o n g c b _ r p c v e r s ;
u n s i g n e d l o n g c b _ p r o g ;
u n s i g n e d l o n g c b _ v e r s ;
u n s i g n e d l o n g c b _ p r o c ;
s t r u c t o p a q u e _ a u t h c b _ c r e d ;
s t r u c t o p a q u e _ a u t h c b _ v e r f ;


} ;


s t r u c t r p c _ m s g {
u n s i g n e d l o n g r m _ x i d ;
e n u m m s g _ t y p e r m _ d i r e c t i o n ;
u n i o n {
s t r u c t c a l l _ b o d y R M _ c m b ;
s t r u c t r e p l y _ b o d y R M _ r m b ;


} r u ;
} ;


s t r u c t r p c b {
u n s i g n e d l o n g r _ p r o g ;
u n s i g n e d l o n g r _ v e r s ;
c h a r * r _ n e t i d ;
c h a r * r _ a d d r ;
c h a r * r _ o w n e r ;


} ;


s t r u c t r p c b l i s t {
s t r u c t r p c b r p c b _ m a p ;
s t r u c t r p c b l i s t * r p c b _ n e x t ;


} ;


e n u m x d r _ o p {
X D R _ E N C O D E = 0 ,
X D R _ D E C O D E = 1 ,
X D R _ F R E E = 2


} ;


s t r u c t x d r _ d i s c r i m {
i n t v a l u e ;
x d r p r o c _ t p r o c ;


} ;


e n u m a u t h d e s _ n a m e k i n d {
A D N _ F U L L N A M E ,
A D N _ N I C K N A M E


} ;


s t r u c t a u t h d e s _ f u l l n a m e {
c h a r * n a m e ;
u n i o n d e s _ b l o c k k e y ;
u n s i g n e d l o n g w i n d o w ;


} ;
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Figure 6-28: < r p c . h > (continued )


s t r u c t a u t h d e s _ c r e d {
e n u m a u t h d e s _ n a m e k i n d a d c _ n a m e k i n d ;
s t r u c t a u t h d e s _ f u l l n a m e a d c _ f u l l n a m e ;
u n s i g n e d l o n g a d c _ n i c k n a m e ;


} ;
t y p e d e f s t r u c t {


e n u m x d r _ o p x _ o p ;
s t r u c t x d r _ o p s {
i n t ( * x _ g e t l o n g ) ( ) ;
i n t ( * x _ p u t l o n g ) ( ) ;
i n t ( * x _ g e t b y t e s ) ( ) ;
i n t ( * x _ p u t b y t e s ) ( ) ;
u n s i g n e d i n t ( * x _ g e t p o s t n ) ( ) ;
i n t ( * x _ s e t p o s t n ) ( ) ;
l o n g * ( * x _ i n l i n e ) ( ) ;
v o i d ( * x _ d e s t r o y ) ( ) ;


} * x _ o p s ;
c h a r * x _ p u b l i c ;
c h a r * x _ p r i v a t e ;
c h a r * x _ b a s e ;
i n t x _ h a n d y ;


} X D R ;


t y p e d e f i n t ( * x d r p r o c _ t ) ( )
# d e f i n e N U L L _ x d r p r o c _ t ( ( x d r p r o c _ t ) 0 )
# d e f i n e a u t h _ d e s t r o y ( a u t h ) \


( ( * ( ( a u t h ) - > a h _ o p s - > a h _ d e s t r o y ) ) ( a u t h ) )
# d e f i n e c l n t _ c a l l ( r h , p r o c , x a r g s , a r g s p , x r e s , r e s p , s e c s ) \


( ( * ( r h ) - > c l _ o p s - > c l _ c a l l ) ( r h , p r o c , x a r g s , a r g s p , x r e s , r e s p , s e c s ) )
# d e f i n e c l n t _ f r e e r e s ( r h , x r e s , r e s p ) \


( ( * ( r h ) - > c l _ o p s - > c l _ f r e e r e s ) ( r h , x r e s , r e s p ) )
# d e f i n e c l n t _ g e t e r r ( r h , e r r p ) \


( ( * ( r h ) - > c l _ o p s - > c l _ g e t e r r ) ( r h , e r r p ) )
# d e f i n e c l n t _ c o n t r o l ( c l , r q , i n ) \


( ( * ( c l ) - > c l _ o p s - > c l _ c o n t r o l ) ( c l , r q , i n ) )
# d e f i n e c l n t _ d e s t r o y ( r h ) \


( ( * ( r h ) - > c l _ o p s - > c l _ d e s t r o y ) ( r h ) )
# d e f i n e s v c _ d e s t r o y ( x p r t ) \


( * ( x p r t ) - > x p _ o p s - > x p _ d e s t r o y ) ( x p r t )
# d e f i n e s v c _ f r e e a r g s ( x p r t , x a r g s , a r g s p ) \


( * ( x p r t ) - > x p _ o p s - > x p _ f r e e a r g s ) ( ( x p r t ) , ( x a r g s ) , ( a r g s p ) )
# d e f i n e s v c _ g e t a r g s ( x p r t , x a r g s , a r g s p ) \


( * ( x p r t ) - > x p _ o p s - > x p _ g e t a r g s ) ( ( x p r t ) , ( x a r g s ) , ( a r g s p ) )
# d e f i n e s v c _ g e t r p c c a l l e r ( x ) \


( & ( x ) - > x p _ r t a d d r )
# d e f i n e x d r _ g e t p o s ( x d r s ) \


( * ( x d r s ) - > x _ o p s - > x _ g e t p o s t n ) ( x d r s )
# d e f i n e x d r _ s e t p o s ( x d r s , p o s ) \


( * ( x d r s ) - > x _ o p s - > x _ s e t p o s t n ) ( x d r s , p o s )
# d e f i n e x d r _ i n l i n e ( x d r s , l e n ) \


( * ( x d r s ) - > x _ o p s - > x _ i n l i n e ) ( x d r s , l e n )
# d e f i n e x d r _ d e s t r o y ( x d r s ) \


( * ( x d r s ) - > x _ o p s - > x _ d e s t r o y ) ( x d r s )
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Figure 6-28: < r p c . h > (continued )


Figure 6-29: < s e a r c h . h >


t y p e d e f s t r u c t e n t r y { c h a r * k e y ; v o i d * d a t a ; } E N T R Y ;
t y p e d e f e n u m { F I N D , E N T E R } A C T I O N ;
t y p e d e f e n u m { p r e o r d e r , p o s t o r d e r , e n d o r d e r , l e a f } V I S I T ;
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Figure 6-30: < s y s / s e m . h >


# d e f i n e S E M _ U N D O 0 1 0 0 0 0


# d e f i n e G E T N C N T 3
# d e f i n e G E T P I D 4
# d e f i n e G E T V A L 5
# d e f i n e G E T A L L 6
# d e f i n e G E T Z C N T 7
# d e f i n e S E T V A L 8
# d e f i n e S E T A L L 9


s t r u c t s e m i d _ d s {
s t r u c t i p c _ p e r m s e m _ p e r m ;
s t r u c t s e m * s e m _ b a s e ;
u n s i g n e d s h o r t s e m _ n s e m s ;
t i m e _ t s e m _ o t i m e ;
l o n g s e m _ p a d 1 ;
t i m e _ t s e m _ c t i m e ;
l o n g s e m _ p a d 2 ;
l o n g s e m _ p a d 3 [ 4 ] ;


} ;


s t r u c t s e m {
u n s i g n e d s h o r t s e m v a l ;
p i d _ t s e m p i d ;
u n s i g n e d s h o r t s e m n c n t ;
u n s i g n e d s h o r t s e m z c n t ;


} ;


s t r u c t s e m b u f {
u n s i g n e d s h o r t s e m _ n u m ;
s h o r t s e m _ o p ;
s h o r t s e m _ f l g ;


} ;


Figure 6-31: < s e t j m p . h >


# d e f i n e _ J B L E N 1 2
# d e f i n e _ S I G J B L E N 1 9
t y p e d e f i n t j m p _ b u f [ _ J B L E N ] ;
t y p e d e f i n t s i g j m p _ b u f [ _ S I G J B L E N ] ;
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Figure 6-32: < s y s / s h m . h >


s t r u c t s h m i d _ d s {
s t r u c t i p c _ p e r m s h m _ p e r m ;
i n t s h m _ s e g s z ;
s t r u c t a n o n _ m a p * s h m _ a m p ;
u n s i g n e d s h o r t s h m _ l k c n t ;
p i d _ t s h m _ l p i d ;
p i d _ t s h m _ c p i d ;
u n s i g n e d l o n g s h m _ n a t t c h ;
u n s i g n e d l o n g s h m _ c n a t t c h ;
t i m e _ t s h m _ a t i m e ;
l o n g s h m _ p a d 1 ;
t i m e _ t s h m _ d t i m e ;
l o n g s h m _ p a d 2 ;
t i m e _ t s h m _ c t i m e ;
l o n g s h m _ p a d 3 ;
l o n g s h m _ p a d 4 [ 4 ] ;


} ;


# d e f i n e S H M _ R D O N L Y 0 1 0 0 0 0
# d e f i n e S H M _ R N D 0 2 0 0 0 0


Figure 6-33: < s i g n a l . h >


# d e f i n e S I G H U P 1
# d e f i n e S I G I N T 2
# d e f i n e S I G Q U I T 3
# d e f i n e S I G I L L 4
# d e f i n e S I G T R A P 5
# d e f i n e S I G A B R T 6
# d e f i n e S I G E M T 7
# d e f i n e S I G F P E 8
# d e f i n e S I G K I L L 9
# d e f i n e S I G B U S 1 0
# d e f i n e S I G S E G V 1 1
# d e f i n e S I G S Y S 1 2
# d e f i n e S I G P I P E 1 3
# d e f i n e S I G A L R M 1 4
# d e f i n e S I G T E R M 1 5
# d e f i n e S I G U S R 1 1 6
# d e f i n e S I G U S R 2 1 7
# d e f i n e S I G C H L D 1 8
# d e f i n e S I G P W R 1 9
# d e f i n e S I G W I N C H 2 0
# d e f i n e S I G U R G 2 1
# d e f i n e S I G P O L L 2 2
# d e f i n e S I G S T O P 2 3
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Figure 6-33: < s i g n a l . h > (continued )


# d e f i n e S I G T S T P 2 4
# d e f i n e S I G C O N T 2 5
# d e f i n e S I G T T I N 2 6
# d e f i n e S I G T T O U 2 7
# d e f i n e S I G X C P U 3 0
# d e f i n e S I G X F S Z 3 1
# d e f i n e S I G _ B L O C K 1
# d e f i n e S I G _ U N B L O C K 2
# d e f i n e S I G _ S E T M A S K 3
# d e f i n e S I G _ E R R ( v o i d ( * ) ( ) ) - 1
# d e f i n e S I G _ I G N ( v o i d ( * ) ( ) ) 1
# d e f i n e S I G _ H O L D ( v o i d ( * ) ( ) ) 2
# d e f i n e S I G _ D F L ( v o i d ( * ) ( ) ) 0


# d e f i n e S S _ O N S T A C K 0 x 0 0 0 0 0 0 0 1
# d e f i n e S S _ D I S A B L E 0 x 0 0 0 0 0 0 0 2


s t r u c t s i g a l t s t a c k {
c h a r * s s _ s p ;
i n t s s _ s i z e ;
i n t s s _ f l a g s ;


} ;
t y p e d e f s t r u c t s i g a l t s t a c k s t a c k _ t ;
t y p e d e f s t r u c t { u n s i g n e d l o n g s i g b i t s [ 4 ] ; } s i g s e t _ t ;
s t r u c t s i g a c t i o n {


i n t s a _ f l a g s ;
s i g d i s p _ t s a _ d i s p ;
s i g s e t _ t s a _ m a s k ;
i n t s a _ r e s v [ 2 ] ;


} ;


# d e f i n e S A _ O N S T A C K 0 x 0 0 0 0 0 0 0 1
# d e f i n e S A _ R E S E T H A N D 0 x 0 0 0 0 0 0 0 2
# d e f i n e S A _ R E S T A R T 0 x 0 0 0 0 0 0 0 4
# d e f i n e S A _ S I G I N F O 0 x 0 0 0 0 0 0 0 8
# d e f i n e S A _ N O C L D W A I T 0 x 0 0 0 1 0 0 0 0
# d e f i n e S A _ N O C L D S T O P 0 x 0 0 0 2 0 0 0 0
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Figure 6-34: < s y s / s i g i n f o . h >


# d e f i n e I L L _ I L L O P C 1
# d e f i n e I L L _ I L L O P N 2
# d e f i n e I L L _ I L L A D R 3
# d e f i n e I L L _ I L L T R P 4
# d e f i n e I L L _ P R V O P C 5
# d e f i n e I L L _ P R V R E G 6
# d e f i n e I L L _ C O P R O C 7
# d e f i n e I L L _ B A D S T K 8
# d e f i n e F P E _ I N T D I V 1
# d e f i n e F P E _ I N T O V F 2
# d e f i n e F P E _ F L T D I V 3
# d e f i n e F P E _ F L T O V F 4
# d e f i n e F P E _ F L T U N D 5
# d e f i n e F P E _ F L T R E S 6
# d e f i n e F P E _ F L T I N V 7
# d e f i n e F P E _ F L T S U B 8
# d e f i n e S E G V _ M A P E R R 1
# d e f i n e S E G V _ A C C E R R 2
# d e f i n e B U S _ A D R A L N 1
# d e f i n e B U S _ A D R E R R 2
# d e f i n e B U S _ O B J E R R 3
# d e f i n e T R A P _ B R K P T 1
# d e f i n e T R A P _ T R A C E 2
# d e f i n e C L D _ E X I T E D 1
# d e f i n e C L D _ K I L L E D 2
# d e f i n e C L D _ D U M P E D 3
# d e f i n e C L D _ T R A P P E D 4
# d e f i n e C L D _ S T O P P E D 5
# d e f i n e C L D _ C O N T I N U E D 6
# d e f i n e P O L L _ I N 1
# d e f i n e P O L L _ O U T 2
# d e f i n e P O L L _ M S G 3
# d e f i n e P O L L _ E R R 4
# d e f i n e P O L L _ P R I 5
# d e f i n e P O L L _ H U P 6
# d e f i n e S I _ M A X S Z 1 2 8
# d e f i n e S I _ P A D ( ( S I _ M A X S Z / s i z e o f ( i n t ) ) - 3 )


t y p e d e f s t r u c t s i g i n f o {
i n t s i _ s i g n o ;
i n t s i _ c o d e ;
i n t s i _ e r r n o ;
u n i o n {
i n t _ p a d [ S I _ P A D ] ;
s t r u c t {


p i d _ t _ p i d ;
u n i o n {
s t r u c t { u i d _ t _ u i d ; } _ k i l l ;
s t r u c t {


c l o c k _ t _ u t i m e ;
i n t _ s t a t u s ;
c l o c k _ t _ s t i m e ;


} _ c l d ;
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Figure 6-34: < s y s / s i g i n f o . h > (continued )


} _ p d a t a ;
} _ p r o c ;
s t r u c t { c h a r * _ a d d r ; } _ f a u l t ;
s t r u c t {


i n t _ f d ;
l o n g _ b a n d ;


} _ f i l e ;
} _ d a t a ;


} s i g i n f o _ t ;


# d e f i n e s i _ p i d _ d a t a . _ p r o c . _ p i d
# d e f i n e s i _ u i d _ d a t a . _ p r o c . _ p d a t a . _ k i l l . _ u i d
# d e f i n e s i _ a d d r _ d a t a . _ f a u l t . _ a d d r
# d e f i n e s i _ s t a t u s _ d a t a . _ p r o c . _ p d a t a . _ c l d . _ s t a t u s
# d e f i n e s i _ b a n d _ d a t a . _ f i l e . _ b a n d


Figure 6-35: < s y s / s t a t . h >


# d e f i n e _ S T _ F S T Y P S Z 1 6


s t r u c t s t a t {
d e v _ t s t _ d e v ;
l o n g s t _ p a d 1 [ 3 ] ;
i n o _ t s t _ i n o ;
m o d e _ t s t _ m o d e ;
n l i n k _ t s t _ n l i n k ;
u i d _ t s t _ u i d ;
g i d _ t s t _ g i d ;
d e v _ t s t _ r d e v ;
l o n g s t _ p a d 2 [ 2 ] ;
o f f _ t s t _ s i z e ;
l o n g s t _ p a d 3 ;
t i m e s t r u c _ t s t _ a t i m ;
t i m e s t r u c _ t s t _ m t i m ;
t i m e s t r u c _ t s t _ c t i m ;
l o n g s t _ b l k s i z e ;
l o n g s t _ b l o c k s ;
c h a r s t _ f s t y p e [ _ S T _ F S T Y P S Z ] ;
l o n g s t _ p a d 4 [ 8 ] ;


} ;


# d e f i n e s t _ a t i m e s t _ a t i m . t v _ s e c
# d e f i n e s t _ m t i m e s t _ m t i m . t v _ s e c
# d e f i n e s t _ c t i m e s t _ c t i m . t v _ s e c
# d e f i n e S _ I F M T 0 x F 0 0 0
# d e f i n e S _ I F I F O 0 x 1 0 0 0
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Figure 6-35: < s y s / s t a t . h > (continued )


# d e f i n e S _ I F C H R 0 x 2 0 0 0
# d e f i n e S _ I F D I R 0 x 4 0 0 0
# d e f i n e S _ I F B L K 0 x 6 0 0 0
# d e f i n e S _ I F R E G 0 x 8 0 0 0
# d e f i n e S _ I F L N K 0 x A 0 0 0
# d e f i n e S _ I S U I D 0 4 0 0 0
# d e f i n e S _ I S G I D 0 2 0 0 0
# d e f i n e S _ I S V T X 0 1 0 0 0
# d e f i n e S _ I R W X U 0 0 7 0 0
# d e f i n e S _ I R U S R 0 0 4 0 0
# d e f i n e S _ I W U S R 0 0 2 0 0
# d e f i n e S _ I X U S R 0 0 1 0 0
# d e f i n e S _ I R W X G 0 0 0 7 0
# d e f i n e S _ I R G R P 0 0 0 4 0
# d e f i n e S _ I W G R P 0 0 0 2 0
# d e f i n e S _ I X G R P 0 0 0 1 0
# d e f i n e S _ I R W X O 0 0 0 0 7
# d e f i n e S _ I R O T H 0 0 0 0 4
# d e f i n e S _ I W O T H 0 0 0 0 2
# d e f i n e S _ I X O T H 0 0 0 0 1


# d e f i n e S _ I S F I F O ( m o d e ) ( ( m o d e & S _ I F M T ) = = S _ I F I F O )
# d e f i n e S _ I S C H R ( m o d e ) ( ( m o d e & S _ I F M T ) = = S _ I F C H R )
# d e f i n e S _ I S D I R ( m o d e ) ( ( m o d e & S _ I F M T ) = = S _ I F D I R )
# d e f i n e S _ I S B L K ( m o d e ) ( ( m o d e & S _ I F M T ) = = S _ I F B L K )
# d e f i n e S _ I S R E G ( m o d e ) ( ( m o d e & S _ I F M T ) = = S _ I F R E G )
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Figure 6-36: < s y s / s t a t v f s . h >


# d e f i n e F S T Y P S Z 1 6


t y p e d e f s t r u c t s t a t v f s {
u n s i g n e d l o n g f _ b s i z e ;
u n s i g n e d l o n g f _ f r s i z e ;
u n s i g n e d l o n g f _ b l o c k s ;
u n s i g n e d l o n g f _ b f r e e ;
u n s i g n e d l o n g f _ b a v a i l ;
u n s i g n e d l o n g f _ f i l e s ;
u n s i g n e d l o n g f _ f f r e e ;
u n s i g n e d l o n g f _ f a v a i l ;
u n s i g n e d l o n g f _ f s i d ;
c h a r f _ b a s e t y p e [ F S T Y P S Z ] ;
u n s i g n e d l o n g f _ f l a g ;
u n s i g n e d l o n g f _ n a m e m a x ;
c h a r f _ f s t r [ 3 2 ] ;
u n s i g n e d l o n g f _ f i l l e r [ 1 6 ] ;


