Chapter2

Using the MIPSpro Compiler System

This chapter provides information about the MIPSpr o compiler system, and describes
the object ble format and dynamic linking. Specibcally, this chapter covers the topics

listed below:

¥ OSelecting a CompilerO explains how to specify n32-bit, 64-bit, or 32-bit compilation
mode and how to set up a compilerdefaultsble.

¥ OObject File Format and Dynamic LinkingO discusses object Ples including
executable and linking format, dynamic shar ed objects, and position-independent
code.

¥ OSouce File ConsiderationsO explains souce Ple naming conventions, and the
procedure for including header bles.

¥ OUsing Pecompiled Headers in C and C++0O describes automatic and manual
precompiled header processing.
OCompiler DriversO lists and explains general compilerdriver options.
OLinkingO explains how to link programs manually (using Id or a compiler) and
how to compile multilanguage pr ograms. It also covers Dynamic Shaed Objects
(DSOs) and how to link them into a pr ogram.
ODebuggingO describes the compiledriver options for debugging.
OGetting Information About Object FilesO provides information on how to use the
object Ple tools to analyze object bles.

¥ OUsing the Archiver to Create LibrariesO explains how to use the atchiver, ar.

For information about DSOs, see Chapter3, OUsing Dynamic Shaed Objects.O For
information on optimizing your pr ogram, see Chapter4, OOptimizing Program
Performance.O
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Selecting a Compiler

You can select a compiler by explicitly specifying a command-line option, an
environment variable, and by specifying the defaults in a speci®cation ®le.

Using a Defaults Specibcation File

You can set the Application Binary Interface (ABI), instr uction set architecture (ISA), and
processor type without explicitly specifying them. Just set the envir onment variable
COMPILER_DEFAULTS_FATH to a colon separated list of paths designating where the
compiler is to look for a compilerdefaults®le. If no compilerdefaults®le is found or if the
environment variable is not set, the compiler looks for /etc/compiledefaults If this ®le is
not found, the compiler r esorts to the built-in defaults.

The compilerdefaults®le contains abDEFAUL T: option group speci®er that speci®es the
default ABI, ISA, and pr ocessor The compiler issues a warning if you specify anything
other than BDEFAUL T: optionin the compilerdefaults®le.

The format of the BDEFAUL T: optiongroup speci®er is as follows:
BDEFAULT:[abi={32|n32|64]}]:[isa=mips n]:[proc={r4k|r5k|r8k|r10K}]

This format is explained below in T able 2-1.

Table 2-1 The compilerdefaultsFile Speci®cations

Speciber Description

abi=32 Compiles 32-bit objects.

abi=n32 Compiles 2new® 32-bit objects (high performance).

abi=64 Compiles 64-bit objects.

isa=mipsl Generates code using the MIPS | instuction set (for R3000 and above).

isa=mips2 Generates code using the MIPS Il instuction set (MIPS | plus R4000
extensions, for R4000 and above).

isa=mips3 Generates code using the full MIPS Ill instruction set (for R4000 and
above).




Selecting a Compiler

Table 2-1 (continued) The compilerdefaultsFile Speci®cations

Speci®er Description

isa=mips4 Generates code using the MIPS IV instuction set (for R5000, R8000, and
R10000).

proc=rdk  Schedules code for the R4000 prcessor and adds the apppopriate paths
to the head of the library search path.

proc=r5k  Schedules code for the R5000 pscessor and adds the apppopriate paths
to the head of the library search path.

proc=r8k  Schedules code for the R8000 prcessor and adds the apppopriate paths
to the head of the library search path.

proc=rl0k Schedules code for the R10000 prcessor and adds the appopriate
paths to the head of the library search path.

Use the £show_defaults option to print the compilerdefaultsbeing used (if any) and the
values. This option is for diagnostic purposes and does not compile your code.

Explicit command-line options override all compiler default settings, and the SGI_ABI
environment variable overrides the ABI setting in the compilerdefaults®le. The command:

%cc P64 foo.c

overrides a compilerdefaults®le that setstDEFAUL T:abi=n32:isa=mips4:proc=r10k . and
compiles +64+mips4 £r10000

The following command overrides the compilerdefaults®le and sets the ABI tot32and
the ISA to +mips2 (£32supports only +mips2 (the default) and £mips1 compilations).

%cc D32 foo.c

The processor type is ignored by £32compilations. Refer to the release notes and
reference pages for your compiler for information about default settings.
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Using Command-Line Options

You can specify command-line options to override a compilerdefaults®le. Table 2-2 lists
the compilation mode options.

Table 2-2 Compilation Mode Command-Line Options
Option Description
+n32 Compiles the source code to new 32-bit mode (high performance). The default is

+mips3, if you do not specify £mips4.

+64 Compiles the source code to 64-bit mode (the default istmips4 if you do not
specify +mips3.

+32 Compiles the source code to 32-bit mode (the default istmips2, if you do not
specify £mipsl).

Setting an Environment V ariable

You can set an envionment variable (shown in Table 2-3) to specify the compilation

mode to use.

Table 2-3 Compilation Mode Envir onment Variable Speci®cations
Environment V ariable Description

setenvSGI_ABI£n32 Sets the envionment for 2new® 32-bit compilation.
setenv SGI_ABI 64 Sets the envionment for 64-bit compilation.
setenv SGI_ABI +32 Sets the envionment for 32-bit compilation.

Object File Format and Dynamic Linking

This section describes how the compiler system
uses 2Executable and Linking Format® (ELF) for object ®les
uses shaked libraries called 2Dynamic Shared Objects® (DSOs)

creates 2Position-Independent Code® (PIC), by default, to support dynamic linking
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Executable and Linking Format

The compiler system produces ELF object ®les. ELF is the format speci®ed by the System
V Release 4 Applications Binary Interface (the SVR4 ABI). ELF povides support for
Dynamic Shared Objects, described below

Types of ELF object ®les ag as follows:

Relocatable ®les contain code and data in a format suitable for linking with other
object ®les to make a shagd object or executable.

Dynamic Shared Objects contain code and data suitable fordynamic linking
Relocatable ®les may be linked with DSOs to ceate a dynamic executable. At un
time, the run-time linker combines the executable and DSOs to produce a process
image.

Executable ®les ae programs ready for execution. They may or may not be
dynamically linked.

Note: The current compiler system has no facility for creating or linking COFF
executables; theefore, you must recompile COFF executables.

You can use this version of the compiler system to constuuct ABI-compliant executables
that run on any operating system supporting the MIPS ABI. Be careful to avoid
referencing symbols that are not de®ned as part of the MIPS ABI speci®cation. For mag
information, see

System V Applications Binary InterfaceNRevised First Editi®trentice Hall, ISBN
0-13-880410-9

System V Application Binary Interface MIPS &ressor Supplemerrentice Hall, ISBN
0-13-880170-3.

Dynamic Shared Objects

IRIX uses shaed objects calledDynamic Shaed Objectsor DSOs The object code of a DSO
is position-independent codBIC), which can be mapped into the virtual addr ess space of
several different processes at once. DSOs aloaded at run time instead of at linking time,
by the run-time loader, rld. As is true for static shared libraries, the code for DSOs is not
included in executable ®les; thus, executables built with DSOs ae smaller than those
built with non-shar ed libraries, and multiple pr ograms may use the same DSO at the
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same time. For more information on DSOs, see Chapter3, 2Using Dynamic Shared
Objects.®

Note: Static shared libraries are not supported under this r elease. The curent compiler
system has no facilities for generating static shased libraries.

