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About This Manual

This manual provides information about porting applications from the HP-UX
operating system to the Compaq Tru64™ UNIX operating system. This manual
also describes differences between Tru64 UNIX Version 5.1 and HP-UX.

Audience

This manual is for software engineers, application developers, and system
managers who are considering moving software applications from HP-UX to Tru64

UNIX.

The manual assumes that you have software development experience and are
familiar with the UNIX operating system and the HP-UX operating system.

Organization

This manual is organized as follows:

Chapter 1
Chapter 2
Chapter 3
Chapter 4
Chapter 5

Chapter 6
Appendix A

Appendix B

Related Documents

Presents the advantages of porting and summa-
rizes the porting process.

Gives an overview of Tru64 UNIX and compares the general
features of HP-UX and Tru64 UNIX. It also discusses issues
to consider when porting from HP-UX to Tru64 UNIX.

Discusses the porting process.

Describes the development environment on the
Tru64 UNIX system.

Describes Porting Assistant, a development environment for
programmers porting applications to Tru64 UNIX.

Presents information on porting threaded applications.

Provides information about transferring data between
big-endian and little-endian systems.

Lists porting resources available on the Internet.

The Tru64 UNIX Programmer’s Guide is a must for anyone writing or porting
applications to Tru64 UNIX. Other books of particular interest in the Tru64 UNIX
documentation set include the following:

= Guide to the POSIX Threads Library

= Guide to Realtime Programming

< Compaq C Language Reference Manual

= Compaq Portable Mathematics Library
= Programmer’s Guide: STREAMS

= Programming Support Tools

e Calling Standard for Alpha Systems

« Ladebug Debugger Manual

For more information, see the following technical publications:
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e Tru64 UNIX documentation set
= Tru64 UNIX Software Product Description

e HP-UX documentation set

Information on the Internet

You can access Tru64 UNIX documentation and other information on Tru64 UNIX
on the Internet at the following location:

http: //ww. t rué4uni x. conpag. coni f ags/ publ i ca-
ti ons/ pub_page/ pubs_page. ht m

The Tru64 UNIX Software Product Description is at the following location:
http: //ww. t rué4uni x. conmpag. conf uni x/ t echni cal . ht m

See Appendix B for a more complete list of Internet resources for Tru64 UNIX
and HP-UX.

Reader's Comments

Compaq welcomes any comments and suggestions you have on this and other
Tru64 UNIX manuals.

You can send your comments in the following ways:

e Fax: 603-884-0120 Attn: UBPG Publications, ZK0O3-3/Y32

e Internet electronic mail: r eader s_conment @k3. dec. com
A Reader’s Comment form is located on your system in the following location:
/usr/doc/ readers_coment .t xt

Please include the following information along with your comments:

= The full title of the book and the order number. (The order number is printed
on the title page of this book and on its back cover.)

= The section numbers and page numbers of the information on which you are
commenting.

= The version of Tru64 UNIX that you are using.
= If known, the type of processor that is running the Tru64 UNIX software.

The Tru64 UNIX Publications group cannot respond to system problems or
technical support inquiries. Please address technical questions to your local system
vendor or to the appropriate Compag technical support office. Information provided
with the software media explains how to send problem reports to Compag.

Conventions

viii

This manual uses the following typographical conventions:

# A number sign represents the superuser prompt.
% cat Boldface type in interactive examples indicates typed
user input.
file Italic (slanted) type indicates variable values, placeholders,

and function argument names.

A vertical ellipsis indicates that a portion of an example
that would normally be present is not shown.

About This Manual



cat (1) A cross-reference to a reference page includes the
appropriate section number in parentheses. For example,
cat (1) indicates that you can find information on the cat
command in Section 1 of the reference pages.

About This Manual ix






1

Introduction

Porting does not have to be painful. The process of porting programs from one
operating system to another inevitably involves some debugging and recompiling.
But programs that adhere to language definitions, avoid nonstandard extensions,
and have a minimum of architectural dependencies can run on the Tru64 UNIX
operating system with few modifications.

Migration Software Systems, Ltd. of San Jose, California, has ported millions of
lines of code to the Tru64 UNIX operating system on the Alpha™ architecture.
Their comment on the process is instructive: "Porting to [Tru64 UNIX] can be done
with a minimal amount of effort if that code was developed with proper software
engineering practices.”

This view is echoed in a white paper from the consulting firm D. H. Brown
Associates, Inc. In The Uneven Migration to 64-bit UNIX, they write, "Yet, a well
structured C or C++ application can be readily ported if it adheres to a few basic
principles. These principles mirror generic tenets of good programming style.”

When a program does require modifications, it is usually a straightforward process
to identify and correct the problems. Almost all such effort involves making the
code comply more closely with industry standards.

Code ported to the Tru64 UNIX operating system on the Alpha™ architecture
enjoys several advantages:

= The ported code will run in the mature 64-bit environment that Tru64 UNIX
has been providing for more than half a decade.

= The ported code will run on Alpha systems, which offer the world’s fastest
processors.

= The ported code will adhere closely to industry standards, making it more
portable to other architectures and easier to maintain.

1.1 Porting Overview
The porting process is reasonably simple:
1. Clean up code, removing architectural dependencies and nonstandard
practices.
Compile code. Fix problems found at compile time.

Fix segment faults and unaligned accesses. Unaligned accesses usually
indicate a problem in the code.

4. Recompile the code and repeat the process, if necessary.

1.2 HP-UX Software Version

The information in this book is based on HP-UX Release 11.0 and earlier versions
of HP-UX. Even if the application you are porting is based on a newer version of
HP-UX, most of the content of this book still applies.

Introduction 1-1



1.3 Porting and Coding Practices

Most of the coding practices in this book are not specific to any one vendor, nor are
they specific to the Tru64 UNIX operating system. They are simply good, standard
coding practices. A number of books are available that cover similar ground. Some
of the good ones (but certainly not the only good ones) include:

The C Programming Language, Second Edition, by Brian W. Kernighan and
Dennis M. Ritchie; Prentice-Hall Software Series, Prentice-Hall, Inc.

C Traps and Pit Falls, by Andrew Koenig; Addison-Wesley Publishing Company

1.4 Porting Tools

Compagq Porting Assistant is a set of integrated software tools designed to help port
applications to Tru64 UNIX. It checks for things that are likely to cause porting
problems, and it simplifies the process of making needed changes.

See Chapter 5 for more information.