} s t a t v f s _ t ;


# d e f i n e S T _ R D O N L Y 0 x 0 1
# d e f i n e S T _ N O S U I D 0 x 0 2


Figure 6-37: < s t d a r g . h >


# d e f i n e _ V A _ L I S T v o i d *


t y p e d e f _ V A _ L I S T v a _ l i s t ;


# d e f i n e v a _ s t a r t ( l i s t , n a m e ) ( v o i d ) ( l i s t = ( v a _ l i s t ) & _ _ b u i l t i n _ v a _ a l i s t )
# d e f i n e v a _ a r g ( l i s t , m o d e ) ( ( m o d e * ) _ _ b u i l t i n _ v a _ a r g _ i n c r ( ( m o d e * ) l i s t ) ) [ 0 ]


e x t e r n v o i d v a _ e n d ( v a _ l i s t ) ;


# d e f i n e v a _ e n d ( l i s t ) ( v o i d ) 0


LIBRARIES 6-41







System Data Interfaces


Figure 6-38: < s t d d e f . h >


# d e f i n e N U L L 0
t y p e d e f i n t p t r d i f f _ t ;
t y p e d e f u n s i g n e d i n t s i z e _ t ;
t y p e d e f l o n g w c h a r _ t ;
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Figure 6-39: < s t d i o . h >


t y p e d e f u n s i g n e d i n t s i z e _ t ;
t y p e d e f l o n g f p o s _ t ;


# d e f i n e N U L L 0
# d e f i n e B U F S I Z 1 0 2 4
# d e f i n e _ I O F B F 0 0 0 0
# d e f i n e _ I O L B F 0 1 0 0
# d e f i n e _ I O N B F 0 0 0 4
# d e f i n e _ I O E O F 0 0 2 0
# d e f i n e _ I O E R R 0 0 4 0
# d e f i n e E O F ( - 1 )
# d e f i n e F O P E N _ M A X 2 0
# d e f i n e F I L E N A M E _ M A X 1 0 2 4


# d e f i n e s t d i n ( & _ _ i o b [ 0 ] )
# d e f i n e s t d o u t ( & _ _ i o b [ 1 ] )
# d e f i n e s t d e r r ( & _ _ i o b [ 2 ] )


# d e f i n e c l e a r e r r ( p ) ( ( v o i d ) ( ( p ) - > _ f l a g & = ̃  ( _ I O E R R | _ I O E O F ) ) ) †
# d e f i n e f e o f ( p ) ( ( p ) - > _ f l a g & _ I O E O F )
# d e f i n e f e r r o r ( p ) ( ( p ) - > _ f l a g & _ I O E R R )
# d e f i n e f i l e n o ( p ) ( p ) - > _ f i l e †


# d e f i n e L _ c t e r m i d 9
# d e f i n e L _ c u s e r i d 9
# d e f i n e P _ t m p d i r " / v a r / t m p / "
# d e f i n e L _ t m p n a m 2 5


t y p e d e f s t r u c t {
i n t _ c n t ;
u n s i g n e d c h a r * _ p t r ;
u n s i g n e d c h a r * _ b a s e ;
u n s i g n e d c h a r _ f l a g ;
u n s i g n e d c h a r _ f i l e ;


} F I L E ;


e x t e r n F I L E _ _ i o b [ F O P E N _ M A X ] ;


† These macros definitions are moved to Level 2 in this release. †† The _file member of the FILE struct
is moved to Level 2 as of Jan. 1 1993.


NOTE


The macros clearerr, and fileno will be removed as a source interface in a future release support-
ing multi-processing. This will have no effect on binary portability.
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CAUTION The constant _NFILE has been removed. It should still appear in stdio.h, but may be removed in a
future version of the header file. Applications may not be able to depend on fopen() failing on an
attempt to open more than _NFILE files.


Figure 6-40: < s t d l i b . h >


t y p e d e f s t r u c t {
i n t q u o t ;
i n t r e m ;


} d i v _ t ;


t y p e d e f s t r u c t {
l o n g q u o t ;
l o n g r e m ;


} l d i v _ t ;


t y p e d e f u n s i g n e d i n t s i z e _ t ;


# d e f i n e N U L L 0
# d e f i n e E X I T _ F A I L U R E 1
# d e f i n e E X I T _ S U C C E S S 0
# d e f i n e R A N D _ M A X 3 2 7 6 7


e x t e r n u n s i g n e d c h a r _ _ c t y p e [ ] ;
# d e f i n e M B _ C U R _ M A X _ _ c t y p e [ 5 2 0 ]


Figure 6-41: < s t r o p t s . h >


# d e f i n e S N D Z E R O 0 x 0 0 1
# d e f i n e R N O R M 0 x 0 0 0
# d e f i n e R M S G D 0 x 0 0 1
# d e f i n e R M S G N 0 x 0 0 2
# d e f i n e R M O D E M A S K 0 x 0 0 3
# d e f i n e R P R O T D A T 0 x 0 0 4
# d e f i n e R P R O T D I S 0 x 0 0 8
# d e f i n e R P R O T N O R M 0 x 0 1 0


# d e f i n e F L U S H R 0 x 0 1
# d e f i n e F L U S H W 0 x 0 2
# d e f i n e F L U S H R W 0 x 0 3


# d e f i n e S _ I N P U T 0 x 0 0 0 1
# d e f i n e S _ H I P R I 0 x 0 0 0 2
# d e f i n e S _ O U T P U T 0 x 0 0 0 4
# d e f i n e S _ M S G 0 x 0 0 0 8
# d e f i n e S _ E R R O R 0 x 0 0 1 0
# d e f i n e S _ H A N G U P 0 x 0 0 2 0


(continued on next page )
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Figure 6-41: < s t r o p t s . h > (continued )


# d e f i n e S _ R D N O R M 0 x 0 0 4 0
# d e f i n e S _ W R N O R M S _ O U T P U T
# d e f i n e S _ R D B A N D 0 x 0 0 8 0
# d e f i n e S _ W R B A N D 0 x 0 1 0 0
# d e f i n e S _ B A N D U R G 0 x 0 2 0 0


# d e f i n e R S _ H I P R I 1
# d e f i n e M S G _ H I P R I 0 x 0 1
# d e f i n e M S G _ A N Y 0 x 0 2
# d e f i n e M S G _ B A N D 0 x 0 4


# d e f i n e M O R E C T L 1
# d e f i n e M O R E D A T A 2


# d e f i n e M U X I D _ A L L ( - 1 )
# d e f i n e S T R ( ’ S ’ < < 8 )
# d e f i n e I _ N R E A D ( S T R | 0 1 )
# d e f i n e I _ P U S H ( S T R | 0 2 )
# d e f i n e I _ P O P ( S T R | 0 3 )
# d e f i n e I _ L O O K ( S T R | 0 4 )
# d e f i n e I _ F L U S H ( S T R | 0 5 )
# d e f i n e I _ S R D O P T ( S T R | 0 6 )
# d e f i n e I _ G R D O P T ( S T R | 0 7 )
# d e f i n e I _ S T R ( S T R | 0 1 0 )
# d e f i n e I _ S E T S I G ( S T R | 0 1 1 )
# d e f i n e I _ G E T S I G ( S T R | 0 1 2 )
# d e f i n e I _ F I N D ( S T R | 0 1 3 )
# d e f i n e I _ L I N K ( S T R | 0 1 4 )
# d e f i n e I _ U N L I N K ( S T R | 0 1 5 )
# d e f i n e I _ P E E K ( S T R | 0 1 7 )
# d e f i n e I _ F D I N S E R T ( S T R | 0 2 0 )
# d e f i n e I _ S E N D F D ( S T R | 0 2 1 )
# d e f i n e I _ R E C V F D ( S T R | 0 1 6 )
# d e f i n e I _ S W R O P T ( S T R | 0 2 3 )
# d e f i n e I _ G W R O P T ( S T R | 0 2 4 )
# d e f i n e I _ L I S T ( S T R | 0 2 5 )
# d e f i n e I _ P L I N K ( S T R | 0 2 6 )
# d e f i n e I _ P U N L I N K ( S T R | 0 2 7 )
# d e f i n e I _ F L U S H B A N D ( S T R | 0 3 4 )
# d e f i n e I _ C K B A N D ( S T R | 0 3 5 )
# d e f i n e I _ G E T B A N D ( S T R | 0 3 6 )
# d e f i n e I _ A T M A R K ( S T R | 0 3 7 )
# d e f i n e I _ S E T C L T I M E ( S T R | 0 4 0 )
# d e f i n e I _ G E T C L T I M E ( S T R | 0 4 1 )
# d e f i n e I _ C A N P U T ( S T R | 0 4 2 )


s t r u c t s t r i o c t l {
i n t i c _ c m d ;
i n t i c _ t i m o u t ;
i n t i c _ l e c ;
c h a r * i c _ d p ;


} ;


s t r u c t s t r b u f {
i n t m a x l e n ;


(continued on next page )
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Figure 6-41: < s t r o p t s . h > (continued )


i n t l e n ;
c h a r * b u f ;


} ;


s t r u c t s t r p e e k {
s t r u c t s t r b u f c t l b u f ;
s t r u c t s t r b u f d a t a b u f ;
l o n g f l a g s ;


} ;


s t r u c t s t r f d i n s e r t {
s t r u c t s t r b u f c t l b u f ;
s t r u c t s t r b u f d a t a b u f ;
l o n g f l a g s ;
i n t f i l d e s ;
i n t o f f s e t ;


} ;


s t r u c t s t r r e c v f d {
i n t f d ;
u i d _ t u i d ;
g i d _ t g i d ;
c h a r f i l l [ 8 ] ;


} ;


# d e f i n e F M N A M E S Z 8


s t r u c t s t r _ m l i s t {
c h a r l _ n a m e [ F M N A M E S Z + 1 ] ;


} ;


s t r u c t s t r _ l i s t {
i n t s l _ n m o d s ;
s t r u c t s t r _ m l i s t * s l _ m o d l i s t ;


} ;


# d e f i n e A N Y M A R K 0 x 0 1
# d e f i n e L A S T M A R K 0 x 0 2


s t r u c t b a n d i n f o {
u n s i g n e d c h a r b i _ p r i ;
i n t b i _ f l a g ;


} ;


6-46 SPARC PROCESSOR SUPPLEMENT







System Data Interfaces


Figure 6-42: < t e r m i o s . h >


# d e f i n e N C C 8
# d e f i n e N C C S 1 9
# d e f i n e C T R L ( c ) ( ( c ) & 0 3 7 )


# d e f i n e I B S H I F T 1 6
# d e f i n e _ P O S I X _ V D I S A B L E 0


t y p e d e f u n s i g n e d l o n g t c f l a g _ t ;
t y p e d e f u n s i g n e d c h a r c c _ t ;
t y p e d e f u n s i g n e d l o n g s p e e d _ t ;


# d e f i n e V I N T R 0
# d e f i n e V Q U I T 1
# d e f i n e V E R A S E 2
# d e f i n e V K I L L 3
# d e f i n e V E O F 4
# d e f i n e V E O L 5
# d e f i n e V E O L 2 6
# d e f i n e V M I N 4
# d e f i n e V T I M E 5
# d e f i n e V S W T C H 7
# d e f i n e V S T A R T 8
# d e f i n e V S T O P 9
# d e f i n e V S U S P 1 0
# d e f i n e V D S U S P 1 1
# d e f i n e V R E P R I N T 1 2
# d e f i n e V D I S C A R D 1 3
# d e f i n e V W E R A S E 1 4
# d e f i n e V L N E X T 1 5
# d e f i n e C N U L 0
# d e f i n e C D E L 0 1 7 7
# d e f i n e C E S C ’ \ \ ’
# d e f i n e C I N T R 0 1 7 7
# d e f i n e C Q U I T 0 3 4
# d e f i n e C E R A S E ’ # ’
# d e f i n e C K I L L ’ @ ’
# d e f i n e C E O T 0 4
# d e f i n e C E O L 0
# d e f i n e C E O L 2 0
# d e f i n e C E O F 0 4
# d e f i n e C S T A R T 0 2 1
# d e f i n e C S T O P 0 2 3
# d e f i n e C S W T C H 0 3 2
# d e f i n e C N S W T C H 0
# d e f i n e C S U S P C T R L ( ’ z ’ )
# d e f i n e C D S U S P C T R L ( ’ y ’ )
# d e f i n e C R P R N T C T R L ( ’ r ’ )
# d e f i n e C F L U S H C T R L ( ’ o ’ )
# d e f i n e C W E R A S E C T R L ( ’ w ’ )
# d e f i n e C L N E X T C T R L ( ’ v ’ )


# d e f i n e I G N B R K 0 0 0 0 0 0 1
# d e f i n e B R K I N T 0 0 0 0 0 0 2


(continued on next page )


LIBRARIES 6-47







System Data Interfaces


Figure 6-42: < t e r m i o s . h > (continued )


# d e f i n e I G N P A R 0 0 0 0 0 0 4
# d e f i n e P A R M R K 0 0 0 0 0 1 0
# d e f i n e I N P C K 0 0 0 0 0 2 0
# d e f i n e I S T R I P 0 0 0 0 0 4 0
# d e f i n e I N L C R 0 0 0 0 1 0 0
# d e f i n e I G N C R 0 0 0 0 2 0 0
# d e f i n e I C R N L 0 0 0 0 4 0 0
# d e f i n e I U C L C 0 0 0 1 0 0 0
# d e f i n e I X O N 0 0 0 2 0 0 0
# d e f i n e I X A N Y 0 0 0 4 0 0 0
# d e f i n e I X O F F 0 0 1 0 0 0 0
# d e f i n e I M A X B E L 0 0 2 0 0 0 0
# d e f i n e O P O S T 0 0 0 0 0 0 1
# d e f i n e O L C U C 0 0 0 0 0 0 2
# d e f i n e O N L C R 0 0 0 0 0 0 4
# d e f i n e O C R N L 0 0 0 0 0 1 0
# d e f i n e O N O C R 0 0 0 0 0 2 0
# d e f i n e O N L R E T 0 0 0 0 0 4 0
# d e f i n e O F I L L 0 0 0 0 1 0 0
# d e f i n e O F D E L 0 0 0 0 2 0 0
# d e f i n e N L D L Y 0 0 0 0 4 0 0
# d e f i n e N L 0 0
# d e f i n e N L 1 0 0 0 0 4 0 0
# d e f i n e C R D L Y 0 0 0 3 0 0 0
# d e f i n e C R 0 0
# d e f i n e C R 1 0 0 0 1 0 0 0
# d e f i n e C R 2 0 0 0 2 0 0 0
# d e f i n e C R 3 0 0 0 3 0 0 0
# d e f i n e T A B D L Y 0 0 1 4 0 0 0
# d e f i n e T A B 0 0
# d e f i n e T A B 1 0 0 0 4 0 0 0
# d e f i n e T A B 2 0 0 1 0 0 0 0
# d e f i n e T A B 3 0 0 1 4 0 0 0
# d e f i n e X T A B S T A B 3
# d e f i n e B S D L Y 0 0 2 0 0 0 0
# d e f i n e B S 0 0
# d e f i n e B S 1 0 0 2 0 0 0 0
# d e f i n e V T D L Y 0 0 4 0 0 0 0
# d e f i n e V T 0 0
# d e f i n e V T 1 0 0 4 0 0 0 0
# d e f i n e F F D L Y 0 1 0 0 0 0 0
# d e f i n e F F 0 0
# d e f i n e F F 1 0 1 0 0 0 0 0
# d e f i n e C B A U D 0 0 0 0 0 1 7
# d e f i n e B 0 0
# d e f i n e B 5 0 0 0 0 0 0 0 1
# d e f i n e B 7 5 0 0 0 0 0 0 2
# d e f i n e B 1 1 0 0 0 0 0 0 0 3
# d e f i n e B 1 3 4 0 0 0 0 0 0 4
# d e f i n e B 1 5 0 0 0 0 0 0 0 5
# d e f i n e B 2 0 0 0 0 0 0 0 0 6
# d e f i n e B 3 0 0 0 0 0 0 0 0 7
# d e f i n e B 6 0 0 0 0 0 0 0 1 0


(continued on next page )
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Figure 6-42: < t e r m i o s . h > (continued )


# d e f i n e B 1 2 0 0 0 0 0 0 0 1 1
# d e f i n e B 1 8 0 0 0 0 0 0 0 1 2
# d e f i n e B 2 4 0 0 0 0 0 0 0 1 3
# d e f i n e B 4 8 0 0 0 0 0 0 0 1 4
# d e f i n e B 9 6 0 0 0 0 0 0 0 1 5
# d e f i n e B 1 9 2 0 0 0 0 0 0 0 1 6
# d e f i n e E X T A 0 0 0 0 0 1 6
# d e f i n e B 3 8 4 0 0 0 0 0 0 0 1 7
# d e f i n e E X T B 0 0 0 0 0 1 7
# d e f i n e C S I Z E 0 0 0 0 0 6 0
# d e f i n e C S 5 0
# d e f i n e C S 6 0 0 0 0 0 2 0
# d e f i n e C S 7 0 0 0 0 0 4 0
# d e f i n e C S 8 0 0 0 0 0 6 0
# d e f i n e C S T O P B 0 0 0 0 1 0 0
# d e f i n e C R E A D 0 0 0 0 2 0 0
# d e f i n e P A R E N B 0 0 0 0 4 0 0
# d e f i n e P A R O D D 0 0 0 1 0 0 0
# d e f i n e H U P C L 0 0 0 2 0 0 0
# d e f i n e C L O C A L 0 0 0 4 0 0 0
# d e f i n e C I B A U D 0 3 6 0 0 0 0 0
# d e f i n e P A R E X T 0 4 0 0 0 0 0 0
# d e f i n e I S I G 0 0 0 0 0 0 1
# d e f i n e I C A N O N 0 0 0 0 0 0 2
# d e f i n e X C A S E 0 0 0 0 0 0 4
# d e f i n e E C H O 0 0 0 0 0 1 0
# d e f i n e E C H O E 0 0 0 0 0 2 0
# d e f i n e E C H O K 0 0 0 0 0 4 0
# d e f i n e E C H O N L 0 0 0 0 1 0 0
# d e f i n e N O F L S H 0 0 0 0 2 0 0
# d e f i n e T O S T O P 0 0 0 0 4 0 0
# d e f i n e E C H O C T L 0 0 0 1 0 0 0
# d e f i n e E C H O P R T 0 0 0 2 0 0 0
# d e f i n e E C H O K E 0 0 0 4 0 0 0
# d e f i n e F L U S H O 0 0 2 0 0 0 0
# d e f i n e P E N D I N 0 0 4 0 0 0 0
# d e f i n e I E X T E N 0 1 0 0 0 0 0
# d e f i n e T I O C ( ’ T ’ < < 8 )


# d e f i n e T C S A N O W ( T I O C | 1 4 )
# d e f i n e T C S A D R A I N ( T I O C | 1 5 )
# d e f i n e T C S A F L U S H ( T I O C | 1 6 )


# d e f i n e T C I F L U S H 0
# d e f i n e T C O F L U S H 1
# d e f i n e T C I O F L U S H 2
# d e f i n e T C O O F F 0
# d e f i n e T C O O N 1
# d e f i n e T C I O F F 2
# d e f i n e T C I O N 3


s t r u c t t e r m i o s {
t c f l a g _ t c _ i f l a g ;


(continued on next page )
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Figure 6-42: < t e r m i o s . h > (continued )


t c f l a g _ t c _ o f l a g ;
t c f l a g _ t c _ c f l a g ;
t c f l a g _ t c _ l f l a g ;
c c _ t c _ c c [ N C C S ] ;


} ;


s t r u c t w i n s i z e {
u n s i g n e d s h o r t w s _ r o w ;
u n s i g n e d s h o r t w s _ c o l ;
u n s i g n e d s h o r t w s _ x p i x e l ;
u n s i g n e d s h o r t w s _ y p i x e l ;


