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Chapter 1.  Introduction

 

  1-1

 

Chapter 1  
Introduction

 

1.1 The e500 Processor and the System V ABI

 

The System V Application Binary Interface, or System V ABI, defines a system interface
for compiled application programs. 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 includes systems that have implemented UNIX System
V Release 4.

The System V Application Binary Interface e500 Processor Supplement (e500 Processor
ABI Supplement) described in this document is a supplement to the generic System V ABI
and contains information specific to System V implementations built on the e500
Architecture. The generic System V ABI and this supplement together constitute a
complete System V Application Binary Interface specification for systems that implement
the e500 architecture of the e500 processor family.

In the PowerPC™ architecture, a processor can run in either of two modes: big-endian
mode or little-endian mode. (See Section 2.1.2.1, “Byte Ordering.”) Accordingly, this ABI
specification defines two binary interfaces, a big-endian ABI and a little-endian ABI.
Programs and (in general) data produced by programs that run on an implementation of the
big-endian interface are not portable to an implementation of the little-endian interface, and
vice versa.

 

1.2 How to Use the e500 Processor ABI Supplement

 

Although the generic System V ABI is the prime reference document, this document
contains e500-specific and PowerPC architecture-specific implementation details, some of
which supersede information in the generic one.

As with the System V ABI, this document refers to other publicly available documents,
especially Enhanced PowerPC Architecture, all of which should be considered part of this
e500 Processor ABI Supplement and just as binding as the requirements and data it
explicitly includes.
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1.3 Compatibility with other ABIs

 

This ABI was constructed with two primary goals:

1. Provide support for the new capabilities of the e500 microarchitecture (64-bit wide 
registers, SPE data types at the C level, and others)

2. Maintain backwards compatibility where possible, in order to leverage existing 
tools, libraries, and source code.

Code that avoids hardware support for floating point and AltiVec should be compatible
across the ABIs. For example:

• Routines compiled under this ABI can be called by routines compiled under the 
PowerPC EABI provided all arguments are of integral or pointer type.

• Routines compiled under this ABI can be called by routines compiled under the 
PowerPC ABI provided all arguments are of integral or pointer type, and the e500 
ABI routines do not make use of r2 as an SDATA2 pointer.

• Routines compiled under the PowerPC EABI can be called by routines compiled 
under this ABI provided all arguments are of integral or pointer type.

• Routines compiled under the PowerPC ABI can be called by routines compiled 
under this ABI provided all arguments are of integral or pointer type.

• Because the PowerPC EABI has a weaker stack alignment (8 bytes, instead of 16 
bytes in both the e500 ABI and the PowerPC ABI), code that links with routines 
compiled under the PowerPC EABI is no longer e500-ABI-compliant, as the stack 
may become aligned only on an 8-byte boundary.

• Because the e500 ABI does not pass floating-point parameters in the same manner 
as either other ABI in most cases, the only floating-point compilation mode that may 
be compatible across all three ABIs is software floating-point emulation.

 

1.4 Evolution of the ABI Specification

 

The System V ABI will evolve over time to address new technology and market
requirements, and it will be reissued every three years or so. 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 System V ABI will implement Level 1 and
Level 2 support for its constituent parts. Level 1 support indicates that a portion of the
specification will continue to be supported indefinitely. Level 2 support means that a
portion of the specification may be withdrawn or altered after the next edition of the System
V ABI is made available-that is, a portion of the specification moved to Level 2 support in
an edition of the System V ABI specification will remain in effect at least until the following
edition of the specification is published.
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Chapter 2  
Low-Level System Information

 

2.1 Machine Interface

 

This section describes processor architecture and data representation.

 

2.1.1 Processor Architecture 

 

Information about the e500 processor architecture is contained in two different documents: 

•

 

Motorola’s Enhanced PowerPC Architecture Implementation Standards

 

 (working 
title) describes changes to the PowerPC Architecture to suit the embedded market 
space. Among other things, it describes the concept of application-specific 
processing units (APUs). Most of the e500 family will contain several APUs to 
extend their capabilities beyond the standard offering. Where that document and the 
classic PowerPC Architecture disagree, the e500 complies with Enhanced PowerPC 
Architecture.

• The appropriate user’s manual contains details about the APUs provided on 
particular processors in the e500 family.

An application program can assume that all instructions defined by the architecture that are
not optional exist and work as documented.

To be ABI-conforming, the processor must implement the instructions of the architecture,
perform the specified operations, and produce the expected results. The ABI neither places
performance constraints on systems nor specifies what instructions must be implemented
in hardware. A software emulation of the architecture could conform to the ABI.

Some processors might support the optional instructions in the PowerPC Architecture, or
additional non-PowerPC ISA and non-e500 instructions or capabilities. Programs that use
those instructions or capabilities do not conform to this e500 ABI; executing them on
machines without the additional capabilities gives undefined behavior.
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2.1.2 Data Representation

 

2.1.2.1 Byte Ordering

 

The architecture defines an 8-bit byte, a 16-bit half word, a 32-bit word, a 64-bit double
word, and a 128-bit quadword. Byte ordering defines how the bytes that make up half
words, words, double words, and quadwords are ordered in memory. Most significant byte
(MSB) byte ordering, or Big-Endian as it is sometimes called, means that the most
significant byte is located in the lowest addressed byte position in a storage unit (byte 0).
Least significant byte (LSB) byte ordering, or Little-Endian, as it is sometimes called,
means that the least significant byte is located in the lowest addressed byte position in a
storage unit (byte 0).

The processors that implement the PowerPC architecture support either Big-Endian or
Little-Endian byte ordering. This specification defines two ABIs, one for each type of byte
ordering. An implementation must state which type of byte ordering it supports. Note that
although it is possible on e500 processors to map some pages as Little-Endian, and other
pages as Big-Endian, in the same application, such an application does not conform to the
ABI.

Figure 2-1 through Figure 2-4 show conventions for bit and byte numbering within various
width storage units. These conventions apply to both integer data and floating-point data,
where the most significant byte of a floating-point value holds the sign and at least the start
of the exponent. The figures show Little-Endian byte numbers in the upper right corners,
Big-Endian byte numbers in the upper left corners, and bit numbers in the lower corners. 

Note that Book E uses 64-bit numbering throughout, including for registers such as the CR
that only contain 32 bits. This can lead to some confusion. For example, although the CR
bits are now numbered from 32 to 63, the same assembly instructions still work: 

 

crxor 6,6,6

 

operates on bit 32+6, that is, CR[38]. When discussing register contents, the bits are
numbered 0–63 for 64-bit registers and 32–63 for 32-bit registers. When discussing
memory contents, the bits are numbered naturally (for example, 0–7 for bits within one byte
and 0–15 for bits within half words).