1.5 Porting Services

1-2

If you do not want to take on the task of porting your application yourself, the
following resources can help you get the job done:

The Compagq Service Provider Program offers a comprehensive portfolio of
services. You can find information about the program at the following location:

http://ww. conpaq. conf ent erprise/sp/sol utions-centers. htm

The Compagq Solutions Alliance (CSA) program provides services that can be
of significant help in migrating software and in using Tru64 UNIX. You can
reach them at:

1-800-332-4786

al pha- devel oper @onpaq. com
http://csa. conpaq. com
Third-party consulting sources

Companies such as Migration Software Systems, Ltd. of San Jose, California,
can help you to port your existing applications and systems to the Tru64 UNIX
environment. Contact Migration Software Systems at 408-452-0527 or visit
the following web site:

http://ww. ni gration. com hone. ht m
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Comparing HP-UX and Tru64 UNIX

This chapter compares major features of HP-UX and Tru64 UNIX. It also describes
features available only on the Tru64 UNIX operating system. It presents porting
issues involving the Alpha architecture and the 64-bit environment. If you are
already familiar with Tru64 UNIX, you can skip this material.

This chapter presents the following topics:
= An overview of Tru64 UNIX

= 64-bit considerations

< Real Time Programming

= Directories and Defines

= Unique Directory Features

= File systems

= Endian issues

= Write-to-memory operations and memory barriers

2.1 Overview of Tru64 UNIX

The Tru64 UNIX operating system is a 64-bit advanced kernel architecture based
on Carnegie-Mellon University's Mach V2.5 kernel design, with components from
Berkeley Software Distribution (BSD) 4.3 and 4.4, UNIX System V, and other
sources. The Tru64 UNIX operating system implements the Open Software
Foundation (OSF) OSF/1 R1.0, R1.1, and R1.2 technology, Common Desktop
Environment (CDE), and the Motif graphical user interface and programming
environment. Under the X/Open UNIX branding program, Compaq Computer
Corporation has received the UNIX 95 brand for the Tru64 UNIX operating system.

The Tru64 UNIX operating system provides symmetric multiprocessing (SMP),
realtime support, and numerous features to assist programmers in developing
applications that use shared libraries, multithread support, and memory-mapped
files. All features of the X Window System, Version 11, Release 6 (X11R6) from the
X Consortium, Inc. are fully supported. Selected features of Release 6.1 (X11R6.1)
are also supported. POSIX standard 1003.1c pthreads are supported.

The Tru64 UNIX operating system complies with numerous other standards and
industry specifications, including the X/Open XPG4 and XTI, POSIX, FIPS, and
System V Interface Definition (SVID). Tru64 UNIX is compatible with the Berkeley
4.3 and System V programming interfaces and conforms with the OSF Application
Environment Specification (AES), which specifies an interface for developing
portable applications that run on a variety of hardware platforms.

Familiar User Interfaces and Tools

The Tru64 UNIX operating system provides user interfaces that are familiar to
UNIX developers:

- GUL
— Common Desktop Environment (CDE)
- X11R6

Comparing HP-UX and Tru64 UNIX 2-1



Motif 1.2

e Shells:

POSIX shell
C shell (csh)
Bourne shell
Korn shell (ksh)

e Editors:

Vi
GNU emacs
ed

ex

= Development Tools

The Developers’ Toolkit for Tru64 UNIX provides the following tools:

Compaq C compiler for Tru64 UNIX

The Compag C compiler is NIST-validated, conforms to the ANSI
X3J11/88-159 C Language Standard (equivalent to ANSI X3.159-1989 and
ISO/IEC 9899:1990), and provides IEEE floating-point support conformant
with ANSI/IEEE Standard 754. It provides support for ANSI, strict ANSI,
and Kernighan and Ritchie (K&R)-style programming.

C macro preprocessor, cpp
Standard C libraries

dbx debugger

Ladebug debugger
Porting Assistant

Visual Threads

Program analysis tools
Procedure reordering tools
ATOM API

The following are separately packaged products:

Compaq C++

Compaq Visual Fortran

Compagq Pascal

Compaq COBOL

Compaq Ada

Compagq Portable Math Library (CPML)
Compaqg KAP preprocessors

Compaqgq FUSE

Compaq Enterprise Toolkit

Compaqg Open3D

e Java

Java Development Kit for Tru64 UNIX
Java 2 SDK (J2SDK) for Tru64 UNIX

2-2 Comparing HP-UX and Tru64 UNIX



— Just-in-Time (JIT) compiler
— Java 2 Run-time Environment (JRE) for Tru64 UNIX
— Compag Fast Virtual Machine (Fast VM) for Tru64 UNIX
— Compaqg JTrek
— Compagq Servit
— Compag AttachLayout
< Networking

The Tru64 UNIX operating system supports a wide range of industry-standard
networking components:

ASU Fast Ethernet Packetfilter

ATM FDDI screend

BIND Gigabit Ethernet Slow Ethernet

BSD Sockets IP Multicast SNMP

DCE LAN Manager SysV R4 STREAMS
DECnet LAT TCP/IP

DLB LAT/Telnet gateway Token Ring

DLI NTP TSP

DNS ONC XTUTLI

= Data Interoperability
Support for common data formats provides data interoperability:
— NFSV2and V3
— Interchangeable tar formats
— 1SO 9600 CD—-ROM file system

For more information about Tru64 UNIX features, see the Tru64 UNIX
Technical Overview and the Tru64 UNIX Software Product Description.

The Technical Overview is at the following location:

http: //ww. t rué4uni x. conpag. coni f ags/ publ i ca-
ti ons/ pub_page/ pubs_page. ht m

The Tru64 UNIX Software Product Description is at the following location:

htt p: //ww. t rué4uni x. conmpag. conf uni x/ t echni cal . ht m

2.2 Real Time Programming

The Tru64 UNIX operating system supports facilities to enhance the performance
of realtime applications. These realtime facilities make it possible for the operating
system to guarantee that the realtime application has access to resources whenever
it needs them and for as long as it needs them. That is, the realtime applications
running on the operating system can respond to external events regardless of the
impact on other executing tasks or processes. Realtime applications written to run
on the operating system make use of and rely on the following system capabilities:

= A preemptive kernel
= Fixed-priority scheduling policies
= Real-time clocks and timers

< Memory locking

Comparing HP-UX and Tru64 UNIX 2-3



= Asynchronous 1/O
= File synchronization
= Queued realtime signals

e Process communication facilities

All of these realtime facilities work togther to form the Tru64 UNIX realtime
environment. In addition, realtime applications make full use of process
synchronization techniques and facilities.

For more information on the real-time programming environment, see the Guide
to Realtime Programming. For information on configuring the real-time kernel,
see the System Administration guide.

2.3 Directories and Defines

Among the differences between HP-UX and Tru64 UNIX are the layout of the
directories and the values associated with some of the standard defines.

2.3.1 Directory Hierarchies

The hierarchies of system directories differ between HP-UX and Tru64 UNIX.
Figure 2-1 shows the Tru64 UNIX directory structure.