} ;


Figure 6-43: < s y s / t i c l t s . h >


# d e f i n e T C L _ B A D A D D R 1
# d e f i n e T C L _ B A D O P T 2
# d e f i n e T C L _ N O P E E R 3
# d e f i n e T C L _ P E E R B A D S T A T E 4


# d e f i n e T C L _ D E F A U L T A D D R S Z 4


Figure 6-44: < s y s / t i c o t s . h >


# d e f i n e T C O _ N O P E E R E C O N N R E F U S E D
# d e f i n e T C O _ P E E R N O R O O M O N Q E C O N N R E F U S E D
# d e f i n e T C O _ P E E R B A D S T A T E E C O N N R E F U S E D
# d e f i n e T C O _ P E E R I N I T I A T E D E C O N N R E S E T
# d e f i n e T C O _ P R O V I D E R I N I T I A T E D E C O N N A B O R T E D


# d e f i n e T C O _ D E F A U L T A D D R S Z 4
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Figure 6-45: < s y s / t i c o t s o r d . h >


# d e f i n e T C O O _ N O P E E R 1
# d e f i n e T C O O _ P E E R N O R O O M O N Q 2
# d e f i n e T C O O _ P E E R B A D S T A T E 3
# d e f i n e T C O O _ P E E R I N I T I A T E D 4
# d e f i n e T C O O _ P R O V I D E R I N I T I A T E D 5


# d e f i n e T C O O _ D E F A U L T A D D R S Z 4


Figure 6-46: < s y s / t i h d r . h >


# d e f i n e T _ I N F O _ R E Q 5
# d e f i n e T _ B I N D _ R E Q 6
# d e f i n e T _ U N B I N D _ R E Q 7
# d e f i n e T _ O P T M G M T _ R E Q 9


# d e f i n e T _ I N F O _ A C K 1 6
# d e f i n e T _ B I N D _ A C K 1 7
# d e f i n e T _ O K _ A C K 1 9
# d e f i n e T _ O P T M G M T _ A C K 2 2
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Figure 6-47: < s y s / t i m e . h >


# d e f i n e C L K _ T C K *
# d e f i n e C L O C K S _ P E R _ S E C 1 0 0 0 0 0 0
# d e f i n e N U L L 0


t y p e d e f l o n g c l o c k _ t ;
t y p e d e f l o n g t i m e _ t ;


s t r u c t t m {
i n t t m _ s e c ;
i n t t m _ m i n ;
i n t t m _ h o u r ;
i n t t m _ m d a y ;
i n t t m _ m o n ;
i n t t m _ y e a r ;
i n t t m _ w d a y ;
i n t t m _ y d a y ;
i n t t m _ i s d s t ;


} ;
s t r u c t t i m e v a l {


t i m e _ t t v _ s e c ;
l o n g t v _ u s e c ;


} ;


e x t e r n l o n g t i m e z o n e ;
e x t e r n i n t d a y l i g h t ;
e x t e r n c h a r * t z n a m e [ 2 ] ;


t y p e d e f s t r u c t t i m e s t r u c {
t i m e _ t t v _ s e c ;
l o n g t v _ n s e c ;


} t i m e s t r u c _ t ;


/ * s t a r r e d v a l u e s m a y v a r y a n d s h o u l d b e
r e t r i e v e d w i t h s y s c o n f ( ) o f p a t h c o n f ( ) * /


Figure 6-48: < s y s / t i m e s . h >


s t r u c t t m s {
c l o c k _ t t m s _ u t i m e ;
c l o c k _ t t m s _ s t i m e ;
c l o c k _ t t m s _ c u t i m e ;
c l o c k _ t t m s _ c s t i m e ;


} ;
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Figure 6-49: < s y s / t i m o d . h >


# d e f i n e T I M O D ( ’ T ’ < < 8 )
# d e f i n e T I _ G E T I N F O ( T I M O D | 1 4 0 )
# d e f i n e T I _ O P T M G M T ( T I M O D | 1 4 1 )
# d e f i n e T I _ B I N D ( T I M O D | 1 4 2 )
# d e f i n e T I _ U N B I N D ( T I M O D | 1 4 3 )
# d e f i n e T I _ G E T M Y N A M E ( T I M O D | 1 4 4 )
# d e f i n e T I _ G E T P E E R N A M E ( T I M O D | 1 4 5 )
# d e f i n e T I _ S E T M Y N A M E ( T I M O D | 1 4 6 )
# d e f i n e T I _ S E T P E E R N A M E ( T I M O D | 1 4 7 )


Figure 6-50: < s y s / t i u s e r . h >, Service Types


# d e f i n e T _ C L T S 3
# d e f i n e T _ C O T S 1
# d e f i n e T _ C O T S _ O R D 2


Figure 6-51: < t i u s e r . h >, Transport Interface States


# d e f i n e T _ D A T A X F E R 5
# d e f i n e T _ I D L E 2
# d e f i n e T _ I N C O N 4
# d e f i n e T _ I N R E L 7
# d e f i n e T _ O U T C O N 3
# d e f i n e T _ O U T R E L 6
# d e f i n e T _ U N B N D 1
# d e f i n e T _ U N I N I T 0
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Figure 6-52: < s y s / t i u s e r . h >, User-level Events


# d e f i n e T _ A C C E P T 1 1 2
# d e f i n e T _ A C C E P T 2 1 3
# d e f i n e T _ A C C E P T 3 1 4
# d e f i n e T _ B I N D 1
# d e f i n e T _ C L O S E 4
# d e f i n e T _ C O N N E C T 1 8
# d e f i n e T _ C O N N E C T 2 9
# d e f i n e T _ L I S T N 1 1
# d e f i n e T _ O P E N 0
# d e f i n e T _ O P T M G M T 2
# d e f i n e T _ P A S S C O N 2 4
# d e f i n e T _ R C V 1 6
# d e f i n e T _ R C V C O N N E C T 1 0
# d e f i n e T _ R C V D I S 1 1 9
# d e f i n e T _ R C V D I S 2 2 0
# d e f i n e T _ R C V D I S 3 2 1
# d e f i n e T _ R C V R E L 2 3
# d e f i n e T _ R C V U D A T A 6
# d e f i n e T _ R C V U D E R R 7
# d e f i n e T _ S N D 1 5
# d e f i n e T _ S N D D I S 1 1 7
# d e f i n e T _ S N D D I S 2 1 8
# d e f i n e T _ S N D R E L 2 2
# d e f i n e T _ S N D U D A T A 5
# d e f i n e T _ U N B I N D 3
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Figure 6-53: < s y s / t i u s e r . h >, Error Return Values


# d e f i n e T A C C E S 3
# d e f i n e T B A D A D D R 1
# d e f i n e T B A D D A T A 1 0
# d e f i n e T B A D F 4
# d e f i n e T B A D F L A G 1 6
# d e f i n e T B A D O P T 2
# d e f i n e T B A D S E Q 7
# d e f i n e T B U F O V F L W 1 1
# d e f i n e T F L O W 1 2
# d e f i n e T L O O K 9
# d e f i n e T N O A D D R 5
# d e f i n e T N O D A T A 1 3
# d e f i n e T N O D I S 1 4
# d e f i n e T N O R E L 1 7
# d e f i n e T N O T S U P P O R T 1 8
# d e f i n e T N O U D E R R 1 5
# d e f i n e T O U T S T A T E 6
# d e f i n e T S T A T E C H N G 1 9
# d e f i n e T S Y S E R R 8


Figure 6-54: < s y s / t i u s e r . h >, Transport Interface Data Structures


s t r u c t n e t b u f {
u n s i g n e d i n t m a x l e n ;
u n s i g n e d i n t l e n ;
c h a r * b u f ;


} ;


s t r u c t t _ b i n d {
s t r u c t n e t b u f a d d r ;
u n s i g n e d i n t q l e n ;


} ;


s t r u c t t _ c a l l {
s t r u c t n e t b u f a d d r ;
s t r u c t n e t b u f o p t ;
s t r u c t n e t b u f u d a t a ;
i n t s e q u e n c e ;


} ;


s t r u c t t _ d i s c o n {
s t r u c t n e t b u f u d a t a ;
i n t r e a s o n ;
i n t s e q u e n c e ;


} ;


(continued on next page )


LIBRARIES 6-55







System Data Interfaces


Figure 6-54: < s y s / t i u s e r . h >, Transport Interface Data Structures (continued )


s t r u c t t _ i n f o {
l o n g a d d r ;
l o n g o p t i o n s ;
l o n g t s d u ;
l o n g e t s d u ;
l o n g c o n n e c t ;
l o n g d i s c o n ;
l o n g s e r v t y p e ;


} ;


s t r u c t t _ o p t m g m t {
s t r u c t n e t b u f o p t ;
l o n g f l a g s ;


} ;


s t r u c t t _ u d e r r {
s t r u c t n e t b u f a d d r ;
s t r u c t n e t b u f o p t ;
l o n g e r r o r ;


} ;


s t r u c t t _ u n i t d a t a {
s t r u c t n e t b u f a d d r ;
s t r u c t n e t b u f o p t ;
s t r u c t n e t b u f u d a t a ;


} ;


Figure 6-55: < s y s / t i u s e r . h >, Structure Types


# d e f i n e T _ B I N D 1
# d e f i n e T _ C A L L 3
# d e f i n e T _ D I S 4
# d e f i n e T _ I N F O 7
# d e f i n e T _ O P T M G M T 2
# d e f i n e T _ U D E R R O R 6
# d e f i n e T _ U N I T D A T A 5
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Figure 6-56: < s y s / t i u s e r . h >, Fields of Structures


# d e f i n e T _ A D D R 0 x 0 1
# d e f i n e T _ O P T 0 x 0 2
# d e f i n e T _ U D A T A 0 x 0 4
# d e f i n e T _ A L L 0 x 0 7


Figure 6-57: < s y s / t i u s e r . h >, Events Bitmasks


# d e f i n e T _ L I S T E N 0 x 0 1
# d e f i n e T _ C O N N E C T 0 x 0 2
# d e f i n e T _ D A T A 0 x 0 4
# d e f i n e T _ E X D A T A 0 x 0 8
# d e f i n e T _ D I S C O N N E C T 0 x 1 0
# d e f i n e T _ E R R O R 0 x 2 0
# d e f i n e T _ U D E R R 0 x 4 0
# d e f i n e T _ O R D R E L 0 x 8 0
# d e f i n e T _ E V E N T S 0 x f f


Figure 6-58: < s y s / t i u s e r . h >, Flags


# d e f i n e T _ M O R E 0 x 0 1
# d e f i n e T _ E X P E D I T E D 0 x 0 2
# d e f i n e T _ N E G O T I A T E 0 x 0 4
# d e f i n e T _ C H E C K 0 x 0 8
# d e f i n e T _ D E F A U L T 0 x 1 0
# d e f i n e T _ S U C C E S S 0 x 2 0
# d e f i n e T _ F A I L U R E 0 x 4 0
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Figure 6-59: < s y s / t y p e s . h >


t y p e d e f l o n g t i m e _ t ;
t y p e d e f l o n g d a d d r _ t ;
t y p e d e f u n s i g n e d l o n g d e v _ t ;
t y p e d e f l o n g g i d _ t ;
t y p e d e f u n s i g n e d l o n g i n o _ t ;
t y p e d e f i n t k e y _ t ;
t y p e d e f l o n g p i d _ t ;
t y p e d e f u n s i g n e d l o n g m o d e _ t ;
t y p e d e f u n s i g n e d l o n g n l i n k _ t ;
t y p e d e f l o n g o f f _ t ;
t y p e d e f l o n g u i d _ t ;
t y p e d e f u n s i g n e d i n t s i z e _ t ;
t y p e d e f l o n g c l o c k _ t ;


Figure 6-60: < u c o n t e x t . h >


t y p e d e f i n t g r e g s e t _ t [ 1 9 ] ;


s t r u c t f p q {
u n s i g n e d l o n g * f p q _ a d d r ;
u n s i g n e d l o n g f p q _ i n s t r ;


} ;


s t r u c t f q {
u n i o n {


d o u b l e w h o l e ;
s t r u c t f p q f p q ;


} F Q u ;
} ;


s t r u c t f p u {
u n i o n {


u n s i g n e d f p u _ r e g s [ 3 2 ] ;
d o u b l e f p u _ d r e g s [ 1 6 ] ;


} f p u _ f r ;
s t r u c t f q * f p u _ q ;
u n s i g n e d f p u _ f s r ;
u n s i g n e d c h a r f p u _ q c n t ;
u n s i g n e d c h a r f p u _ q _ e n t r y s i z e ;
u n s i g n e d c h a r f p u _ e n ;


} ;


t y p e d e f s t r u c t f p u f p r e g s e t _ t ;


t y p e d e f s t r u c t {
g r e g s e t _ t g r e g s ;


(continued on next page )
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Figure 6-60: < u c o n t e x t . h > (continued )


g w i n d o w s _ t * g w i n s ;
f p r e g s e t _ t f p r e g s ;


} m c o n t e x t _ t ;


t y p e d e f s t r u c t u c o n t e x t {
u n s i g n e d l o n g u c _ f l a g s ;
s t r u c t u c o n t e x t * u c _ l i n k ;
s i g s e t _ t u c _ s i g m a s k ;
s t a c k _ t u c _ s t a c k ;
m c o n t e x t _ t u c _ m c o n t e x t ;
l o n g u c _ f i l l e r [ 4 4 ] ;


} u c o n t e x t _ t ;


# d e f i n e S P A R C _ M A X R E G W I N D O W 3 1


s t r u c t g w i n d o w s {
i n t w b c n t ;
i n t * s p b u f [ S P A R C _ M A X R E G W I N D O W ] ;
s t r u c t r w i n d o w w b u f [ S P A R C _ M A X R E G W I N D O W ] ;


} ;


s t r u c t r w i n d o w {
i n t r w _ l o c a l [ 8 ] ;
i n t r w _ i n [ 8 ] ;


} ;


t y p e d e f s t r u c t g w i n d o w s g w i n d o w s _ t ;


Figure 6-61: < s y s / u i o . h >


t y p e d e f s t r u c t i o v e c {
c h a r * i o v _ b a s e ;
i n t i o v _ l e n ;


} i o v e c _ t ;
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Figure 6-62: < u l i m i t . h >


# d e f i n e U L _ G E T F S I Z E 1
# d e f i n e U L _ S E T F S I Z E 2
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Figure 6-63: < u n i s t d . h >


# d e f i n e R _ O K 4
# d e f i n e W _ O K 2
# d e f i n e X _ O K 1
# d e f i n e F _ O K 0


# d e f i n e F _ U L O C K 0
# d e f i n e F _ L O C K 1
# d e f i n e F _ T L O C K 2
# d e f i n e F _ T E S T 3


# d e f i n e S E E K _ S E T 0
# d e f i n e S E E K _ C U R 1
# d e f i n e S E E K _ E N D 2


# d e f i n e _ P O S I X _ J O B _ C O N T R O L 1
# d e f i n e _ P O S I X _ S A V E D _ I D S 1
# d e f i n e _ P O S I X _ V D I S A B L E 0


# d e f i n e _ P O S I X _ V E R S I O N *
# d e f i n e _ X O P E N _ V E R S I O N *


/ * s t a r r e d v a l u e s v a r y a n d s h o u l d b e r e t r i e v e d u s i n g s y s c o n f ( ) o r p a t h c o n f ( ) * /


# d e f i n e _ S C _ A R G _ M A X 1
# d e f i n e _ S C _ C H I L D _ M A X 2
# d e f i n e _ S C _ C L K _ T C K 3
# d e f i n e _ S C _ N G R O U P S _ M A X 4
# d e f i n e _ S C _ O P E N _ M A X 5
# d e f i n e _ S C _ J O B _ C O N T R O L 6
# d e f i n e _ S C _ S A V E D _ I D S 7
# d e f i n e _ S C _ V E R S I O N 8
# d e f i n e _ S C _ P A S S _ M A X 9
# d e f i n e _ S C _ L O G N A M E _ M A X 1 0
# d e f i n e _ S C _ P A G E S I Z E 1 1
# d e f i n e _ S C _ X O P E N _ V E R S I O N 1 2


# d e f i n e _ P C _ L I N K _ M A X 1
# d e f i n e _ P C _ M A X _ C A N O N 2
# d e f i n e _ P C _ M A X _ I N P U T 3
# d e f i n e _ P C _ N A M E _ M A X 4
# d e f i n e _ P C _ P A T H _ M A X 5
# d e f i n e _ P C _ P I P E _ B U F 6
# d e f i n e _ P C _ N O _ T R U N C 7
# d e f i n e _ P C _ V D I S A B L E 8
# d e f i n e _ P C _ C H O W N _ R E S T R I C T E D 9


# d e f i n e S T D I N _ F I L E N O 0
# d e f i n e S T D O U T _ F I L E N O 1
# d e f i n e S T D E R R _ F I L E N O 2
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Figure 6-64: < u t i m e . h >


s t r u c t u t i m b u f {
t i m e _ t a c t i m e ;
t i m e _ t m o d t i m e ;


} ;


Figure 6-65: < s y s / u t s n a m e . h >


# d e f i n e S Y S _ N M L N 2 5 7


s t r u c t u t s n a m e {
c h a r s y s n a m e [ S Y S _ N M L N ] ;
c h a r n o d e n a m e [ S Y S _ N M L N ] ;
c h a r r e l e a s e [ S Y S _ N M L N ] ;
c h a r v e r s i o n [ S Y S _ N M L N ] ;
c h a r m a c h i n e [ S Y S _ N M L N ] ;


} ;
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Figure 6-66: < w a i t . h >


# d e f i n e W E X I T E D 0 0 0 1
# d e f i n e W T R A P P E D 0 0 0 2
# d e f i n e W S T O P P E D 0 0 0 4
# d e f i n e W C O N T I N U E D 0 0 1 0
# d e f i n e W U N T R A C E D W S T O P P E D
# d e f i n e W N O H A N G 0 1 0 0
# d e f i n e W N O W A I T 0 2 0 0


# d e f i n e W S T O P F L A G 0 1 7 7
# d e f i n e W C O N T F L A G 0 1 7 7 7 7 7
# d e f i n e W C O R E F L A G 0 2 0 0
# d e f i n e W S I G M A S K 0 1 7 7


# d e f i n e W L O B Y T E ( s t a t ) ( ( i n t ) ( ( s t a t ) & 0 3 7 7 ) )
# d e f i n e W H I B Y T E ( s t a t ) ( ( i n t ) ( ( ( s t a t ) > > 8 ) & 0 3 7 7 ) )
# d e f i n e W W O R D ( s t a t ) ( ( i n t ) ( ( s t a t ) ) & 0 1 7 7 7 7 7 )


# d e f i n e W I F E X I T E D ( s t a t ) ( W L O B Y T E ( s t a t ) = = 0 )
# d e f i n e W I F S I G N A L E D ( s t a t ) ( W L O B Y T E ( s t a t ) > 0 & & W H I B Y T E ( s t a t ) = = 0 )
# d e f i n e W I F S T O P P E D ( s t a t ) ( W L O B Y T E ( s t a t ) = = W S T O P F L G & & W H I B Y T E ( s t a t ) ! = 0 )
# d e f i n e W I F C O N T I N U E D ( s t a t ) ( W W O R D ( s t a t ) = = W C O N T F L G )
# d e f i n e W E X I T S T A T U S ( s t a t ) W H I B Y T E ( s t a t )
# d e f i n e W T E R M S I G ( s t a t ) ( W L O B Y T E ( s t a t ) & W S I G M A S K )
# d e f i n e W S T O P S I G ( s t a t ) W H I B Y T E ( s t a t )
# d e f i n e W C O R E D U M P ( s t a t ) ( ( s t a t ) & W C O R E F L G )
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X Window Data Definitions


NOTE


This section is new, but will not be diffmarked.