Position-Independent Code

Dynamic linking r equires that all object code used in the executable be
position-independent code. For source ®les in high-level languages, you just need to
recompile to produce PIC. Assembly language ®les must be modi®ed to poduce PIC; see
the MIPSpro Assembly Language ®ramme® Guidefor details.

Position-independent code satis®es eferences indirectly by using a global offset table
(GOT), which allows code to be relocated simply by updating the GOT . Each executable
and each DSO has its own GOT For more information on DSOs, see Chapter3, 2Using
Dynamic Shared Objects.°

The compiler system produces PIC by default when compiling higher -level language
®les. All of the standard libraries are provided as DSOs, and theefore contain PIC code;
if you compile a pr ogram into non-PIC, you will be unable to use those DSOs. One of the
few reasons to compile non-PIC is to build a device driver, which doesnOt ely on
standard libraries. In this case, you should use the £non_shared option to the compiler
to negate the default option, £KPIC. For convenience, the C library and math library are
provided in non-shar ed format as well as in DSO format (although the non-shared
versions are not installed by default). You can link these libraries £non_shared with other
non-PIC ®les.

Source File Considerations

12

This section describes conventions for naming source ®les and including header ®les.
Topics covered include:

aSource File Naming Conventions®
aHeader Files®

aUsing Precompiled Headers in C and C++°
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Source File Naming Conventions

Each compiler driver r ecognizes the type of an input ®le by the suf®x assigned to the
®lename. Tble 2-4 describes the possible ®lename s@xes.

Table 2-4 Driver Input File Suf ®xes
Suf®x Description
.S Assembly source

i Preprocessed souce code in the language of the pocessing driver
.c C source

.C, .c++, .CC, C++ source
.cc, .CPR.cpp,
.CXX, .cxx

.1, .F, .for, FOR Fortran 77 source
.f, .f90, .F90 Fortran 90 source

.p Pascal souce

.0 Object ®le

a Obiject library archive

.S0 Dynamic shared object library

The following example compiles pr eprocessed souce code:
f77 -c tickle.i

The Fortran 77 compiler, f77,assumes the ®ldickle.icontains Fortran statements (because
the Fortran driver is speci®ed). f77 also assumes the ®le has adrady been preprocessed
(because the su®x is.i), and therefore does not invoke the preprocessor

Header Files
Headem®les, also callednclude®les, contain information about the libraries with which
theyOe associated. They de®ne such things as data types, data stctur es, symbolic

constants, and prototypes for functions exported by the library . To use those de®nitions
without having to type them into each of your sour ce ®les, you can use théfinclude
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dir ective to tell the macro preprocessor to include the complete text of the given header
®le in the current source ®le. When you include header ®les in your souce ®les you can
specify such de®nitions conveniently and consistently in each source ®le that uses any of
the library r outines.

By convention, header ®lenames have ah suf®x. Each pogramming language handles
these ®les the same wayvia the macro preprocessor For example, thestdio.hheader ®le
describes, among other things, the data types of the parameters equired by printf() .

For detailed information about standar d heafjer ®les and libraries, see the International
Standard ISO/IEC. Programming languagesNC, 9899990. Also see 2Using Ypedefs® on
page 162 for information about the inttypes.hheader ®le.

Specifying a Header File

The#includedir ective tells the preprocessor to eplace the#includeline with the text of the
indicated header ®le. The usual way to specify a header ®le is with the line

#include < filename >

where blenamés the name of the header ®le to be included. The angle brackets (< >)
surrounding the ®lename tell the macro preprocessor to seach for the speci®ed ®le only
in dir ectories speci®ed by command-line options and in the default header®Ile directory
(/usr/includeand /usr/include/CCfor C++).

Another speci®cation format exists, in which the ®lename is given between double
guotation marks. In this case, the macro preprocessor seaches for the speci®ed header
®le in the current directory ®rst (that is, the directory containing the including ®le). Then,
if the preprocessor doesnOt ®nd theequested ®le, it seaches in the other directories as in
the angle-bracket speci®cation.

Creating a Header File for Multiple Languages

A single header ®le can contain de®nitions for multiple languages; this setup allows you
to use the same header ®le for all pograms that use a given library, no matter what
language those programs are in.
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To set up a shaeable header ®le, ceate a.h ®le and enter the de®nitions for the various
languages as follows:

#ifdef _LANGUAGE_C

C definitions

#endif

#ifdef _LANGUAGE_C_PLUS_PLUS
C++ definitions

#endif

#ifdef _LANGUAGE_FORTRAN
Fortran definitions

#endif

Note: You must specify LANGUAGE_ before the language name. D indicate C++
de®nitions, you must use _LANGUAGE_C _PLUS_PLUS, not _LANGUAGE_C++.

You can specify the various language de®nitions in any order.

Using Precompiled Headers in C and C++
This section describes the pecompiled header mechanism that is available with the

n32-bit and 64-bit C and C++ compilers. This mechanism is also available for C++ (but
not C) in 32-bit mode.

15
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This section contains the following topics:
aAbout Pr ecompiled Headers®
aAutomatic Pr ecompiled Header Processing®
a0ther W ays to Control Precompiled Headers®

3PCH Performance Issues®

About Precompiled Headers

The precompiled header (PCH) ®le mechanism is available thiough the compiler fr ont
end: fecand fecc Use PCH to avoid recompiling a set of header ®les. This is particularly
useful when your header ®les introduce many lines of code, and the primary source ®les
that included them ar e relatively small.

In effect, fed fecctakes a snapshot of the state of the compilation at a particular point and
writes it to a ®le before completing the compilation. When you r ecompile the same
source ®le or another ®le with the same set of header ®les, the PCH mechanism
recognizes the snapshot point, veri®es that the coresponding PCH ®le is usable, and
reads it back in.

The PCH mechanism can give you a dramatic improvement in compile-time
performance. The trade-off is that PCH ®les may take a lot of disk space.

Automatic Precompiled Header Processing

This section covers the following topics:

PCH File Requirements

Reusing PCH ®les

Obsolete File Deletion Mechanism
You can enable the precompiled header processing by using thetpch option (£Wf, + £pch
in 32-bit mode) on the command line. With the PCH mechanism enabled, fec/fecsearches

for a qualifying PCH ®le to r ead in and/or cr eates one for use on a subsequent
compilation.
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The PCH ®le contains a snapshot of all the code peceding the header stop poinThe
header stop point is typically the ®rst token in the primary sour ce ®le that does not
belong to a preprocessing directive. The header stop point can also be speci®ed dectly
by inserting a #pragma hdrstop . For example, consider the following C++ code:

#include Oxxx.hO
#include Oyyy.hO
inti;

In this case, the header stop pointisinti  (the ®rst non-preprocessor token) and the PCH
®le will contain a snapshot ref3ecting the inclusion of xxx.h and yyy.h. If the ®rst

non-preprocessor token or the#pragma hdrstop appears within a #if block, the header
stop point is the outermost enclosing #if . For example, consider the following C++ code:

#include Oxxx.hO
#ifndef YYY_H
#define YYY_H 1
#include Oyyy.hO
#endif

#if TEST

inti;

#endif

In this case, the ®rst token that does not belong to a peprocessing directive is againint

i , but the header stop point is the start of the #if block containing the int . The PCH ®le
ref3ects the inclusion ofxxx.h and conditionally the de®nition of YYY_H and inclusion of
yyy.h. The ®le does not contain the state poduced by #if TEST

PCH File Requirements

A PCH ®le is produced only if the header stop point and the code preceding it (generally
the header ®les themselves) meet the following equirements:

The header stop point must appear at ®le scope; it may not be within an unclosed
scope established by a header ®le. For example, a PCH ®le is noteated in the
following case:

/I xxx.h
class A {

/I xxx.C
#include Oxxx.hO
inti; };

17
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The header stop point can not be inside a declaration started within a header ®le,
and it can not be part of a declaration list of a linkage speci®cation. For example, a
PCH ®le is not created in the following case:

/l'yyy.h
static

Il'yyy.C

#include 2yyy.h°

inti;

In this case, the header stop pointisinti , but since it is not the start of a new
declaration, a PCH ®le is not ceated

The header stop point can not be inside a#if block or a #def ine started within a
header ®le.