Figure 2-1: Tru64 UNIX Directory Hierarchy

/

dev etc shin lost + found usr opt var tmp  vmunix subsys
initd rc0.d rc2.d rc3.d subsys adm spool subsys
.smdb. bin ccs examples opt include lib Ibin shin share sys shlib

BINARY conf include

ZK-1369U-Al

Table 2—1 describes the contents of the Tru64 UNIX directories.
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Table 2-1: Contents of the Tru64 UNIX Directories

Directory Description

/ The root directory of the file system.

/ dev Block and character device files.

letc System configuration files and databases;
nonexecutable files.

/sbin Commands essential to boot the system;
these commands do not depend on shared
libraries or on the loader and can have other
versions in/ usr/ bi nor/usr/sbin.

/sbin/init.d System initialization files.

/sbin/rc0.d The run control files executed for
system-state 0 (single-user state).

/sbin/rc2.d The run control files executed for
system-state 2 (nonnetworked
multiuser state).

/sbin/rc3.d The run control files executed for

/ sbi n/ subsys

/1 ost +f ound

[ usr

[usr/.sndb.

/fusr/bin

/usr/ccs

/ usr/ exanpl es

/usr/ opt

/usr/include

fusr/lib

fusr/lbin

/fusr/sbin

[ usr/share

/usr/sys

fusr/shlib

/ opt

system-state 3 (networked multiuser state).

Loadable kernel modules required in
single-user mode.

Files recovered by f sck.

Most user utilities and applications. Most
commands in / usr/ bi n, /usr/ sbi n,
and / usr/ | bi n have been built with

the shared version of | i bc and will not
work unless / usr is mounted.

Subset installation control files used
by set | d.

Common utilities and applications.

C compilation system; tools and libraries
used to generate C programs.

Source code for example programs.

Optional application packages, such
as layered products.

Program header (include) files For more
information, see Chapter 4, Application
Development Environment.

Libraries, data files, and symbolic
links to library files located elsewhere;
included for compatibility.

Back-end executable files.

System administration utilities and
system utilities.

Architecture-independent ASCII text files.
This directory includes word lists, various
libraries, and online reference pages.

Directories that contain system
configuration files.

Binary loadable shared libraries; shared
versions of librariesin/usr/ccs/ i b.

Optional application packages, such
as layered products.
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Table 2-1: Contents of the Tru64 UNIX Directories (cont.)

Directory Description

/var Multipurpose log, temporary, transient,
varying, and spool files.

/var/adm Common administrative files and databases.
This directory includes the crash area,
files for the cr on daemon, configuration
and database files for sendnui | , and
files generated by sysl og.

/var/ spool Miscellaneous printer and mail system
spooling directories.

/tnp System-generated temporary files that are
usually not preserved across a system reboot.

/ vimuni x Pure kernel executable file (the operating
system loaded into memory at boot time).

/ genvmuni x Generic kernel executable file built with
most options and device support (useful
if vimuni x becomes corrupted).

2.3.2 Defines for Numeric Values

Some maximum and minimum values assigned to standard defines vary
according to system architecture. Table 2—2 shows values for defines in
fusr/include/limts.h (HP-UX),/usr/include/al pha/machlimts.h
(Tru64 UNIX), and / usr /i ncl ude/ fl oat. h (HP-UX and Tru64 UNIX).

HP-UX and Tru64 UNIX both support 128-bit floating point values. But where
there are differences, code that makes assumptions about the values of defines
will need to be rewritten.

Table 2-2: Defines from limits.h and float.h

Define HP-UX Tru64 UNIX
Ul NT_MAX 4294967295U (__STDC__ or _ cplusplus) 4294967295U
4294967295 otherwise
LONG BI T 32 64
LONG_MAX 2147483647L 9223372036854775807
ULONG_MAX 4294967295UL (__ STDC__ or _ cplusplus) 18446744073709551615U
4294967295 otherwise
LONG_ M N —2147483647L-1L —LONG_MAX-1
(-9223372036854775807-1)
FLT_M N 1.175494351E-38F 1.17549435e—38f

2.4 Unique Directory Features

There are two unique directory features in Tru64 UNIX:
= Device naming

= Context-dependent symbolic links

2.4.1 Device Naming

Device special files appear in a/ devi ces directory under the root directory (/).
This directory contains subdirectories each containing device special files for a class
of devices. A class of device corresponds to related types of devices, such as disks
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or nonrewind tapes. For example, the directory / dev/ di sk contains files for all
supported disks, and / dev/ nt ape contains device special files for nonrewind tape
devices. Currently, only the subdirectories for certain classes have been created.

For more information, see the section Device Naming and Device Special Files
in the System Administration manual.

2.4.2 Context-Dependent Symbolic Links

The cluster environment provided by the TruCluster™ Server software has a
single, clusterwide namespace for files and directories. This namespace gives
each cluster member the same view of all file systems. All cluster members use
the same file name to access a given file regardless of where the file actually
resides in the cluster.

Some configuration files and directories cannot be shared by all cluster members.
For example, a member’s / et ¢/ sysconf i gt ab file contains information specific
to that member’s kernel component configuration, and only that member

should use that configuration. Context-dependent symbolic links (CDSLS)
provide a mechanism that lets each member read and write the file named

/ et c/ sysconfi gt ab, while actually reading and writing its own member-specific
sysconfi gt ab file.

A CDSL is a special kind of symbolic link that contains a variable whose value is
determined only during pathname resolution. The { menb} variable is used to
access member-specific files in a cluster. The following example shows the CDSL
for / et c/ sysconfi gt ab:

/etc/sysconfigtab -> ../cluster/nenbers/{menb}/etc/sysconfigtab

When resolving a CDSL pathname, the kernel replaces the { nenb} variable
with the string member n, where n is the member ID of the current
member. Therefore, on a cluster member whose member ID is 2, the
pathname / cl ust er/ menmber s/ { nenb}/ et c/ sysconfi gt ab resolves to

/ cl ust er/ menber s/ nenber 2/ et ¢/ sysconfi gt ab.

CDSLs also appear in standalone Tru64 UNIX systems, but are not used in the
standalone environment.

For more information, see the section Context-Dependent Symbolic Links and
Clusters in the System Administration manual.

2.5 64-Bit Considerations

The Alpha architecture is based on a 64-bit microprocessor, and Tru64 UNIX is a
64-bit operating system. These facts introduce a number of extended capabilities
beyond 32-bit architectures. For example, 64-bit addressing allows Tru64 UNIX
to support file system sizes greater than 2 gigabytes.