This section contains standard data definitions that describe system data for the optional X Window Sys-
tem libraries specified in the Generic ABI. These data definitions are referred to by their names in angle
brackets: <name.h> and <sys/name.h>. Included in these data definitions are macro definitions and struc-
ture definitions. While an ABI-conforming system may provide X11 and X Toolkit Intrinsics interfaces, it
need not contain the actual data definitions referenced here. Programmers should observe that the
sources of the structures defined in these data definitions are defined in SVID or the appropriate X Con-
sortium documentation (see chapter 10 in the Generic ABI).
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Figure 6-67: < X 1 1 / C o m p o s i t e . h >


e x t e r n W i d g e t C l a s s c o m p o s i t e W i d g e t C l a s s ;


Figure 6-68: < X 1 1 / C o n s t r a i n t . h >


e x t e r n W i d g e t C l a s s c o n s t r a i n t W i d g e t C l a s s ;


Figure 6-69: < X 1 1 / C o r e . h >


e x t e r n W i d g e t C l a s s c o r e W i d g e t C l a s s ;
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Figure 6-70: < X 1 1 / c u r s o r f o n t . h >, Part 1 of 3


# d e f i n e X C _ n u m _ g l y p h s 1 5 4
# d e f i n e X C _ X _ c u r s o r 0
# d e f i n e X C _ a r r o w 2
# d e f i n e X C _ b a s e d _ a r r o w _ d o w n 4
# d e f i n e X C _ b a s e d _ a r r o w _ u p 6
# d e f i n e X C _ b o a t 8
# d e f i n e X C _ b o g o s i t y 1 0
# d e f i n e X C _ b o t t o m _ l e f t _ c o r n e r 1 2
# d e f i n e X C _ b o t t o m _ r i g h t _ c o r n e r 1 4
# d e f i n e X C _ b o t t o m _ s i d e 1 6
# d e f i n e X C _ b o t t o m _ t e e 1 8
# d e f i n e X C _ b o x _ s p i r a l 2 0
# d e f i n e X C _ c e n t e r _ p t r 2 2
# d e f i n e X C _ c i r c l e 2 4
# d e f i n e X C _ c l o c k 2 6
# d e f i n e X C _ c o f f e e _ m u g 2 8
# d e f i n e X C _ c r o s s 3 0
# d e f i n e X C _ c r o s s _ r e v e r s e 3 2
# d e f i n e X C _ c r o s s h a i r 3 4
# d e f i n e X C _ d i a m o n d _ c r o s s 3 6
# d e f i n e X C _ d o t 3 8
# d e f i n e X C _ d o t b o x 4 0
# d e f i n e X C _ d o u b l e _ a r r o w 4 2
# d e f i n e X C _ d r a f t _ l a r g e 4 4
# d e f i n e X C _ d r a f t _ s m a l l 4 6
# d e f i n e X C _ d r a p e d _ b o x 4 8
# d e f i n e X C _ e x c h a n g e 5 0
# d e f i n e X C _ f l e u r 5 2
# d e f i n e X C _ g o b b l e r 5 4
# d e f i n e X C _ g u m b y 5 6
# d e f i n e X C _ h a n d 1 5 8
# d e f i n e X C _ h a n d 2 6 0
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Figure 6-71: < X 1 1 / c u r s o r f o n t . h >, Part 2 of 3


# d e f i n e X C _ h e a r t 6 2
# d e f i n e X C _ i c o n 6 4
# d e f i n e X C _ i r o n _ c r o s s 6 6
# d e f i n e X C _ l e f t _ p t r 6 8
# d e f i n e X C _ l e f t _ s i d e 7 0
# d e f i n e X C _ l e f t _ t e e 7 2
# d e f i n e X C _ l e f t b u t t o n 7 4
# d e f i n e X C _ l l _ a n g l e 7 6
# d e f i n e X C _ l r _ a n g l e 7 8
# d e f i n e X C _ m a n 8 0
# d e f i n e X C _ m i d d l e b u t t o n 8 2
# d e f i n e X C _ m o u s e 8 4
# d e f i n e X C _ p e n c i l 8 6
# d e f i n e X C _ p i r a t e 8 8
# d e f i n e X C _ p l u s 9 0
# d e f i n e X C _ q u e s t i o n _ a r r o w 9 2
# d e f i n e X C _ r i g h t _ p t r 9 4
# d e f i n e X C _ r i g h t _ s i d e 9 6
# d e f i n e X C _ r i g h t _ t e e 9 8
# d e f i n e X C _ r i g h t b u t t o n 1 0 0
# d e f i n e X C _ r t l _ l o g o 1 0 2
# d e f i n e X C _ s a i l b o a t 1 0 4
# d e f i n e X C _ s b _ d o w n _ a r r o w 1 0 6
# d e f i n e X C _ s b _ h _ d o u b l e _ a r r o w 1 0 8
# d e f i n e X C _ s b _ l e f t _ a r r o w 1 1 0
# d e f i n e X C _ s b _ r i g h t _ a r r o w 1 1 2
# d e f i n e X C _ s b _ u p _ a r r o w 1 1 4
# d e f i n e X C _ s b _ v _ d o u b l e _ a r r o w 1 1 6
# d e f i n e X C _ s h u t t l e 1 1 8
# d e f i n e X C _ s i z i n g 1 2 0
# d e f i n e X C _ s p i d e r 1 2 2
# d e f i n e X C _ s p r a y c a n 1 2 4
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Figure 6-72: < X 1 1 / c u r s o r f o n t . h >, Part 3 of 3


# d e f i n e X C _ s t a r 1 2 6
# d e f i n e X C _ t a r g e t 1 2 8
# d e f i n e X C _ t c r o s s 1 3 0
# d e f i n e X C _ t o p _ l e f t _ a r r o w 1 3 2
# d e f i n e X C _ t o p _ l e f t _ c o r n e r 1 3 4
# d e f i n e X C _ t o p _ r i g h t _ c o r n e r 1 3 6
# d e f i n e X C _ t o p _ s i d e 1 3 8
# d e f i n e X C _ t o p _ t e e 1 4 0
# d e f i n e X C _ t r e k 1 4 2
# d e f i n e X C _ u l _ a n g l e 1 4 4
# d e f i n e X C _ u m b r e l l a 1 4 6
# d e f i n e X C _ u r _ a n g l e 1 4 8
# d e f i n e X C _ w a t c h 1 5 0
# d e f i n e X C _ x t e r m 1 5 2
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Figure 6-73: < X 1 1 / I n t r i n s i c . h >, Part 1 of 6


t y p e d e f c h a r * S t r i n g ;


# d e f i n e X t N u m b e r ( a r r ) \
( ( C a r d i n a l ) ( s i z e o f ( a r r ) / s i z e o f ( a r r [ 0 ] ) ) )


t y p e d e f v o i d * W i d g e t ;
t y p e d e f W i d g e t * W i d g e t L i s t ;
t y p e d e f v o i d * C o m p o s i t e W i d g e t ;
t y p e d e f v o i d * W i d g e t C l a s s ;
t y p e d e f X t A c t i o n s R e c * X t A c t i o n L i s t ;


t y p e d e f v o i d * X t A p p C o n t e x t ;
t y p e d e f u n s i g n e d l o n g X t V a l u e M a s k ;
t y p e d e f u n s i g n e d l o n g X t I n t e r v a l I d ;
t y p e d e f u n s i g n e d l o n g X t I n p u t I d ;
t y p e d e f u n s i g n e d l o n g X t W o r k P r o c I d ;
t y p e d e f u n s i g n e d i n t X t G e o m e t r y M a s k ;
t y p e d e f u n s i g n e d l o n g X t G C M a s k ;
t y p e d e f u n s i g n e d l o n g P i x e l ;
t y p e d e f i n t X t C a c h e T y p e ;
# d e f i n e X t C a c h e N o n e 0 x 0 0 1
# d e f i n e X t C a c h e A l l 0 x 0 0 2
# d e f i n e X t C a c h e B y D i s p l a y 0 x 0 0 3
# d e f i n e X t C a c h e R e f C o u n t 0 x 1 0 0


t y p e d e f c h a r B o o l e a n ;
t y p e d e f l o n g X t A r g V a l ;
t y p e d e f u n s i g n e d c h a r X t E n u m ;


t y p e d e f u n s i g n e d i n t C a r d i n a l ;
t y p e d e f u n s i g n e d s h o r t D i m e n s i o n ;
t y p e d e f s h o r t P o s i t i o n ;


t y p e d e f v o i d * X t P o i n t e r ;
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t y p e d e f v o i d * X t T r a n s l a t i o n s ;
t y p e d e f v o i d * X t A c c e l e r a t o r s ;
t y p e d e f u n s i g n e d i n t M o d i f i e r s ;


# d e f i n e X t C W Q u e r y O n l y ( 1 < < 7 )
# d e f i n e X t S M D o n t C h a n g e 5


t y p e d e f v o i d * X t C a c h e R e f ;
t y p e d e f v o i d * X t A c t i o n H o o k I d ;
t y p e d e f u n s i g n e d l o n g E v e n t M a s k ;
t y p e d e f e n u m { X t L i s t H e a d , X t L i s t T a i l } X t L i s t P o s i t i o n ;
t y p e d e f u n s i g n e d l o n g X t I n p u t M a s k ;


t y p e d e f s t r u c t {
S t r i n g s t r i n g ;
X t A c t i o n P r o c p r o c ;


} X t A c t i o n s R e c ;


t y p e d e f e n u m {
X t A d d r e s s ,
X t B a s e O f f s e t ,
X t I m m e d i a t e ,
X t R e s o u r c e S t r i n g ,
X t R e s o u r c e Q u a r k ,
X t W i d g e t B a s e O f f s e t ,
X t P r o c e d u r e A r g


} X t A d d r e s s M o d e ;


t y p e d e f s t r u c t {
X t A d d r e s s M o d e a d d r e s s _ m o d e ;
X t P o i n t e r a d d r e s s _ i d ;
C a r d i n a l s i z e ;


} X t C o n v e r t A r g R e c , * X t C o n v e r t A r g L i s t ;
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# d e f i n e X t I n p u t N o n e M a s k 0 L
# d e f i n e X t I n p u t R e a d M a s k ( 1 L < < 0 )
# d e f i n e X t I n p u t W r i t e M a s k ( 1 L < < 1 )
# d e f i n e X t I n p u t E x c e p t M a s k ( 1 L < < 2 )


t y p e d e f s t r u c t {
X t G e o m e t r y M a s k r e q u e s t _ m o d e ;
P o s i t i o n x , y ;
D i m e n s i o n w i d t h , h e i g h t , b o r d e r _ w i d t h ;
W i d g e t s i b l i n g ;


} X t W i d g e t G e o m e t r y ;


t y p e d e f s t r u c t {
S t r i n g n a m e ;
X t A r g V a l v a l u e ;


} A r g , * A r g L i s t ;


t y p e d e f X t P o i n t e r X t V a r A r g s L i s t ;


t y p e d e f s t r u c t {
X t C a l l b a c k P r o c c a l l b a c k ;
X t P o i n t e r c l o s u r e ;


} X t C a l l b a c k R e c , * X t C a l l b a c k L i s t ;


t y p e d e f e n u m {
X t C a l l b a c k N o L i s t ,
X t C a l l b a c k H a s N o n e ,
X t C a l l b a c k H a s S o m e


} X t C a l l b a c k S t a t u s ;


t y p e d e f s t r u c t {
W i d g e t s h e l l _ w i d g e t ;
W i d g e t e n a b l e _ w i d g e t ;


} X t P o p d o w n I D R e c , * X t P o p d o w n I D ;
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t y p e d e f e n u m {
X t G e o m e t r y Y e s ,
X t G e o m e t r y N o ,
X t G e o m e t r y A l m o s t ,
X t G e o m e t r y D o n e


} X t G e o m e t r y R e s u l t ;


t y p e d e f e n u m {
X t G r a b N o n e ,
X t G r a b N o n e x c l u s i v e ,
X t G r a b E x c l u s i v e


} X t G r a b K i n d ;


t y p e d e f s t r u c t {
S t r i n g r e s o u r c e _ n a m e ;
S t r i n g r e s o u r c e _ c l a s s ;
S t r i n g r e s o u r c e _ t y p e ;
C a r d i n a l r e s o u r c e _ s i z e ;
C a r d i n a l r e s o u r c e _ o f f s e t ;
S t r i n g d e f a u l t _ t y p e ;
X t P o i n t e r d e f a u l t _ a d d r ;


} X t R e s o u r c e , * X t R e s o u r c e L i s t ;


t y p e d e f s t r u c t {
c h a r m a t c h ;
S t r i n g s u b s t i t u t i o n ;


} S u b s t i t u t i o n R e c , * S u b s t i t u t i o n ;


t y p e d e f B o o l e a n ( * X t F i l e P r e d i c a t e ) ;
t y p e d e f X t P o i n t e r X t R e q u e s t I d ;


e x t e r n X t C o n v e r t A r g R e c c o n s t c o l o r C o n v e r t A r g s [ ] ;
e x t e r n X t C o n v e r t A r g R e c c o n s t s c r e e n C o n v e r t A r g [ ] ;
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# d e f i n e X t A l l E v e n t s ( ( E v e n t M a s k ) - 1 L )
# d e f i n e X t I M X E v e n t 1
# d e f i n e X t I M T i m e r 2
# d e f i n e X t I M A l t e r n a t e I n p u t 4
# d e f i n e X t I M A l l ( X t I M X E v e n t | X t I M T i m e r | X t I M A l t e r n a t e I n p u t )


# d e f i n e X t O f f s e t O f ( s _ t y p e , f i e l d ) X t O f f s e t ( s _ t y p e * , f i e l d )
# d e f i n e X t N e w ( t y p e ) ( ( t y p e * ) X t M a l l o c ( ( u n s i g n e d ) s i z e o f ( t y p e ) ) )
# d e f i n e X T _ C O N V E R T _ F A I L ( A t o m ) 0 x 8 0 0 0 0 0 0 1


# d e f i n e X t I s R e c t O b j ( o b j e c t ) \
( _ X t C h e c k S u b c l a s s F l a g ( o b j e c t , ( X t E n u m ) 0 x 0 2 ) )


# d e f i n e X t I s W i d g e t ( o b j e c t ) \
( _ X t C h e c k S u b c l a s s F l a g ( o b j e c t , ( X t E n u m ) 0 x 0 4 ) )


# d e f i n e X t I s C o m p o s i t e ( w i d g e t ) \
( _ X t C h e c k S u b c l a s s F l a g ( w i d g e t , ( X t E n u m ) 0 x 0 8 ) )


# d e f i n e X t I s C o n s t r a i n t ( w i d g e t ) \
( _ X t C h e c k S u b c l a s s F l a g ( w i d g e t , ( X t E n u m ) 0 x 1 0 ) )


# d e f i n e X t I s S h e l l ( w i d g e t ) \
( _ X t C h e c k S u b c l a s s F l a g ( w i d g e t , ( X t E n u m ) 0 x 2 0 ) )


# d e f i n e X t I s O v e r r i d e S h e l l ( w i d g e t ) \
( _ X t I s S u b c l a s s O f ( w i d g e t , ( W i d g e t C l a s s ) o v e r r i d e S h e l l W i d g e t C l a s s , \
( W i d g e t C l a s s ) s h e l l W i d g e t C l a s s , ( X t E n u m ) 0 x 2 0 ) )


# d e f i n e X t I s W M S h e l l ( w i d g e t ) \
( _ X t C h e c k S u b c l a s s F l a g ( w i d g e t , ( X t E n u m ) 0 x 4 0 ) )


# d e f i n e X t I s V e n d o r S h e l l ( w i d g e t ) \
( _ X t I s S u b c l a s s O f ( w i d g e t , ( W i d g e t C l a s s ) v e n d o r S h e l l W i d g e t C l a s s , \
( W i d g e t C l a s s ) w m S h e l l W i d g e t C l a s s , ( X t E n u m ) 0 x 4 0 ) )


# d e f i n e X t I s T r a n s i e n t S h e l l ( w i d g e t ) \
( _ X t I s S u b c l a s s O f ( w i d g e t , ( W i d g e t C l a s s ) t r a n s i e n t S h e l l W i d g e t C l a s s , \
( W i d g e t C l a s s ) w m S h e l l W i d g e t C l a s s , ( X t E n u m ) 0 x 4 0 ) )


# d e f i n e X t I s T o p L e v e l S h e l l ( w i d g e t ) \
( _ X t C h e c k S u b c l a s s F l a g ( w i d g e t , ( X t E n u m ) 0 x 8 0 ) )


# d e f i n e X t I s A p p l i c a t i o n S h e l l ( w i d g e t ) \
( _ X t I s S u b c l a s s O f ( w i d g e t , ( W i d g e t C l a s s ) a p p l i c a t i o n S h e l l W i d g e t C l a s s , \
( W i d g e t C l a s s ) t o p L e v e l S h e l l W i d g e t C l a s s , ( X t E n u m ) 0 x 8 0 ) )
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# d e f i n e X t S e t A r g ( a r g , n , d ) \
( ( v o i d ) ( ( a r g ) . n a m e = ( n ) , ( a r g ) . v a l u e = ( X t A r g V a l ) ( d ) ) )


# d e f i n e X t O f f s e t ( p _ t y p e , f i e l d ) \
( ( C a r d i n a l ) ( ( ( c h a r * ) ( & ( ( ( p _ t y p e ) N U L L ) - > f i e l d ) ) ) - ( ( c h a r * ) N U L L ) ) )


# d e f i n e X t V a N e s t e d L i s t " X t V a N e s t e d L i s t "
# d e f i n e X t V a T y p e d A r g " X t V a T y p e d A r g "
# d e f i n e X t U n s p e c i f i e d P i x m a p ( ( P i x m a p ) 2 )
# d e f i n e X t U n s p e c i f i e d S h e l l I n t ( - 1 )
# d e f i n e X t U n s p e c i f i e d W i n d o w ( ( W i n d o w ) 2 )
# d e f i n e X t U n s p e c i f i e d W i n d o w G r o u p ( ( W i n d o w ) 3 )
# d e f i n e X t D e f a u l t F o r e g r o u n d " X t D e f a u l t F o r e g r o u n d "
# d e f i n e X t D e f a u l t B a c k g r o u n d " X t D e f a u l t B a c k g r o u n d "
# d e f i n e X t D e f a u l t F o n t " X t D e f a u l t F o n t "
# d e f i n e X t D e f a u l t F o n t S e t " X t D e f a u l t F o n t S e t "


Figure 6-79: < X 1 1 / O b j e c t . h >


e x t e r n W i d g e t C l a s s o b j e c t C l a s s ;


Figure 6-80: < X 1 1 / R e c t O b j . h >


e x t e r n W i d g e t C l a s s r e c t O b j C l a s s ;


Figure 6-81: < X 1 1 / S h e l l . h >


e x t e r n W i d g e t C l a s s s h e l l W i d g e t C l a s s ;
e x t e r n W i d g e t C l a s s o v e r r i d e S h e l l W i d g e t C l a s s ;
e x t e r n W i d g e t C l a s s w m S h e l l W i d g e t C l a s s ;
e x t e r n W i d g e t C l a s s t r a n s i e n t S h e l l W i d g e t C l a s s ;
e x t e r n W i d g e t C l a s s t o p L e v e l S h e l l W i d g e t C l a s s ;
e x t e r n W i d g e t C l a s s a p p l i c a t i o n S h e l l W i d g e t C l a s s ;
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e x t e r n W i d g e t C l a s s v e n d o r S h e l l W i d g e t C l a s s ;


Figure 6-83: < X 1 1 / X . h >, Part 1 of 12


t y p e d e f u n s i g n e d l o n g X I D ;


t y p e d e f X I D W i n d o w ;
t y p e d e f X I D D r a w a b l e ;
t y p e d e f X I D F o n t ;
t y p e d e f X I D P i x m a p ;
t y p e d e f X I D C u r s o r ;
t y p e d e f X I D C o l o r m a p ;
t y p e d e f X I D G C o n t e x t ;
t y p e d e f X I D K e y S y m ;


t y p e d e f u n s i g n e d l o n g A t o m ;
t y p e d e f u n s i g n e d l o n g V i s u a l I D ;
t y p e d e f u n s i g n e d l o n g T i m e ;
t y p e d e f u n s i g n e d c h a r K e y C o d e ;