The processing preceding the header stop must not have produced any errors.
(Note that warnings and other diagnostics ar e not reproduced when the PCH ®le is
reused.)

References to prede®ned macos__ DATE___or __ TIME__ must not have appeared.
Use of the#line preprocessing directive must not have appeared.

#pragma no_pch must not have appeared.
Reusing PCH Files

When a precompiled header ®le is produced, in addition to the snapshot of the compiler
state, it contains some information that can be checked to determine under what
circumstances it can be eused. This information includes the following:

The compiler version, including the date and time the compiler was built.

The current directory (in other wor ds, the directory in which the compilation is
occurring).

The command line options.

The initial sequence of preprocessing directives from the primary sour ce ®le,
including #include directives.

The date and time of the header ®les speci®ed iinclude directives.
This information comprises the PCH prebx The pre®x information of a given source ®le

can be compaeed to the pre®x information of a PCH ®le to determine whether or not the
latter is applicable to the current compilation.

18
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For example, consider the following C++ code:

/la.C
#include 2xxx.h°

/I Start of code

/Ib.C
#include 2xxx.h°

/I Start of code

When you compiled a.Cwith the xpch option, the PCH ®le a.pchis created. When you
compile b.C(or recompile a.C), the pre®x section ofa.pchis read in for comparison with
the current source ®le. If the command line options are identical and xxx.h has not been
modi®ed, fec/fecceads in the rest ofa.pchrather than opening xxx.hand processing it line
by line. This establishes the state for the est of the compilation.

It may be that more than one PCH ®le is applicable to a given compilation. If so, the
largest (in other words, the one representing the most preprocessing directives from the
primary sour ce ®le) is used. For instance, consider a primary soure ®le that begins with
the following code:

#include 2xxx.h°
#include 2yyy.h°
#include 2zzz.h°

If one PCH ®le exists forxxx.h and a second forxxx.h and yyy.h, the latter will be selected
(assuming both are applicable to the current compilation). After the PCH ®le for the ®rst
two headers is read in and the third is compiled, a new PCH ®le for all three headers may
be created.

When a precompiled header ®le is ceated, it takes the name of the primary source ®le,
with the suf ®x replaced by 2pch.° Unless +pch_dir is speci®ed, the PCH ®le is @ated in
the dir ectory of the primary sour ce ®le.

When a precompiled header ®le is ceated or used, a message similar to the following is
issued:

3test.C°: creating precompiled header f ile atest.pch®

19
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Obsolete File Deletion Mechanism

In automatic mode (when +pch is used),fec/fecconsiders a PCH ®le obsolete and deletes
it under the following cir cumstances:

The ®le is based on at least one out-of-date header ®le but is otherwise applicable
for the current compilation.

The ®le has the same base name as the sae ®le being compiled (for example,
xxx.pchand xxx.C) but is not applicable for the curr ent compilation (for example,
because of diferent command-line options).

You must manually clean up any other PCH ®le.

Support for PCH pr ocessing is not available when multiple sour ce ®les ae speci®ed in a
single compilation. If the command line includes a r equest for precompiled header
processing and speci®es mag than one primary source ®le, an eror is issued and the
compilation is aborted.

Other Ways to Control Precompiled Headers

You can use the following ways to contr ol and/or tune how pr ecompiled headers are
created and used:

You can insert a#pragma hdrstop  in the primary sour ce ®le at a point prior to the
®rst token that does not belong to a preprocessing directive. Thus you can specify
where the set of header ®les subject to prcompilation ends. For example,

#include 2xxx.h°
#include 2yyy.h°
#pragma hdrstop
#include 3zzz.h°

In this case, the precompiled header ®le includes the processing state forxxx.h and
yyy.h but not zzz.h (This is useful if you decide that the information added by what
follows the #pragma hdrstop ~ does not justify the creation of another PCH ®le.)

You can use a#pragmano_pch to suppress the pecompiled header processing for a
given source ®le.

You can use the command-line option +pch_dir directorynameo specify the
dir ectory in which to search for and/or cr eate a PCH ®le.
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PCH Performance Issues

The relative overhead incurred in writing out and r eading back in a precompiled header
®le is quite small for reasonably large header ®les.

In general, writing out a pr ecompiled header ®le doesnOt cost much, even if it does not
end up being used, and if it is used it almost always pr oduces a signi®cant speedup in
compilation. The pr oblem is that the precompiled header ®les can be quite lage (from a
minimum of about 250K bytes to several megabytes or more), and so you probably donOt
want many of them sitting ar ound.

You can see that, despite the fasterecompilations, precompiled header processing is not
likely to be justi®ed for an arbitrary set of ®les with nonuniform initial sequences of
preprocessing directives. The greatest bene®t occurs when a number of soure ®les can
share the same PCH ®le. The moe sharing, the less disk space is consumed. Wh
sharing, the disadvantage of large precompiled header ®les can be minimized without
giving up the advantage of a signi®cant speedup in compilation times.

To take full advantage of header ®le precompilation, you should r eorder the #include
sections of your source ®les and/or group the #include directives within a commonly
used header ®le.

The feccsource provides an example of how this can be done. A common idiom is the
following:

#include 2fe_common.h°
#pragma hdrstop
#include ...

In this example, fe_common.pulls in (dir ectly and indir ectly) a few dozen header ®les.
The #pragma hdrstop  is inserted to get better sharing with fewer PCH ®les. The PCH

®le produced for fe_common.s slightly over a megabyte in size. Another example, used
by the source ®les involved in declaration processing, is the following:

#include 3fe_common.h®
#include adecl_hdrs.h°
#pragma hdrstop
#include ...

decl_hdrs.tpulls in another dozen header ®les, and a second, somewhat lager, PCH ®le
is created. In all, the ®fty-odd source ®les offeccshare just six precompiled header ®les.
If disk space is at a premium, you can decide to make fe_common.pull in all the header
®les used. In that case, a single PCH ®le can be used in buildinfecc
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Dif ferent environments and different projects have different needs. You should, however,
be aware that making the best use of the precompiled header support will r equire some
experimentation and pr obably some minor changes to your source code.

The driver commands, such asccand 77 call subsystems that compile, optimize,
assemble, and link your programs. This section describes:

aDefault Behavior for Compiler Drivers®

aGeneral Options for Compiler Drivers®

Default Behavior for Compiler Drivers

At compilation time, you can select one or mor e options that affect a variety of program
development functions, including debugging, pr o®ling, and optimizing. Y ou can also
specify the names assigned to output ®les. Note that some options have default values
that apply if you do not specify them.

When you invoke a compiler driver with sour ce ®les as ayjuments, the driver calls other
commands that compile your sour ce code into object code. It then optimizes the object
code (if requested to do so) and links together the object ®les, the default libraries, and
any other libraries you specify.