When porting a 32-bit application to the 64-bit environment of Tru64 UNIX, you
face the same issues you would in porting that application to 64-bit HP-UX Release
11.0. LP64, the industry programming model for 64-bit UNIX, is based on the
Tru64 UNIX implementation in use since 1993. HP-UX Release 11.0 follows this
model. Of this model, Hewlett-Packard states:

The LP64 data model is the emerging standard on 64-bit UNIX systems provided
by leading system vendors. Applications that transition to the LP64 data model
on HP-UX systems are highly portable to other LP64 vendor platforms.

The following sections describe issues of porting 32-bit applications to a 64-bit
environment. The Hewlett-Packard document HP-UX 64-bit Porting and
Transition Guide also covers this topic and is available at the following web site:
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http://docs. hp. cont

If your application is already written for a 64-bit environment and follows the LP64
data model, then the only 64-bit considerations in porting the application to the
Tru64 UNIX operating system might be issues of data and structure alignments,
covered later in this section.

Most porting concerns for applications written for a 32-bit environment are caused
by three facts about the 64-bit environment:

= Pointers are 64 bits, not 32 bits.
< Long values (I ong) are 64 bits, not 32 bits.

= Integer values (i nt) are 32 bits and not the same size as | ongs and pointers,
as is the case in a 32-bit environment.

Chances are that most code you end up changing incorrectly assumes the following:

sizeof (int) == sizeof (pointer) == sizeof (long)

2.5.1 Language Data Types

In the Tru64 UNIX 64-bit environment, | ong and pointer data types are 64 bits.

Table 2—3 compares HP-UX and Tru64 UNIX data types. The HP-UX values are
true for all releases prior to 11.0 and for code compiled in 32-bit mode (the default)
under release 11.0. HP-UX code compiled in 64-bit mode (compiler option +DD64)
in the release 11.0 environment has the same size data types as Tru64 UNIX.

Table 2-3: Language Data Types

Data Type HP-UX Bits (Defaults) Tru64 UNIX Bits
char 8 8

short 16 16

i nt 32 32

f | oat 32 32

poi nt er 32 64

| ong 32 64

I ong | ong 64 64

doubl e 64 64

| ong doubl e 64 128

Table 2—4 shows the alignment of various Tru64 UNIX data types. Note that | ong
and poi nt er data types are aligned on 8-byte boundaries.

Table 2—4: Natural Data Alignment
Data Type Alignment (Byte Multiple)

char
short
i nt

f | oat

| ong

©0 o N B B b

poi nt er
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Table 2—4: Natural Data Alignment (cont.)

Data Type Alignment (Byte Multiple)
I ong | ong 8
doubl e 8

With high-level languages, such as C, the compiler automatically attempts to align
data and variables to their natural boundaries. In some situations the compiler
might lack the information needed to make the correct alignment. Alignment
errors can result from misuse of | ong and poi nt er data types in structure
definitions that are shared between 32-bit and 64-bit systems.

2.5.1.1 Data Access

Older Alpha processors (EV4 and EV5) only support memory access of longwords
(32 bits) and quadwords (64 bits). Byte and word accesses are accomplished by
multiple instructions that load a longword or quadword, mask, and shift to obtain
the desired entity. The lack of a single, uninterruptible operation for byte and
word access has implications both for the performance and for the correctness

of an application.

Beginning with the 21164a Alpha chip (EV56), the Alpha processor supports
direct access of byte and word data types, as well as direct access of longword and
guadword data types.

In Tru64 UNIX Version 4.0 and higher, the operating system kernel includes
an instruction emulator that allows any Alpha chip to execute and produce
correct results from Alpha instructions, even if some of the instructions are not
implemented on the chip. Applications that use emulated instructions will run
correctly, but might incur significant emulation overhead at run time.

To learn the type of Alpha processor on your system, use the following command:

fusr/sbin/psrinfo -v

2.5.1.2 Data Access Synchronization

Independently executing applications that access common data must synchronize
access to that data. The Alpha architecture mandates that for naturally aligned
guadwords, independent access to adjacent quadwords produces the same results
regardless of the order of instruction execution. No such guarantee exists for char ,
byt e, wor d, or | ongwor d data.

A multithreaded application or multiple processes that access adjacent char , byt e,
wor d, or | ongwor d data through a common address space must use either thread
mutex locking functions or semaphore locks to ensure that access to the data is
deterministic. Similarly, such processes using shared memory-mapped files are
restricted to semaphore locks to avoid conflicts with access operations to adjacent
data items of type char, byt e, wor d, or | ongwor d.

A simpler alternative to locking functions or semaphores is to expand byte-, word-,
or longword-length items to quadwords.

Quadword data items that are not naturally aligned (low-order 3 bits) incur access
penalties similar to those for byt e and wor d access. But the compiler takes care of
correct alignment for quadword data.

Compiling an application with the - ar ch ev56 option reduces the chances of word
tearing for byte-, word-, or longword-length items. Even so, there are still cases
where the compiler will generate code that exposes word tearing.
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Thecc -granul arity <size> option ensures that the compiler generates code
that will not cause word tearing for the <si ze> specified. However, Tru64 UNIX
system libraries and kernel interfaces frequently assume quadword granularity.
The compiler alone cannot resolve all the issues if you require granularity of less
than an 8-byte quadword.

Note

The default memory access size on a Tru64 UNIX system is 8 bytes
(quadword). This means that when two or more threads of execution
are concurrently modifying adjacent memory locations, those locations
must be quadword-aligned to protect the individual modifications from
being overwritten. Errors can occur, for example, if separate data items
stored within a single quadword of a composite data structure are being
concurrently modified.

For details on the problems that non-quadword alignment can cause
and the various situations in which the problems can occur, see the
Granularity Considerations section in the Guide to the POSIX Threads
Library.

For more information on data alignment and threads, see Section 6.3.2.

2.5.2 Pointers

Pointers are 64 bits long. Treating pointers as though they are the same size as
i nt values will likely cause unwanted results.

Code to be ported that casts a pointer or quadword (type | ong or u_I ong) to an
i nt value results in the upper 32 bits being truncated. If that i nt value is then
cast back to 64 bits, the resulting value is incorrect.

The following summarizes the behavior of 64-bit pointers:
= Truncation of pointers

Pointers assigned to i nt variables are truncated to 32-bit values. Similarly,
pointers passed to functions expecting i nt values are truncated to 32 bits.

= Assigning integer values to pointers

Assigning a pointer to an i nt variable, then assigning the i nt back to the
pointer, and dereferencing the pointer can result in a segmentation fault.

e Subtraction of pointers

In the Tru64 UNIX operating system, the length of the integer required to hold
the difference between two pointers to members of the same array is a signed
| ong. This value, ptrdi ff_t, is defined in the st ddef . h file.