 

NOTE

 

In the e500 documentation, and in most PowerPC
documentation, bits in a word are numbered from left to right
(msb to lsb), and figures usually show only the big-endian byte
order.

Figure 2-2 shows bit and byte numbering in words.

 

0 1 1 0
msb lsb

0 7 8 15

 

Figure 2-1. Bit and Byte Numbering in Half Words 
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Machine Interface

 

Figure 2-4 shows bit and byte numbering in double words.

Figure 2-4 shows bit and byte numbering in quadwords.

 

2.1.2.2 Fundamental Types

 

Table 2-1 shows how ANSI C scalar types correspond to those of the e500 processor. For
all types, a NULL pointer has the value zero.

 

0 3 1 2 2 1 3 0
msb lsb

0 7 8 15 16 23 24 31

 

Figure 2-2. Bit and Byte Numbering in Words

 

0 7 1 6 2 5 3 4
msb

0 7 8 15 16 23 24 31
4 3 5 2 6 1 7 0

lsb
32 39 40 47 48 55 56 63

 

Figure 2-3. Bit and Byte Numbering in Double Words

 

0 15 1 14 2 13 3 12
msb

0 7 8 15 16 23 24 31
4 11 5 10 6 9 7 8

32 39 40 47 48 55 56 63
8 7 9 6 10 5 11 4

64 71 72 79 80 87 88 95
12 3 13 2 14 1 15 0

lsb
96 103 104 111 112 119 120 127

 

Figure 2-4. Bit and Byte Numbering in Quadwords
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NOTE
Float arguments in general are not required to be promoted to
double precision under this ABI, as that would force the use of
emulation code on function calls with float arguments. See
Section 2.3.4.1, “Float Argument and Return Value Summary”
for a summary of when float arguments and return values are
promoted.

Table 2-1. Scalar Types 

Type ANSI C sizeof Alignment e500 

Integral

Char
1 Byte Unsigned byte 

Unsigned char

Signed char 1 Byte Signed byte

Short
2 Half word Signed half word 

Signed short

Unsigned short 2 Half word Unsigned half word 

Int

4 Word Signed word 

Signed int

Long int

Signed long

Enum

Unsigned int
4 Word Unsigned word 

Unsigned long

Long long
8 Double word Signed double word

Signed long long

Unsigned long long 8 Double word Unsigned double word

Pointer 
Any *

4 Word Unsigned Word 
Any (*) ()

Floating 

Float 4 Word Single-precision (IEEE) 

Double 8 Double word Double-precision (IEEE)

Long Double 16 Quadword Extended precision (IEEE)
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NOTE
Compilers and systems may implement the double data type in
some other way for performance reasons, using a compiler
option. Examples of such formats could be two successive
floats or even a single float. Such usage does not conform to
this ABI, however, and runs the danger of passing a wrongly
formatted floating-point number to another, conforming
function as an argument. Programs using other formats should
transform double floating-point numbers to a conforming
format before putting them in permanent storage.

NOTE
Long double support is optional for the e500 ABI.

The expression ‘extended precision (IEEE)’ refers to IEEE 754
double extended precision with a sign bit, a 15-bit exponent
with a bias of -16383, and 112 fraction bits (with a leading
implicit bit).

Compilers and systems have three choices with respect to long
double implementation:

1. Do not provide any long double support. In this case, any 
use of long doubles should cause a compiler error.

2 Provide ABI-compliant long double support.

3 Provide non-ABI-compliant long double support. 
Compilers and systems may implement the long double 
data type in some other way for performance reasons, but 
must require a compiler option to obtain this behavior. 
Examples of such formats could be two successive doubles 
or even a single double. Such usage does not conform to 
this ABI, however, and runs the danger of passing a 
wrongly formatted floating-point number to another, 
conforming function as an argument. Programs using other 
formats should transform long double floating-point 
numbers to a conforming format before putting them in 
permanent storage.

The default behavior of compilers and systems must be one of
the first two options; the third option is allowed only in the
presence of a compiler option.
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NOTE
Even though this ABI describes only software-emulation
support for double-precision types, the alignment is the same
as if there were hardware support, to minimize differences
between this ABI and standard PowerPC ABIs.

NOTE
Because there is no hardware double-precision support,
programmers must be careful when writing code with
floating-point constants. A statement like “c += 1.0;”, where c
is a float, causes the compiler to convert c to a double, to insert
a call to emulation routines to add that to the constant double
1.0, and then to convert the result back to a float. Compilers for
the e500 should likely provide a warning for implicit
conversions to double, as they are probably programming
errors rather than the desired behavior. 

2.1.2.3 Aggregates and Unions

Aggregates (structures and arrays) and unions assume the alignment of their most strictly
aligned component; that is, the component with the largest alignment. The size of any
object, including aggregates and unions, is always a multiple of the alignment of the object.
An array uses the same alignment as its elements. Structure and union objects may require
padding to meet size and alignment constraints:

Table 2-3 shows non-ANSI types specified by this ABI.
Table 2-2. Non-ANSI Scalar Types

Type C type sizeof Alignment e500 

SPE (opaque) __ev64_opaque__ 8 Double word Unsigned doubleword

NOTE
The __ev64_opaque__ type is opaque. The e500
Programming Interface Manual describes types to represent a
pair of 32-bit values, four 16-bit values, and so forth. For most
compiler operations, all of these types can be treated as the
opaque 64-bit type __ev64_opaque__. With regard to
endianness, the representation of bytes within the double
word is not defined by this ABI since the type is opaque. The
e500 Programming Interface Manual describes the proper
interpretation of bytes within values for different endianness
for all of its types.

For languages like C++ that need to mangle the type name, compilers should use the same
mangling as if __ev64_opaque__ (and any other new types described in the e500
Programming Interface Manual) were a user-defined class.
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• 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.

• If necessary, a structure’s size is increased to make it a multiple of the structure’s 
alignment. This may require tail padding, depending on the last member.