# d e f i n e A l l T e m p o r a r y 0 L
# d e f i n e A n y B u t t o n 0 L
# d e f i n e A n y K e y 0 L
# d e f i n e A n y P r o p e r t y T y p e 0 L
# d e f i n e C o p y F r o m P a r e n t 0 L
# d e f i n e C u r r e n t T i m e 0 L
# d e f i n e I n p u t F o c u s 1 L
# d e f i n e N o E v e n t M a s k 0 L
# d e f i n e N o n e 0 L
# d e f i n e N o S y m b o l 0 L
# d e f i n e P a r e n t R e l a t i v e 1 L
# d e f i n e P o i n t e r W i n d o w 0 L
# d e f i n e P o i n t e r R o o t 1 L
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# d e f i n e K e y P r e s s M a s k ( 1 L < < 0 )
# d e f i n e K e y R e l e a s e M a s k ( 1 L < < 1 )
# d e f i n e B u t t o n P r e s s M a s k ( 1 L < < 2 )
# d e f i n e B u t t o n R e l e a s e M a s k ( 1 L < < 3 )
# d e f i n e E n t e r W i n d o w M a s k ( 1 L < < 4 )
# d e f i n e L e a v e W i n d o w M a s k ( 1 L < < 5 )
# d e f i n e P o i n t e r M o t i o n M a s k ( 1 L < < 6 )
# d e f i n e P o i n t e r M o t i o n H i n t M a s k ( 1 L < < 7 )
# d e f i n e B u t t o n 1 M o t i o n M a s k ( 1 L < < 8 )
# d e f i n e B u t t o n 2 M o t i o n M a s k ( 1 L < < 9 )
# d e f i n e B u t t o n 3 M o t i o n M a s k ( 1 L < < 1 0 )
# d e f i n e B u t t o n 4 M o t i o n M a s k ( 1 L < < 1 1 )
# d e f i n e B u t t o n 5 M o t i o n M a s k ( 1 L < < 1 2 )
# d e f i n e B u t t o n M o t i o n M a s k ( 1 L < < 1 3 )
# d e f i n e K e y m a p S t a t e M a s k ( 1 L < < 1 4 )
# d e f i n e E x p o s u r e M a s k ( 1 L < < 1 5 )
# d e f i n e V i s i b i l i t y C h a n g e M a s k ( 1 L < < 1 6 )
# d e f i n e S t r u c t u r e N o t i f y M a s k ( 1 L < < 1 7 )
# d e f i n e R e s i z e R e d i r e c t M a s k ( 1 L < < 1 8 )
# d e f i n e S u b s t r u c t u r e N o t i f y M a s k ( 1 L < < 1 9 )
# d e f i n e S u b s t r u c t u r e R e d i r e c t M a s k ( 1 L < < 2 0 )
# d e f i n e F o c u s C h a n g e M a s k ( 1 L < < 2 1 )
# d e f i n e P r o p e r t y C h a n g e M a s k ( 1 L < < 2 2 )
# d e f i n e C o l o r m a p C h a n g e M a s k ( 1 L < < 2 3 )
# d e f i n e O w n e r G r a b B u t t o n M a s k ( 1 L < < 2 4 )
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# d e f i n e K e y P r e s s 2
# d e f i n e K e y R e l e a s e 3
# d e f i n e B u t t o n P r e s s 4
# d e f i n e B u t t o n R e l e a s e 5
# d e f i n e M o t i o n N o t i f y 6
# d e f i n e E n t e r N o t i f y 7
# d e f i n e L e a v e N o t i f y 8
# d e f i n e F o c u s I n 9
# d e f i n e F o c u s O u t 1 0
# d e f i n e K e y m a p N o t i f y 1 1
# d e f i n e E x p o s e 1 2
# d e f i n e G r a p h i c s E x p o s e 1 3
# d e f i n e N o E x p o s e 1 4
# d e f i n e V i s i b i l i t y N o t i f y 1 5
# d e f i n e C r e a t e N o t i f y 1 6
# d e f i n e D e s t r o y N o t i f y 1 7
# d e f i n e U n m a p N o t i f y 1 8
# d e f i n e M a p N o t i f y 1 9
# d e f i n e M a p R e q u e s t 2 0
# d e f i n e R e p a r e n t N o t i f y 2 1
# d e f i n e C o n f i g u r e N o t i f y 2 2
# d e f i n e C o n f i g u r e R e q u e s t 2 3
# d e f i n e G r a v i t y N o t i f y 2 4
# d e f i n e R e s i z e R e q u e s t 2 5
# d e f i n e C i r c u l a t e N o t i f y 2 6
# d e f i n e C i r c u l a t e R e q u e s t 2 7
# d e f i n e P r o p e r t y N o t i f y 2 8
# d e f i n e S e l e c t i o n C l e a r 2 9
# d e f i n e S e l e c t i o n R e q u e s t 3 0
# d e f i n e S e l e c t i o n N o t i f y 3 1
# d e f i n e C o l o r m a p N o t i f y 3 2
# d e f i n e C l i e n t M e s s a g e 3 3
# d e f i n e M a p p i n g N o t i f y 3 4
# d e f i n e L A S T E v e n t 3 5 / * m u s t b e b i g g e r t h a n a n y e v e n t # * /
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# d e f i n e S h i f t M a s k ( 1 < < 0 )
# d e f i n e L o c k M a s k ( 1 < < 1 )
# d e f i n e C o n t r o l M a s k ( 1 < < 2 )
# d e f i n e M o d 1 M a s k ( 1 < < 3 )
# d e f i n e M o d 2 M a s k ( 1 < < 4 )
# d e f i n e M o d 3 M a s k ( 1 < < 5 )
# d e f i n e M o d 4 M a s k ( 1 < < 6 )
# d e f i n e M o d 5 M a s k ( 1 < < 7 )


# d e f i n e B u t t o n 1 M a s k ( 1 < < 8 )
# d e f i n e B u t t o n 2 M a s k ( 1 < < 9 )
# d e f i n e B u t t o n 3 M a s k ( 1 < < 1 0 )
# d e f i n e B u t t o n 4 M a s k ( 1 < < 1 1 )
# d e f i n e B u t t o n 5 M a s k ( 1 < < 1 2 )
# d e f i n e A n y M o d i f i e r ( 1 < < 1 5 )


# d e f i n e B u t t o n 1 1
# d e f i n e B u t t o n 2 2
# d e f i n e B u t t o n 3 3
# d e f i n e B u t t o n 4 4
# d e f i n e B u t t o n 5 5


# d e f i n e N o t i f y N o r m a l 0
# d e f i n e N o t i f y G r a b 1
# d e f i n e N o t i f y U n g r a b 2
# d e f i n e N o t i f y W h i l e G r a b b e d 3
# d e f i n e N o t i f y H i n t 1
# d e f i n e N o t i f y A n c e s t o r 0
# d e f i n e N o t i f y V i r t u a l 1
# d e f i n e N o t i f y I n f e r i o r 2
# d e f i n e N o t i f y N o n l i n e a r 3
# d e f i n e N o t i f y N o n l i n e a r V i r t u a l 4
# d e f i n e N o t i f y P o i n t e r 5
# d e f i n e N o t i f y P o i n t e r R o o t 6
# d e f i n e N o t i f y D e t a i l N o n e 7
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# d e f i n e V i s i b i l i t y U n o b s c u r e d 0
# d e f i n e V i s i b i l i t y P a r t i a l l y O b s c u r e d 1
# d e f i n e V i s i b i l i t y F u l l y O b s c u r e d 2


# d e f i n e P l a c e O n T o p 0
# d e f i n e P l a c e O n B o t t o m 1


# d e f i n e P r o p e r t y N e w V a l u e 0
# d e f i n e P r o p e r t y D e l e t e 1


# d e f i n e C o l o r m a p U n i n s t a l l e d 0
# d e f i n e C o l o r m a p I n s t a l l e d 1


# d e f i n e G r a b M o d e S y n c 0
# d e f i n e G r a b M o d e A s y n c 1


# d e f i n e G r a b S u c c e s s 0
# d e f i n e A l r e a d y G r a b b e d 1
# d e f i n e G r a b I n v a l i d T i m e 2
# d e f i n e G r a b N o t V i e w a b l e 3
# d e f i n e G r a b F r o z e n 4


# d e f i n e A s y n c P o i n t e r 0
# d e f i n e S y n c P o i n t e r 1
# d e f i n e R e p l a y P o i n t e r 2
# d e f i n e A s y n c K e y b o a r d 3
# d e f i n e S y n c K e y b o a r d 4
# d e f i n e R e p l a y K e y b o a r d 5
# d e f i n e A s y n c B o t h 6
# d e f i n e S y n c B o t h 7


# d e f i n e R e v e r t T o N o n e ( i n t ) N o n e
# d e f i n e R e v e r t T o P o i n t e r R o o t ( i n t ) P o i n t e r R o o t
# d e f i n e R e v e r t T o P a r e n t 2
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# d e f i n e S u c c e s s 0
# d e f i n e B a d R e q u e s t 1
# d e f i n e B a d V a l u e 2
# d e f i n e B a d W i n d o w 3
# d e f i n e B a d P i x m a p 4
# d e f i n e B a d A t o m 5
# d e f i n e B a d C u r s o r 6
# d e f i n e B a d F o n t 7
# d e f i n e B a d M a t c h 8
# d e f i n e B a d D r a w a b l e 9
# d e f i n e B a d A c c e s s 1 0
# d e f i n e B a d A l l o c 1 1
# d e f i n e B a d C o l o r 1 2
# d e f i n e B a d G C 1 3
# d e f i n e B a d I D C h o i c e 1 4
# d e f i n e B a d N a m e 1 5
# d e f i n e B a d L e n g t h 1 6
# d e f i n e B a d I m p l e m e n t a t i o n 1 7


# d e f i n e I n p u t O u t p u t 1
# d e f i n e I n p u t O n l y 2


# d e f i n e C W B a c k P i x m a p ( 1 L < < 0 )
# d e f i n e C W B a c k P i x e l ( 1 L < < 1 )
# d e f i n e C W B o r d e r P i x m a p ( 1 L < < 2 )
# d e f i n e C W B o r d e r P i x e l ( 1 L < < 3 )
# d e f i n e C W B i t G r a v i t y ( 1 L < < 4 )
# d e f i n e C W W i n G r a v i t y ( 1 L < < 5 )
# d e f i n e C W B a c k i n g S t o r e ( 1 L < < 6 )
# d e f i n e C W B a c k i n g P l a n e s ( 1 L < < 7 )
# d e f i n e C W B a c k i n g P i x e l ( 1 L < < 8 )
# d e f i n e C W O v e r r i d e R e d i r e c t ( 1 L < < 9 )
# d e f i n e C W S a v e U n d e r ( 1 L < < 1 0 )
# d e f i n e C W E v e n t M a s k ( 1 L < < 1 1 )
# d e f i n e C W D o n t P r o p a g a t e ( 1 L < < 1 2 )
# d e f i n e C W C o l o r m a p ( 1 L < < 1 3 )
# d e f i n e C W C u r s o r ( 1 L < < 1 4 )
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# d e f i n e C W X ( 1 < < 0 )
# d e f i n e C W Y ( 1 < < 1 )
# d e f i n e C W W i d t h ( 1 < < 2 )
# d e f i n e C W H e i g h t ( 1 < < 3 )
# d e f i n e C W B o r d e r W i d t h ( 1 < < 4 )
# d e f i n e C W S i b l i n g ( 1 < < 5 )
# d e f i n e C W S t a c k M o d e ( 1 < < 6 )


# d e f i n e F o r g e t G r a v i t y 0
# d e f i n e N o r t h W e s t G r a v i t y 1
# d e f i n e N o r t h G r a v i t y 2
# d e f i n e N o r t h E a s t G r a v i t y 3
# d e f i n e W e s t G r a v i t y 4
# d e f i n e C e n t e r G r a v i t y 5
# d e f i n e E a s t G r a v i t y 6
# d e f i n e S o u t h W e s t G r a v i t y 7
# d e f i n e S o u t h G r a v i t y 8
# d e f i n e S o u t h E a s t G r a v i t y 9
# d e f i n e S t a t i c G r a v i t y 1 0
# d e f i n e U n m a p G r a v i t y 0


# d e f i n e N o t U s e f u l 0
# d e f i n e W h e n M a p p e d 1
# d e f i n e A l w a y s 2


# d e f i n e I s U n m a p p e d 0
# d e f i n e I s U n v i e w a b l e 1
# d e f i n e I s V i e w a b l e 2


# d e f i n e S e t M o d e I n s e r t 0
# d e f i n e S e t M o d e D e l e t e 1


# d e f i n e D e s t r o y A l l 0
# d e f i n e R e t a i n P e r m a n e n t 1
# d e f i n e R e t a i n T e m p o r a r y 2
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# d e f i n e A b o v e 0
# d e f i n e B e l o w 1
# d e f i n e T o p I f 2
# d e f i n e B o t t o m I f 3
# d e f i n e O p p o s i t e 4
# d e f i n e R a i s e L o w e s t 0
# d e f i n e L o w e r H i g h e s t 1
# d e f i n e P r o p M o d e R e p l a c e 0
# d e f i n e P r o p M o d e P r e p e n d 1
# d e f i n e P r o p M o d e A p p e n d 2


# d e f i n e G X c l e a r 0 x 0
# d e f i n e G X a n d 0 x 1
# d e f i n e G X a n d R e v e r s e 0 x 2
# d e f i n e G X c o p y 0 x 3
# d e f i n e G X a n d I n v e r t e d 0 x 4
# d e f i n e G X n o o p 0 x 5
# d e f i n e G X x o r 0 x 6
# d e f i n e G X o r 0 x 7
# d e f i n e G X n o r 0 x 8
# d e f i n e G X e q u i v 0 x 9
# d e f i n e G X i n v e r t 0 x a
# d e f i n e G X o r R e v e r s e 0 x b
# d e f i n e G X c o p y I n v e r t e d 0 x c
# d e f i n e G X o r I n v e r t e d 0 x d
# d e f i n e G X n a n d 0 x e
# d e f i n e G X s e t 0 x f


# d e f i n e L i n e S o l i d 0
# d e f i n e L i n e O n O f f D a s h 1
# d e f i n e L i n e D o u b l e D a s h 2
# d e f i n e C a p N o t L a s t 0
# d e f i n e C a p B u t t 1
# d e f i n e C a p R o u n d 2
# d e f i n e C a p P r o j e c t i n g 3
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# d e f i n e J o i n M i t e r 0
# d e f i n e J o i n R o u n d 1
# d e f i n e J o i n B e v e l 2


# d e f i n e F i l l S o l i d 0
# d e f i n e F i l l T i l e d 1
# d e f i n e F i l l S t i p p l e d 2
# d e f i n e F i l l O p a q u e S t i p p l e d 3


# d e f i n e E v e n O d d R u l e 0
# d e f i n e W i n d i n g R u l e 1


# d e f i n e C l i p B y C h i l d r e n 0
# d e f i n e I n c l u d e I n f e r i o r s 1


# d e f i n e U n s o r t e d 0
# d e f i n e Y S o r t e d 1
# d e f i n e Y X S o r t e d 2
# d e f i n e Y X B a n d e d 3


# d e f i n e C o o r d M o d e O r i g i n 0
# d e f i n e C o o r d M o d e P r e v i o u s 1


# d e f i n e C o m p l e x 0
# d e f i n e N o n c o n v e x 1
# d e f i n e C o n v e x 2


# d e f i n e A r c C h o r d 0
# d e f i n e A r c P i e S l i c e 1
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# d e f i n e G C F u n c t i o n ( 1 L < < 0 )
# d e f i n e G C P l a n e M a s k ( 1 L < < 1 )
# d e f i n e G C F o r e g r o u n d ( 1 L < < 2 )
# d e f i n e G C B a c k g r o u n d ( 1 L < < 3 )
# d e f i n e G C L i n e W i d t h ( 1 L < < 4 )
# d e f i n e G C L i n e S t y l e ( 1 L < < 5 )
# d e f i n e G C C a p S t y l e ( 1 L < < 6 )
# d e f i n e G C J o i n S t y l e ( 1 L < < 7 )
# d e f i n e G C F i l l S t y l e ( 1 L < < 8 )
# d e f i n e G C F i l l R u l e ( 1 L < < 9 )
# d e f i n e G C T i l e ( 1 L < < 1 0 )
# d e f i n e G C S t i p p l e ( 1 L < < 1 1 )
# d e f i n e G C T i l e S t i p X O r i g i n ( 1 L < < 1 2 )
# d e f i n e G C T i l e S t i p Y O r i g i n ( 1 L < < 1 3 )
# d e f i n e G C F o n t ( 1 L < < 1 4 )
# d e f i n e G C S u b w i n d o w M o d e ( 1 L < < 1 5 )
# d e f i n e G C G r a p h i c s E x p o s u r e s ( 1 L < < 1 6 )
# d e f i n e G C C l i p X O r i g i n ( 1 L < < 1 7 )
# d e f i n e G C C l i p Y O r i g i n ( 1 L < < 1 8 )
# d e f i n e G C C l i p M a s k ( 1 L < < 1 9 )
# d e f i n e G C D a s h O f f s e t ( 1 L < < 2 0 )
# d e f i n e G C D a s h L i s t ( 1 L < < 2 1 )
# d e f i n e G C A r c M o d e ( 1 L < < 2 2 )


# d e f i n e F o n t L e f t T o R i g h t 0
# d e f i n e F o n t R i g h t T o L e f t 1


# d e f i n e X Y B i t m a p 0
# d e f i n e X Y P i x m a p 1
# d e f i n e Z P i x m a p 2


# d e f i n e A l l o c N o n e 0
# d e f i n e A l l o c A l l 1


# d e f i n e D o R e d ( 1 < < 0 )
# d e f i n e D o G r e e n ( 1 < < 1 )
# d e f i n e D o B l u e ( 1 < < 2 )
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# d e f i n e C u r s o r S h a p e 0
# d e f i n e T i l e S h a p e 1
# d e f i n e S t i p p l e S h a p e 2


# d e f i n e A u t o R e p e a t M o d e O f f 0
# d e f i n e A u t o R e p e a t M o d e O n 1
# d e f i n e A u t o R e p e a t M o d e D e f a u l t 2


# d e f i n e L e d M o d e O f f 0
# d e f i n e L e d M o d e O n 1


# d e f i n e K B K e y C l i c k P e r c e n t ( 1 L < < 0 )
# d e f i n e K B B e l l P e r c e n t ( 1 L < < 1 )
# d e f i n e K B B e l l P i t c h ( 1 L < < 2 )
# d e f i n e K B B e l l D u r a t i o n ( 1 L < < 3 )
# d e f i n e K B L e d ( 1 L < < 4 )
# d e f i n e K B L e d M o d e ( 1 L < < 5 )
# d e f i n e K B K e y ( 1 L < < 6 )
# d e f i n e K B A u t o R e p e a t M o d e ( 1 L < < 7 )


# d e f i n e M a p p i n g S u c c e s s 0
# d e f i n e M a p p i n g B u s y 1
# d e f i n e M a p p i n g F a i l e d 2


# d e f i n e M a p p i n g M o d i f i e r 0
# d e f i n e M a p p i n g K e y b o a r d 1
# d e f i n e M a p p i n g P o i n t e r 2
# d e f i n e D o n t P r e f e r B l a n k i n g 0
# d e f i n e P r e f e r B l a n k i n g 1
# d e f i n e D e f a u l t B l a n k i n g 2


# d e f i n e D o n t A l l o w E x p o s u r e s 0
# d e f i n e A l l o w E x p o s u r e s 1
# d e f i n e D e f a u l t E x p o s u r e s 2
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# d e f i n e S c r e e n S a v e r R e s e t 0
# d e f i n e S c r e e n S a v e r A c t i v e 1