= Passing zero to a pointer argument

Passing zero to a pointer argument when no function prototype is visible results
in the use of a 4-byte zero instead of an 8-byte zero (OL). Passing NULL (defined
in st di 0. h) results in the desired 8-byte zero (OL).

Similarly, comparing a poi nt er to zero does not work. Compare a poi nt er
to NULL instead.

In cases where the correct function prototype is in scope, standard C promotion
rules are in effect, and correct values are assigned in a comparison, an
assignment, or a function call.
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2.5.3 Constants

Constants can have different values on 32-bit and 64-bit systems. Table 2-5 lists
some constants and their values.

Table 2-5: Values of 64-Bit Constants

C Constant Value 32-Bit Value 64-Bit Value
OxFrFffff (282 1) -1 4,294,967,295
4294967296 282 0 4,294,967,296
0x100000000 282 0 4,294,967,296
OXFFFFFFFFFFFFFFF (264-1) -1 -1

In the following code fragment, the expression in the i f statement is true in a
32-bit environment but false in Tru64 UNIX:

long long_val = Oxffffffff;
if(long_val < 0)

In Trué4 UNIX, | ong and unsi gned | ong constants are 64 bit, quadword values.
For example:

si zeof (543210) = 4 bytes
si zeof (543210L) = 8 bytes
si zeof (543210UL) = 8 bytes

2.5.3.1 Truncation of Longs

Because | ongs are 64-bit values, truncation can occur if a | ong is assigned to
an i nt variable. For example:

int int_val;

int_val = 2147483660;
Because of truncation, the value of i nt _val is-2147483636.

Truncation can also occur if a | ong value is passed as an argument to a function
expecting an i nt value. For example:

abs(2147483660) = 2147483636

2.5.3.2 Bit Shifts

A bit-shift operation on an integer constant always yields a 32-bit constant. For
example, even though | ong_val is declared a | ong, the results of the following
operations are 32-bit values:

long_val =1 << 31 results in long_val = -2147483648 or Oxffffffff80000000
if((1 << 31)) > ox7fffffff) is false

If you need a result of type | ong, you must use the L or UL suffix for | ong i nt eger
constants. The top 32 bits of value depend on the type of the value shifted. Signed
values are sign extended; unsigned values are zero extended. If you want a 64-bit
constant, be sure to use the L or the UL suffix. Only the left operand of a shift
operator determines the result type. The type of shift count operand is irrelevant.

long_val = 1L << 31 results in 2147483648 or 0x80000000
if((1L << 31)) > Ox7fffffff) is true

You obtain similar results by casting to a | ong. For example, when shifting bytes
into a | ong value, cast each byte to a | ong; otherwise, the result is only a 32-bit
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value. The following example results in a 64-bit value. (Assume | ong_val isa
| ong data type and bp is a pointer to bytes.)

long_val = (((u_long)bp[0] << 56) | ((u_long)bp[l] << 48));

2.5.4 Variables

Variables declared as i nt are 32-bit entities on both 32-bit systems and in the
64-bit environment of Tru64 UNIX. Variables declared as | ong (and as pointers)
are 64 bits in Tru64 UNIX.

If you have specific variables that must be 32 bits in size on both Tru64 UNIX and
32-bit systems, define the type to be i nt. If the variable must be 32 bits on 32-bit
systems but 64 bits on Tru64 UNIX systems, define the variable to be | ong.

2.5.5 Structures

The 64-bit environment can affect both the size and alignment of structures, as
described in this section.

2.5.5.1 Size

Because pointers and | ongs are 64-bit values, structures and unions that include
pointers or | ong data types are larger than the same structures and unions on
32-bit systems.

For example, the following structure, Text Node, doubles in size on a 64-bit system
because the pointer types are doubled in size from 4 bytes to 8 bytes:

struct Text Node
{

char *text;

struct Text Node *left;
struct Text Node *ri ght;
}s

If you are sharing data defined in structures between 32-bit and 64-bit systems,
avoid using | ongs and pointers as members in shared structures.

2.5.5.2 Member Alignment
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The compiler ensures that members of structures and unions are aligned on their
natural boundaries. Table 2—6 shows the alignments of various data types.

Table 2—6: Structure Alignments

Data Type Alignment
char byte
short word

i nt longword
| ong quadword
poi nt er quadword

The compiler sometimes inserts padding to provide member alignment in
structures and unions. On 64-bit Alpha systems, the size of the following structure
is 32 bytes: 8 bytes for each pointer and 4 bytes of padding after the i nt member
si ze, so that the pointer | ef t , which follows si ze, is aligned on a 64-bit boundary:

struct Text Count Node
{

char *text;

Comparing HP-UX and Tru64 UNIX



int size;
struct Text Count Node *|eft;
struct Text Count Node *right;

b
2.5.5.3 Structure Alignhment

The compiler aligns structures according to the strictest aligned member. This aids
in aligning structure members on their required boundaries. The compiler pads
structures to ensure proper alignment. Padding can be added within the structure
or at the end of the structure to terminate the structure on the same alignment
boundary on which it started.

Because of padding, do not assume that the size of a structure is simply the
accumulated size of all of the objects defined in it. The si zeof operator is a safer
method for determining structure size.

In some cases, you can minimize the amount of padding needed in a structure by
reordering the members.

The following structure is 40 bytes; the compiler adds 4 bytes of padding after
each of the members si ze and count , to maintain alignment of the pointers on
64-bit boundaries:

struct Text Count Node

{

char *text;

int size;

struct Text Count Node *|eft;
int count;

struct Text Count Node *right;
}s

Placing the two i nt members together eliminates the padding and reduces the
size of the structure to 32 bytes:

struct Text Count Node
{

char *text;

int size;

int count;

struct Text Count Node *|eft;
struct Text Count Node *right;

}s
2.5.5.4 Unions

Problems arise when the use of a union is based on assumptions such as the
following:

si zeof (doubl e) == 2*sj zeof (1 ong) or sizeof (long) == 4*sizeof (char)

The following code fragment assumes that an array of two | ongs overlays a

doubl e:

uni on doubl e_uni on {
doubl e d;

unsi gned |long ul[2];
b

Changing the | ong to an i nt fixes the problem:

uni on doubl e_uni on {

doubl e d;
unsigned int ul[2];
b
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2.5.5.5 Bit Fields

Bit fields are allowed on any integral type on Alpha systems. (ANSI C requires
only bit fields with i nt, si gned i nt, and unsi gned i nt types.)

In a C declaration, if one bit field immediately follows another in a structure
declaration, the second bit field is packed into adjacent bits of the former unit.
Because the | ong data type is 64 bits long on Alpha systems, consecutive
declarations of bit fields of type | ong can contain multiple bit-field definitions,
whereas this might not occur on 32-bit systems. This difference can cause
unexpected results in operations on these bit fields.