In the following examples (Figure 2-5 through Figure 2-10), members’ byte offsets for
Little-Endian implementations appear in the upper right corners; offsets for Big-Endian
implementations in the upper left corners.

struct 
{ char c; 

}; 

byte aligned, sizeof is 1 

Figure 2-6 shows a Little-Endian structure with no padding.

struct {
char c; 
char d; 
short s; 
int n; 

}; 

word aligned, sizeof is 8

Figure 2-7 shows a Big-Endian structure with no padding.

struct {
char c; 
char d; 
short s; 
int n; 

}; 

word aligned, sizeof is 8

0 0
c

Figure 2-5.  Structure Smaller than a Word

2 1 0

s d c
4

n

Figure 2-6. No Padding—Little-Endian

0 1 2

c d s
4

n

Figure 2-7. No Padding—Big-Endian
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Figure 2-8 shows a Little-Endian structure with internal padding.

struct { 
char c; 
short s; 

}; 

halfword aligned, sizeof is 4 

Figure 2-9 shows a Big-Endian structure with internal padding.

struct { 
char c;
short s; 

}; 

halfword aligned, sizeof is 4

2 1 0

s pad c

Figure 2-8. Internal Padding—Little-Endian

0 1 2

c pad s

Figure 2-9.  Internal Padding—Big-Endian

Figure 2-10 shows a Little-Endian structure with internal and tail padding.
struct { 
char c; 
__ev64_opaque__ d; 
short s;

}; 

doubleword aligned, sizeof is 24 
1 0

pad c
4

pad
8

d
12

d
18 16

pad s
20

pad

Figure 2-10. Internal and Tail Padding—Little-Endian
Figure 2-11 shows a Big-Endian structure with internal and tail padding.
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Figure 2-12 shows a Little-Endian example of a union allocation.

union { 
char c; 
short s; 
int j; 

}; 

word aligned, sizeof is 4

Figure 2-13 shows a Big-Endian example of a union allocation.

union { 
char c; 
short s; 
int j; 

}; 

word aligned, sizeof is 4 

struct { 
char c;
__ev64_opaque__ d; 
short s; 

}; 

doubleword aligned, sizeof is 24 

0 1

c pad
4

pad
8

d
12

d
16

s pad
20

pad

Figure 2-11. Internal and Tail Padding—Big-Endian

1 0

pad c
2 0

pad s
0

j

Figure 2-12. Union Allocation—Little-Endian
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2.1.2.4 Bit Fields

C struct and union definitions may have bit fields, defining integral objects with a specified
number of bits (see Table 2-3).

Bit fields that are neither signed nor unsigned always have non-negative values. Although
they may have type short, int, or long (which can have negative values), bit fields of these
types have the same range as bit fields of the same size with the corresponding unsigned
type. Bit fields obey the same size and alignment rules as other structure and union
members, with the following additions: 

• Bit fields are allocated from right to left (least to most significant) on Little-Endian 
implementations and from left to right (most to least significant) on Big-Endian 
implementations.

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

0 1

c pad
0 2

s pad
0

j

Figure 2-13. Union Allocation—Big-Endian

Table 2-3.  Bit Field Ranges 

Bit-Field Type Width w Range

signed char 1 to 8 -2(w-1) to 2(w-1) - 1 

char 
1 to 8 0 to 2w - 1 

unsigned char 

signed short 1 to 16 -2(w-1) to 2(w-1) - 1 

short 
1 to 16 0 to 2w - 1 

unsigned short 

signed int 
1 to 32 -2(w-1) to 2(w-1) - 1

signed long 

int 

1 to 32 0 to 2w - 1 

enum

unsigned int 

long 

unsigned long 
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• Bit fields must share a storage unit with other structure and union members (either 
bit field or non-bit field) if and only if there is sufficient space within the storage unit.

• Unnamed bit fields’ types do not affect the alignment of a structure or union, 
although an individual bit field’s member offsets obey the alignment constraints. An 
unnamed, zero-width bit field shall prevent any further member, bit field or other, 
from residing in the storage unit corresponding to the type of the zero-width bit field. 
The following examples (Figure 2-14 through Figure 2-24) show struct and union 
members’ byte offsets in the upper right corners for Little-Endian implementations, 
and in the upper left corners for Big-Endian implementations. Bit numbers appear 
in the lower corners.

Figure 2-14 shows bit numbering for the value 0x0102_0304.

struct { 
int j : 5; 
int k : 6; 
int m : 7;

}; 

word aligned, sizeof is 4

Figure 2-15 shows right-to-left (Little-Endian) allocation.

Figure 2-16 shows left-to-right (Big-Endian) allocation.

struct { 
int j : 5; 
int k : 6; 
int m : 7; 

}; 

word aligned, sizeof is 4 

Figure 2-17 shows Little-Endian boundary alignment.

struct { 
short s : 9; 
int j : 9; 
char c; 
short t : 9; 
short u : 9; 
char d; 

}; 

0 3 1 2 2 1 3 0
01 02 03 04

0 7 8 15 16 23 24 31

Figure 2-14.  Bit Numbering for Value 0x0102_0304

0
pad m k j

0 13 14 20 21 26 27 31

Figure 2-15. Right-to-Left (Little-Endian) Allocation

0
j k m pad

0 4 5 10 11 17 18 31

Figure 2-16. Left-to-Right (Big-Endian) Allocation
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Machine Interface  

word aligned, sizeof is 12 

Figure 2-18 shows Big-Endian boundary alignment.

struct {
short s : 9; 
int j : 9; 
char c; 
short t : 9; 
short u : 9; 
char d; 

}; 

word aligned, sizeof is 12

Figure 2-19 shows Little-Endian storage unit sharing.

struct {
char c; 
short s : 8;

}; 

halfword aligned, sizeof is 2

Figure 2-20 shows Big-Endian storage unit sharing.

struct {
char c; 
short s : 8; 

}; 

halfword aligned, sizeof is 2

3 0
c pad j s

0 7 8 13 14 22 23 31
5

pad u pad t
0 6 7 15 16 22 23 31

9 8
pad d

0 23 24 31

Figure 2-17. Boundary Alignment–Little-Endian

0 3
s j pad c

0 8 9 17 18 23 24 31
4 5

t pad u pad
0 8 9 15 16 24 25 31
8 9

d pad
0 7 8 31

Figure 2-18. Boundary Alignment—Big-Endian

1 0
s c

0 7 8 15

Figure 2-19. Storage Unit Sharing—Little-Endian
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Machine Interface

Figure 2-21 shows Little-Endian union allocation.

union {
char c; 
short s : 8; 

}; 

halfword aligned, sizeof is 2 little endian:

Figure 2-22 shows Big-Endian union allocation.

union {
char c; 
short s : 8; 

