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Foreword

This is version 2.0.1 of the Linux Standard Basee(Rpecification. An implementation of this versifrthe
specification may not claim to be an implementatbthe Linux Standard Base unless it has succissfumpleted
the compliance process as defined by the Free &tdsndGroup.
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Introduction

The LSB defines a binary interface for applicajiwograms that are compiled and packaged for LSBecoring
implementations on many different hardware architexs. Since a binary specification shall inclugferimation
specific to the computer processor architecturevach it is intended, it is not possible for agdendocument to
specify the interface for all possible LSB-confongnimplementations. Therefore, the LSB is a farofly
specifications, rather than a single one.

This document should be used in conjunction withdbcuments it references. This document enumeiatesystem
components it includes, but descriptions of thasamonents may be included entirely or partly is thocument,
partly in other documents, or entirely in othelerehce documents. For example, the section thatides system
service routines includes a list of the systeminast supported in this interface, formal declaratiof the data
structures they use that are visible to applicatiamd a pointer to the underlying referenced §ipation for
information about the syntax and semantics of eadlhOnly those routines not described in stanslagferenced by
this document, or extensions to those standardsiescribed in the detail. Information referencethis way is as
much a part of this document as is the informagigplicitly included here.



l. Introductory Elements
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Chapter 1. Scope

1.1. General

The Linux Standard Base (LSB) defines a systenfaite for compiled applications and a minimal eoriment for
support of installation scripts. Its purpose i®t@ble a uniform industry standard environmenhfgh-volume
applications conforming to the LSB.

These specifications are composed of two basispartommon specification ("LSB-generic") descripthose parts
of the interface that remain constant across gllémentations of the LSB, and an architecture-$igespecification
("LSB-arch") describing the parts of the interfdlcat vary by processor architecture. Togetherl®B-generic and
the architecture-specific supplement for a singledtvare architecture provide a complete interfaeeification for
compiled application programs on systems that sha@mmon hardware architecture.

The LSB-generic document shall be used in conjonatiith an architecture-specific supplement. Whenavsection
of the LSB-generic specification shall be suppletedioy architecture-specific information, the LS&agric
document includes a reference to the architectypplsment. Architecture supplements may also coradditional
information that is not referenced in the LSB-gémdpcument.

The LSB contains both a set of Application Progtatarfaces (APIs) and Application Binary Interfa¢@8ls). APls
may appear in the source code of portable appicatiwhile the compiled binary of that applicatioay use the
larger set of ABIs. A conforming implementation kigaovide all of the ABIs listed here. The compitan system
may replace (e.g. by macro definition) certain ARith calls to one or more of the underlying binarterfaces, and
may insert calls to binary interfaces as needed.

The LSB is primarily a binary interface definitiodot all of the source level APIs available to apgiions may be
contained in this specification.

1.2. Module Specific Scope
This is the Core module of the Linux Standards RaS®). This module provides the fundemental systaerfaces,
libraries, and runtime environment upon which atforming applications and libraries depend.

Interfaces described in this module are mandatecg @ where explicitly listed otherwise. Core ifidees may be
supplemented by other modules; all modules ar¢ bpdn the core.



Chapter 2. Normative References

The specifications listed below are referencedliole or in part by the Linux Standard Base. In fscification,

where only a particular section of one of theseragices is identified, then the normative refereste that section

alone, and the rest of the referenced documenfasmative.

Table 2-1. Normative References

Name

Title

URL

DWARF Debugging Information
Format

DWARF Debugging Information
Format, Revision 2.0.0 (July 27,
1993)

http://www.eagercon.com/dwarf/d
arf-2.0.0.pdf

Filesystem Hierarchy Standard

Filesystem Hierastandard
(FHS) 2.3

http://www.pathname.com/fhs/

IEEE Std 754-1985

IEEE Standard 754 for Binary
Floating-Point Arithmetic

http://www.ieee.org/

ISO C (1999)

ISO/IEC 9899: 1999, Programmi
Languages --C

19

ISO POSIX (2003)

ISO/IEC 9945-1:2003 Information
technology -- Portable Operating
System Interface (POSIX) -- Part
Base Definitions

ISO/IEC 9945-2:2003 Information
technology -- Portable Operating
System Interface (POSIX) -- Part
System Interfaces

ISO/IEC 9945-3:2003 Information
technology -- Portable Operating
System Interface (POSIX) -- Part
Shell and Utilities

ISO/IEC 9945-4:2003 Information
technology -- Portable Operating

System Interface (POSIX) -- Part 4
Rationale

http://www.unix.org/version3/

i

T

oo

c—

Large File Support

Large File Support

http://www.XMNsystems.org/verg
ion2/whatsnew/Ifs20mar.html

Li1l8nux Globalization
Specification

LIZ8NUX 2000 Globalization
Specification, Version 1.0 with
Amendment 4

http://www.li18nux.org/docs/html/
LI18NUX-2000-amd4.htm

Linux Allocated Device Registry

LINUX ALLOCATED DEMCES

http://www.lanana.org/docs/devic

D




Chapter 2. Normative References

Name Title URL
list/devices.txt
PAM Open Software Foundation, Requedtttp://www.opengroup.org/tech/rfc

For Comments: 86.0 , October 199
V. Samar & R.Schemers (SunSoft

Snirror-rfc/rfc86.0.txt

RFC 1321: The MD5
Message-Digest Algorithm

IETF RFC 1321: The MD5
Message-Digest Algorithm

http://www.ietf.org/rfc/rfc1321.txt

RFC 1833: Binding Protocols for
ONC RPC Version 2

IETF RFC 1833: Binding Protocol
for ONC RPC Version 2

5 http://www.ietf.org/rfc/rfc1833.txt

RFC 1951: DEFLATE Compresse
Data Format Specification

OIETF RFC 1951: DEFLATE
Compressed Data Format
Specification version 1.3

http://www.ietf.org/rfc/rfc1951.txt

RFC 1952: GZIP File Format
Specification

IETF RFC 1952: GZIP file format
specification version 4.3

http://www.ietf.org/rfc/rfc1952.txt

RFC 2440: OpenPGP Message
Format

IETF RFC 2440: OpenPGP
Message Format

http://www.ietf.org/rfc/rfc2440.txt

SUSv2

CAE Specification, January 1997
System Interfaces and Headers
(XSH),Issue 5 (ISBN:
1-85912-181-0, C606)

http://www.opengroup.org/publica
ons/catalog/un.htm

SUSv2 Command and Utilities

The Single UNIX®
Specification(SUS) Version 2,
Commands and Utilities (XCU),
Issue 5 (ISBN: 1-85912-191-8,
C604)

http://www.opengroup.org/publica
ons/catalog/un.htm

SVID Issue 3

Company, System V Interface
Definition, Issue 3 ; Morristown,
NJ, UNIX Press, 1989.(ISBN
0201566524)