To ensure the same behavior in operations on bit fields, change bit field definitions
of typel ong to i nt.

The - Zp n option to the cc command and the #pr agrma pack directive let you
specify the number of bytes used to align the members of a structure. Fore more
information, see the Tru64 UNIX Programmer’s Guide and cc(1).

2.5.6 Library Calls and Operators

The 64-bit data types also affect the following library calls and operator:
e printf() andscanf ()

The conversion specifications for pri nt f () and scanf ( ) have been modified
to accommodate the fact that | ongs and unsi gned | ongs are 64-bit values.
Use the length modifier, | (lowercase letter L), with the d, u, 0, and x conversion
characters to specify assignment of type | ong or unsi gned | ong.

For example, % d prints a | ong as a signed decimal, and % u prints a |l ong as
an unsigned decimal. If the length modifier is not used, the type is assumed to
be i nt, or unsi gned i nt, depending upon the conversion character.

The format code %.f specifies a 128-bit| ong doubl e type.
e malloc() andcalloc()

Memory allocation library functions such as mal | oc( ) guarantee to return
data aligned to the natural alignment of any object. In the 64-bit Tru64 UNIX
environment, mal | oc( ) returns a pointer to memory that is at least quadword
aligned.

e Iseek()

The | seek( ) call takes an argument of type | ong (of f _t) to specify the
file offset.

- fsetpos() andfgetpos()
The f set pos( ) and f get pos( ) calls take an argument of type | ong
(f pos_t) to specify the file position.

e varargs()

In Tru64 UNIX, va_l i st is not a char pointer. The formal declaration of
va_li st isgivenintheva_li st. h file. See var ar gs(3) for more information
on the use of these macros, as well as the data manipulation section in Calling
Standard for Alpha Systems.

= sizeof operator
The result of the si zeof operator issi ze_t, an unsi gned | ong.

2.6 File System

The 64-bit Tru64 UNIX operating system allows you to build very large files and file
systems. The of f _t file offset is defined to be a | ong on Alpha systems (64 bits).
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Given this extended capability, you can build files and file systems that cannot be
fully accessed by 32-bit systems. Consider this when working in a distributed
environment in which file systems are shared between 32- and 64-bit systems.

2.7 Endian Issues

HP-UX PA-RISC architecture is big-endian: It has forward byte ordering. Bit O is
the least-significant bit and byte 0 is the most-significant byte. Alpha and Intel x86
architectures are little-endian: Byte 0O is the least-significant byte.

Figure 2-2 illustrates the byte ordering on the Alpha architecture.

Figure 2-2: Byte and Bit Ordering on Alpha Systems

byte 3 byte 2 byte 1 byte 0
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For well-constructed code, the endianism of a system is almost always transparent.
Those few cases in which endianism is a concern typically are caused by coding
practices that mix types in unions or casts.

2.7.1 Unions

Unions such as the following can result in an endian portability problem:

union int_byte {

int int_val;

char byte[4];

b

union int_byte my_var;

ny_var.int_val = 1000000;

if(ny_var.byte[3] == 0)

printf("The nunber is divisible by 256\n");

On a big-endian machine, this code works correctly. Byte[3] is zero only when the
number is divisible by 256. However, on a little-endian machine, byte[3] is the
most-significant byte. Either of the following methods fix this problem:

= Use a constant to represent the least-significant byte. On a big-endian
machine, ensure that the constant is 3. On a little-endian machine, ensure
that the constant is O:

i f(my_var.byte[| NT_LEAST_SI GNI FI CANT_BYTE] == 0)
printf("The nunber is divisible by 256\n");

e Use code that is not sensitive to endian issues:

if((my_var.int_val & Oxff) == 0)
printf("The nunber is divisible by 256\n");

2.7.2 Initializing Multiword Entities in 32-Bit Chunks

Use care when porting code that initializes quadword and other multiword entities
with 32-bit entities. For example, on a big-endian system, an array of two 32-bit
integer values is used to initialize a 64-bit doubl e:

Ox7fffffff;
Oxffffffff;

u. ul [1]
u.ul [0]

To produce the correct results on a little-endian system, such as an Alpha, the
subscripts must be reversed:
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u.ul [0]
u. ul [1]

Ox7fffffff;
Oxffffffff;

2.7.3 Unused Bytes

Sometimes code that tries to make efficient use of memory takes advantage

of the fact that often not all 4 bytes in an integer are used. For example, if a
particular i nt field in a record will hold only values in the range 0 to 10,000,000,
the most-significant byte will always be zero. A 1-byte field could be stored in that
byte to make the record 1 byte smaller.

If the most-significant byte is accessed by means of a character array or by casting
and dereferencing a pointer, then the code will not be portable and slightly different
versions will be needed on big-endian and little-endian machines. However, if
bitwise operators are used to mask, merge, and shift bytes, then the code will be
portable.

2.7.4 Hex Constants Used As Byte Arrays

An endian problem occurs when a 32-bit value is treated sometimes as a 32-bit
value (an integer) and sometimes as an array of 4 characters. For example, the
following array is equivalent to the number 0x11223344 on big-endian machines
and the number 0x44332211 on little-endian machines:

char a[4] = {0x11, 0x22, 0x33, 0x44};

2.7.5 Data Transfer

If data with multibyte values is being transferred between big-endian and
little-endian systems, then it is a simple matter to provide code that swaps the
bytes. Appendix A presents suggestions for doing this.

2.8 Write-to-Memory Operations and Memory Barriers
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The Alpha architecture guarantees coherency of a processor’s view of memory
(that is, cache is updated, or the contents marked invalid and good data fetched
elsewhere). The architecture has a shared-memory model that specifies no implicit
ordering between the reads and writes issued on one processor, as viewed by a
different processor. This approach allows a wide variety of high-performance
implementation techniques. For example, it makes possible such implementations
as the use of multibank caches, bypassed write buffers, write merging, and
pipelined writes with retry on error.

When required, specify strict ordering of reads and writes by using explicit memory
barrier (MB) instructions. Low-level hardware operations, such as device drivers,
often make use of memory barrier instructions to ensure the order in which data
are written to memory.

The following code fragment illustrates the use of a memory barrier:

device_intr()

{

mb() ;

bcopy (DMA buffer, data, nbytes);

/* If we need to update a device register, do: */
nb();

devi ce- >csr = DONE;

nb();

}

See Writing Device Drivers in the Tru64 UNIX Device Driver Kit for more
information.
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3

The Porting Process

This chapter consists of general porting guidelines, followed by a procedure you can
use to port code to the Tru64 UNIX operating system.

3.1 Porting Guidelines

The following suggestions are not the only way to port a 32-bit application to a
64-bit environment. However, each step is based on the lessons learned by people
who have already ported code, so consider them before creating your own approach.