# d e f i n e E n a b l e A c c e s s 1
# d e f i n e D i s a b l e A c c e s s 0
# d e f i n e S t a t i c G r a y 0
# d e f i n e G r a y S c a l e 1


# d e f i n e S t a t i c C o l o r 2
# d e f i n e P s e u d o C o l o r 3
# d e f i n e T r u e C o l o r 4
# d e f i n e D i r e c t C o l o r 5


# d e f i n e L S B F i r s t 0
# d e f i n e M S B F i r s t 1
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Figure 6-95: < X 1 1 / X a t o m . h >, Part 1 of 3


# d e f i n e X A _ P R I M A R Y ( ( A t o m ) 1 )
# d e f i n e X A _ S E C O N D A R Y ( ( A t o m ) 2 )
# d e f i n e X A _ A R C ( ( A t o m ) 3 )
# d e f i n e X A _ A T O M ( ( A t o m ) 4 )
# d e f i n e X A _ B I T M A P ( ( A t o m ) 5 )
# d e f i n e X A _ C A R D I N A L ( ( A t o m ) 6 )
# d e f i n e X A _ C O L O R M A P ( ( A t o m ) 7 )
# d e f i n e X A _ C U R S O R ( ( A t o m ) 8 )
# d e f i n e X A _ C U T _ B U F F E R 0 ( ( A t o m ) 9 )
# d e f i n e X A _ C U T _ B U F F E R 1 ( ( A t o m ) 1 0 )
# d e f i n e X A _ C U T _ B U F F E R 2 ( ( A t o m ) 1 1 )
# d e f i n e X A _ C U T _ B U F F E R 3 ( ( A t o m ) 1 2 )
# d e f i n e X A _ C U T _ B U F F E R 4 ( ( A t o m ) 1 3 )
# d e f i n e X A _ C U T _ B U F F E R 5 ( ( A t o m ) 1 4 )
# d e f i n e X A _ C U T _ B U F F E R 6 ( ( A t o m ) 1 5 )
# d e f i n e X A _ C U T _ B U F F E R 7 ( ( A t o m ) 1 6 )
# d e f i n e X A _ D R A W A B L E ( ( A t o m ) 1 7 )
# d e f i n e X A _ F O N T ( ( A t o m ) 1 8 )
# d e f i n e X A _ I N T E G E R ( ( A t o m ) 1 9 )
# d e f i n e X A _ P I X M A P ( ( A t o m ) 2 0 )
# d e f i n e X A _ P O I N T ( ( A t o m ) 2 1 )
# d e f i n e X A _ R E C T A N G L E ( ( A t o m ) 2 2 )
# d e f i n e X A _ R E S O U R C E _ M A N A G E R ( ( A t o m ) 2 3 )
# d e f i n e X A _ R G B _ C O L O R _ M A P ( ( A t o m ) 2 4 )
# d e f i n e X A _ R G B _ B E S T _ M A P ( ( A t o m ) 2 5 )
# d e f i n e X A _ R G B _ B L U E _ M A P ( ( A t o m ) 2 6 )
# d e f i n e X A _ R G B _ D E F A U L T _ M A P ( ( A t o m ) 2 7 )
# d e f i n e X A _ R G B _ G R A Y _ M A P ( ( A t o m ) 2 8 )
# d e f i n e X A _ R G B _ G R E E N _ M A P ( ( A t o m ) 2 9 )
# d e f i n e X A _ R G B _ R E D _ M A P ( ( A t o m ) 3 0 )
# d e f i n e X A _ S T R I N G ( ( A t o m ) 3 1 )
# d e f i n e X A _ V I S U A L I D ( ( A t o m ) 3 2 )


LIBRARIES 6-87







System Data Interfaces
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# d e f i n e X A _ W I N D O W ( ( A t o m ) 3 3 )
# d e f i n e X A _ W M _ C O M M A N D ( ( A t o m ) 3 4 )
# d e f i n e X A _ W M _ H I N T S ( ( A t o m ) 3 5 )
# d e f i n e X A _ W M _ C L I E N T _ M A C H I N E ( ( A t o m ) 3 6 )
# d e f i n e X A _ W M _ I C O N _ N A M E ( ( A t o m ) 3 7 )
# d e f i n e X A _ W M _ I C O N _ S I Z E ( ( A t o m ) 3 8 )
# d e f i n e X A _ W M _ N A M E ( ( A t o m ) 3 9 )
# d e f i n e X A _ W M _ N O R M A L _ H I N T S ( ( A t o m ) 4 0 )
# d e f i n e X A _ W M _ S I Z E _ H I N T S ( ( A t o m ) 4 1 )
# d e f i n e X A _ W M _ Z O O M _ H I N T S ( ( A t o m ) 4 2 )
# d e f i n e X A _ M I N _ S P A C E ( ( A t o m ) 4 3 )
# d e f i n e X A _ N O R M _ S P A C E ( ( A t o m ) 4 4 )
# d e f i n e X A _ M A X _ S P A C E ( ( A t o m ) 4 5 )
# d e f i n e X A _ E N D _ S P A C E ( ( A t o m ) 4 6 )
# d e f i n e X A _ S U P E R S C R I P T _ X ( ( A t o m ) 4 7 )
# d e f i n e X A _ S U P E R S C R I P T _ Y ( ( A t o m ) 4 8 )
# d e f i n e X A _ S U B S C R I P T _ X ( ( A t o m ) 4 9 )
# d e f i n e X A _ S U B S C R I P T _ Y ( ( A t o m ) 5 0 )
# d e f i n e X A _ U N D E R L I N E _ P O S I T I O N ( ( A t o m ) 5 1 )
# d e f i n e X A _ U N D E R L I N E _ T H I C K N E S S ( ( A t o m ) 5 2 )
# d e f i n e X A _ S T R I K E O U T _ A S C E N T ( ( A t o m ) 5 3 )
# d e f i n e X A _ S T R I K E O U T _ D E S C E N T ( ( A t o m ) 5 4 )
# d e f i n e X A _ I T A L I C _ A N G L E ( ( A t o m ) 5 5 )
# d e f i n e X A _ X _ H E I G H T ( ( A t o m ) 5 6 )
# d e f i n e X A _ Q U A D _ W I D T H ( ( A t o m ) 5 7 )
# d e f i n e X A _ W E I G H T ( ( A t o m ) 5 8 )
# d e f i n e X A _ P O I N T _ S I Z E ( ( A t o m ) 5 9 )
# d e f i n e X A _ R E S O L U T I O N ( ( A t o m ) 6 0 )
# d e f i n e X A _ C O P Y R I G H T ( ( A t o m ) 6 1 )
# d e f i n e X A _ N O T I C E ( ( A t o m ) 6 2 )
# d e f i n e X A _ F O N T _ N A M E ( ( A t o m ) 6 3 )
# d e f i n e X A _ F A M I L Y _ N A M E ( ( A t o m ) 6 4 )
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Figure 6-97: < X 1 1 / X a t o m . h >, Part 3 of 3


# d e f i n e X A _ F U L L _ N A M E ( ( A t o m ) 6 5 )
# d e f i n e X A _ C A P _ H E I G H T ( ( A t o m ) 6 6 )
# d e f i n e X A _ W M _ C L A S S ( ( A t o m ) 6 7 )
# d e f i n e X A _ W M _ T R A N S I E N T _ F O R ( ( A t o m ) 6 8 )
# d e f i n e X A _ L A S T _ P R E D E F I N E D ( ( A t o m ) 6 8 )
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# d e f i n e X c m s F a i l u r e 0
# d e f i n e X c m s S u c c e s s 1
# d e f i n e X c m s S u c c e s s W i t h C o m p r e s s i o n 2


# d e f i n e X c m s U n d e f i n e d F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 0
# d e f i n e X c m s C I E X Y Z F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 1
# d e f i n e X c m s C I E u v Y F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 2
# d e f i n e X c m s C I E x y Y F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 3
# d e f i n e X c m s C I E L a b F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 4
# d e f i n e X c m s C I E L u v F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 5
# d e f i n e X c m s T e k H V C F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 0 0 0 0 0 0 0 6
# d e f i n e X c m s R G B F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 8 0 0 0 0 0 0 0
# d e f i n e X c m s R G B i F o r m a t ( X c m s C o l o r F o r m a t ) 0 x 8 0 0 0 0 0 0 1


# d e f i n e X c m s I n i t N o n e 0 x 0 0
# d e f i n e X c m s I n i t S u c c e s s 0 x 0 1


t y p e d e f u n s i g n e d i n t X c m s C o l o r F o r m a t ;


t y p e d e f d o u b l e X c m s F l o a t ;


t y p e d e f s t r u c t {
u n s i g n e d s h o r t r e d ;
u n s i g n e d s h o r t g r e e n ;
u n s i g n e d s h o r t b l u e ;


} X c m s R G B ;
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Figure 6-99: < X 1 1 / X c m s . h >, Part 2 of 5


t y p e d e f s t r u c t {
X c m s F l o a t r e d ;
X c m s F l o a t g r e e n ;
X c m s F l o a t b l u e ;


} X c m s R G B i ;


t y p e d e f s t r u c t {
X c m s F l o a t X ;
X c m s F l o a t Y ;
X c m s F l o a t Z ;


} X c m s C I E X Y Z ;


t y p e d e f s t r u c t {
X c m s F l o a t u _ p r i m e ;
X c m s F l o a t v _ p r i m e ;
X c m s F l o a t Y ;


} X c m s C I E u v Y ;


t y p e d e f s t r u c t {
X c m s F l o a t x ;
X c m s F l o a t y ;
X c m s F l o a t Y ;


} X c m s C I E x y Y ;


t y p e d e f s t r u c t {
X c m s F l o a t L _ s t a r ;
X c m s F l o a t a _ s t a r ;
X c m s F l o a t b _ s t a r ;


} X c m s C I E L a b ;
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t y p e d e f s t r u c t {
X c m s F l o a t L _ s t a r ;
X c m s F l o a t u _ s t a r ;
X c m s F l o a t v _ s t a r ;


} X c m s C I E L u v ;


t y p e d e f s t r u c t {
X c m s F l o a t H ;
X c m s F l o a t V ;
X c m s F l o a t C ;


} X c m s T e k H V C ;


t y p e d e f s t r u c t {
X c m s F l o a t p a d 0 ;
X c m s F l o a t p a d 1 ;
X c m s F l o a t p a d 2 ;
X c m s F l o a t p a d 3 ;


} X c m s P a d ;
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Figure 6-101: < X 1 1 / X c m s . h >, Part 4 of 5


t y p e d e f s t r u c t {
u n i o n {


X c m s R G B R G B ;
X c m s R G B i R G B i ;
X c m s C I E X Y Z C I E X Y Z ;
X c m s C I E u v Y C I E u v Y ;
X c m s C I E x y Y C I E x y Y ;
X c m s C I E L a b C I E L a b ;
X c m s C I E L u v C I E L u v ;
X c m s T e k H V C T e k H V C ;
X c m s P a d P a d ;


} s p e c ;
u n s i g n e d l o n g p i x e l ;
X c m s C o l o r F o r m a t f o r m a t ;


} X c m s C o l o r ;


t y p e d e f s t r u c t {
X c m s C o l o r s c r e e n W h i t e P t ;
X P o i n t e r f u n c t i o n S e t ;
X P o i n t e r s c r e e n D a t a ;
u n s i g n e d c h a r s t a t e ;
c h a r p a d [ 3 ] ;


} X c m s P e r S c r n I n f o ;


t y p e d e f v o i d * X c m s C C C ;


t y p e d e f S t a t u s ( * X c m s C o n v e r s i o n P r o c ) ( ) ;
t y p e d e f X c m s C o n v e r s i o n P r o c * X c m s F u n c L i s t P t r ;
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Figure 6-102: < X 1 1 / X c m s . h >, Part 5 of 5


t y p e d e f s t r u c t {
c h a r * p r e f i x ;
X c m s C o l o r F o r m a t i d ;
X c m s P a r s e S t r i n g P r o c p a r s e S t r i n g ;
X c m s F u n c L i s t P t r t o _ C I E X Y Z ;
X c m s F u n c L i s t P t r f r o m _ C I E X Y Z ;
i n t i n v e r s e _ f l a g ;


} X c m s C o l o r S p a c e ;


t y p e d e f s t r u c t {
X c m s C o l o r S p a c e * * D D C o l o r S p a c e s ;
X c m s S c r e e n I n i t P r o c s c r e e n I n i t P r o c ;
X c m s S c r e e n F r e e P r o c s c r e e n F r e e P r o c ;


} X c m s F u n c t i o n S e t ;
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Figure 6-103: < X 1 1 / X l i b . h > Part 1 of 27


t y p e d e f v o i d * X P o i n t e r ;


# d e f i n e B o o l i n t
# d e f i n e S t a t u s i n t
# d e f i n e T r u e 1
# d e f i n e F a l s e 0
# d e f i n e Q u e u e d A l r e a d y 0
# d e f i n e Q u e u e d A f t e r R e a d i n g 1
# d e f i n e Q u e u e d A f t e r F l u s h 2


# d e f i n e A l l P l a n e s ( ( u n s i g n e d l o n g ) ̃ 0 L )


Figure 6-104: < X 1 1 / X l i b . h > Part 2 of 27


t y p d e f v o i d X E x t D a t a ;


t y p d e f v o i d X E x t C o d e s ;


t y p e d e f s t r u c t {
i n t d e p t h ;
i n t b i t s _ p e r _ p i x e l ;
i n t s c a n l i n e _ p a d ;


} X P i x m a p F o r m a t V a l u e s ;
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Figure 6-105: < X 1 1 / X l i b . h > Part 3 of 27


t y p e d e f s t r u c t {
i n t f u n c t i o n ;
u n s i g n e d l o n g p l a n e _ m a s k ;
u n s i g n e d l o n g f o r e g r o u n d ;
u n s i g n e d l o n g b a c k g r o u n d ;
i n t l i n e _ w i d t h ;
i n t l i n e _ s t y l e ;
i n t c a p _ s t y l e ;
i n t j o i n _ s t y l e ;
i n t f i l l _ s t y l e ;
i n t f i l l _ r u l e ;
i n t a r c _ m o d e ;
P i x m a p t i l e ;
P i x m a p s t i p p l e ;
i n t t s _ x _ o r i g i n ;
i n t t s _ y _ o r i g i n ;
F o n t f o n t ;
i n t s u b w i n d o w _ m o d e ;
B o o l g r a p h i c s _ e x p o s u r e s ;
i n t c l i p _ x _ o r i g i n ;
i n t c l i p _ y _ o r i g i n ;
P i x m a p c l i p _ m a s k ;
i n t d a s h _ o f f s e t ;
c h a r d a s h e s ;


} X G C V a l u e s ;


t y p e d e f v o i d * G C ;


t y p e d e f s t r u c t _ d u m m y V i s u a l ;


6-96 SPARC PROCESSOR SUPPLEMENT







System Data Interfaces


Figure 6-106: < X 1 1 / X l i b . h > Part 4 of 27


t y p e d e f s t r u c t _ d u m m y S c r e e n ;


t y p e d e f s t r u c t {
P i x m a p b a c k g r o u n d _ p i x m a p ;
u n s i g n e d l o n g b a c k g r o u n d _ p i x e l ;
P i x m a p b o r d e r _ p i x m a p ;
u n s i g n e d l o n g b o r d e r _ p i x e l ;
i n t b i t _ g r a v i t y ;
i n t w i n _ g r a v i t y ;
i n t b a c k i n g _ s t o r e ;
u n s i g n e d l o n g b a c k i n g _ p l a n e s ;
u n s i g n e d l o n g b a c k i n g _ p i x e l ;
B o o l s a v e _ u n d e r ;
l o n g e v e n t _ m a s k ;
l o n g d o _ n o t _ p r o p a g a t e _ m a s k ;
B o o l o v e r r i d e _ r e d i r e c t ;
C o l o r m a p c o l o r m a p ;
C u r s o r c u r s o r ;


} X S e t W i n d o w A t t r i b u t e s ;
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t y p e d e f s t r u c t {
X E x t D a t a * e x t _ d a t a ;
i n t d e p t h ;
i n t b i t s _ p e r _ p i x e l ;
i n t s c a n l i n e _ p a d ;


} S c r e e n F o r m a t ;


t y p e d e f s t r u c t {
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t b o r d e r _ w i d t h ;
i n t d e p t h ;
V i s u a l * v i s u a l ;
W i n d o w r o o t ;
i n t c l a s s ;
i n t b i t _ g r a v i t y ;
i n t w i n _ g r a v i t y ;
i n t b a c k i n g _ s t o r e ;
u n s i g n e d l o n g b a c k i n g _ p l a n e s ;
u n s i g n e d l o n g b a c k i n g _ p i x e l ;
B o o l s a v e _ u n d e r ;
C o l o r m a p c o l o r m a p ;
B o o l m a p _ i n s t a l l e d ;
i n t m a p _ s t a t e ;
l o n g a l l _ e v e n t _ m a s k s ;
l o n g y o u r _ e v e n t _ m a s k ;
l o n g d o _ n o t _ p r o p a g a t e _ m a s k ;
B o o l o v e r r i d e _ r e d i r e c t ;
S c r e e n * s c r e e n ;


} X W i n d o w A t t r i b u t e s ;
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Figure 6-108: < X 1 1 / X l i b . h > Part 6 of 27


t y p e d e f s t r u c t {
i n t f a m i l y ;
i n t l e n g t h ;
c h a r * a d d r e s s ;


} X H o s t A d d r e s s ;


t y p e d e f s t r u c t _ X I m a g e {
i n t w i d t h , h e i g h t ;
i n t x o f f s e t ;
i n t f o r m a t ;
c h a r * d a t a ;
i n t b y t e _ o r d e r ;
i n t b i t m a p _ u n i t ;
i n t b i t m a p _ b i t _ o r d e r ;
i n t b i t m a p _ p a d ;
i n t d e p t h ;
i n t b y t e s _ p e r _ l i n e ;
i n t b i t s _ p e r _ p i x e l ;
u n s i g n e d l o n g r e d _ m a s k ;
u n s i g n e d l o n g g r e e n _ m a s k ;
u n s i g n e d l o n g b l u e _ m a s k ;
X P o i n t e r o b d a t a ;
s t r u c t f u n c s {


s t r u c t _ X I m a g e * ( * c r e a t e _ i m a g e ) ( ) ;
i n t ( * d e s t r o y _ i m a g e ) ( ) ;
u n s i g n e d l o n g ( * g e t _ p i x e l ) ( ) ;
i n t ( * p u t _ p i x e l ) ( ) ;
s t r u c t _ X I m a g e * ( * s u b _ i m a g e ) ( ) ;
i n t ( * a d d _ p i x e l ) ( ) ;


} f ;
} X I m a g e ;
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t y p e d e f s t r u c t {
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t b o r d e r _ w i d t h ;
W i n d o w s i b l i n g ;
i n t s t a c k _ m o d e ;


} X W i n d o w C h a n g e s ;


t y p e d e f s t r u c t {
u n s i g n e d l o n g p i x e l ;
u n s i g n e d s h o r t r e d , g r e e n , b l u e ;
c h a r f l a g s ;
c h a r p a d ;


} X C o l o r ;


t y p e d e f s t r u c t {
s h o r t x 1 , y 1 , x 2 , y 2 ;


} X S e g m e n t ;


t y p e d e f s t r u c t {
s h o r t x , y ;


} X P o i n t ;


t y p e d e f s t r u c t {
s h o r t x , y ;
u n s i g n e d s h o r t w i d t h , h e i g h t ;


} X R e c t a n g l e ;


t y p e d e f s t r u c t {
s h o r t x , y ;
u n s i g n e d s h o r t w i d t h , h e i g h t ;
s h o r t a n g l e 1 , a n g l e 2 ;


} X A r c ;
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Figure 6-110: < X 1 1 / X l i b . h > Part 8 of 27


t y p e d e f s t r u c t {
i n t k e y _ c l i c k _ p e r c e n t ;
i n t b e l l _ p e r c e n t ;
i n t b e l l _ p i t c h ;
i n t b e l l _ d u r a t i o n ;
i n t l e d ;
i n t l e d _ m o d e ;
i n t k e y ;
i n t a u t o _ r e p e a t _ m o d e ;