Given a source ®lefoo.¢ the default name for the object ®le isfoo.o The default name for
an executable ®le isa.out The following example compiles sour ce ®lefoo.cand barcwith
the default options:

cc foo.c bar.c

This example produces two object ®les {oo.0and barg), then links them with the default
C library libcto produce an executable calleda.out

Note: If you compile a single source directly to an executable, the compiler does not
create an object ®le.
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General Options for Compiler Drivers

The command-line options for MIPSpr o compiler drivers ar e listed and explained in
Table 2-5. The table lists only the most frequently used options, not all available options.
See the appopriate compiler r eference (manual) page for additional details.

In addition to the general options in T able 2-5, each driver has options that you typically
won't use. These options primarily aid compiler development work. For information
about nonstandard driver options, consult the appr opriate driver r eference page Click
the word cc to view the cq1) and CC(1) reference pages.

You can use the compiler system to generate po®led programs that, when executed,
provide operational statistics. To perform this pr ocedure, use thexp compiler option (for
pc sampling information) and the profcommand (for pr o®les of basic block counts). Refer
to Chapter 4, 20ptimizing Pr ogram Performance,® for detalils.

Table 2-5 General Driver Options

Option Purpose

+32 Generates a 32-bit object. This is the default for any non-R8000
RISC architecture.

+n32 Generates an n32-bit object.

+64 Generates a 64-bit object. This is the default for the R8000.

tansi Compiles strict ANSI/ISO C. Pr eprocessing adds only

standard prede®ned symbols to the name space, and standat
include ®les declar only standard symbols.

+avoid_gp_over3ow Asserts “ags that are intended to avoid GOT over ow . See
+multigot option, below.

*C Prevents the linker from linking your pr ogram after code
generation. This option for ces the driver to produce a.o®le
after the back-end phase, and pevents the driver from
producing an executable ®le.

+C Used with the +P or £Eoption. Prevents the macro
preprocessor flom stripping comments. Use this option when
you suspect the preprocessor is not pioducing the intended
code and you want to examine the code with its comments. For
C and C++ compiles only.
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Table 2-5 (continued) General Driver Options
Option Purpose
+cord Runs the procedure rearranger, cord’1) on the resulting ®le after

linking. Rearranging impr oves the paging and caching
performance of the program'’s text. The output of cordis placed
in a.out by default, or a ®le speci®ed by theto option. If you
don't specify +feedback, then outble.fhis used as the default.

+cckr K&R/V ersion7 C compatibility compilation mode.
Preprocessing may add more prede®ned symbols to the name
space than intansi mode. Compilation adher es to the K&R
language semantics.

+Dnamég=del De®nes a maco nameas if you had speci®ed a#debne in your
program. If you do not specify a de®nition with =def, namés set
to 1.

tE Runs only the macro preprocessor and sends esults to the

standard output. To retain comments, use thexC option as
well. Use £Ewhen you suspect the preprocessor is not
producing the intended code.

telspecblename Speci®es an ELF layout speci®cation ®le (speci®es the layout of
object ®les, ppgrams, and shared objects). Seelspe(s) for
details.

+feedback Use with the cord option to specify feedback ®le(s). Yu can

produce this ®le by using profwith its xfeedback option fr om
an execution of the instrumented program produced by
pixie(1). Specify multiple feedback ®les with multiple
tfeedback options.

tfullwarn Checks code and produces additional warnings that ar e
normally suppr essed. This option is ecommended for all
compiles during softwar e development. You can turn off
warnings selectively by using the zwoff option.

+g[num] Produces debugging information. The default is £gC do not
produce debugging information.

+G[num] Speci®es the maximum size, in bytes, of a data item that is
accessed fom the global pointer. The default is +G8.

+help Lists the available compiler options (available only with £n32
and +64).
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Table 2-5 (continued)

General Driver Options

Option

Purpose

+|dirname

+KPIC

+mipsl

+mips2

+mips3

+mips4

+multigot

+nocpp

+non_shared

+nostdinc

Adds dirnameto the list of dir ectories to be seached for
speci®ed header ®les. These dictories ar always seached
before the default dir ectory, /usr/includeand /usr/include/CCfor
C++.

Generates position-independent code. This is the default and is
required for programs linking with dynamic shar ed objects.
Specify thon_shared if you don't want to generate PIC code.

Generates code using the instuction set of the MIPS
R2000/R3000 RISC achitecture. This option implies £32

Generates code using the MIPS Il instuction set (MIPS | +
R4000 speci®c extensions). Note that code compiled with
+mips2 does not run on R2000/R3000-based machines. This
option implies +32

Generates code using the full MIPS R4000 instuction set,
including 64-bit code.

Generates code using the MIPS R8000 instrction set.

Creates multiple Global Offset Tables (GOT). All entries in the
GOT need to be accessible fom a 16-bit offset from a common
Global Pointer (GP). If the GOT grows too big you may get a
agp out of range® err or at link time. This option allows the
linker to cr eate multiple GOTs and GPs, thus avoiding the error.
This option should appear befor e any objects on the command
line. Having multiple GOT s neither increases code size nor
affects performance.

Suppresses unning of the macro preprocessor on the souce
®les prior to processing.

Turns off the default option, £KPIC, to produce non-shared
code. This code can be linked to only a few standad libraries
(such aslibc.aand libm.g) that are provided in non-shar ed
format in the dir ectory /usr/lib/nonshaed You should use this
option only when building device drivers.

Suppresses searhing of /usr/includefor the speci®ed header
®les.
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Table 2-5 (continued)

General Driver Options

Option

Purpose

+0®lename

+Onum

+OPT:options

+show

+TARG: options

+TENV options

Names the result of the compilation ®lenamelf an executable is
being generated, it is named ®lenameather than the default
name, a.out

Speci®es optimization options.

100 turns off optimizations.

+0O1 turns on local optimizations that can be done quickly .
+02 (£0) turns on global optimizations. This is the default.
+0O3turns on all optimizations.

For more information, see Chapter 4, 20ptimizing Pr ogram
Performance.®

Controls optimization options. For mor e information, see
Chapter 4, 20ptimizing Pr ogram Performance.®

Sets up for pro®ling by periodically sampling the value of the
program counter (only effects the loading).

Runs only the macro preprocessor on the ®les and puts the
result of each ®le in a.i ®le. Specify both+P and £C to retain
comments.

Enables the precompiled header processing;fec/feceearches for
a qualifying PCH ®le to read in and/or cr eates one for use on a
subsequent compilation. (For £32 usexWf, + £pch)

Similar to ¢, except that it produces assembly code in as®le
instead of object code in a.o®le.xSprovides information about
the code and comments about such things as softwae
pipelining, the loops it works on, and the r esults.

Lists compiler phases as they ae executed. Use this option to
see the default options for each compiler phase along with the
options you've speci®ed.

Controls the target architecture and machine for which code is
generated. For more information, see Chapter 4, 20ptimizing
Program Performance.°

Controls the target environment assumed by the compiler. For
more information, see Chapter 4, 20ptimizing Pr ogram
Performance.®
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Table 2-5 (continued)

General Driver Options

Option

Purpose

+Uname

+woff n

+xansi

Overrides a de®nition of the macro namethat you speci®ed
with the £D option, or that is de®ned automatically by the
driver. Note that this option does not override a macro
de®nition in a source ®le, only on the command line.

Suppresses ANSI/ISO warning message number n. Suppress
multiple warning numbers by using a comma-separated list
(xwoff n1,n2...), a range of warning numbers by using a
hyphen-separated list (xwoff n1-n5), or any combination
thereof. You can suppress all warning messages viatwoff all.