Obtain copies of each system’s commonly used . h files (for example, | i mi t s. h,
t ypes. h, param h, and so on) and use them for reference. Use predefined
types whenever possible. Use the *i 0. h, conmon. h, and i ot ypes. h files for
driver and kernel t ypedef s.

Take the time to create and use function prototypes. The time invested doing
this will be repaid later. Be aware of function arguments that are not explicitly
declared and typed. Argument sizes of such functions might not match those of
the calling program.

Also note that i nt is the default size for untyped register and unsigned
variables.

Check all code with | i nt. Use the - Qoption, which turns on checking for
potential migration issues when moving from a 32-bit to a 64-bit architecture.

When declaring constants, use L or UL as appropriate; when necessary, use the
unsigned UL to prevent sign extension.

When checking or converting | ong declarations, check calls to pri ntf () and
appropriately change format strings to % d, % u, % x, or vice versa. (Most
people miss these changes during their porting.)

Check (int *) and (|1 ong *) types of casts.
Use NULL, defined as OL, for zero or (char *) comparisons.

Declare variables as i nt or | ong for alignment and performance. Do not try to
save bytes by using a char orashort.

Generate appropriate t ypedef s for portability. For example:
t ypedef int bool ean_t;

Beware of rounding pointers for alignment (for example, & 0x03). To avoid
truncating addresses, use appropriate castings, and for size, use the following:

(sizeof (long) - 1)
For example:
#define round(a,b) ((((ulong)(a)+(b))-1)&(ulong)((b)-1))

rndstak = (uchar_t *)round(staktop, BYTESPERWORD);

Avoid storing structures that contain pointers in data files. These files then
become nonportable between 32-bit and 64-bit systems.

Declare character pointers and character bytes as unsi gned char to avoid
sign extension problems with 8-bit characters.
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= The signal () function returns a pointer (64 bits) to the previous signal
handler:

void (*signal (int signal, void (*function)( int ))) (int);
Do not store the pointer in an i nt or the address will be truncated.

= Use variable argument lists instead of declaring extra i nt arguments.

Note

The Alpha va_l i st is not a char pointer as it is with many other
var ar gs implementations. See the va_|I i st. h file for the formal
declaration of va_| i st .

= When shifting bytes into a | ong value, ensure that each byte is cast to al ong.
Otherwise, the result is only a 32-bit value (not 64 bits as expected).

When shifting bits on an integer constant, specify the constant with L or UL if
you want a result of type | ong or unsi gned | ong, respectively. Otherwise,
the results will be an integer. See Section 2.5.3.2 for more information.

= Beware of compiler optimizations. Declare as volatile any variable used in a
loop that is updated by an external function (for example, by a signal handler).
Otherwise, the loops will not detect changes.

e Indriverioctl () functions, ensure that the cd argument is an unsi gned
i nt to avoid sign extension and comparison problems. Any command defined
with | OC_I N (0x80000000) will sign extend.

< Network Internet addresses are 32 bits. Most network code uses | ongs for
network addresses (16-bit leftover necessary to force 32 bits).

= When data alignment cannot change (for example, network packets), use
#pragma pack to avoid compiler structure padding.

= Change only what you know is broken. This approach has the following
advantages:

— It minimizes the number of changes, making them more understandable,
more manageable, and easier to propagate.

— It minimizes the number of new problems created during the port.

— Every change fixes something that is known to be a problem. There are
none of the open questions that accompany global replacements.

3.2 Porting Procedures

The following procedures will help in the porting process.

3.2.1 Look for Potential Problems

Use the following methods to locate potential problem areas:
= Use gr ep to search for regular expressions that might indicate problem areas.

e Uselint -Q which checks for common programming techniques that can
cause problems when moving from 32-bit systems to 64-bit systems.

3.2.1.1 Use the grep Command

Search for the following regular expressions to find constructions that are likely
to cause porting problems. (It usually takes less time to find these problems with
gr ep rather than with dbx.)

e nmencpy
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Byte counts that work on a 32-bit machine might be incorrect on a 64-bit
machine. If you pass a variable of t ype si ze_t, you can avoid this problem.

e union

Any union with a | ong is likely to be a problem; a union with an i nt might
be a problem.

- O[xX[0-9a-f A-F]

Hexadecimal constants, especially when mixed with | ongs or pointers, can
be problems.

= % dDxX]
Fix printf()/scanf () format codes if the parameter is al ong (for example,
printf("%d", a_long);).

< sizeof (1 ong)
In Tru64 UNIX this is not the same as si zeof (i nt).

e extern
If an external variable is used, make sure that all declarations of the variable
match.

< long.*32

Examine lines like the following:
t ypedef 1ong | NT32;

Examine all | ong declarations; you can convert many of these to i nt to save
space. For network addresses, replace an unsigned | ong with an unsigned
int.

e << >> and ~

Add L to values acted on by shift operators or complements when those values
are | ong constants. This avoids a zero result.

- &
Examine the address of & to make sure it is not stored inani nt .

We recommend that you examine all lines of code that have the regular expressions
mentioned in this section. However, if the code contains too many occurrences for
you to review them all, look at a sampling of these constructs. You might determine
that for some constructs, you need to review all the code. You might decide to
refine the search characteristics. For example, you could look at all the unions in
a particular directory.

3.2.1.2 Use lint -Q

Tru64 UNIX provides an option to | i nt, - Q whose sole purpose is to search for
programming techniques that might cause problems when moving code from a
32-bit system to a 64-bit system.

You can use a number of suboptions to - Qto refine your checking by selectively
suppressing checking for specific problem areas. For example, lint -Qc
suppresses checking for problematic type casts.

For a description of the - Qsuboptions, see | i nt (1).

3.2.2 Compile the Code and Save Compiler Messages

When you compile the code with cc:

= You can use the - pr ot o option to generate function prototypes. Then use
- war npr ot os to check that all functions have prototypes.
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The cc compiler creates function prototypes automatically when you use the
-proto[is] option. The - pr ot o option extracts prototype declarations for
function definitions into a file with a . H suffix. The i suboption includes
identifiers in the prototype, and the s suboption generates prototypes for static
functions as well.

= Use the - st d1 option to enforce ANSI C standard.
= Use the - w0 option to display all levels of compiler messages.

= You can deliberately bind addresses to the first 2 gigabytes of address space by
specifying the - t aso option to cc or | d. Under this option, the high 33 bits of
all pointers are always zero. The- t aso option also causes the run-time loader
to dynamically relocate shared libraries, such as | i bc. so, into the first 2
gigabytes of address space.

The -t aso option might simplify the porting process for applications that
assume the size of pointers and variables is always 32 bits.