American Telephone and Telegraph

SVID Issue 4

System V Interface
Definition,Fourth Edition

System V ABI

System V Application Binary
Interface, Edition 4.1

http://www.caldera.com/developet
/devspecs/gabidl.pdf

7]

System V ABI Update

System V Application Binary
Interface - DRAFT - 17 December
2003

http://www.caldera.com/developet
/gabi/2003-12-17/contents.html

[

this specification

Linux Standard Base

http://wvimukbase.org/spec/

X/Open Curses

CAE Specification, May 1996,

httpleﬂwopengroup.org/publicalli




Chapter 2. Normative References

Name Title URL
X/Open Curses, Issue 4, Version 2 ons/catalog/un.htm
(ISBN: 1-85912-171-3, C610), plup
Corrigendum U018

zlib Manual zlib 1.2 Manual http://www.gzip.org/hali




Chapter 3. Requirements

3.1. Relevant Libraries

The libraries listed in Table 3-1 shall be avaidabh a Linux Standard Base system, with the sgekifintime names.
The libraries listed in Table 3-2 are architectspecific, but shall be available on all LSB confargisystems. This
list may be supplemented or amended by the arthitespecific specification.

4  Table 3-1. Standard Library Names

Library Runtime Name
libcrypt libcrypt.so.1
libdl libdl.s0.2
libncurses libncurses.so.5
libpthread libpthread.so.0
libutil libutil.so0.1
libz libz.so.1
libpam libpam.so.0

5 libgcc_s libgcc_s.so.1

6  Table 3-2. Standard Library Names defined in the Achitecture Specific Supplement

Library Runtime Name
libc See archLSB
libm See archLSB

; proginterp See archLSB

8  These libraries will be in an implementation-defirddrectory which the dynamic linker shall seargidefault.

3.2. LSB Implementation Conformance

9 A conforming implementation shall satisfy the falimg requirements:

10 « The implementation shall implement fully the arebture described in the hardware manual for ttgetar
11 processor architecture.

12« The implementation shall be capable of executingmited applications having the format and usingdy&tem
13 interfaces described in this document.
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Chapter 3. Requirements

The implementation shall provide libraries containihe interfaces specified by this document, &adl provide a
dynamic linking mechanism that allows these intefato be attached to applications at runtimeth@linterfaces
shall behave as specified in this document.

The map of virtual memory provided by the implenagioin shall conform to the requirements of thisudoent.

The implementation's low-level behavior with resgedunction call linkage, system traps, signals] other such
activities shall conform to the formats describedthis document.

The implementation shall provide all of the mandafaterfaces in their entirety.

The implementation may provide one or more of thigomal interfaces. Each optional interface thadrisvided
shall be provided in its entirety. The product doentation shall state which optional interfacespaowided.

The implementation shall provide all files anditiék specified as part of this document in therfar defined here
and in other referenced documents. All commandsuditities shall behave as required by this documé&he
implementation shall also provide all mandatory ponments of an application's runtime environment &ne
included or referenced in this document.

The implementation, when provided with standarc&daetmats and values at a named interface, shalige the
behavior defined for those values and data foratisat interface. However, a conforming implemgotamay
consist of components which are separately packagetbr sold. For example, a vendor of a conforming
implementation might sell the hardware, operatiygfesm, and windowing system as separately packitgyed.

The implementation may provide additional interfaeéth different names. It may also provide adadiéib
behavior corresponding to data values outsidetreard ranges, for standard named interfaces.

3.3. LSB Application Conformance

A conforming application shall satisfy the followimequirements:

Its executable files are either shell scripts gectifiles in the format defined for the Objecte-iformat system
interface.

Its object files participate in dynamic linking dsfined in the Program Loading and Linking Systeteriface.

It employs only the instructions, traps, and ofber-level facilities defined in the Low-Level Systenterface as
being for use by applications.

If it requires any optional interface defined istdocument in order to be installed or to exesuiessfully, the
requirement for that optional interface is starethie application's documentation.

It does not use any interface or data format thabt required to be provided by a conforming impatation,
unless:

If such an interface or data format is suppliecbgther application through direct invocation @ftthpplication
during execution, that application is in turn arBL&nforming application.

- The use of that interface or data format, as weilsasource, is identified in the documentatiothefapplication.

It shall not use any values for a named interfaa¢ @re reserved for vendor extensions.

A strictly conforming application does not requineuse any interface, facility, or implementatioefided extension
that is not defined in this document in order taristalled or to execute successfully.



10

11

12

13

14

15

16

17

18

Chapter 4. Definitions

For the purposes of this document, the followinfinions, as specified in thkSO/IEC Directives, Part 2, 2001, 4th
Edition, apply:

can

be able to; there is a possibility of; it is pbesto
cannot

be unable to; there is no possibilty of; it is possible to
may

is permitted; is allowed; is permissible
need not

it is not required that; no...is required
shall

is to; is required to; it is required that; hasdnly...is permitted; it is necessary
shall not

is not allowed [permitted] [acceptable] [permids]; is required to be not; is required that. nog is not to be

should

it is recommended that; ought to

should not

it is not recommended that; ought not to
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Chapter 5. Terminology

For the purposes of this document, the followirrgeapply:

archLSB
The architectural part of the LSB Specificationioh describes the specific parts of the interthee are
platform specific. The archLSB is complementarytte gLSB.

Binary Standard

The total set of interfaces that are availableg¢wsed in the compiled binary code of a confognaipplication.

gLSB

The common part of the LSB Specification thatctiégs those parts of the interface that remairstzom across
all hardware implementations of the LSB.

implementation-defined

Describes a value or behavior that is not definethis document but is selected by an implemeittioe value or
behavior may vary among implementations that conftar this document. An application should not @tythe
existence of the value or behavior. An applicatiwat relies on such a value or behavior cannosbarad to be
portable across conforming implementations. Thdeémgntor shall document such a value or behavitinaat
can be used correctly by an application.

Shell Script

A file that is read by an interpreter (e.g., avil)e first line of the shell script includes aamnce to its
interpreter binary.