}; 

halfword aligned, sizeof is 2

Figure 2-23 shows Little-Endian unnamed bit fields.

struct {
char c; 
int : 0; 
char d; 
short : 9; 
char e;

}; 

byte aligned, sizeof is 9 

0 1
c s

0 7 8 15

Figure 2-20. Storage Unit Sharing—Big-Endian

1 0
pad c

0 7 8 15
1 0

pad s
0 7 8 15

Figure 2-21. Union Allocation—Little-Endian

0 1
c pad

0 7 8 15
0 1

s pad
0 7 8 15

Figure 2-22. Union Allocation—Big-Endian

1 0
:0 c

0 23 24 31
6 5 4

pad :9 pad d
0 6 7 15 16 23 24 31

8
e

0 7

Figure 2-23. Unnamed Bit Fields—Little-Endian
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Function Calling Sequence  

Figure 2-24 shows Big-Endian unnamed bit fields.

struct {
char c; 
int : 0; 
char d; 
short : 9; 
char e; 

}; 

byte aligned, sizeof is 9 

NOTE
In Figure 2-23 and Figure 2-24, the presence of the unnamed
int and short fields do not affect the alignment of the structure.
They align the named members relative to the beginning of the
structure, but the named members may not be aligned in
memory on suitable boundaries. For example, the d members
in an array of these structures will not all be on an int (4-byte)
boundary. As the examples show, int bit fields (including
signed and unsigned) pack more densely than smaller base
types. The char and short bit fields can be used to force
particular alignments, but int is generally more efficient.

2.2 Function Calling Sequence
This section discusses the standard function calling sequence, including stack frame layout,
register usage, and parameter passing. The system libraries described in Chapter 5,
“Libraries,” require this calling sequence.

NOTE
The standard calling sequence requirements apply only to
global functions. Local functions that are not reachable from
other compilation units may use different conventions as long
as they conform to the requirements for stack trace back.
Nonetheless, it is recommended that all functions use the
standard calling sequences when possible.

0 1
c :0

0 7 8 31
4 5 6 4

d pad :9 pad
0 7 8 15 16 24 25 31
8

e
0 7

Figure 2-24. Unnamed Bit Fields—Big-Endian

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.

A
R

C
H

IV
E

D
 B

Y
 F

R
E

E
S

C
A

LE
 S

E
M

IC
O

N
D

U
C

TO
R

, I
N

C
. 2

00
5



MOTOROLA Chapter 2.  Low-Level System Information  2-15

Function Calling Sequence

NOTE
C programs follow the conventions given here. For specific
information on the implementation of C, see Section 2.7,
“Coding Examples.”

2.2.1 Registers

The e500 architecture provides 32, 32-bit general-purpose registers.

The e500 architecture also provides several special purpose registers. All of the integer and
special purpose registers are global to all functions in a running program. Brief register
descriptions appear in Table 2-4, followed by more detailed information about the registers.

Several registers are dedicated (r1 and r13) or reserved (r2). These registers should never
be used for any purpose besides their described use.

The SPEFSCR (or EFSCR if only the scalar floating-point instruction set is implemented)
is marked as limited-access, which is described in more detail below.

The architecture provides upper words for the 32 general-purpose registers, thus allowing
them to be used in SPE APU operations to hold two 32-bit words. 

The volatility of all 64-bit registers is the same for the upper and lower word. Note,
however, that if only the lower word is modified by a function, only the lower word need be
saved and restored.

Table 2-4.  Processor Registers 

 Register Volatility Usage Name

 r0 Volatile Register which may be modified during function linkage

r1 Dedicated Stack frame pointer, always valid

r2 Dedicated Reserved 1

r3–r4 Volatile Registers used for parameter passing and return values

r5–r10 Volatile Registers used for parameter passing

r11–r12 Volatile Registers that may be modified during function linkage 

r13 Dedicated Small data area pointer register 

r14–r31 Nonvolatile Registers used for local variables 

CR0–CR1 Volatile Condition register fields, each 4 bits wide 

CR2–CR4 Nonvolatile Condition register fields, each 4 bits wide 

CR5–CR7 Volatile Condition register fields, each 4 bits wide 

LR Volatile Link register 

CTR Volatile Count register 

XER Volatile Integer exception register 
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Function Calling Sequence  

Register r1 is dedicated to holding the stack pointer. 

Registers r14–r31 are nonvolatile; that is, they belong to the calling function. A called
function shall save these registers’ values before it changes them, restoring their values
before it returns.

Registers r0, r3 through r12, and the special-purpose registers LR, CTR, XER, 
as well as the status bits of the SPEFSCR (or EFSCR if only the scalar floating-point
instruction set is implemented), are volatile; that is, they are not preserved across function
calls. Furthermore, the values in registers r0, r11, and r12 may be altered by cross-module
calls, so a function cannot depend on the values in these registers having the same values
that were placed in them by the caller.

Register r13 is the small data area pointer. Process startup code for executables that
reference data in the small data area with 16-bit offset addressing relative to r13 must load
the base of the small data area (the value of the loader-defined symbol _SDA_BASE_) into
r13. Shared objects shall not alter the value in r13. See Section 3.3.1, “Small Data Area
(.sdata and .sbss),” for more details. 

As in the SVR4 ABI, r2 shall be reserved for system use by default, but compilers may
accept a flag to enable compatibility with the EABI. In this case r2, will contain the base,
named _SDA2_BASE_, of the ELF sections named .sdata2 and .sbss2, if either section
exists in an object file. The base is an address such that every byte in the section is within
a signed 16-bit offset of that address. This is analogous to the SVR4 ABI’s use of GPR13
to contain _SDA_BASE_, which is the base of sections .sdata and .sbss. A routine in an
ELF shared object file shall not use r2. See Section 3.3.2, “Small Data Area 2
(.PPC.EMB.sdata2 and .PPC.EMB.sbss2),” for more details.

Fields CR2, CR3, and CR4 of the condition register are nonvolatile (value on entry must be
preserved on exit); the rest are volatile (value in the field need not be preserved). 

The SPEFSCR (or EFSCR if only the scalar floating-point instruction set is implemented)
contains bits with different volatilities. The status bits are volatile (they do not need to be
saved and restored), while the rounding mode and exception enable bits are limited-access.
Limited-access means that the bits may be changed only by a called function that has the

SPEFSCR/
EFSCR 2 

Limited-access Signal processing and embedded floating-point status and control register/
Embedded floating-point status and control register

ACC Volatile SPE accumulator 

1 The default behavior for compilers must be to keep r2 reserved. However, for compatibility with the 
PowerPC EABI, it is permitted for compilers to support r2 as the sdata2 pointer when the compiler is 
invoked with an optional flag.