Compilation follows an extended ANSI/ISO C language
semantics, which is more lenient in terms of the forms of
expressions it allows. Preprocessing combines pede®ned
macros. This is the default C compilation mode.

Note: To use 4.3 BSD extensions in C, compile using the:xansi or the
+D__EXTENSIONS__ option on the command line. For example:
cc prog.c -ansi -prototypes -fullwarn -Im -D__ EXTENSIONS__

The linker, Id, combines one or more object ®les and libraries (in the oder speci®ed) into
one executable ®le, performing relocation, external symbol resolutions, and all other
required processing. Unless dilected otherwise, the linker names the executable ®le.out
See the Id(1) eference page for complete information on the linker.

This section summarizes the functions of the linker. It also covers how to link a program
manually (without using a compiler driver) and how to compile multilanguage
programs. Speci®cally this section describes:

aInvoking the Linker Manually®

alinking Assembly Language Pr ograms®

aLinking Libraries®

aLinking to Pr eviously Built Dynamic Shar ed Objects®

aLinking Multilanguage Pr ograms®
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Invoking the Linker Manually

Usually the compiler invokes the linker as the ®nal step in compilation (as explained in
aCompiler Drivers®). If object ®les exist that wer e produced by previous compilations,
and you want to link them, invoke the linker by using a compiler driver instead of calling

Id directly. Just pass the object ®lenames to the compiler driver in place of sowe
®lenames. If the original source ®les ae in a single language, simply invoke the
associated driver and specify the list of object ®les. (For information about linking objects
derived fr om several languages, see 2Linking Multilanguage Programs.©)

A few command-line options to Id, such astp, have different meanings when used as
command-line options to cc To pass such options told through an invocation of a
compiler driver , use thexW!I option to the driver (see the reference page for details).

Typically, the compiler driver invokes Id as necessaryCircumstances exist under which
you may need to invoke Id dir ectly, such as when you're building a shared object or doing
special linking not supported by compiler drivers (such as building an embedded
system). To build C++ shared objects, use the CC driver

Linker Syntax

A summary of Id syntax follows.
Id options objectl [ object2...0bjectn]
options One or more of the options listed in Table 2-6.

object Speci®es the name of the object ®le to be linked.

Table 2-6 contains only a partial list of linker options. Many options that apply only to
creating shared objects ae discussed in Chapter 3, @Using Dynamic Shared Objects.® For
complete information on options and libraries that af fect linker pr ocessing, lefer to the
Id(1) reference page.

Table 2-6 Linker Options

Option Purpose

D32 Links 32-bit programs and DSOs.
bn32 Links n32-bit programs and DSOs.
b64 Links 64-bit programs and DSOs.
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Table 2-6 (continued)

Linker Options

Option

Purpose

tivpad

+lname

+L dirname

m

M

+multigot

+nostdlib

+0®lename

+s

tv

*ysymname

Impr oves cache behavior by causing the linker to perform
intervariable padding of some lar ge variables.

Specifies the name of a library, wherelnameis the library name.
The linker searches forlname.sqand then Iname.a first in any
directories specified by £L dirnameoptions, and then in the
standard dir ectories:/usr/lib, /lib, and /usr/local/lib

Adds dirnameto the list of directories to be searched for (as well
as libraries searched for) as speci®ed by subsequenttiname
options.

Produces a linker memory map, listing input and output
sections of the code, in System V format.

Produces a link map in BSD format, listing the names of ®les to
be loaded.

Creates multiple Global Offset Tables (GOT). All entries in the
GOT need to be accessible fom a 16-bit offset from a common
Global Pointer (GP). If the GOT grows too big you may get a 2gp
out of range® error at link time. This option allows the linker to
create multiple GOTs and GPs, thus avoiding the error. This is
position dependent and should appear befor e any objects on the
command line. Having multiple GOT s will neither incr ease code
size nor affect performance.

This option must be accompanied by the L dirnameoption. If
the linker does not find the library in dirnamelist, then it does not
search any of the standard library directories.

Speci®es a name for your executable. If you do not specify
®lenamgthe linker names the executablea.out

Strips debugging information fr om the program object, reducing
its size. This option is useful for linking r outines that are
frequently linked into other pr ogram objects, but may hamper
debugging.

Produces verbose linker output providing information about
various linker passes.

Reports all references to, and de®nitions of, the symbokymname
Useful for locating references to unde®ned symbols.
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Linker Example

The following command tells the linker to sear ch for the DSOlibcurses.sin the dir ectory
{usr/lib. If it does not ®nd that DSO, the linker then looks for libcurses.an /lib.

Id foiled.o again.o -lcurses

If the linker doesn't ®nd an appropriate library, it looks in /usr/local/libfor libcurses.a
(Note that the linker does not look for DSOs in /ust/local/lib so don't put shared objects
there.) If found in any of these places, the DSO or library is linked with the objects foiled.o
and again.g otherwise an error is generated.

Note: If the linker r eports GOT over ow , GOT unreachable, or GP-elated errors, see the
tmultigot option. Also see the gp_over ow(5) r eference page, which describes some
causes of and possible solutions for over owing the GP-r elative area in the linker.

Linking Assembly Language Programs

The assembler driver (a9 does not run the linker. To link a program written in assembly
language, use one of these pocedures:

Assemble and link using one of the other driver commands ( cc for example). The.s
suf®x of the assembly language souce ®le causes the driver to invoke the
assembler

Assemble the ®le usingas then link the resulting object ®le with the |ld command.

Linking Libraries

The linker pr ocesses its aguments from left to right as they appear on the command line.
Arguments to Id can be DSOs, object ®les, or libraries.

When Id reads a DSO, it adds all the symbols fom that DSO to a cumulative symbol table.

If it encounters a symbol that's alr eady in the symbol table, it does not change the symbol
table entry. If you de®ne the same symbol in more than one DSO, only the ®rst de®nition
is used.

When Id reads an achive, usually denoted by a ®lename ending in .a, it uses only the
object ®les fom that archive that can resolve currently unr esolved symbol references.
(When a symbol is referred to but not de®ned in any of the object ®les that have been
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loaded so far, it's called unresolved.) Once a library has been seathed in this way, it is
never seaiched again. Therefore, libraries should come after object ®les on the command
line in or der to resolve as many eferences as possible. Note that if a symbol is aleady in
the cumulative symbol table fr om having been encountered in a DSO, its de®nition in
any subsequent aichive or DSO is ignored.

Specifying Libraries and DSOs

You can specify libraries and DSOs either by explicitly stating a pathname or by use of
the library search rules. To specify a library or DSO by path, simply include that path on
the command line (relative to the current dir ectory, or else absolute):

Id myprog.o /ust/lib/libc.so.1 mylib.so

Note: libc.so.lis the name of the standad C DSO, replacing the older libc.a Similarly,
libX11.s0.1is the X11 DSO. Most other DSOs ae simply named name.spwithout a .1
extension.

To use the linker's library search rules, specify the library with the +Iname option:
Id myprog.o -Imylib

When the xImylib argument is processed)d searches for a ®le calledibmylib.sa If it can't
®nd libmylib.soin a given dir ectory, it tries to ®nd libmylib.athere; if it can't ®nd that
either, it moves on to the next directory in its search order. The default search order is to
look ®rst in /usr/lib, then in /lib.