Source Standard

The set of interfaces that are available to lael iis the source code of a conforming application.

undefined

Describes the nature of a value or behavior afihdd by this document which results from useroiravalid
program construct or invalid data input. The vadubehavior may vary among implementations thafaromto
this document. An application should not rely om éixistence or validity of the value or behavian.application
that relies on any particular value or behaviomgae assured to be portable across conforming
implementations.

unspecified

Describes the nature of a value or behavior petified by this document which results from usa oflid
program construct or valid data input. The valube&mavior may vary among implementations that aonfm
this document. An application should not rely o éxistence or validity of the value or behavian.gpplication
that relies on any particular value or behaviomgare assured to be portable across conforming
implementations.

Other terms and definitions used in this documbatl ©iave the same meaning as defined in Chaptéti® Base
Definitions volume of ISO POSIX (2003).



10

11

12

13

14

15

16

17

18

19

20

21

22
23

Chapter 6. Documentation Conventions

Throughout this document, the following typograptdmventions are used:

function()

the name of a function

command

the name of a command or utility

CONSTANT

a constant value

par amret er

a parameter

variable
a variable

Throughout this specification, several tables térifaces are presented. Each entry in these thatethe following
format:

name

the name of the interface
(symver)

An optional symbol version identifier, if requite
[ref no]

A reference number indexing the table of refeeeingpecifications that follows this table.

For example,

forkpty(GLIBC_2.0) [1]

refers to the interface namémgkpty  with symbol versiorGLIBC 2.0 that is defined in the first of the listed
references below the table.
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Chapter 1. Operating System Interface

1 LSB-conforming applications shall assume that staekp and other allocated memory regions will be
2 non-executable. The application must take stepsatice them executable if needed.



Il. Object Format



Chapter 2. Object Files

LSB-conforming implementations shall support thgeobfile Executable and Linking Format (ELF), whiis
defined by the following documents:

« System V ABI

« System V ABI Update

« this document

- an architecture-specific LSB specification

Conforming implementations may also support otimepecified object file formats.



Chapter 3. Sections

As described in System V ABI, an ELF object filentains a number actions.

3.1. Sections Types

The section header table is an array of EIf32_8hdif64_Shdr structures as described in SystenBV. &Ahe
sh_t ype member shall be either a value from Table 3-1wdrikom the System V ABI, or one of the additional

values specified in Table 3-2.

A section headersh_t ype member specifies the sections's semantics.

3.1.1. ELF Section Types

The following section types are defined in the 8ysl ABI and the System V ABI Update.

Table 3-1. ELF Section Types

Name

Value

Description

SHT_DYNAMIC

0x6

The section holds information for
dynamic linking. Currently, an ob-
ject file shall have only one dynam
section, but this restriction may beg
relaxed in the future. See "Dynam
Section' in Chapter 5 for details.

SHT_DYNSYM

Oxb

This section holds a minimal set ¢
symbols adequate for dynamic
linking. See also SHT_SYMTAB.
Currently, an object file may have
either a section of SHT_SYMTAB
type or a section of SHT_DYNSYN
type, but not both. This restriction
may be relaxed in the future.

=1

SHT_FINI_ARRAY

Oxf

This section contains an arrdy o
pointers to termination functions, ¢
described in “Initialization and
Termination Functions' in Chapter,
5. Each pointer in the array is takg

LS

n

as a parameterless procedure with a

void return.

SHT_HASH

0x5

The section holds a symbol hash
table. Currently, an object file shal
have only one hash table, but this

restriction may be relaxed in the




Chapter 3. Sections

Name

Value

Description

future. See "Hash Table' in the
Chapter 5 for details.

SHT_HIPROC

OXTfffffff

Values in this inclusive raagre
reserved for processor-specific sef
mantics.

SHT_HIUSER

Oxffffffff

This value specifies the uppeound
of the range of indexes reserved for
application programs. Section typgs
between SHT_LOUSER and
SHT_HIUSER can be used by the|
application, without conflicting with
current or future system-defined
section types.

SHT_INIT_ARRAY

Oxe

This section contains an arrdy o

pointers to initialization functions,
as described in “Initialization and

Termination Functions' in Chapter,
5. Each pointer in the array is takgn
as a parameterless procedure with a
void return.

SHT_LOPROC

0x70000000

Values in this inclusive mage
reserved for processor-specific sef
mantics.

SHT_LOUSER

0x80000000

This value specifies the dveaind
of the range of indexes reserved fopr
application programs.

SHT_NOBITS

0x8

A section of this type occupies nq
space in the file but otherwise re-
sembles SHT_PROGBITS. Al-
though this section contains no
bytes, the sh_offset member con-
tains the conceptual file offset.

SHT_NOTE

0ox7

The section holds information thgt
marks the file in some way. See
"Note Section' in Chapter 5 for de;
tails.

SHT_NULL

0x0

This value marks the section heagler
as inactive; it does not have an ag
sociated section. Other members pf
the section header have undefined
values.
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Name

Value

Description

SHT_PREINIT_ARRAY

0x10

This section contains aragrof
pointers to functions that are in-
voked before all other initialization
functions, as described in “Initiali-
zation and Termination Functions'
in Chapter 5. Each pointer in the
array is taken as a parameterless
proceure with a void return.

SHT_PROGBITS

Ox1

The section holds information deg

fined by the program, whose format

and meaning are determined sole
by the program.

SHT_REL

0x9

The section holds relocation entries

without explicit addends, such as
type EIf32_Rel for the 32-bit class
of object files or type EIf64_Rel fo
the 64-bit class of object files. An
object file may have multiple relo-
cation sections. See "Relocation”

SHT_RELA

0x4

The section holds relocation entri
with explicit addends, such as typ
Elf32_Rela for the 32-hit class of
object files or type EIf64_Rela for
the 64-bit class of object files. An
object file may have multiple relo-
cation sections. "Relocation' b

ES

A1

SHT_SHLIB

Oxa

This section type is reserved but
unspecified semantics.

has

SHT_STRTAB

0x3

The section holds a string table.
object file may have multiple string
table sections. See “String Table'
below for details.

SHT_SYMTAB

0x2

This section holds a symbol table
Currently, an object file may have
either a section of SHT_SYMTAB
type or a section of SHT_DYNSYN
type, but not both. This restriction
may be relaxed in the future. Typi
cally, SHT_SYMTAB provides

symbols for link editing, though it
may also be used for dynamic link

ing. As a complete symbol table, i
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Name

Value

Description

may contain many symbols unned

essary for dynamic linking.