2  EFSCR if only the scalar floating-point instruction set is implemented.

The SPE APU accumulator register is volatile.

Table 2-4.  Processor Registers (continued)

 Register Volatility Usage Name

and ACC,
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The Stack Frame

documented effect of changing them. This is similar to the classic handling of the exception
enable and rounding bits in the FPSCR. The e500 Programming Interface Manual (PIM)
defines the functions that are allowed to change the limited-access SPEFSCR (or EFSCR)
bits.

Note that limited-access is different from nonvolatile, as limited-access bits do not need to
be saved and restored at function call boundaries. Modifying these bits has a global effect
on the application.

The registers in Table 2-5 have assigned roles in the standard calling sequence.

Signals can interrupt processes (see signal (BA_OS) in the System V Interface Definition).
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 all registers restored to their original values. Thus, programs and
compilers may freely use all registers above except those reserved for system use without
the danger of signal handlers inadvertently changing their values.

2.3 The Stack Frame
In addition to the registers, each function may have a stack frame on the runtime stack. This
stack grows downward from high addresses. Figure 2-25 shows the stack frame
organization. SP in the figure denotes the stack pointer (general purpose register r1) of the
called function after it has executed code establishing its stack frame.

Table 2-5. Register Assignments for Standard Calling Sequence 

Register Description

r1 The stack pointer (stored in r1) shall maintain 16-byte alignment. See Section 2.3, “The Stack Frame,” for 
details. It shall always point to the lowest allocated, valid stack frame, and grow toward low addresses. 
The contents of the word at that address always point to the previously allocated stack frame. If required, 
it can be decremented by the called function; see Section 2.7.8, “Dynamic Stack Space Allocation.”

 r3–r10 These sets of volatile registers may be modified across function invocations and shall therefore be 
presumed by the calling function to be destroyed. They are used for passing parameters to the called 
function; see Section 2.3.1, “Parameter Passing.” In addition, registers r3 and r4 are used to return values 
from the called function, as described in Section 2.3.3, “Return Values.”

CR[38] This bit shall be cleared by the caller of a variable argument function. See Section 2.3.2, “Variable 
Argument Lists,” for more details.

LR The link register shall contain the address to which a called function normally returns. LR is volatile across 
function calls.
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The Stack Frame  

Note that this stack frame layout is different from the standard PowerPC ABI in that the
area previously used for holding floating-point registers is unused, and a new area below
the CR save area has been created to hold 64-bit values from the general registers.

The following requirements apply to the stack frame:

• The stack pointer shall maintain 16-byte alignment.

• The stack pointer shall point to the first word of the lowest allocated stack frame, the 
back chain word. The stack shall grow downward, that is, toward lower addresses. 
The first word of the stack frame shall always point to the previously allocated stack 
frame (toward higher addresses), except for the first stack frame, which shall have a 
back chain of 0 (NULL).

• The stack pointer shall be decremented by the called function in its prologue, if 
required, and restored prior to return.

• The stack pointer shall be decremented and the back chain updated atomically using 
one of the store word with update instructions, so that the stack pointer always points 
to the beginning of a linked list of stack frames.

• The parameter list area shall be allocated by the caller and shall be large enough to 
contain the arguments that the caller stores in it. Its contents are not preserved across 
calls.

• The sizes of the 32-bit and 64-bit general register save areas may vary within a 
function and are as determined by the DWARF debugging information.

• Before a function changes the value in the lower word of any nonvolatile general 
register, rn, that has not already been saved in the 64-bit general register save area, 

High Address 

Back chain 

32-bit general register save area

CR save area

Padding to 8-byte boundary

64-bit general register save area

Local variable space (and any required
padding for the parameter save area)

Parameter save area

LR save word

 SP ---> Back chain (holds address of back chain above) Low Address

Figure 2-25. Standard Stack Frame

• Before a function changes the value in the upper word of any nonvolatile general 
register, rn, it shall save the 64-bit value in rn in the 64-bit general register save area 
8*(32-n) bytes below the CR save area (plus any required padding). The 64-bit 
general save area shall have 8-byte alignment.
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The Stack Frame

it shall save the value in the lower word of rn in the word in the 32-bit general 
register save area 4*(32-n) bytes before the back chain word of the previous frame.

• Before a function changes the value in any nonvolatile field in the condition register, 
it shall save the values in all the nonvolatile fields of the condition register at the time 
of entry to the function in the CR save area. Note that it is sufficient to simply save 
and restore the entire CR.

• The padding word between the CR save area and the 64-bit general register save area 
is not needed if there are no registers saved in the 64-bit general register save area 
and the local variable space does not require 64-bit alignment for its variables.

• Other areas depend on the compiler and the code compiled. The standard calling 
sequence does not define a maximum stack frame size. The minimum stack frame 
consists of the first two words, described below, with padding to the required 16-byte 
alignment. The calling sequence also does not restrict how a language system uses 
the local variable space of the standard stack frame or how large it should be.

NOTE
This ABI requires 16-byte alignment of the stack to be
maintained at all times. Thus, code compiled under this ABI
that links with other code compiled under other PowerPC ABIs
that only required 8-byte alignment will no longer conform to
this ABI, as the stack pointer could end up only 8-byte aligned.

NOTE
The purpose of providing both 32- and 64-bit general register
save areas is to reduce the stack usage for routines that use
only the lower word of some nonvolatile registers, and both
the lower and upper word of some other nonvolatile registers.
Also note that, if the compiler uses the 32-bit general save
areas when possible, routines compiled in this manner that do
not use any of the 64-bit instructions in the e500 architecture
should remain PowerPC EABI compliant (both in regards to
stack layout, and in all other ways).

NOTE
In early prototype versions of this ABI, it was permitted for a
compiler to choose to save and restore all 64 bits of each
modified nonvolatile general register, as long as the
debugging information reflects this. However, since this
method breaks compatibility with previous ABIs, this method
is only permitted for functions that need to save a 64-bit
nonvolatile register. Functions that only need to save 32-bit
nonvolatiles should emit only 32-bit saves and restores.

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.