If Id is invoked fr om one of the compiler drivers, all L and £nostdlib options are moved
up on the command line so that they appear before any xIname option. For example,
consider the command:

ccf ilel.o-lm -L mydir

This command invokes, at the linking stage of compilation, the following:
Id -L mydir f ilel.0 -Im

Note: There are three different kinds of ®les that contain object code ®les: non-shad
libraries, PIC archives, and DSOs. Non-shaed libraries are the old-style library, built
using ar from .o®les that were compiled with +non_shared. These achives must also be
linked +non_shared. PIC archives are the default, built using ar from .o ®les compiled
with £KPIC (the default option); they can be linked with other PIC ®les. DSOs are built
from PIC .o®les by usingld +shaed see Chapter3 for details.
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If the linker tells you that a r eference to a certain function is unresolved, check that
function's r eference page to ®nd out which library the function is in. If it isn't in one of
the standard libraries (which Id links in by default), you may need to specify the
appropriate library on the command line. For an alternative method of ®nding out wher e
a function is de®ned, see 2Finding an Unresolved Symbol With Id.°

Note: Simply including the header ®le associated with a library r outine is not enough;
you also must specify the library itself when linking (unless it's a standar d library). No
automatic connection exists between header ®les and libraries; header ®les only give
prototypes for library r outines, not the library code itself.

Examples of Linking DSOs

To link a sample program foo.cwith the math DSO, libm.sq enter:

cc foo.c -Im

To specify the appropriate DSOs for a graphics program foogl.¢ enter:
cc foogl.c -Igl -IX11

Linking to Previously Built Dynamic Shared Objects

This section describes how to link your sour ce ®les with previously built DSOs; for mor e
information about how to build your own DSOs, see Chapter 3, 2Using Dynamic Shared
Objects.©

To build an executable that uses a DSO, call a compiler driver just as you would for a
non-shared library. For instance,

cc needle.c -lthread

This command links the resulting object ®le fieedle.pwith the pr eviously built DSO
libthread.sdand the standard C DSO, libc.so0.}, if available. If no libthread.s@xists, but a
PIC archive named libthread.aexists, that archive is used with libc.so0.1 so you still get
dynamic (r un time) linking. Note that even .alibraries now contain position-independent
code by default, though it is also possible to build non-shar ed .alibraries that do not
contain PIC.
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Linking Multilanguage Programs

The source language of the main program may dif fer from that of a subprogram. In this
case, you can link multilanguage programs.

Follow the steps below to link multilanguage pr ograms. (Refer to Figure 2-1 for an
illustration of the pr ocess.)

1.

Compile object ®les flom the source ®les of each language separately by using the
+coption.

For example, if the source consists of a Fortran main piogram (main.f) and two ®les
of C functions (more.cand rest.g, use the commands:

CC -C more.c rest.c

f77 -c main.f

These commands produce the object ®legmain.o, moe.o,and rest.o

Use the compiler associated with the language of the main program to link the
objects:

f77 main.o more.o rest.o

The compiler drivers supply the default set of libraries necessary to produce an
executable from the source of the associated language. Howeveywhen producing
executables flom source code in several languages, you may need to specify the
default libraries explicitly for one or mor e of the languages used. For instuctions on
specifying libraries, see 2Linking Libraries.®
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Figure 2-1 Compilation Contr ol Flow for Multilanguage Pr ograms
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Debugging

Note: Use caution when passing pointers and longs between languages as some
languages use different type sizes and structures for data types.

For speci®c details about compiling multilanguage pr ograms, refer to the programming
guides for the appropriate languages.

Finding an Unresolved Symbol W ith Id

You can useld to locate unresolved symbols. For example, suppose you're compiling a
program, and Id tells you that you'r e using an unresolved symbol. However, you don't
know wher e the unresolved symbol is referenced.

To ®nd the unresolved symbol, enter:
Id -y symbolfilel... filen

You can also enter:
cC prog.o -Wil,-y symbol

The output lists the source ®le that eferencessymbol

The compiler system provides a debugging tool, dbx (described in detail in the dbx Usef®
Guide. In addition, CASEVision/W orkShop contains debugging tools. For

information about obtaining W orkShop for your computer , contact your dealer or sales
representative.
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Before using dbx, specify the +g driver option (see Table 2-7) to produce executables
containing information that the debugger can use. Click the wor d dbx to view the dbx(1)
reference page.

Table 2-7 Driver Options for Debugging

Option Purpose

+g0 Produces a program object with a minimum of sour ce-level
debugging information. This is the default. Reduces the size of the
program object but allows optimizations. Use this option with the +O
option after you ®nish debugging.

+g,£g2 Produces additional debugging information for full symbolic
debugging. This option overrides the optimization options ( £Onum).

+g3 Produces additional debugging information for full symbolic
debugging of fully optimized code. This option makes the debugger
less accurate. 6u can usexg3with an optimization option ( £Onum).

Getting Information About Object Files

The following tools pr ovide information on object ®les:
dis disassembles an object ®le into machine instuctions.

dwarfdumplists headers, tables, and other selected parts of a DWRF-format object
®le or archive ®le.

elfdumplists the contents (including the symbol table and header information) of an
ELF-format object ®le.

®leprovides descriptive information on the pr operties of a ®le.
nm lists symbol table information.

sizeprints the size of each section of an object ®le (some such sections@named
text, data,and sbs3.

strip removes symbol table and relocation bits.

Note that you can trace system call and scheduling activity by using the parcommand.
For more information, see the par(1) reference page.
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Disassembling Object Files with  dis

The dis tool disassembles object ®les into machine instuctions. You can disassemble an
object, archive library, or executable ®le.

dis Syntax

The syntax for disis:
dis options ®lename]] ®lename?2...®lenanjen

optionsOne or more of the options listed in Table 2-8.

®lename Speci®es the name of one or ma ®les to disassemble.

dis Options
Table 2-8 lists dis options. For more information, see the dis(1) reference page.

Table 2-8 dis Options

Option Description

+b begin_addr  Starts disassembly atbegin_addess You can specify the
address as decimal, octal (with a leading0), or hexadecimal
(with a leading 0x).

+d section Disassembles the namedsectioras data, and prints the offset
of the data from the beginning of the section.

+D section Disassembles the namedsectionas data, and prints the
address of the data.

+eend_addess Stops disassembly atend_addess You can specify the
address as decimal, octal (with a leading0), or hexadecimal
(with a leading 0x).

tFfunction Disassembles the namedfunction in each object ®le you
specify on the command line.

+h Substitutes the hardwar e register names for the software
register names in the output.

+H Removes the leading source line, and leaves the hex value
and the instructions.
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Table 2-8 (continued) dis Options
Option Description
+i Removes the leading source line and hexadecimal value of

disassembly, and leaves only the instructions.

+| directory Usesdirectoryto help locate source code.

+| string Disassembles the achive ®le speci®ed bystring.

L Looks up source labels for subsequent printing.

+0 Prints numbers in octal. The default is hexadecimal.
+s Performs symbolic disassembly where possible. Prints

(using C syntax) symbol names on the line following the
instruction. Displays sour ce code mixed with assembly code

+t section Disassembles the namedsectionas text.
T Speci®es the trace "ag for debugging the disassembler
+V Prints (on stderr) the version number of the disassembler

being executed.

tw Prints source code to the right of assembly code (ppduces
wide output). Use this option with the *Soption.

+X Prints offsets in hexadecimal (the default).

Listing Parts of DW ARF Object Files W ith dwarfdump

The dwarfdumptool provides debugging information fr om selected parts of DWARF
symbolic information in an ELF object ®le. For more information on DW ARF, see ®les in
the 4Dgifts dir ectory.

dwarfdump Syntax

The syntax for dwarfdumpis:
dwarfdump options ®lename
options One or more of the options listed in Table 2-9.