3.1.2. Additional Section Types

The following additional section types are defimede.

Table 3-2. Additional Section Types

Name Value Description
SHT_GNU_verdef Ox6ffffffd This section contains tigmbol
versions that are provided.
SHT_GNU_verneed Ox6ffffffe This section containe gymbol
versions that are required.
SHT_GNU_versym Oxefffffff This section contains tBgmbol

Version Table.
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4.1. Special Sections

Various sections hold program and control informatiSections in the lists below are used by theesyand have the

indicated types and attributes.

4.1.1. ELF Special Sections

The following sections are defined in the SysterABI and the System V ABI Update.

Table 4-1. ELF Special Sections

Name Type Attributes
.bss SHT_NOBITS SHF_ALLOC+SHF_WRITE
.comment SHT_PROGBITS 0
.data SHT_PROGBITS SHF_ALLOC+SHF_WRITE
.datal SHT_PROGBITS SHF_ALLOC+SHF_WRITE
.debug SHT_PROGBITS 0
.dynamic SHT_DYNAMIC SHF_ALLOC+SHF_WRITE
.dynstr SHT_STRTAB SHF_ALLOC
.dynsym SHT_DYNSYM SHF_ALLOC
fini SHT_PROGBITS SHF_ALLOC+SHF_EXECINSTR
fini_array SHT_FINI_ARRAY SHF_ALLOC+SHF_WRITE
.hash SHT_HASH SHF_ALLOC
Jinit SHT_PROGBITS SHF_ALLOC+SHF_EXECINSTH
Jinit_array SHT_INIT_ARRAY SHF_ALLOC+SHF_WRITE
.interp SHT_PROGBITS SHF_ALLOC
Jine SHT_PROGBITS 0
.note SHT_NOTE 0
.preinit_array SHT_PREINIT_ARRAY SHF_ALLOC+SHF WHRET
.rodata SHT_PROGBITS SHF_ALLOC
.rodatal SHT_PROGBITS SHF_ALLOC
.shstrtab SHT_STRTAB 0
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Name Type Attributes
.strtab SHT_STRTAB SHF_ALLOC
.symtab SHT_SYMTAB SHF_ALLOC
text SHT_PROGBITS SHF_ALLOC+SHF_EXECINSTR

.bss

This section holds data that contributes to ttegmm's memory image. The program may treat s ds
uninitialized. However, the system shall initialthés data with zeroes when the program beginartoThe
section occupies no file space, as indicated bgélotion type, SHT_NOBITS

.comment

This section holds version control information.

.data

This section holds initialized data that conttébto the program's memory image.

.datal

This section holds initialized data that conttébto the program's memory image.

.debug

This section holds information for symbolic debirmg. The contents are unspecified. All section eamnith the
prefix .debug hold information for symbolic debuggii The contents of these sections are unspecified.

.dynamic

This section holds dynamic linking informatiorhél'section's attributes will include the SHF_ALL®IE
Whether the SHF_WRITE bit is set is processor $jge@ee Chapter 5 for more information.

.dynstr

This section holds strings needed for dynamkifig, most commonly the strings that represenntmaes
associated with symbol table entries. See Chapf@r ore information.

.dynsym

This section holds the dynamic linking symboli¢alas described in "Symbol Table'. See Chapter fbre
information.

fini

This section holds executable instructions tloatribute to the process termination code. Thatfgen a
program exits normally, the system arranges toweethe code in this section.

fini_array

This section holds an array of function pointéeg contributes to a single termination arraytifier executable or
shared object containing the section.
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.hash

This section holds a symbol hash table. See "Hlable' in Chapter 5 for more information.

.init

This section holds executable instructions tlatribute to the process initialization code. Whagsrogram
starts to run, the system arranges to executeottie ia this section before calling the main progeartry point
(called main for C programs)

.init_array

This section holds an array of function pointés contributes to a single initialization array the executable
or shared object containing the section.

.interp

This section holds the path name of a prograerpnéter. If the file has a loadable segment theltides
relocation, the sections' attributes will inclutie SHF_ALLOC bit; otherwise, that bit will be o8ee Chapter 5
for more information.

line

This section holds line number information fomdbplic debugging, which describes the corresporglenc
between the source program and the machine codecdritents are unspecified.

.note

This section holds information in the format thdbte Section' in Chapter 5 describes of the Syste
Application Binary Interface, Edition 4.1.

.preinit_array

This section holds an array of function pointdig contributes to a single pre-initializationagrifor the
executable or shared object containing the section.

.rodata

This section holds read-only data that typicatintribute to a non-writable segment in the protesge. See
"Program Header' in Chapter 5 for more information.

.rodatal

This section hold sread-only data that typicatintribute to a non-writable segment in the protesge. See
"Program Header' in Chapter 5 for more information.

.shstrtab

This section holds section names.

.strtab

This section holds strings, most commonly thmg# that represent the names associated with dytatile
entries. If the file has a loadable segment thdtides the symbol string table, the section'shaiteis will include
the SHF_ALLOC bit; otherwi

10
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.symtab

This section holds a symbol table, as "Symboldaim this chapter describes. If the file hasadiable segment

Chapter 4. Special Sections

that includes the symbol table, the section'shatteis will include the SHF_ALLOC bit; otherwiseattbit will

be off.

text

This section holds the “text,' or executableriredions, of a program.

4.1.2. Additional Special Sections

Object files in an LSB conforming application mdgaacontain one or more of the additional spe@atisns

described below.

Table 4-2. Additional Special Sections

Name

Type Attributes
.ctors SHT_PROGBITS SHF_ALLOC+SHF _WRITE
.dtors SHT_PROGBITS SHF_ALLOC+SHF_WRITE
.eh_frame SHT_PROGBITS SHF_ALLOC
.eh_frame_hdr SHT_PROGBITS SHF_ALLOC
.gnu.version SHT_GNU_versym SHF_ALLOC
.gnu.version_d SHT_GNU_verdef SHF_ALLOC
.gnu.version_r SHT_GNU_verneed SHF_ALLOC

Jjer

SHT_PROGBITS

SHF_ALLOC+SHF WRITE

This section contains a list of global construdtmction pointers.
.dtors
This section contains a list of global destruétmrction pointers.
.eh_frame
This section contains information necessary fame unwinding during exception handling.