A
R

C
H

IV
E

D
 B

Y
 F

R
E

E
S

C
A

LE
 S

E
M

IC
O

N
D

U
C

TO
R

, I
N

C
. 2

00
5



2-20 e500 Application Binary Interface User’s Guide MOTOROLA
 

The Stack Frame  

The stack frame header consists of the back chain word and the LR save word. The back
chain word always contains a pointer to the previously allocated stack frame. Before a
function calls another function, it shall save the contents of the link register at the time the
function was entered in the LR save word of its caller’s stack frame and shall establish its
own stack frame.

Except for the stack frame header and any padding necessary to make the entire frame a
multiple of 16 bytes in length, a function need not allocate space for the areas that it does
not use. If a function does not call any other functions and does not require any of the other
parts of the stack frame, it need not establish a stack frame. Any padding of the frame as a
whole shall be within the local variable area; the parameter list area shall immediately
follow the stack frame header, and the register save areas shall contain no padding except
possibly one word of padding between the 32-bit general save area and the 64-bit general
save area. 

2.3.1 Parameter Passing

For a RISC machine such as the e500, it is generally more efficient to pass arguments to
called functions in general registers than to construct an argument list in storage or to push
them onto a stack. Since all computations must be performed in registers anyway, memory
traffic can be eliminated if the caller can compute arguments into registers and pass them
in the same registers to the called function, where the called function can then use them for
further computation in the same registers. The number of registers implemented in a
processor architecture naturally limits the number of arguments that can be passed in this
manner.

For e500, up to eight arguments (words ) are passed
in general purpose registers, loaded sequentially into general purpose registers r3 through
r10. If fewer (or no) arguments are passed, the unneeded registers are not loaded and will
contain undefined values on entry to the called function.

Only when worst-case arguments passed from a function do not fit in the eight GPRs
provided must a function allocate space for arguments in its stack frame; in that case, it
needs to allocate only enough space to hold arguments that do not fit into registers.

Note that __ev64_opaque__ double word arguments to a variable argument function are
handled specially; see Section 2.3.2, “Variable Argument Lists,” for more details.

 or __ev64_opaque__ double words
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The Stack Frame

The following algorithm specifies where argument data is passed for the C language. For
this purpose, consider the arguments as ordered from left (first argument) to right, although
the order of evaluation of the arguments is unspecified. In this algorithm, gr contains the
number of the next available general purpose register, and starg is the address of the next
available stack argument word. 

• INITIALIZE: Set gr=3, and starg to the address of parameter word 1. 

• SCAN: If there are no more arguments, terminate. Otherwise, select one of the 
following depending on the type of the next argument: 

• SIMPLE_ARG: A SIMPLE_ARG is one of the following:

— One of the simple integer types no more than 32 bits wide (char, short, int, long, 
enum)

— A single-precision float

— A pointer to an object of any type

— A struct, union, or long double, any of which shall be treated as a pointer to the 
object, or to a copy of the object where necessary to enforce call-by-value 
semantics. Only if the caller can ascertain that the object is constant can it pass 
a pointer to the object itself. 

If gr>10, go to OTHER. Otherwise, load the argument value into general register gr, 
set gr to gr+1, and go to SCAN. Values shorter than 32 bits are sign-extended or 
zero-extended, depending on whether they are signed or unsigned.

• LONG_LONG: A LONG_LONG is one of the following:

— A long long

— A double

Note that implementations are now required to support a long long data type.

Also note that doubles are supported only via emulation, and thus will only be 
passed in two consecutive registers, just like long long types. This preserves 

High Address 

...

Parameter Word 3

Parameter Word 2

Parameter Word 1

LR save word

Back chain

Low Address

Figure 2-26. Parameter List Area

— A DSP 64-bit type (__ev64_opaque__)

— an __ev64_opaque__ being passed to a variable argument function.
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The Stack Frame  

compatibility with the PowerPC EABI when using software floating-point 
emulation, and allows reuse of legacy emulation routines.

If gr>9, go to OTHER. If gr is even, set gr to gr+1. Load the lower- addressed word 
of the long long into gr and the higher-addressed word into gr+1, set gr to gr+2, and 
go to SCAN.

Note that even though the general registers can hold 64-bit values, since there are no 
64-bit arithmetic operations, long longs are still passed in two consecutive 32-bit 
general registers, which retains compatibility with the PowerPC EABI.

• OTHER: Arguments not otherwise handled above are passed in the parameter words 
of the caller’s stack frame. Most of the types handled in SIMPLE_ARG, as defined 
above, are considered to have 4-byte size and alignment, with simple integer types 
shorter than 32 bits sign- or zero-extended to 32 bits. Long long (where 
implemented), double,  arguments are considered to have 
8-byte size and alignment. Note that float arguments are not required to be promoted 
to double precision under this ABI (except where mandated by the C language -- see 
Section 2.3.4.1, “Float Argument and Return Value Summary” for more details),as 
that would force the use of emulation code on function calls with float arguments.

If gr>9 and we are handling a LONG_LONG type (long long, double, or 
__ev64_opaque__), then set gr to 11 (to prevent subsequent SIMPLE_ARGs 
from being placed in registers after LONG_LONG arguments that would no longer 
fit in the registers). Note that the classic ABI did not specify this step, leaving this 
situation unclear.

Round starg up to a multiple of the alignment requirement of the argument and copy 
the argument byte-for-byte, beginning with its lowest addressed byte, into starg, ..., 
starg+size-1. Set starg to starg+size, then go to SCAN.

The contents of registers and words skipped by the above algorithm for alignment
(padding) are undefined.

As an example, assume the declarations and the function call shown in Figure 2-27. The
corresponding register allocation and storage would be as shown in Table 2-6.

typedef struct { 
int a, b; 
double dd; /* double word aligned */ } 

sparm; 
sparm s, t, u; 
int c, d; f
float e, f; 
double gg, hh, ii;
long double ld;

 x = func(c, e, d, s, f, gg, hh, t, ii, u, ld);

Figure 2-27. Parameter Passing Example

and __ev64_opaque__
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2.3.2 Variable Argument Lists

Some otherwise portable C programs depend on the argument passing scheme, implicitly
assuming that all arguments are passed on the stack and that arguments appear in increasing
order on the stack. Programs that make these assumptions never have been portable, but
they have worked on many implementations. However, they do not work on the PowerPC
architecture because some arguments are passed in registers. Portable C programs use the
header files <stdarg.h> or <varargs.h> to deal with variable argument lists on processors
that implement the PowerPC architecture and other machines as well.

A caller of a function that takes a variable argument list shall clear CR bit 38 (typically used
to denote FPR arguments), since no FPR arguments are used. This allows older variable
argument functions to be called by e500 ABI functions. The crclr 6 simplified mnemonic
or the crxor 6,6,6 instruction is recommended for this purpose.