} X K e y b o a r d C o n t r o l ;


t y p e d e f s t r u c t {
i n t k e y _ c l i c k _ p e r c e n t ;
i n t b e l l _ p e r c e n t ;
u n s i g n e d i n t b e l l _ p i t c h , b e l l _ d u r a t i o n ;
u n s i g n e d l o n g l e d _ m a s k ;
i n t g l o b a l _ a u t o _ r e p e a t ;
c h a r a u t o _ r e p e a t s [ 3 2 ] ;


} X K e y b o a r d S t a t e ;
t y p e d e f s t r u c t {


T i m e t i m e ;
s h o r t x , y ;


} X T i m e C o o r d ;


t y p e d e f s t r u c t {
i n t m a x _ k e y p e r m o d ;
K e y C o d e * m o d i f i e r m a p ;


} X M o d i f i e r K e y m a p ;


t y p e d e f s t r u c t _ d u m m y D i s p l a y ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
W i n d o w r o o t ;
W i n d o w s u b w i n d o w ;
T i m e t i m e ;
i n t x , y ;
i n t x _ r o o t , y _ r o o t ;
u n s i g n e d i n t s t a t e ;
u n s i g n e d i n t k e y c o d e ;
B o o l s a m e _ s c r e e n ;


} X K e y E v e n t ;
t y p e d e f X K e y E v e n t X K e y P r e s s e d E v e n t ;
t y p e d e f X K e y E v e n t X K e y R e l e a s e d E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
W i n d o w r o o t ;
W i n d o w s u b w i n d o w ;
T i m e t i m e ;
i n t x , y ;
i n t x _ r o o t , y _ r o o t ;
u n s i g n e d i n t s t a t e ;
u n s i g n e d i n t b u t t o n ;
B o o l s a m e _ s c r e e n ;


} X B u t t o n E v e n t ;
t y p e d e f X B u t t o n E v e n t X B u t t o n P r e s s e d E v e n t ;
t y p e d e f X B u t t o n E v e n t X B u t t o n R e l e a s e d E v e n t ;
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Figure 6-112: < X 1 1 / X l i b . h > Part 10 of 27


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
W i n d o w r o o t ;
W i n d o w s u b w i n d o w ;
T i m e t i m e ;
i n t x , y ;
i n t x _ r o o t , y _ r o o t ;
u n s i g n e d i n t s t a t e ;
c h a r i s _ h i n t ;
B o o l s a m e _ s c r e e n ;


} X M o t i o n E v e n t ;
t y p e d e f X M o t i o n E v e n t X P o i n t e r M o v e d E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
W i n d o w r o o t ;
W i n d o w s u b w i n d o w ;
T i m e t i m e ;
i n t x , y ;
i n t x _ r o o t , y _ r o o t ;
i n t m o d e ;
i n t d e t a i l ;
B o o l s a m e _ s c r e e n ;
B o o l f o c u s ;
u n s i g n e d i n t s t a t e ;


} X C r o s s i n g E v e n t ;
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Figure 6-113: < X 1 1 / X l i b . h > Part 11 of 27


t y p e d e f X C r o s s i n g E v e n t X E n t e r W i n d o w E v e n t ;
t y p e d e f X C r o s s i n g E v e n t X L e a v e W i n d o w E v e n t ;
t y p e d e f s t r u c t {


i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
i n t m o d e ;
i n t d e t a i l ;


} X F o c u s C h a n g e E v e n t ;
t y p e d e f X F o c u s C h a n g e E v e n t X F o c u s I n E v e n t ;
t y p e d e f X F o c u s C h a n g e E v e n t X F o c u s O u t E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
c h a r k e y _ v e c t o r [ 3 2 ] ;


} X K e y m a p E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t c o u n t ;


} X E x p o s e E v e n t ;


6-104 SPARC PROCESSOR SUPPLEMENT







System Data Interfaces


Figure 6-114: < X 1 1 / X l i b . h > Part 12 of 27


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
D r a w a b l e d r a w a b l e ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t c o u n t ;
i n t m a j o r _ c o d e ;
i n t m i n o r _ c o d e ;


} X G r a p h i c s E x p o s e E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
D r a w a b l e d r a w a b l e ;
i n t m a j o r _ c o d e ;
i n t m i n o r _ c o d e ;


} X N o E x p o s e E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
i n t s t a t e ;


} X V i s i b i l i t y E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w p a r e n t ;
W i n d o w w i n d o w ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t b o r d e r _ w i d t h ;
B o o l o v e r r i d e _ r e d i r e c t ;


} X C r e a t e W i n d o w E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;


} X D e s t r o y W i n d o w E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
B o o l f r o m _ c o n f i g u r e ;


} X U n m a p E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
B o o l o v e r r i d e _ r e d i r e c t ;


} X M a p E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w p a r e n t ;
W i n d o w w i n d o w ;


} X M a p R e q u e s t E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
W i n d o w p a r e n t ;
i n t x , y ;
B o o l o v e r r i d e _ r e d i r e c t ;


} X R e p a r e n t E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t b o r d e r _ w i d t h ;
W i n d o w a b o v e ;
B o o l o v e r r i d e _ r e d i r e c t ;


} X C o n f i g u r e E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
i n t x , y ;


} X G r a v i t y E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
i n t w i d t h , h e i g h t ;


} X R e s i z e R e q u e s t E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w p a r e n t ;
W i n d o w w i n d o w ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t b o r d e r _ w i d t h ;
W i n d o w a b o v e ;
i n t d e t a i l ;
u n s i g n e d l o n g v a l u e _ m a s k ;


} X C o n f i g u r e R e q u e s t E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w e v e n t ;
W i n d o w w i n d o w ;
i n t p l a c e ;


} X C i r c u l a t e E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w p a r e n t ;
W i n d o w w i n d o w ;
i n t p l a c e ;


} X C i r c u l a t e R e q u e s t E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
A t o m a t o m ;
T i m e t i m e ;
i n t s t a t e ;


} X P r o p e r t y E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
A t o m s e l e c t i o n ;
T i m e t i m e ;


} X S e l e c t i o n C l e a r E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w o w n e r ;
W i n d o w r e q u e s t o r ;
A t o m s e l e c t i o n ;
A t o m t a r g e t ;
A t o m p r o p e r t y ;
T i m e t i m e ;


} X S e l e c t i o n R e q u e s t E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w r e q u e s t o r ;
A t o m s e l e c t i o n ;
A t o m t a r g e t ;
A t o m p r o p e r t y ;
T i m e t i m e ;


} X S e l e c t i o n E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
D i s p l a y * d i s p l a y ;
X I D r e s o u r c e i d ;
u n s i g n e d l o n g s e r i a l ;
u n s i g n e d c h a r e r r o r _ c o d e ;
u n s i g n e d c h a r r e q u e s t _ c o d e ;
u n s i g n e d c h a r m i n o r _ c o d e ;


} X E r r o r E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
A t o m m e s s a g e _ t y p e ;
i n t f o r m a t ;
u n i o n {


c h a r b [ 2 0 ] ;
s h o r t s [ 1 0 ] ;
l o n g l [ 5 ] ;


} d a t a ;
} X C l i e n t M e s s a g e E v e n t ;
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t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
C o l o r m a p c o l o r m a p ;
B o o l n e w ;
i n t s t a t e ;


} X C o l o r m a p E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;
i n t r e q u e s t ;
i n t f i r s t _ k e y c o d e ;
i n t c o u n t ;


} X M a p p i n g E v e n t ;


t y p e d e f s t r u c t {
i n t t y p e ;
u n s i g n e d l o n g s e r i a l ;
B o o l s e n d _ e v e n t ;
D i s p l a y * d i s p l a y ;
W i n d o w w i n d o w ;


} X A n y E v e n t ;
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t y p e d e f u n i o n _ X E v e n t {
i n t t y p e ;
X A n y E v e n t x a n y ;
X K e y E v e n t x k e y ;
X B u t t o n E v e n t x b u t t o n ;
X M o t i o n E v e n t x m o t i o n ;
X C r o s s i n g E v e n t x c r o s s i n g ;
X F o c u s C h a n g e E v e n t x f o c u s ;
X E x p o s e E v e n t x e x p o s e ;
X G r a p h i c s E x p o s e E v e n t x g r a p h i c s e x p o s e ;
X N o E x p o s e E v e n t x n o e x p o s e ;
X V i s i b i l i t y E v e n t x v i s i b i l i t y ;
X C r e a t e W i n d o w E v e n t x c r e a t e w i n d o w ;
X D e s t r o y W i n d o w E v e n t x d e s t r o y w i n d o w ;
X U n m a p E v e n t x u n m a p ;
X M a p E v e n t x m a p ;
X M a p R e q u e s t E v e n t x m a p r e q u e s t ;
X R e p a r e n t E v e n t x r e p a r e n t ;
X C o n f i g u r e E v e n t x c o n f i g u r e ;
X G r a v i t y E v e n t x g r a v i t y ;
X R e s i z e R e q u e s t E v e n t x r e s i z e r e q u e s t ;
X C o n f i g u r e R e q u e s t E v e n t x c o n f i g u r e r e q u e s t ;
X C i r c u l a t e E v e n t x c i r c u l a t e ;
X C i r c u l a t e R e q u e s t E v e n t x c i r c u l a t e r e q u e s t ;
X P r o p e r t y E v e n t x p r o p e r t y ;
X S e l e c t i o n C l e a r E v e n t x s e l e c t i o n c l e a r ;
X S e l e c t i o n R e q u e s t E v e n t x s e l e c t i o n r e q u e s t ;
X S e l e c t i o n E v e n t x s e l e c t i o n ;
X C o l o r m a p E v e n t x c o l o r m a p ;
X C l i e n t M e s s a g e E v e n t x c l i e n t ;
X M a p p i n g E v e n t x m a p p i n g ;
X E r r o r E v e n t x e r r o r ;
X K e y m a p E v e n t x k e y m a p ;
l o n g p a d [ 2 4 ] ;


} X E v e n t ;
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# d e f i n e X A l l o c I D ( d p y ) ( ( * ( d p y ) - > r e s o u r c e _ a l l o c ) ( ( d p y ) ) )


t y p e d e f s t r u c t {
s h o r t l b e a r i n g ;
s h o r t r b e a r i n g ;
s h o r t w i d t h ;
s h o r t a s c e n t ;
s h o r t d e s c e n t ;
u n s i g n e d s h o r t a t t r i b u t e s ;


} X C h a r S t r u c t ;


t y p e d e f s t r u c t {
A t o m n a m e ;
u n s i g n e d l o n g c a r d 3 2 ;


} X F o n t P r o p ;


t y p e d e f s t r u c t {
X E x t D a t a * e x t _ d a t a ;
F o n t f i d ;
u n s i g n e d d i r e c t i o n ;
u n s i g n e d m i n _ c h a r _ o r _ b y t e 2 ;
u n s i g n e d m a x _ c h a r _ o r _ b y t e 2 ;
u n s i g n e d m i n _ b y t e 1 ;
u n s i g n e d m a x _ b y t e 1 ;
B o o l a l l _ c h a r s _ e x i s t ;
u n s i g n e d d e f a u l t _ c h a r ;
i n t n _ p r o p e r t i e s ;
X F o n t P r o p * p r o p e r t i e s ;
X C h a r S t r u c t m i n _ b o u n d s ;
X C h a r S t r u c t m a x _ b o u n d s ;
X C h a r S t r u c t * p e r _ c h a r ;
i n t a s c e n t ;
i n t d e s c e n t ;


} X F o n t S t r u c t ;
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t y p e d e f s t r u c t {
c h a r * c h a r s ;
i n t n c h a r s ;
i n t d e l t a ;
F o n t f o n t ;


} X T e x t I t e m ;


t y p e d e f s t r u c t {
u n s i g n e d c h a r b y t e 1 ;
u n s i g n e d c h a r b y t e 2 ;


} X C h a r 2 b ;


t y p e d e f s t r u c t {
X C h a r 2 b * c h a r s ;
i n t n c h a r s ;
i n t d e l t a ;
F o n t f o n t ;


} X T e x t I t e m 1 6 ;


t y p e d e f u n i o n {
D i s p l a y * d i s p l a y ;
G C g c ;
V i s u a l * v i s u a l ;
S c r e e n * s c r e e n ;
S c r e e n F o r m a t * p i x m a p _ f o r m a t ;
X F o n t S t r u c t * f o n t ;


} X E D a t a O b j e c t ;


t y p e d e f s t r u c t {
X R e c t a n g l e m a x _ i n k _ e x t e n t ;
X R e c t a n g l e m a x _ l o g i c a l _ e x t e n t ;


} X F o n t S e t E x t e n t s ;


t y p e d e f s t r u c t _ d u m m y X F o n t S e t ;
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t y p e d e f s t r u c t {
c h a r * c h a r s ;
i n t n c h a r s ;
i n t d e l t a ;
X F o n t S e t * f o n t _ s e t ;


} X m b T e x t I t e m ;


t y p e d e f s t r u c t {
w c h a r _ t * c h a r s ;
i n t n c h a r s ;
i n t d e l t a ;
X F o n t S e t f o n t _ s e t ;


} X w c T e x t I t e m ;


t y p e d e f v o i d ( * X I M P r o c ) ( ) ;


t y p e d e f v o i d * X I M ;
t y p e d e f v o i d * X I C ;


t y p e d e f u n s i g n e d l o n g X I M S t y l e ;


t y p e d e f s t r u c t {
u n s i g n e d s h o r t c o u n t _ s t y l e s ;
X I M S t y l e * s u p p o r t e d _ s t y l e s ;


} X I M S t y l e s ;


# d e f i n e X I M P r e e d i t A r e a 0 x 0 0 0 1 L
# d e f i n e X I M P r e e d i t C a l l b a c k s 0 x 0 0 0 2 L
# d e f i n e X I M P r e e d i t P o s i t i o n 0 x 0 0 0 4 L
# d e f i n e X I M P r e e d i t N o t h i n g 0 x 0 0 0 8 L
# d e f i n e X I M P r e e d i t N o n e 0 x 0 0 1 0 L
# d e f i n e X I M S t a t u s A r e a 0 x 0 1 0 0 L
# d e f i n e X I M S t a t u s C a l l b a c k s 0 x 0 2 0 0 L
# d e f i n e X I M S t a t u s N o t h i n g 0 x 0 4 0 0 L
# d e f i n e X I M S t a t u s N o n e 0 x 0 8 0 0 L
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# d e f i n e X N V a N e s t e d L i s t " X N V a N e s t e d L i s t "
# d e f i n e X N Q u e r y I n p u t S t y l e " q u e r y I n p u t S t y l e "
# d e f i n e X N C l i e n t W i n d o w " c l i e n t W i n d o w "
# d e f i n e X N I n p u t S t y l e " i n p u t S t y l e "
# d e f i n e X N F o c u s W i n d o w " f o c u s W i n d o w "
# d e f i n e X N R e s o u r c e N a m e " r e s o u r c e N a m e "
# d e f i n e X N R e s o u r c e C l a s s " r e s o u r c e C l a s s "
# d e f i n e X N G e o m e t r y C a l l b a c k " g e o m e t r y C a l l b a c k "
# d e f i n e X N F i l t e r E v e n t s " f i l t e r E v e n t s "
# d e f i n e X N P r e e d i t S t a r t C a l l b a c k " p r e e d i t S t a r t C a l l b a c k "
# d e f i n e X N P r e e d i t D o n e C a l l b a c k " p r e e d i t D o n e C a l l b a c k "
# d e f i n e X N P r e e d i t D r a w C a l l b a c k " p r e e d i t D r a w C a l l b a c k "
# d e f i n e X N P r e e d i t C a r e t C a l l b a c k " p r e e d i t C a r e t C a l l b a c k "
# d e f i n e X N P r e e d i t A t t r i b u t e s " p r e e d i t A t t r i b u t e s "
# d e f i n e X N S t a t u s S t a r t C a l l b a c k " s t a t u s S t a r t C a l l b a c k "
# d e f i n e X N S t a t u s D o n e C a l l b a c k " s t a t u s D o n e C a l l b a c k "
# d e f i n e X N S t a t u s D r a w C a l l b a c k " s t a t u s D r a w C a l l b a c k "
# d e f i n e X N S t a t u s A t t r i b u t e s " s t a t u s A t t r i b u t e s "
# d e f i n e X N A r e a " a r e a "
# d e f i n e X N A r e a N e e d e d " a r e a N e e d e d "
# d e f i n e X N S p o t L o c a t i o n " s p o t L o c a t i o n "
# d e f i n e X N C o l o r m a p " c o l o r M a p "
# d e f i n e X N S t d C o l o r m a p " s t d C o l o r M a p "
# d e f i n e X N F o r e g r o u n d " f o r e g r o u n d "
# d e f i n e X N B a c k g r o u n d " b a c k g r o u n d "
# d e f i n e X N B a c k g r o u n d P i x m a p " b a c k g r o u n d P i x m a p "
# d e f i n e X N F o n t S e t " f o n t S e t "
# d e f i n e X N L i n e S p a c e " l i n e S p a c e "
# d e f i n e X N C u r s o r " c u r s o r "
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# d e f i n e X B u f f e r O v e r f l o w - 1
# d e f i n e X L o o k u p N o n e 1
# d e f i n e X L o o k u p C h a r s 2
# d e f i n e X L o o k u p K e y S y m 3
# d e f i n e X L o o k u p B o t h 4


t y p e d e f X P o i n t e r X V a N e s t e d L i s t ;


t y p e d e f s t r u c t {
X P o i n t e r c l i e n t _ d a t a ;
X I M P r o c c a l l b a c k ;


} X I M C a l l b a c k ;


t y p e d e f u n s i g n e d l o n g X I M F e e d b a c k ;


# d e f i n e X I M R e v e r s e 1
# d e f i n e X I M U n d e r l i n e ( 1 < < 1 )
# d e f i n e X I M H i g h l i g h t ( 1 < < 2 )
# d e f i n e X I M P r i m a r y ( 1 < < 5 )
# d e f i n e X I M S e c o n d a r y ( 1 < < 6 )
# d e f i n e X I M T e r t i a r y ( 1 < < 7 )


t y p e d e f s t r u c t _ X I M T e x t {
u n s i g n e d s h o r t l e n g t h ;
X I M F e e d b a c k * f e e d b a c k ;
B o o l e n c o d i n g _ i s _ w c h a r ;
u n i o n {


c h a r * m u l t i _ b y t e ;
w c h a r _ t * w i d e _ c h a r ;


} s t r i n g ;
} X I M T e x t ;
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t y p e d e f s t r u c t _ X I M P r e e d i t D r a w C a l l b a c k S t r u c t {
i n t c a r e t ;
i n t c h g _ f i r s t ;
i n t c h g _ l e n g t h ;
X I M T e x t * t e x t ;


} X I M P r e e d i t D r a w C a l l b a c k S t r u c t ;


t y p e d e f e n u m {
X I M F o r w a r d C h a r , X I M B a c k w a r d C h a r ,
X I M F o r w a r d W o r d , X I M B a c k w a r d W o r d ,
X I M C a r e t U p , X I M C a r e t D o w n ,
X I M N e x t L i n e , X I M P r e v i o u s L i n e ,
X I M L i n e S t a r t , X I M L i n e E n d ,
X I M A b s o l u t e P o s i t i o n ,
X I M D o n t C h a n g e


} X I M C a r e t D i r e c t i o n ;


t y p e d e f e n u m {
X I M I s I n v i s i b l e ,
X I M I s P r i m a r y ,
X I M I s S e c o n d a r y


} X I M C a r e t S t y l e ;


t y p e d e f s t r u c t _ X I M P r e e d i t C a r e t C a l l b a c k S t r u c t {
i n t p o s i t i o n ;
X I M C a r e t D i r e c t i o n d i r e c t i o n ;
X I M C a r e t S t y l e s t y l e ;


} X I M P r e e d i t C a r e t C a l l b a c k S t r u c t ;