.eh_frame_hdr

.note.ABI-tag SHT_NOTE SHF_ALLOC
.stab SHT_PROGBITS 0
.Stabstr SHT_STRTAB 0

.ctors

This section contains a pointer to the .eh_fraawion which is accessible to the runtime suppade of a C++

application. This section may also contain a birsggrch table which may be used by the runtimeatgpde

to more efficiently access records in the .eh_frapwtion.

11
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88  .gnu.version

89 This section contains the Symbol Version Table.

90  .gnu.version_d

91 This section contains the Version Definitions.

92  .gnu.version_r

93 This section contains the Version Requirments.

94  .jer

95 This section contains information necessary égistering compiled Java classes. The contents are
96 compiler-specific and used by compiler initializatifunctions.

97 .note.ABI-tag

98 Specify ABI details.
99 .Stab
100 This section contains debugging information. €betents are not specified as part of the LSB.

101 .Stabstr

102 This section contains strings associated withd#taugging infomation contained in the .stab sectio

12



Chapter 5. Symbol Mapping

This chapter defines how names are mapped frorsahiee symbol to the object symbol.

5.1. Symbol Mapping

Symbols in a source program are translated bydhgdation system into symbols that exist in thgeebfile. The
rules for this translation are defined here.

5.1.1. C Language

External C symbols have the same names in C amdtoflps' symbol tables.

13



Chapter 6. DWARF Extensions

In addition to the Call Frame Instructions defimedection 6.4.2 of DWARF Debugging Information Fat, the
following Call Frame Instructions may also be used.

Table 6-1. Additional DWARF Call Frame Instructions

Name Value Meaning

DW_CFA_expression 0x10 The DW_CFA_expression
instruction takes two operands: ar
unsigned LEB128 value
representing a register number, afd
a DW_FORM_block value
representing a DWARF expressio
The required action is to establish
the DWARF expression as the
means by which the address in
which the given register contents gre
found may be computed. The valye
of the CFA is pushed on the
DWARF evaluation stack prior to
execution of the DWARF
expression. The DW_OP_call2,
DW_OP_call4, DW_OP_call_ref
and DW_OP_push_object_addregs
DWARF operators (see Section
2.4.1 of DWARF Debugging
Information Format) cannot be used
in such a DWARF expression.

=

DW_CFA offset_extended_sf 0x11 The DW_CFA_offseterded_sf
instruction takes two operands: ar
unsigned LEB128 value
representing a register number and a
signed LEB128 factored offset. This
instruction is identical to
DW_CFA offset_extended excepf
that the second operand is signed

DW_CFA def cfa_sf 0x12 The DW_CFA_def cfa_sf
instruction takes two operands: ar]
unsigned LEB128 value
representing a register number and a
signed LEB128 factored offset. This
instruction is identical to

DW _ CFA def cfa except that the

14
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Name

Value

Meaning

second operand is signed and
factored.

DW_CFA def cfa offset_sf

0x13

The DW_CFA_def cfdsef sf
instruction takes a signed LEB128
operand representing a factored
offset. This instruction is identical tp
DW_CFA def cfa_offset except
that the operand is signed and
factored.

DW_CFA _GNU_args_size

Ox2e

The DW_CFA_def cfa_offskt
instruction takes an unsigned
LEB128 operand representing an
argument size.

DW_CFA_GNU_negative_offset
xtended

b Ox2f

The DW_CFA_def cfa_sf
instruction takes two operands: ar
unsigned LEB128 value
representing a register number and
an unsigned LEB128 which
represents the magnitude of the
offset. This instruction is identical tp
DW_CFA offset_extended_sf
except that the operand is subtracted
to produce the offset. This
instructions is obsoleted by
DW_CFA offset_extended_sf.

15
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Chapter 7. EH Frame Header

The.eh_frame_hdr  section contains additional information about.tfe frame section. A pointer to the start of
the.eh_frame data, and optionally, a binary search table ofifges to the .eh_frame records are found in this
section.

Data in this section is encoded according to theARN Exception Header Encoding described below.

Table 7-1.. eh_frame_hdr Section Format

Encoding Field
unsigned byte version
unsigned byte eh_frame_ptr_enc
unsigned byte fde_count_enc
unsigned byte table_enc
encoded eh_frame_ptr
encoded fde_count

binary search table

version

Version of theeh_frame_hdr  format. This value shall be 1.

eh_frame_ptr_enc

The encoding format of the eh_frame_ptr field.

fde_count_enc
The encoding format of the fde_count field. Ausabf DW_EH_PE_omit indicates the binary searcletabnot
present.

table_enc
The encoding format of the entries in the bireggrch table. A value of DW_EH_PE_omit indicateshimary
search table is not present.

eh_frame_ptr

The encoded value of the pointer to the stathefeh_frame section.

fde_count

The encoded value of the count of entries irbihary search table.

16
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Chapter 7. EH Frame Header

A binary search table containing fde_count estrigach entry of the table consist of two encodsdes, the
initial location, and the address. The entriessarted in an increasing order by the initial losatvalue.

7.1. DWARF Exception Header Encoding

The DWARF Exception Header Encoding is used toriles¢he type of data used in tleé_frame_hdr  section.
The upper 4 bits indicate how the value is to haia@. The lower 4 bits indicate the format of theta.

Table 7-2. DWARF Exception Header value format

Name Value Meaning

DW_EH_PE_omit Oxff No value is present.

DW_EH_PE uleb128 0x01 Unsigned value is encodetyjubie
Little Endian Base 128 (LEB128) as
defined by DWARF Debugging
Information Format.

DW_EH_PE_udata2 0x02 A 2 bytes unsigned value.

DW_EH_PE_udata4 0x03 A 4 bytes unsigned value.

DW_EH_PE_udata8 0x04 An 8 bytes unsigned value.

DW_EH_PE_sleb128 0x09 Signed value is encoded kg
Little Endian Base 128 (LEB128) as
defined by DWARF Debugging
Information Format.

DW_EH_PE_sdata2 Ox0A A 2 bytes signed value.

DW_EH_PE sdata4 0x0B A 4 bytes signed value.

DW_EH_PE_sdata8 0x0C An 8 bytes signed value.

Table 7-3. DWARF Exception Header application

Name Value Meaning

DW_EH_PE_absptr 0x00 Value is used with no modiiica

DW_EH_PE_pcrel 0x10 Value is reletive to the cutren
program counter.

DW_EH_PE_datarel 0x30 Value is reletive to the beijig of
the .eh_frame_hdr section.