The layout of the parameter save area is 8 consecutive words.

For more details on variable-argument handling, see the description of __va_arg in
Section 5.2.2.2, “Variable-Argument Routine.”

2.3.3 Return Values

Functions shall return values of type int, long, enum, short, char, or a pointer to any type as
unsigned or signed integers as appropriate, zero- or sign-extended to 32 bits if necessary, in
r3. Functions shall return single-precision float values in r3.

Table 2-6. Parameter Passing Example Register Allocation 

General Purpose Registers Stack Frame Offset 

r3: c 08: hh(lo) 

r4: e 0C: hh(hi) 

r5: d 10: ptr to t 

r6: ptr to s 14: (padding) 

r7: f 18: ii(lo) 

r8: (skipped) 1C: ii(hi) 

r9: gg(lo)  1

1 Note: In Table 2-6, (lo) and (hi) denote the low- and high-addressed word of the double 
value as stored in memory, regardless of the Endian mode of the implementation. The 
ptr to arguments are pointers to copies if necessary to preserve call-by-value semantics.

20: ptr to u 

r10: gg(hi) 1 24: ptr to ld

For variable argument functions, __ev64_opaque__ arguments (both before and after
the ellipsis) are passed in the low words of two consecutive registers, in the same manner
as long long variables.
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A structure or union whose size is less than or equal to 8 bytes shall be returned in r3 and
r4, as if it were first stored in an 8-byte aligned memory area and then the low- addressed
word were loaded into r3 and the high-addressed word into r4. Bits beyond the last member
of the structure or union are not defined.

Values of type long long and unsigned long long, as well as values of type double, shall be
returned with the lower addressed word in r3 and the higher in r4.

Values of type long double and structures or unions that do not meet the requirements for
being returned in registers are returned in a storage buffer allocated by the caller. The
address of this buffer is passed as a hidden argument in r3 as if it were the first argument,
causing gr in the argument passing algorithm above to be initialized to 4 instead of 3.

2.3.4 Summary of Float, Double, Short, and Char Argument 
and Return Value Handling

This section provides a summary of rules described elsewhere concerning the use of
single-precision floating point, short, and char data types as arguments and as return values.

2.3.4.1 Float Argument and Return Value Summary

The handling of the float variable type is summarized here.

When using either hardware support (the SPE efs* instructions) or software floating-point
emulation (SFPE, see Section 5.2.5, “Software Floating-Point Emulation Support
Routines”) for the float datatype, float arguments are not promoted to double unless the
prototype for the called function specifies a double datatype, the prototype is missing, or
the prototype is for a varargs function and the float argument would be passed after the
ellipsis.

Functions shall return values of 64-bit DSP types (__ev64_opaque__) in r3. 

Table 2-7. Float and Double Argument and Return Value Summary 

Function
prototype

Promoted?
How arguments are

handled if volatile argument 
registers are available

How arguments are
handled if no volatile argument

registers are available

How return
values are handled

missing to double LONG_LONG OTHER as double (r3/r4)

double to double LONG_LONG OTHER as double (r3/r4)

varargs
(and after
ellipsis)

to double LONG_LONG OTHER n.a.

float -- SIMPLE_ARG OTHER as float
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2.3.4.2 Short and Char Argument and Return Value Summary

Note that integer data types shorter than 32 bits (shorts and chars) are sign-extended or
zero-extended in all three scalar situations:

• when passed directly in registers

• when passed on the stack

• when returned in registers

2.3.5 Stack Frame Examples

This section describes several possible functions, and shows their respective stack frame
layouts.

2.3.5.1 Simple Function

If a function does not need to save any nonvolatile registers (GPRs or the CR), then the size
of its stack frame is determined by its local variable usage and parameter save area.

2.3.5.1.1 Minimal Stack Frame: No Local Variables or Saved Parameters

If there are no local variables or saved parameters, then the contents of the stack frame are
two words of padding and the stack frame header (saved LR and stack pointer), as shown
in Table 2-8.

2.3.5.1.2 Local Variables or Saved Parameters Only

If there are only local variables and/or saved parameters in the stack frame, then padding is
needed in the local variable space to keep the stack frame aligned to a 16-byte boundary. 

Padding may also be needed within both the parameter save area and the local variable
space. For example, consider a non-varargs function that saves a 32-bit parameter at the
bottom of the parameter save area, followed by an __ev64_opaque__ parameter, with
no local variables. The stack frame is shown in Table 2-9.

Table 2-8. Minimal Stack Frame 

Address Offset
from Previous
Stack Frame

Address Offset
from New

Stack Frame
Description

0x0 0x10 back chain (16-byte aligned)

-0x4, -0x8 0x8,0xC 2 words of padding

-0xc 0x4 LR

-0x10 0x0 new back chain
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2.3.5.2 Functions that Save Nonvolatile Registers

There are three different kinds of nonvolatile registers that may be saved in a stack frame:
32-bit general purpose registers, 64-bit general purpose registers, and the CR. Since the
32-bit general register save area and the CR save word are contiguous, the padding for the
upper word depends on the total size of the 32-bit general purpose register save area
combined with the CR save word.

2.3.5.2.1 Function with No 64-Bit Nonvolatile Usage

If no 64-bit nonvolatile registers need to be saved in the stack frame, then there is no 64-bit
general register save area, and there will never be a word of padding below the CR save area
purely to align the nonexistent 64-bit general register save area to an 8-byte boundary. Note
that the local variable space may require padding to maintain proper alignment for its
variables.

Consider a function that saves 5 nonvolatile 32-bit registers, and has no local variable space or
parameter save area. The stack layout for this function is shown in Table 2-10.

Table 2-9. Padding in Both Parameter Save Area and in Local Variable Space 

Address Offset
from Previous
Stack Frame

Address Offset
from New

Stack Frame
Description

0x0 0x20 back chain (16-byte aligned)

-0x4, -0x8 0x18, 0x1c 2 words of padding (for stack frame)

-0x10 0x10 second parameter (64 bits)

-0x14 0xc padding (for second parameter)

-0x18 0x8 first parameter (32 bits)

-0x1c 0x4 LR

-0x20 0x0 new back chain

Table 2-10. 32-Bit Nonvolatile Example 

Address Offset
from Previous
Stack Frame

Address Offset
from New

Stack Frame
Description

0x0 0x20 back chain (16-byte aligned)

-0x4 0x1c r31 (32 bits)

-0x8 0x18 r30 (32 bits)

-0xc 0x14 r29 (32 bits)

-0x10 0x10 r28 (32 bits)

-0x14 0xc r27 (32 bits)

-0x18 0x8 1 word of padding
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2.3.5.2.2 Function with Both 32-Bit and 64-Bit Nonvolatile Usage

If a function saves both 32-bit and 64-bit nonvolatile registers on the stack, padding may be
required in two places: directly below the CR save word (or the 32-bit general save area if
the CR save word is not needed), and in the local variable space.