®lename Speci®es the name of the object ®le whose contents @ato be dumped.
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dwarfdump Options

Table 2-9 listsdwarfdumpoptions. For more information, see the dwarfdump(1) r eference

page.

Table 2-9 dwarfdumpOptions

Option Dumps

+a All sections.

+b The .debug_abbrev section.

+C The debug_loc section.

+d Uses dense mode. Prints die information of the .debug_info
section. Does not imply the xI option.

+e Uses ellipsis mode. Uses the short names for DW_RAG_* and
DW_ATTR_*in the output for the .debug_info section.

+f The .debug_frame section.

+i The .debug_info section.

+ The .debug_line section.

*m The .debug_macinfo section.

+0 The .rel.debug_* sections.

+p The .debug_pubnames section.

xr The .debug_aranges section.

s The .debug_string section.

+ta The .debug_static_funcs and .debug_static_vars sections
(same asttfv).

+tf The .debug_static_funcs section.

+tv The .debug_static_vars section.

+u ble Sections to the named®Ile

tv Prints detailed information (verbose mode).
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Table 2-9 (continued) dwarfdumpOptions

Option Dumps
tw The .debug_weaknames section.
1y The .debug_types section.

Listing Parts of ELF Object Files and Libraries with elfdump

The elfdumptool lists headers, tables, and other selected parts of an ELF-format object ®le
or archive ®le.

elfdump Syntax

The syntax for elfdumpis:
elfdump options ®lenamel] ®lename2...®lenanjen

options One or more of the options listed in Table 2-10.
®lename Speci®es the name of one or mag object ®les whose contents a to be
dumped.

elfump Options
Table 2-10 listselfdumpoptions. For more information, see the elfdump(1) reference page

Table 2-10 elfdumpOptions

Option Dumps

ta Ar chive header of each member of the achive.
A Beginning addr ess of a section.

*C String table.

+C Decoded C++ symbol names.

+cmt The .commensections.

+cnt The .contentsections.
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Table 2-10 (continued) elfdumpOptions

Option Dumps

+d Range of sections.

+Dc Con’ict list in Dynamic Shar ed Objects.

+Dg Global Offset Table in Dynamic Shared Objects.

+Dinfo The .MIPS.dclasssection.

+Dinst The .MIPS.inst section.

+DI Library list in Dynamic Shar ed Objects.

+Dsym The .MIPS.symsection.

+Dsymlib Symbol library table (.MIPS.symlib).

+Dt String table entries of the dynamic symbol table in Dynamic
Shared Objects.

te Events sections.

+f Each ®le header

+F Literal tables (.lit4 and .lit8 sections).

+g Ar chive symbol table.

+G The global pointer table information.

+h All section headers in the ®le.

thash Hash table entries.

i The .interp section, which lists the path name of the program
interpr eter.

tinfo Prints whether the object is marked quickstart, or is corded and
is marked requickstart.

=+ The .line section.

L Dynamic linking information in Dynamic Shar ed Objects.

+n The speci®ed section (such as .MIPS.content, .dynamic, .got,

MIPS.sym, .liblist, .conict, .r eginfo, and so forth).
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Table 2-10 (continued)

elfdumpOptions

Option

Dumps

Each program execution header.
Options section.

Suppresses the printing of headings.
Relocation information.

Register information.

The .reginfosection.

The run-time pr ocedure table.
Section contents.

Information in SVR4-style format.
Symbol table entries.

Symbol table range.

Updates a COFF ®le to an ELF ®le.

Version information only .

Determining File T ype with Ple

The ®letool lists the properties of program source, text, object, and other ®les. This tool
attempts to identify the contents of ®les using various heuristics. It is not exact and often
erroneously recognizes command ®les as C pvgrams. For more information, see the
®le(1) reference page.
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ble Syntax

The syntax for ®leis:
file ®lenamel ®lename2...®lenamen

Each®lenamés the name of a ®le to be examined.

ble Example

Information given by ®leis self-explanatory for most kinds of ®les, but using ®leon object
®les and executables gives somewhat cryptic output.

file test.o a.out flibflibc.so.1

testo:  ELF 64-bit MSB relocatable MIPS - version 1
a.out: ELF 64-bit MSB executable MIPS - version 1
fibfibc.so.1: ELF 64-bit MSB dynamic lib MIPS - version 1

In this example, MSBindicates Most Signi®cant Byte, also called Big-Endian;
relocatable means the object contains elocation information that allows it to be linked
with other objects to form an executable; executable means an executable ®le; and
dynamic lib indicates a DSO.

Listing Symbol T able Information: nm

The nm tool lists symbol table information for object ®les and archive ®les.

nm Syntax

The syntax for nmis:
nm options ®lenamel ®lename2...®lenanjen
options One or more of the options listed in Table 2-11.

®lename Speci®es the object ®les or ahive ®les fom which symbol table
information is to be extracted. If you do not specify a ®lename, nm
assumes the ®le is named.out
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nm Symbol T able Options

Table 2-11 lists nm symbol table options. For more information, see the nm(1) reference
page.

Table 2-11 Symbol Table nm Options

Option Purpose

+a Prints debugging information.

+A Prints the listing in System V format (default).

+b Prints the value ®eld in octal.

B Prints the listing in BSD format.

+C Prints decoded C++ names.

+d Prints the value ®eld in decimal (the default for System V output).
+g Prints globally visible names.

+h Suppresses printing of headers.

+| Produces a long listing.

+n Sorts external symbols by name for System V format. Sorts all symbols

by value for BSD format (by name is the BSD default output).

+0 Prints value ®eld in octal (System V output). Prints the ®lename
immediately befor e each symbol name (BSD output).

*p Produces easily parsible, terse output similar to the BSD format.
+r Prepends the name of the object ®le or athive to each output line.
T Truncates characters in exceedingly long symbol names; inserts an

asterisk as thelast character of the truncated name. This option may
make the listing easier to read.

+u Prints only unde®ned symbols.

+v Sorts external symbols by value (default for BSD format).
VvV Prints the version number of nm.

+X Prints the value ®eld in hexadecimal.
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Table 2-12 de®nes the one-character codes shown in anm listing. Refer to the example
that follows the table for a sample listing.

Table 2-12 Character Code Meanings

Key Description

a Local absolute data

A External absolute data

b Local zeroed data

B External zeroed data

C Common data

d Local initialized data

D External initialized data

E Small common data

G External small initialized data
N Nil storage class (unused external reference)
r Local read-only data

R External read-only data

S Local small zeroed data

S External small zeroed data

t Local text

T External text

U External unde®ned data

\% External small unde®ned data
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nm Example of Obtaining a Symbol T able Listing

This example demonstrates how to obtain a symbol table listing. Consider the following
program, tnm.c;

#include <stdio.h>
#include <math.h>
#define LIMIT 12

int unused_item = 14;
double mydata[LIMIT];

main()
{ . .
int i;
for(i=0; i < LIMIT; i++) {
mydata][i] = sqrt((double)i);

return O;

}

Compile the program into an object ®le by entering:

cc -c tnm.c

To obtain symbol table information for the object ®le tnm.oin BSD format, use thenm +B
command:

0000000000 T main
0000000000 B mydata
0000000000 U sqrt
0000000000 D unused_item
00000000 N _bufendtab

To obtain symbol table information for the object ®le tnm.oin SVR4 format, use thenm
command without any options:

Symbols from thm.o:
[Index] Value Size Class Type  Section Name
[0] 0 |[File |ref=4 [Text |thm.c

I
[ | 0] |Proc |end=3int |Text |main
[2] | 116) |End |ref=1l [Text |main
I
I
I

[3] O |End |ref=0 [Text |thm.c
[4] 0 |File |ref=6 [Text |/usrinclude/math.h
6] 0] |End [ref=4 |Text |/usrinclude/math.h
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6] | 0O |[Global | |Data | unused_item
[M | 0O |[Global | |Bss | mydata
B | O |Proc |ref=l [Text |main
€1 | 0O |Proc | |Undefined| sqrt
[10] | 0O |Global | |Undefined| _gp_disp

Determining Section Sizes with  size
The sizetool prints information about the sections (such as text, rdata, and sbs$ of the

speci®ed object or achive ®les. The elf(4) eference page describes the format of these
sections.

size Syntax

The syntax for sizeis:
size options [ ®lenamel®lename2...®lenanjen
options Speci®es the format of the listing (see @ble 2-13).