DW_EH_PE_omit Oxff No value is present.
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Chapter 8. Symbol Versioning

This chapter describes the Symbol Versioning meishanAll ELF objects may provide or depend on vemsid
symbols. Symbol Versioning is implemented by 3isectypes: SHT_GNU_versym, SHT_GNU_verdef, and
SHT_GNU_verneed.

The prefix Elfxx in the following descriptions ardde fragments stands for either "EIf32" or "Elféd&pending on
the architecture.

Versions are described by strings. The structdrasare used for symbol versions also contain almethat holds
the ELF hashing values of the strings. This allé@vanore efficient processing.

8.1. Symbol Version Table
The Symbol Version Table is contained in the spesgation.gnu.version which has a section type of
SHT_GNU_versym This section has the same number of entrieseaByhamic Symbol Table.

This section contains an array of elements of Bfifie<_Half. Each entry specifies the version dedirier or required
by the corresponding symbol in the Dynamic SymbabI€.

The values in the Symbol Version Table are unigubé object in which they are located. These \sue identifiers
that are provided by the tlvea_other member of th&lfxx_Vernaux  structure or thed _ndx member of the
Elfxx_Verdef  structure.

The values 0 and 1 are reserved.

0

The symbol is local, not available outside thgeob

The symbol is defined in this object and is glhbavailable.

All other values are used to identify version gignocated in one of the other Symbol Version sesti The value
itself is not the version associated with the syimble string identified by the value defines tleesion of the symbol.

8.2. Version Definitions

Symbol definitions are contained in the speciatisacgnu.version_d which has a section type of
SHT_GNU_verdef . The number of entries in this section is contdiimetheDT_VERDEFNURNtry of the Dynamic

Section. Thesh_link member of the section header points to the settimincontains the strings referenced by this

section.

Figure 8-1. Version Definition Entries

typedef struct {
Elfxx_Half vd_version;
Elfxx_Half vd_flags;
Elfxx_Half vd_ndx;
Elfxx_Half vd_cnt;
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Chapter 8. Symbol Versioning

Elfxx_Word vd_hash;

Elfxx_Word vd_aux;

Elfxx_Word vd_next;
} Elfxx_Verdef;

vd_version
Version revision. This value is currently sefliaand will be reset if the versioning implemerdatis
incompatibly altered.

vd_flags

Version information flag bitmask.

vd_ndx

Version index numeric value referencing the SHRUGversym section.

vd_cnt

Number of associated verdaux array entries.

vd_hash

Version name hash value (ELF hash function).

vd_aux

Offset to a corresponding entry in the verdauaarin bytes.

vd_next

Offset to the next verdef entry, in bytes.

Figure 8-2. Version Definition Auxiliary Entries

typedef struct {
Elfxx_Word vda_name;
Elfxx_Word vda_next;
} Elfxx_Verdaux;
vda_name

Offset to the version or dependency name stnirtheé section header, in bytes.

vda_next

Offset to the next verdaux entry, in bytes.

8.3. Version Requirements

Symbol definitions are contained in the speciatisacgnu.version_r which has a section type of
SHT_GNU_verneed. The number of entries in this section is contdimetheDT_VERNEEDNU®htry of the Dynamic
Section. Thesh_link member of the section header points to the settimincontains the strings referenced by this
section.
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64  Figure 8-3. Version Needed Entries

65 typedef struct {

66 Elfxx_Half vn_version;
67 Elfxx_Half vn_cnt;

68 Elfxx_Word vn_file;

69 Elfxx_Word vn_aux;
70 Elfxx_Word vn_next;

71 } Elfxx_Verneed,;

72 vn_version

73 Version of structure. This value is currently &ef, and will be reset if the versioning implenation is
74 incompatibly altered.

75 vn_cnt

76 Number of associated verneed array entries.

77 vn_file

78 Offset to the file name string in the sectionde¥ain bytes.

79  vn_aux

80 Offset to a corresponding entry in the vernauagrin bytes.

81  vn_next

82 Offset to the next verneed entry, in bytes.

83  Figure 8-4. Version Needed Auxiliary Entries

84 typedef struct {

85 Elfxx_Word vna_hash;
86 Elfxx_Half vna_flags;
87 Elfxx_Half vna_other;
88 Elfxx_Word vna_name;
89 Elfxx_Word vna_next;

90 } Elfxx_Vernaux;

91 vna_hash

92 Dependency name hash value (ELF hash function).

93 vna_flags

94 Dependency information flag bitmask.

95 vna_other

96 Object file version identifier used in the .grersion symbol version array. Bit number 15 contvatether or
97 not the object is hidden; if this bit is set, tHgext cannot be used and the static linker wilbignthe symbol's
98 presence in the object.

99  vna_name

100 Offset to the dependency name string in the @edteader, in bytes.
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vna_next

Offset to the next vernaux entry, in bytes.

8.4. Startup Sequence

When loading a sharable object, version definitdata from the loaded object is analyzed to as$atettmeets the
version requirements of the calling object. Theadyit loader retrieves the entries in the calldffsxEVerneed array
and attempts to find matching definition informatio the loaded Elfxx_Verdef table.

Each object and dependency is tested in turnsyhabol definition is missing, the loader returnsearor. A warning
is issued instead of a hard error when the vnas fiéigfor VER_FLG_WEAK is set in the Elfxx_Vernaextry.

When the versions referenced by undefined symibaisa loaded object are found, version availabititgertified.
The test completes without error and the objentasle available.

8.5. Symbol Resolution

When symbol versioning is used in an object, railona extend the performance of definition testiegond the
simple match of symbol name strings: the versiothefreference shall also equal the name of thaitleh. The
same index that is used in the symbol table caefeeenced in the SHT_GNU_versym section, and éheevof this
index is then used to acquire name data. The qonesng requirement string is retrieved from thi&¥lVerneed
array, and likewise, the corresponding definititimg from the Elfxx_Verdef table.

Bit number 15 of the version symbol controls whetirenot the object is hidden; if this bit is se object cannot be
used and the static linker will ignore the symbpiiasence in the object.

Results differ in the interaction of objects thatigusly use symbol versioning.

« The object with the reference and the object Withdefinitions may both use versioning. All desedlmatching is
processed in this case. A fatal error is triggevedn no matching definition can be found in theeebjvhose name
is the one referenced by the vn_name element iklftig_Verneed entry.