Consider a function that saves 5 nonvolatile 32-bit registers and 3 64-bit nonvolatile
registers. The stack layout for this function is shown in Table 2-11.

2.3.5.3 Maximum Amount of Stack Frame Padding

Note that even with two different padding areas, the total padding within a stack frame due
to nonvolatile usage (i.e., not counting internal padding for 64-bit variables in the local
variable space and the parameter save area) will never be more than 3 words: If there are no
64-bit nonvolatiles saved, then all of the padding for the frame is contiguous, and is either
0, 1, 2, or 3 words; if there are 64-bit nonvolatiles saved, there is either 0 or 1 words of
padding above the 64-bit general register save area, and since the 64-bit general register

-0x1c 0x4 LR

-0x20 0x0 new back chain

Table 2-11. 32-Bit and 64-Bit Nonvolatile Example 

Address Offset
from Previous
Stack Frame

Address Offset
from New

Stack Frame
Description

0x0 0x40 back chain (16-byte aligned)

-0x4 0x3c r31 (32 bits)

-0x8 0x38 r30 (32 bits)

-0xc 0x34 r29 (32 bits)

-0x10 0x30 r28 (32 bits)

-0x14 0x2c r27 (32 bits)

-0x18 0x28 1 word of padding

-0x20 0x20 r26 (64 bits)

-0x28 0x18 r25 (64 bits)

-0x30 0x10 r24 (64 bits)

-0x38,-0x34 0x8,0xc two words of padding

-0x3c 0x4 LR

-0x40 0x0 new back chain

Table 2-10. 32-Bit Nonvolatile Example (continued)

Address Offset
from Previous
Stack Frame

Address Offset
from New

Stack Frame
Description
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save area is 64-bit aligned, there is either 0 or 2 words of padding below it in the local
variable space to guarantee 16-byte alignment for the entire stack frame.

2.4 Operating System Interface—Optional
This section is optional. No specifications in this section are required for ABI compliance.

2.4.1 Virtual Address Space

Processes execute in a 32-bit virtual address space. Memory management 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: text, data, and stack. An object file may contain more segments (for example, for
debugger use), and a process can also create additional segments for itself with system
services.

NOTE
The term ‘virtual address’ as used in this document refers to a
32-bit address generated by a program, as contrasted with the
physical address to which it is mapped. The PowerPC
Architecture documentation refers to this type of address as an
effective address.

2.4.2 Page Size

Memory is organized into pages, which are the system’s smallest units of memory
allocation. Book E allows processors to support multiple page sizes. Processes may call
sysconf(BA_OS) to determine the system’s current page size. The e500 supports variable
page sizes. This ABI assumes a default minimum page size of 4096 bytes (4 Kbytes), but
allows the underlying operating system to cluster pages into larger logical power-of-two
page sizes.

2.4.3 Virtual Address Assignments 

Conceptually, processes have the full 32-bit address space available to them. 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 system can execute processes that are bigger than physical 
memory, paging them to and from secondary storage. Nonetheless, both physical 
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memory and secondary storage are shared resources. System load, which can vary 
from one program execution to the next, affects the available amounts.

Figure 2-28 shows the virtual address configuration on the PowerPC Architecture. The
segments with different properties are typically grouped in different areas of the address
space. A reserved area resides at the top of the virtual space and is used by the system. The
loadable segments may begin at zero (0); the exact addresses depend on the executable file
format (see Chapter 3, “Object Files,” and Chapter 5, “Libraries.”). The process’ stack and
dynamic segments reside below the system-reserved area. Processes can control the amount
of virtual memory allotted for stack space, as described below.

NOTE
Although application programs may begin at virtual address 0,
they conventionally begin above 0x1_0000 (64 Kbytes),
leaving the initial 64 Kbytes 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 section Exception Interface in this chapter.

NOTE
A program base of 0x1000_0000 (32 Mbytes) is
recommended, for reasons given in Chapter 4, “Program
Loading and Dynamic Linking.” This implies the first valid
instructions starting around 0x1000_0400 or later, to provide
room for the ELF header.

0xFFFF_FFFF
End of memory

Reserved system area
...

0xE000_0000
Stack and dynamic segments 

...

0x8000_0000
Allocated by programs 

...

Executable file 
...

Program base
Dynamic segments 

...

0x0001_0000
Unmapped 

0 Beginning of Memory

Figure 2-28. Virtual Address Configuration
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As Figure 2-28 shows, the system reserves the high end of virtual space, with a process’
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 Mbytes from the virtual address space. Thus, the user virtual
address range has a minimum upper bound of 0xDFFF_FFFF. Individual systems may
reserve less space, increasing the process virtual memory range. More information follows
in Section 2.4.4, “Managing the Process Stack.”

Although applications may control their memory assignments, the typical arrangement
follows the diagram above. When applications let the system choose addresses for dynamic
segments (including shared object segments), it will prefer addresses below the beginning
of the executable and above 64 Kbytes, or addresses above 2 Gbytes. This leaves the middle
of the address spectrum, those addresses above the executable and below 2 Gbytes,
available for dynamic memory allocation with facilities such as malloc(BA_OS).

2.4.4 Managing the Process Stack

The 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 a single system. A program, therefore, should not depend on finding its stack at a
particular virtual address.

A tunable configuration parameter controls the system maximum stack size. A process can
also use setrlimit(BA_OS) to set its own maximum stack size, up to the system limit. The
stack segment is both readable and writable.

2.4.5 Coding Guidelines

Operating system facilities, such as mmap(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 request the system to use an address the program supplies. The second
alternative can cause application portability problems 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 segments that can change size from one
execution to the next: the stack [through setrlimit(BA_OS)]; the data segment [through
malloc(BA_OS)]; and the dynamic segment area [through mmap(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. Thus, a program
that used mmap(KE_OS) to request a mapping at a specific address could appear to work
in some environments and fail in others. For this reason, programs that want to establish a
mapping in their address space should let the system choose the address.
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