®lename Speci®es the object or athive ®les whose pioperties are to be listed. If
you do not specify a ®lename, the default isa.out

size Options
Table 2-13 listssizeoptions. For more information, see the size(1) eference page.

Table 2-13 sizeOptions

Option Action

A Prints data section headers in System V format (default).

+B Prints output in BSD-style format.

+d Prints sizes in decimal (default).

+f Prints data on allocatable sections including the size, permission "ags,

and the total of the loadable sizes.

+F Prints data on loadable segments including the name and the total of the
section sizes.

+n Prints nonloadable and nonallocatable section sizes.
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Table 2-13 (continued) sizeOptions
Option Action
+0 Prints sizes in octal.

+svr4 Prints output in SVR4-style format.
Vv Prints the version of sizethat you are using.

+X Prints sizes in hexadecimal.

size Example

An example of the sizecommand and the listings pr oduced follows.

size a.out
Section Size Physical Virtual
Address Address
interp 21 268435856 268435856
.MIPS.options 104 268435880 268435880
.dynamic 464 268435984 268435984
Jiblist 20 268436448 268436448
.MIPS.symlib 30 268436468 268436468
.msym 240 268436500 268436500
.dynstr 312 268436744 268436744
.dynsym 720 268437056 268437056
.hash 256 268437776 268437776
.MIPS.stubs 56 268438032 268438032
.text 460 268438088 268438088
dnit - 24 268438548 268438548
.data 17 268505088 268505088
.sdata 8 268505108 268505108
.got 112 268505120 268505120
.bss 36 268505232 268505232

Removing Symbol T able and Relocation Bits with  strip

The strip tool removes symbol table and relocation bits that are attached to the assembler
and loader. Usestrip to save space after you debug a pogram. The effect of strip is the
same as that of using the-s option to Id.
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strip Syntax

The syntax for strip is:

strip  options ®lenamel| ®lename2...®lenanjen

options One or more of the options listed in Table 2-14.
®lename Speci®es the name of one or maz object ®les whose contents a to be
stripped.

For more information, see the strip(1) reference page.

Table 2-14 strip Options

Option Description

+| Strips line number information, and keeps the symbol table
and debugging information.

+0®lename Puts the stripped information in the ®lenaméhat you specify.
VvV Prints the version number of strip.
+X Keeps symbol table information, but may strip debugging and

line number information.

Using the Archiver to Create Libraries

An archive library is a ®le that includes the contents of one or more object (0) ®les. When
the linker (1d) searches for a symbol in an archive library, it loads only the code from the
object ®le whete that symbol was de®ned (not the entire library) and links it with the
calling program.
The archiver (ar) creates and maintains archive libraries and has these main functions:

Copying new objects into the library

Replacing existing objects in the library

Moving objects around within the library

Extracting individual objects fr om the library

Creating a symbol table for the linker to search symbols
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The following section explains the syntax of the ar command and lists some options and
examples of how to use it. See the ar(1) eference page for details.

Note: ar simply strings together whatever object ®les you tell it to ar chive. Therefore you
can usear to build either non-shar ed or PIC libraries, depending on how the included .o
®les were built in the ®rst place. If you do create a non-shaed library with ar, remember
to link it +non_shared with your other code. For information about building DSOs and
converting libraries to DSOs, see Chapter3.

ar Syntax

The syntax for ar is:

ar options[ posObjedt libName[ objectl...objecin

options

posObject

libName

object

Speci®es the action that the athiver is to take. Table 2-15 and Table 2-16
list some of the options.

Speci®es the name of an object within an achive library. It speci®es the
relative placement (either before or after posObjedtof an object that is to
be copied into the library or moved within the library . This parameter is
required when the a, b, or i suboptions are speci®ed with them or r
option. The last example in 2ar Examples,® shows the use of aposObject
parameter.

Speci®es the name of the athive library you ar e creating, updating, or
extracting information fr om.

Speci®es the name(s) of the object ®le(s) to manipulate.
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ar Options

When running the archiver, specify exactly one of the optionsd, m, p, q, r, t, or x (listed
in Table 2-15). In addition, you can optionally specify any of the modi®ers in T able 2-16.

Table 2-15 Ar chiver Options

Option

Purpose

d
f

Deletes the speci®ed objects fsim the archive.

Adds padding to the end of each object ®le achived, using the character
\n . This enables the loader to have faster access to members in the ehive
while performing static linking. Warning : This option results in a
permanent change in the size of object ®les.

Prints the specified objects in the archive on the standard output device
(usually the terminal screen).

Adds the specified object files to the end of the archive. This option is
similar to the r option (described below), but is faster and does not remove
any older versions of the object files that may already be in the archive.
Use the q option when cr eating a new library.

Adds the specified object files to the end of the archive file. If an object file
with the same name already exists in the archive, the new object file
overwrites it . Use ther option when updating existing libraries.

Prints a table of contents on the standard output (usually the screen) for
the sped®ed object or achive ®le.

Copies the speci®ed objects fom the archive and places them in the
current dir ectory. Duplicate ®les are overwritten. The last modi®ed date is
the current date (unless you specify the 0 suboption, in which case the
date stamp on the archive file is the last modi®ed date). If no objects ae
speci®ed, x copies all the library objects into the curent dir ectory.
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Table 2-16 Ar chiver Modi®ers

Option Purpose

c Suppresses the warning message that the ashiver issues when it discovers
that the archive you speci®ed does not aleady exist.

I Puts the archiver's temporary files in the current working directory.
Ordinarily, the archiver puts those ®les in/tmp (unless the STMDIR
environment variable is set, in which case ar stores temporary files in the
directory indicated by that variable). This option is useful when /tmp (or
STMDIR) is full.

S Creates a symbol table in the achive. This modi®er is rarely necessary
since the archiver updates the symbol table of the archive library
automatically. Options p, g, and r, in particular, create a symbol table by
default and thus do not require Sto be specified.

\% Lists descriptive information during the pr ocess of ceating or modifying
the archive. When speci®ed with the t option, produces a verbose table of
contents.

ar Examples

To create a new library, libtest.g and add object ®les to it, enter:

ar cq libtest.a mcount.o mon1.0 string.o

The c option suppr esses an achiver message during the creation process. Theqg option
creates the library and puts mcount.o, monl.a@nd string.ointo it.

To replace an object ®le in an existing library enter:

ar r libtest.a monl.o

Ther option replacesmonl.oin the library libtest.a If monl.odoes not already exist in the
library libtest.q it is added.

Note: If you specify the same ®le twice in an agument list of ®les to be added to an
archive, that ®le appears twice in the archive.
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