« The object with the reference may not use versgnirhile the object with the definitions does. listinstance,
only the definition with index numbers 1 and 2 vl used in the reference match, the same idehbfiehe static
linker as the base definition. In infrequent cashere the static linker was not used, as in caldlapen(), a
version that does not have the base definitionxnslacceptable as long as it is the only versamhich the
symbol is defined.

« The object with the reference may use versioningthe object with the definitions specifies noAanatching
symbol is accepted in this case. A fatal erroriggyered in the unlikely event that a corruptionttie required
symbols list obscured an outdated object file andsed a match on the object filename in the Elfyetnged entry.

- Finally, both the object with the reference anddhgect with the definitions may not use versionifige behavior
in this instance defaults to pre-existing symbétsu
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Chapter 9. ABI note tag

Every executable shall contain a section namei@.ABI-tag of typeSHT_NOTEThis section is structured as a
note section as documented in the ELF spec. Th®msehall contain at least the following entry.elfame field
(namesz/name) contains the stringGNU. Thetype field shall be 1. Thdescsz field shall be at least 16, and the first
16 bytes of thelesc field shall be as follows.

The first 32-bit word of theesc field shall be 0 (this signifies a Linux execu&hiThe second, third, and fourth
32-bit words of thelesc field contain the earliest compatible kernel vemnsiFor example, if the 3 words are 2, 2, and
5, this signifies a 2.2.5 kernel.
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Chapter 10. Program Loading and Dynamic Linking

LSB-conforming implementations shall support thgeobfile information and system actions that ceeainning
programs as specified in the System V ABI and 3gpsteABI Update and as supplemented by this docurardtan
architecture-specific LSB specification.

Any shared object that is loaded shall containisiefit DT_NEEDED records to satisfy the symbolstos shared
library.
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Chapter 11. Program Header

In addition to the Segment Types defined in tha&ysv ABI and System V ABI Update the following Segnt

Types shall also be supported.

Table 11-1. Linux Segment Types

Name

Value

PT_GNU_EH_FRAME

0x6474e550

PT_GNU_STACK

0x6474e551

PT_GNU_EH_FRAME

The array element specifies the location andafizbe exception handling information as defingd b

the .eh_frame_hdr section.

PT_GNU_STACK

The p_flags member specifies the permissionsi@ségment containing the stack and is used todtelivether
the stack should be executable. The absense dfdhider indicates indicates that the stack wikxecutable.
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Chapter 12. Dynamic Entries

A dynamic entry'sl_t ag member controls the interpretationdbfun.

12.1. Dynamic Entries

12.1.1. ELF Dynamic Entries

The following dynamic entries are defined in thesteyn V ABI and System V ABI Update.

10
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DT_BIND_NOW

Process relocations of object

DT_DEBUG
For debugging; unspecified

DT_FINI

Address of termination function

DT_HASH
Address of symbol hash table

DT_HIPROC

End of processor-specific

DT_INIT

Address of init function

DT_JMPREL
Address of PLT relocs

DT_LOPROC

Start of processor-specific

DT_NEEDED

Name of needed library

DT_NULL

Marks end of dynamic section

DT_PLTREL
Type of reloc in PLT
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DT_PLTRELSZ

Size in bytes of PLT relocs

DT_REL

Address of Rel relocs

DT_RELA

Address of Rela relocs

DT_RELAENT

Size of one Rela reloc

DT_RELASZ

Total size of Rela relocs

DT_RELENT

Size of one Rel reloc

DT_RELSZ

Total size of Rel relocs

DT_RPATH
Library search path

DT_SONAME

Name of shared object

DT_STRSZ

Size of string table

DT_STRTAB
Address of string table

DT_SYMBOLIC

Start symbol search here

DT_SYMENT

Size of one symbol table entry

DT_SYMTAB
Address of symbol table

DT_TEXTREL
Reloc might modify .text

Chapter 12. Dynamic Entries
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Chapter 12. Dynamic Entries

12.1.2. Additional Dynamic Entries
The following dynamic entries are defined here.

DT_ADDRRNGHI
Values from DT_ADDRRNGLO through DT_ADDRRNGHI areserved for definition by an archLSB.

DT_ADDRRNGLO
Values from DT_ADDRRNGLO through DT_ADDRRNGHI areserved for definition by an archLSB.

DT_AUXILIARY

Shared object to load before self

DT_FILTER

Shared object to get values from

DT_FINI_ARRAY

The address of an array of pointers to termimafiimctions.

DT_FINI_ARRAYSZ
Size in bytes of DT_FINI_ARRAY

DT_HIOS
Values from DT_LOOS through DT_HIOS are reserfgedefinition by specific operating systems.

DT_INIT_ARRAY

The address of an array of pointers to initidiaafunctions.

DT_INIT_ARRAYSZ
Size in bytes of DT_INIT_ARRAY

DT_LOOS
Values from DT_LOOS through DT_HIOS are reserfardiefinition by specific operating systems.

DT_NUM

Number of dynamic entry tags defined (excepteggrved ranges).

DT_POSFLAG_1

Flags for DT_* entries, effecting the followinglD* entry

DT_RELCOUNT

All EIf32_Rel R_* RELATIVE relocations have beplaced into a single block and this entry speciffiees
number of entries in that block. This permits Idlsi» streamline the processing of RELATIVE relimas.
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83 DT_SYMINENT

84 Entry size of syminfo

85 DT_SYMINFO
86 Address of the Syminfo table.

87 DT_SYMINSZ

88 Size of syminfo table (in bytes)

89  DT_VALRNGHI

90 Entries which fall between DT_VALRNGHI & DT_VALR@ALO use the Dyn.d_un.d_val field of the EIf* _Dyn
91 structure.

92  DT_VALRNGLO

93 Entries which fall between DT_VALRNGHI & DT_VALR@ALO use the Dyn.d_un.d_val field of the EIf*_Dyn
94 structure.

95 DT_VERDEF

96 Address of version definition table

97 DT_VERDEFNUM

98 Number of version definitions

99 DT_VERNEED

100 Address of table with needed versions

101 DT_VERNEEDNUM

102 Number of needed versions

103 DT_VERSYM
104 Address of the table provided by the .gnu.versiection.

29
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Chapter 1. Libraries

An LSB-conforming implementation shall support sdmase libraries which provide interfaces for accesthe
operating system, processor and other hardwaleisytstem.

1.1. Program Interpreter

The Program Interpreter is specified in the appeadprarchitecture-specific LSB specification.