Figure 6-129: < X 1 1 / X l i b . h > Part 27 of 27


t y p e d e f e n u m {
X I M T e x t T y p e ,
X I M B i t m a p T y p e


} X I M S t a t u s D a t a T y p e ;


t y p e d e f s t r u c t _ X I M S t a t u s D r a w C a l l b a c k S t r u c t {
X I M S t a t u s D a t a T y p e t y p e ;
u n i o n {


X I M T e x t * t e x t ;
P i x m a p b i t m a p ;


} d a t a ;
} X I M S t a t u s D r a w C a l l b a c k S t r u c t ;
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Figure 6-130: < X 1 1 / X r e s o u r c e . h >, Part 1 of 2


t y p e d e f i n t X r m Q u a r k , * X r m Q u a r k L i s t ;
# d e f i n e N U L L Q U A R K ( ( X r m Q u a r k ) 0 )


t y p e d e f e n u m { X r m B i n d T i g h t l y , X r m B i n d L o o s e l y } \
X r m B i n d i n g , * X r m B i n d i n g L i s t ;


t y p e d e f X r m Q u a r k X r m N a m e ;
t y p e d e f X r m Q u a r k L i s t X r m N a m e L i s t ;
t y p e d e f X r m Q u a r k X r m C l a s s ;
t y p e d e f X r m Q u a r k L i s t X r m C l a s s L i s t ;
t y p e d e f X r m Q u a r k X r m R e p r e s e n t a t i o n ;


# d e f i n e X r m S t r i n g T o N a m e ( s t r i n g ) X r m S t r i n g T o Q u a r k ( s t r i n g )
# d e f i n e X r m S t r i n g T o N a m e L i s t ( s t r , n a m e ) X r m S t r i n g T o Q u a r k L i s t ( s t r , n a m e )
# d e f i n e X r m S t r i n g T o C l a s s ( c l a s s ) X r m S t r i n g T o Q u a r k ( c l a s s )
# d e f i n e X r m S t r i n g T o C l a s s L i s t ( s t r , c l a s s ) X r m S t r i n g T o Q u a r k L i s t ( s t r , c l a s s )
# d e f i n e X r m S t r i n g T o R e p r e s e n t a t i o n ( s t r i n g ) \


X r m S t r i n g T o Q u a r k ( s t r i n g )


t y p e d e f s t r u c t {
u n s i g n e d i n t s i z e ;
X P o i n t e r a d d r ;


} X r m V a l u e , * X r m V a l u e P t r ;


t y p e d e f v o i d * X r m H a s h B u c k e t ;
t y p e d e f X r m H a s h B u c k e t * X r m H a s h T a b l e ;
t y p e d e f X r m H a s h T a b l e X r m S e a r c h L i s t [ ] ;
t y p e d e f v o i d * X r m D a t a b a s e ;


# d e f i n e X r m E n u m A l l L e v e l s 0
# d e f i n e X r m E n u m O n e L e v e l 1
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Figure 6-131: < X 1 1 / X r e s o u r c e . h >, Part 2 of 2


t y p e d e f e n u m {
X r m o p t i o n N o A r g ,
X r m o p t i o n I s A r g ,
X r m o p t i o n S t i c k y A r g ,
X r m o p t i o n S e p A r g ,
X r m o p t i o n R e s A r g ,
X r m o p t i o n S k i p A r g ,
X r m o p t i o n S k i p L i n e ,
X r m o p t i o n S k i p N A r g s


} X r m O p t i o n K i n d ;


t y p e d e f s t r u c t {
c h a r * o p t i o n ;
c h a r * s p e c i f i e r ;
X r m O p t i o n K i n d a r g K i n d ;
X P o i n t e r v a l u e ;


} X r m O p t i o n D e s c R e c , * X r m O p t i o n D e s c L i s t ;
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Figure 6-132: < X 1 1 / X u t i l . h >, Part 1 of 5


# d e f i n e N o V a l u e 0 x 0 0 0 0
# d e f i n e X V a l u e 0 x 0 0 0 1
# d e f i n e Y V a l u e 0 x 0 0 0 2
# d e f i n e W i d t h V a l u e 0 x 0 0 0 4
# d e f i n e H e i g h t V a l u e 0 x 0 0 0 8
# d e f i n e A l l V a l u e s 0 x 0 0 0 F
# d e f i n e X N e g a t i v e 0 x 0 0 1 0
# d e f i n e Y N e g a t i v e 0 x 0 0 2 0


t y p e d e f s t r u c t {
l o n g f l a g s ;
i n t x , y ;
i n t w i d t h , h e i g h t ;
i n t m i n _ w i d t h , m i n _ h e i g h t ;
i n t m a x _ w i d t h , m a x _ h e i g h t ;
i n t w i d t h _ i n c , h e i g h t _ i n c ;
s t r u c t {


i n t x ;
i n t y ;


} m i n _ a s p e c t , m a x _ a s p e c t ;
i n t b a s e _ w i d t h , b a s e _ h e i g h t ;
i n t w i n _ g r a v i t y ;


} X S i z e H i n t s ;


# d e f i n e U S P o s i t i o n ( 1 L < < 0 )
# d e f i n e U S S i z e ( 1 L < < 1 )
# d e f i n e P P o s i t i o n ( 1 L < < 2 )
# d e f i n e P S i z e ( 1 L < < 3 )
# d e f i n e P M i n S i z e ( 1 L < < 4 )
# d e f i n e P M a x S i z e ( 1 L < < 5 )
# d e f i n e P R e s i z e I n c ( 1 L < < 6 )
# d e f i n e P A s p e c t ( 1 L < < 7 )
# d e f i n e P B a s e S i z e ( 1 L < < 8 )
# d e f i n e P W i n G r a v i t y ( 1 L < < 9 )
# d e f i n e P A l l H i n t s ( P P o s i t i o n | P S i z e | P M i n S i z e | P M a x S i z e | P R e s i z e I n c | P A s p e c t )
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Figure 6-133: < X 1 1 / X u t i l . h >, Part 2 of 5


t y p e d e f s t r u c t {
l o n g f l a g s ;
B o o l i n p u t ;
i n t i n i t i a l _ s t a t e ;
P i x m a p i c o n _ p i x m a p ;
W i n d o w i c o n _ w i n d o w ;
i n t i c o n _ x , i c o n _ y ;
P i x m a p i c o n _ m a s k ;
X I D w i n d o w _ g r o u p ;


} X W M H i n t s ;


# d e f i n e I n p u t H i n t ( 1 L < < 0 )
# d e f i n e S t a t e H i n t ( 1 L < < 1 )
# d e f i n e I c o n P i x m a p H i n t ( 1 L < < 2 )
# d e f i n e I c o n W i n d o w H i n t ( 1 L < < 3 )
# d e f i n e I c o n P o s i t i o n H i n t ( 1 L < < 4 )
# d e f i n e I c o n M a s k H i n t ( 1 L < < 5 )
# d e f i n e W i n d o w G r o u p H i n t ( 1 L < < 6 )
# d e f i n e A l l H i n t s ( I n p u t H i n t | S t a t e H i n t |


I c o n P i x m a p H i n t | I c o n W i n d o w H i n t |
I c o n P o s i t i o n H i n t | I c o n M a s k H i n t | W i n d o w G r o u p H i n t )


# d e f i n e W i t h d r a w n S t a t e 0
# d e f i n e N o r m a l S t a t e 1
# d e f i n e I c o n i c S t a t e 3


t y p e d e f s t r u c t {
u n s i g n e d c h a r * v a l u e ;
A t o m e n c o d i n g ;
i n t f o r m a t ;
u n s i g n e d l o n g n i t e m s ;


} X T e x t P r o p e r t y ;


# d e f i n e X N o M e m o r y - 1
# d e f i n e X L o c a l e N o t S u p p o r t e d - 2
# d e f i n e X C o n v e r t e r N o t F o u n d - 3
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Figure 6-134: < X 1 1 / X u t i l . h >, Part 3 of 5


t y p e d e f i n t X C o n t e x t ;


t y p e d e f e n u m {
X S t r i n g S t y l e ,
X C o m p o u n d T e x t S t y l e ,
X T e x t S t y l e ,
X S t d I C C T e x t S t y l e


} X I C C E n c o d i n g S t y l e ;


t y p e d e f s t r u c t {
i n t m i n _ w i d t h , m i n _ h e i g h t ;
i n t m a x _ w i d t h , m a x _ h e i g h t ;
i n t w i d t h _ i n c , h e i g h t _ i n c ;


} X I c o n S i z e ;


t y p e d e f s t r u c t {
c h a r * r e s _ n a m e ;
c h a r * r e s _ c l a s s ;


} X C l a s s H i n t ;


# d e f i n e X D e s t r o y I m a g e ( x i m a g e )
( ( * ( ( x i m a g e ) - > f . d e s t r o y _ i m a g e ) ) ( ( x i m a g e ) ) )


# d e f i n e X G e t P i x e l ( x i m a g e , x , y )
( ( * ( ( x i m a g e ) - > f . g e t _ p i x e l ) ) ( ( x i m a g e ) , ( x ) , ( y ) ) )


# d e f i n e X P u t P i x e l ( x i m a g e , x , y , p i x e l )
( ( * ( ( x i m a g e ) - > f . p u t _ p i x e l ) ) ( ( x i m a g e ) , ( x ) , ( y ) , ( p i x e l ) ) )


# d e f i n e X S u b I m a g e ( x i m a g e , x , y , w i d t h , h e i g h t )
( ( * ( ( x i m a g e ) - > f . s u b _ i m a g e ) ) ( ( x i m a g e ) , ( x ) , ( y ) , ( w i d t h ) , ( h e i g h t ) ) )


# d e f i n e X A d d P i x e l ( x i m a g e , v a l u e )
( ( * ( ( x i m a g e ) - > f . a d d _ p i x e l ) ) ( ( x i m a g e ) , ( v a l u e ) ) )


t y p e d e f s t r u c t _ X C o m p o s e S t a t u s {
X P o i n t e r c o m p o s e _ p t r ;
i n t c h a r s _ m a t c h e d ;


} X C o m p o s e S t a t u s ;
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Figure 6-135: < X 1 1 / X u t i l . h >, Part 4 of 5


# d e f i n e I s K e y p a d K e y ( k e y s y m )
( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ K P _ S p a c e ) & & ( ( u n s i g n e d ) ( k e y s y m ) < = X K _ K P _ E q u a l ) )


# d e f i n e I s C u r s o r K e y ( k e y s y m )
( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ H o m e ) & & ( ( u n s i g n e d ) ( k e y s y m ) < X K _ S e l e c t ) )


# d e f i n e I s P F K e y ( k e y s y m )
( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ K P _ F 1 ) & & ( ( u n s i g n e d ) ( k e y s y m ) < = X K _ K P _ F 4 ) )


# d e f i n e I s F u n c t i o n K e y ( k e y s y m )
( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ F 1 ) & & ( ( u n s i g n e d ) ( k e y s y m ) < = X K _ F 3 5 ) )


# d e f i n e I s M i s c F u n c t i o n K e y ( k e y s y m )
( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ S e l e c t ) & & ( ( u n s i g n e d ) ( k e y s y m ) < = X K _ B r e a k ) )


# d e f i n e I s M o d i f i e r K e y ( k e y s y m )
( ( ( ( u n s i g n e d ) ( k e y s y m ) > = X K _ S h i f t _ L ) & & ( ( u n s i g n e d ) ( k e y s y m ) < = X K _ H y p e r _ R ) )
| | ( ( u n s i g n e d ) ( k e y s y m ) = = X K _ M o d e _ s w i t c h )
| | ( ( u n s i g n e d ) ( k e y s y m ) = = X K _ N u m _ L o c k ) )


t y p e d e f v o i d * R e g i o n ;


# d e f i n e R e c t a n g l e O u t 0
# d e f i n e R e c t a n g l e I n 1
# d e f i n e R e c t a n g l e P a r t 2


t y p e d e f s t r u c t {
V i s u a l * v i s u a l ;
V i s u a l I D v i s u a l i d ;
i n t s c r e e n ;
i n t d e p t h ;
i n t c l a s s ;
u n s i g n e d l o n g r e d _ m a s k ;
u n s i g n e d l o n g g r e e n _ m a s k ;
u n s i g n e d l o n g b l u e _ m a s k ;
i n t c o l o r m a p _ s i z e ;
i n t b i t s _ p e r _ r g b ;


} X V i s u a l I n f o ;
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Figure 6-136: < X 1 1 / X u t i l . h >, Part 5 of 5


# d e f i n e V i s u a l N o M a s k 0 x 0
# d e f i n e V i s u a l I D M a s k 0 x 1
# d e f i n e V i s u a l S c r e e n M a s k 0 x 2
# d e f i n e V i s u a l D e p t h M a s k 0 x 4
# d e f i n e V i s u a l C l a s s M a s k 0 x 8
# d e f i n e V i s u a l R e d M a s k M a s k 0 x 1 0
# d e f i n e V i s u a l G r e e n M a s k M a s k 0 x 2 0
# d e f i n e V i s u a l B l u e M a s k M a s k 0 x 4 0
# d e f i n e V i s u a l C o l o r m a p S i z e M a s k 0 x 8 0
# d e f i n e V i s u a l B i t s P e r R G B M a s k 0 x 1 0 0
# d e f i n e V i s u a l A l l M a s k 0 x 1 F F


t y p e d e f s t r u c t {
C o l o r m a p c o l o r m a p ;
u n s i g n e d l o n g r e d _ m a x ;
u n s i g n e d l o n g r e d _ m u l t ;
u n s i g n e d l o n g g r e e n _ m a x ;
u n s i g n e d l o n g g r e e n _ m u l t ;
u n s i g n e d l o n g b l u e _ m a x ;
u n s i g n e d l o n g b l u e _ m u l t ;
u n s i g n e d l o n g b a s e _ p i x e l ;
V i s u a l I D v i s u a l i d ;
X I D k i l l i d ;


} X S t a n d a r d C o l o r m a p ;


# d e f i n e R e l e a s e B y F r e e i n g C o l o r m a p ( ( X I D ) 1 L )
# d e f i n e B i t m a p S u c c e s s 0
# d e f i n e B i t m a p O p e n F a i l e d 1
# d e f i n e B i t m a p F i l e I n v a l i d 2
# d e f i n e B i t m a p N o M e m o r y 3
# d e f i n e X C S U C C E S S 0
# d e f i n e X C N O M E M 1
# d e f i n e X C N O E N T 2
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TCP/IP Data Definitions


NOTE


This section is new, but will not be diffmarked.


This section contains standard data definitions that describe system data for the optional TCP/IP Inter-
faces. These data definitions are referred to by their names in angle brackets: <name.h> and <sys/name.h>.
Included in these data definitions are macro definitions and structure definitions. While an ABI-
conforming system may provide TCP/IP interfaces, it need not contain the actual data definitions refer-
enced here. Programmers should observe that the sources of the structures defined in these data
definitions are defined in SVID.
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Figure 6-137: < n e t i n e t / i n . h >


# d e f i n e I N A D D R _ A N Y ( u _ l o n g ) 0 x 0 0 0 0 0 0 0 0
# d e f i n e I N A D D R _ L O O P B A C K ( u _ l o n g ) 0 x 7 F 0 0 0 0 0 1
# d e f i n e I N A D D R _ B R O A D C A S T ( u _ l o n g ) 0 x f f f f f f f f
# d e f i n e I P P R O T O _ T C P 6
# d e f i n e I P P R O T O _ I P 0
# d e f i n e I P _ O P T I O N S 1


s t r u c t i n _ a d d r {
u n i o n {


s t r u c t { u _ c h a r s _ b 1 , s _ b 2 , s _ b 3 , s _ b 4 ; } S _ u n _ b ;
s t r u c t { u _ s h o r t s _ w 1 , s _ w 2 ; } S _ u n _ w ;
u _ l o n g S _ a d d r ;


} S _ u n ;


# d e f i n e I N _ S E T _ L O O P B A C K _ A D D R ( a ) { ( a ) - > s i n _ a d d r . s _ a d d r = h t o n l ( I N A D D R _ L O O P B A C K ) ;


s t r u c t s o c k a d d r _ i n {
s h o r t s i n _ f a m i l y ;
u _ s h o r t s i n _ p o r t ;
s t r u c t i n _ a d d r s i n _ a d d r ;
c h a r s i n _ z e r o [ 8 ] ;


} ;


Figure 6-138: < n e t i n e t / i p . h >


# d e f i n e I P O P T _ E O L 0
# d e f i n e I P O P T _ N O P 1
# d e f i n e I P O P T _ L S R R 1 3 1
# d e f i n e I P O P T _ S S R R 1 3 7


Figure 6-139: < n e t i n e t / t c p . h >


# d e f i n e T C P _ N O D E L A Y 0 x 0 1
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Development Commands


NOTE


THE FACILITIES AND INTERFACES DESCRIBED IN THIS SECTION ARE OPTIONAL COM-
PONENTS OF THE System V Application Binary Interface. The information in this chapter corresponds to
Chapter 11 of the generic System V Application Binary Interface.


The Development Environment for SPARC implementations of System V Release 4.2 will contain all of
the development commands required by the System V ABI, namely;


_ _______________
a s c c l d
m 4 l e x y a c c


Each command accepts all of the options required by the System V ABI, as defined in the SD_CMD sec-
tion of the System V Interface Definition, Third Edition.


PATH Access to Development Tools


The development environment for the SPARC System V implementations is accessible using the system
default value for PATH. The default if no options are given to the c c command is to use the libraries and
object file formats that are required for ABI compliance.
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Software Packaging Tools


The development environment for SPARC implementations of the System V ABI shall include each of the
following commands as defined in the A S _ C M D section of System V Interface Definition, Third Edition .


p k g p r o t o p k g t r a n s p k g m k


System Headers


Systems that do not have an ABI Development Environment may not have system header files. If an ABI
Development Environment is supported, system header files will be included with the Development
Environment. The primary source for contents of header files is always the System V Interface Definition,
Third Edition . In those cases where SVID Third Edition doesn’t specify the contents of system headers,
Chapter 6 "Data Definitions" of this document shall define the associations of data elements to system
headers for compilation. For greatest source portability, applications should only depend on header file
contents defined in SVID.


Static Archives


Level 1 interfaces defined in System V Interface Definition, Third Edition , for each of the following libraries,
may be statically linked safely into applications. The resulting executable will not be made non-
compliant to the ABI solely because of the static linkage of such members in the executable.


l i b m


The archive l i b m . a is located in /usr/lib on conforming SPARC development environments.


7-2 SPARC PROCESSOR SUPPLEMENT







8 EXECUTION ENVIRONMENT


Application Environment 8-1
The /dev Subtree 8-1


Table of Contents i







Application Environment


This section specifies the execution environment information available to application programs running
on an SPARC ABI-conforming computer.


The /dev Subtree


NOTE


THE FACILITIES AND INTERFACES DESCRIBED IN THIS SECTION ARE OPTIONAL COM-
PONENTS OF THE System V SPARC Application Binary Interface.


All networking device files described in the Generic ABI shall be supported on all SPARC ABI-
conforming computers. In addition, the following device files are required to be present on all SPARC
ABI-conforming computers.


This device file is a special ‘‘null’’ device that may be
used to test programs of provide a data sink. This file
is writable by all processes.


/ d e v / n u l l


This device file is a special one that directs all output
to the controlling TTY of the current process group. This
file is readable and writable by all processes.


/ d e v / t t y


/ d e v / s x t X X
These device files, where XX represents a two-digit integer,
represent device entries for terminal sessions. All these
device files must be examined by the t t y n a m e ( ) call.
Applications must not have the device names of individual
terminals hard-coded within them. The s x t entries
are optional in the system but, if present must be included
in the library routine’s search.


/ d e v / t t y X X


/ d e v / d s k /
These directories contain the raw and block disk device files.
They are of the form:


c#t#d#s#
where ’c’ is followed by a controller number,


’t’ is followed by a target number,
’d’ is followed by a disk unit number,
’s’ is followed by a disk slice number.


/ d e v / r d s k /
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