1.2. Interfaces for libc

Table 1-1 defines the library name and shared obgme for the libc library

Table 1-1. libc Definition

Library:

libc

SONAME:

See archLSB.

The behavior of the interfaces in this library pesified by the following specifications:

Large File Support
this specification
SUSv2

ISO POSIX (2003)
SVID Issue 3
SVID Issue 4

1.2.1. RPC

1.2.1.1. Interfaces for RPC

An LSB conforming implementation shall provide tieneric functions for RPC specified in Table 1-&hwhe full

functionality as described in the referenced unyilegl specification.

Table 1-2. libc - RPC Function Interfaces

authnone_create [1

pmap_unset [2]

svcerr_weakaiit

hxdr_float [3]

xdr_u_char [3]

clnt_create [1]

setdomainname [2

svctcp_create [2

xdr_free [3]

xdr_u_int [2]

cInt_pcreateerror [1

svc_getregset [3]

svcudp _terE2]

xdr_int [3]

xdr_u_long [3]

cInt_perrno [1]

svc_register [2]

xdr_accepted_ref

(3]

Ixdr_long [3]

xdr_u_short [3]

cint_perror [1]

svc_run [2]

xdr_array [3]

xdr_opag|B]

xdr_union [3]

cint_spcreateerror

svc_sendreply [2]

xdr_bool [3]

dr opaque_auth

xdr_vector [3]
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(1]

(3]

cInt_sperrno [1]

svcerr_auth [3]

xdr_bytes [3]

xolointer [3]

xdr_void [3]

cInt_sperror [1]

svcerr_decode [3]

xdr_callhdr [3]

xdr_reference [3]

xdr_wrapstring [3]

getdomainname [2]

svcerr_noproc [3]

xdr_callmsg [3]

xdr_rejected_reply

(3]

xdrmem_create [3]

key_ decryptsession

(3]

svcerr_noprog [3]

xdr_char [3]

xdr_replymsg [3]

selr_create [3]

pmap_getport [2]

svcerr_progvers [J3

|

xdr_double [3]

xdr_short [3]

xdrrec_eof [3]

pmap_set [2]

svcerr_systemerr ||

B

xdr_enum [3]

sthing [3]

Referenced Specification(s)

[1]. SVID Issue 4
[2]. this specification
[3]. SVID Issue 3

1.2.2. System Calls

1.2.2.1. Interfaces for System Calls

An LSB conforming implementation shall provide thieneric functions for System Calls specified in [€ab3, with
the full functionality as described in the referedainderlying specification.

Table 1-3. libc - System Calls Function Interfaces

_ fxstat [1] fchmod [2] getwd [2] read [2] setrlinfi]
__getpgid [1] fchown [2] initgroups [1] readdir [2] setrlimit64 [3]
__Ixstat [1] fentl [1] ioctl [1] readdir_r [2] sdts[2]
__xmknod [1] fdatasync [2] kill [1] readlink [2] ged [2]
__xstat [1] flock [1] killpg [2] readv [2] sleep ]2
access [2] fork [2] Ichown [2] rename [2] statv®§ [
acct [1] fstatvfs [2] link [2] rmdir [2] stime [1]
alarm [2] fsync [2] lockf [2] sbrk [4] symlink [2]
brk [4] ftime [2] Iseek [2] sched_get_priority| sync [2]
max [2]
chdir [2] ftruncate [2] mkdir [2] sched_get prigrit | sysconf [2]
min [2]
chmod [2] getcontext [2] mkfifo [2] sched_getparfZh | time [2]
chown [2] getegid [2] mlock [2] sched_getscheduletimes [2]
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(2]
chroot [4] geteuid [2] mlockall [2] sched_rr_gettarv | truncate [2]
al [2]
clock [2] getgid [2] mmap [2] sched_setparam [2] imil [2]
close [2] getgroups [2] mprotect [2] sched_setsalexd | umask [2]
(2]
closedir [2] getitimer [2] msync [2] sched_yield [2 uname [2]
creat [1] getloadavg [1] munlock [2] select [2] unid [1]
dup [2] getpagesize [4] munlockall [2] setcontet [ utime [2]
dup2 [2] getpgid [2] munmap [2] setegid [2] utimas
execl [2] getpgrp [2] nanosleep [2] seteuid [2] 2]
execle [2] getpid [2] nice [2] setgid [2] wait [2]
execlp [2] getppid [2] open [1] setitimer [2] waitB|
execv [2] getpriority [2] opendir [2] setpgid [2] ait4 [1]
execve [2] getrlimit [2] pathconf [2] setpgrp [2] aitpid [1]
execvp [2] getrusage [2] pause [2] setpriority [2] write [2]
exit [2] getsid [2] pipe [2] setregid [2] writev ]2
fchdir [2] getuid [2] poll [2] setreuid [2]
Referenced Specification(s)

[1]. this specification
[2]. 1SO POSIX (2003)
[3]. Large File Support
[4]. SUSV2

1.2.3. Standard 1/O

1.2.3.1. Interfaces for Standard 1/O

An LSB conforming implementation shall provide teneric functions for Standard 1/0 specified in [Bab-4, with
the full functionality as described in the referedainderlying specification.

Table 1-4. libc - Standard I/O Function Interfaces

_10_feof [1] fgetpos [2]

fsetpos [2]

putchar [2]

casf [2]

_10_getc [1] fgets [2]

ftell [2]

putchar_unlocked

2]

telldir [2]




32

33
34
35
36

37
38

39

40

41

42

43

a4
45

46

Chapter 1. Libraries

_10_putc [1] fgetwc_unlocked [1] ftello [2] puts][2 tempnam [2]
_10_puts [1] fileno [2] fwrite [2] putw [3] unget]
asprintf [1] flockfile [2] getc [2] remove [2] vasiptf [1]
clearerr [2] fopen [1] getc_unlocked [2] rewind [2] vdprintf [1]
ctermid [2] fprintf [2] getchar [2] rewinddir [2] fprintf [2]
fclose [2] fputc [2] getchar_unlocked | scanf [2] vprintf [2]
(2]
fdopen [2] fputs [2] getw [3] seekdir [2] vsnpriff]
feof [2] fread [2] pclose [2] setbuf [2] vsprint2]
ferror [2] freopen [1] popen [2] setbuffer [1]
fflush [2] fscanf [2] printf [2] setvbuf [2]
fflush_unlocked [1] | fseek [2] putc [2] snprintf [2]
fgetc [2] fseeko [2] putc_unlocked [2] sprintf [2]
Referenced Specification