= The - xt aso option can allow applications to use 32-bit pointers. See
Section 4.3.5 for more information.

3.2.3 Fix Problems Identified at Compile Time

For each error, the C compiler identifies, as best it can, the line at which the error
occurs and the nature of the error.

3.2.4 Fix Alignment and Padding

The Alpha architecture requires that 64-bit quantities (I ongs and pointers) be
64-bit (8-byte) aligned. The Tru64 UNIX operating system corrects unaligned
accesses on the fly, but we recommend that you remove unaligned accesses from
the code for the following reasons:

= On-the-fly correction of unaligned accesses is substantially slower than normal
accesses.

= Unaligned access probably indicates a bug in the program. (In almost all cases,
if the code is working correctly, the compiler will arrange things to avoid
unaligned accesses.)

See Section 3.3.2 for instructions on finding and correcting the offending line of
code. You can find more information on unaligned accesses in the data alignment
section of the Tru64 UNIX Programmer’s Guide and in Appendix A of the Alpha
Architecture Reference Manual. For information on alignment control options that
you can specify on compilation command lines, see cc(1).

3.3 Porting Suggestions

The following suggestions can help you chase down problems in ported code.

3.3.1 Techniques for Finding Problems in Partially Working Code

When you find something wrong and you are done correcting the code and testing
the fix, ask yourself, "Could there be similar bugs in similar code elsewhere in
the application? What's the best way to find them?" Then use your tool set to
find and fix those bugs.

= On tough-to-find problems, a reference platform can be very helpful. On a
platform where the application works, run the application in the debugger.
Trace through both platforms in parallel and determine where the two diverge.
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= Use dbx to obtain a memory dump. For example, a zero is returned where
you expected to receive a nonzero value, and you see a pattern in memory
that looks like the following:

<32-bit value> <32-bit ZERO> <32-bit val ue> <32-bit ZERO>

You might have an array that was created as an array of | ongs, but then
accessed as an array of i nt s. This makes every other value a zero.

3.3.2 Hints for dbx

The following example shows how to find a line of code that caused an unaligned
access:

Unal i gned access pi d=3488 <a.out> va=1400001f4 pc=120001178
ra=1200010d8 type=I dq

(dbx) stopi at 0x120001178

(dbx) run [2] stopped at >*[main:7, 0x120001178] Idq rl7, 4(rl)

(dbx) where nmi n(0x3f f 800f 934, 0x3f f cO0a5840, 0x11ffff788, 0x120001010,
0x1200010d8) ["t.c":7,0x120001178]

The argument passing is handled in the following registers:

ro Return value from a function (nonfloating point)

rl6 Function argument 1

rl7 Function argument 2

ri8 Function argument 3

rl9 Function argument 4

r20 Function argument 5

r21 Function argument 6

f16-f21 Floating-point arguments

r31 Hardwired to contain a zero; you cannot move to r 31

The first six function arguments are always passed in registers r 16-r 21. If a
function has more than six arguments, the extra arguments are passed on the
stack.

Most functions, on entry, store the arguments onto the stack. However, simple leaf
functions (no calls to other functions) do not store arguments on the stack. Because
the dbx wher e command looks on the stack for argument values, the information

displayed by the wher e command is incorrect for simple leaf functions.

The following example shows how to dump memory for 20 items, starting at address
0x3000000. The dbx assi gn command is used to alter the values of variables.

(dbx) 0x3000000/20 X longs (64-bit ints)
X ints (32-bit ints)
c chars
i disassenbled instructions
(dbx) print *(long *)Ox11fffff20
0x632f 73756c70322e
(dbx) assign Ox11fffff20 = 17
0x11
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(dbx) print *(long *)Ox11fffff20
0x11

Note: 64 bits are changed.

The following example shows how to print a string that starts at address
Ox11fffff20:

(dbx) print (char *)O0x11fffff20

3.4 Porting Assistant

Compaq Porting Assistant is a set of integrated software tools designed to help
port applications to Tru64 UNIX. It checks for code that is likely to cause porting
problems, and it simplifies the process of making needed changes.

See Chapter 5 for more information.

3-6 The Porting Process



A

Application Development Environment

The development environment in Tru64 UNIX Version 5.1 is fully compliant

with ANSI C and ISO C. It offers the programming features of both BSD and
System V UNIX and is compliant with most standards, including POSIX, XPG4,
and XPG4-UNIX. Tru64 UNIX features debuggers that support C, Assembler,
Fortran (F77 and F90), C++, Ada, and connection to / pr oc. It also supports shared
libraries, threads, and versioning, and has a fully optimized C compiler that
produces extremely efficient code to exploit the 64-bit address space of the Alpha
architecture.

This chapter presents the following topics:
= Software

= C preprocessor

e C compiler

= Linker

e C++

= Lint program checker

= Debugging tools

= System V compatibility

= Other programming tools
= The make command

= Header files

e Shared libraries

4.1 Software

To port or develop applications for Tru64 UNIX, you need the Developers’ Toolkit
for Tru64 UNIX.

Table 4-1 lists the software subsets for the Tru64 UNIX software development
tools and related software. With the exception of OSFCMPLRSnnn, which is part
of the base Tru64 UNIX operating system, all the other subsets are part of the
Developers’ Toolkit for Tru64 UNIX.

Table 4-1: Software for Developers
Subset Name Contents

OSFCVMPLRSNNN Compiler Back End C Language Compiler (This is a mandatory subset.)

OSFSDENnnn Software Development Tools and Utilities
OSFLI BAnnn Static Libraries

OSFPGVRNNN Standard Programmer Commands

OSFI NCLUDENNN Standard Header Files

OSFSDECDENNN Software Development Desktop Environment
OSFRTDEVNNn Realtime Software Development Tools
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Table 4-1: Software for Developers (cont.)

Subset Name Contents

OSFXI NCLUDEnnn X Window and X/Motif Header Files
OSFXDEVNNn X Window and X/Motif Software Development
OSFXLI BAnnn X Window and X/Motif Static Libraries
OSFRCSnnn GNU Revision Control System (RCS)
OSFSCCsnnn Source Code Control System (SCCS)

OSFLDBBASENNN Ladebug Debugger

OSFLDBGUI nnn Ladebug Debugger Window Interface
OSFCDAPGVRNNN CDA Software Development
OSFXCDADEVNNN CDA for X/Motif Development

In subset names, the sequence nnn indicates the version number of the software;
for example, OSFBASE500. The version number depends on the release of Tru64
UNIX you are running. For information about software subsets and loading
softare, see the Tru64 UNIX Installation Guide and set | d(1).

4.2 C Preprocessor

The C preprocessor (cpp) on Tru64 UNIX systems is similar to the preprocessor
on HP-UX systems. Like the HP-UX preprocessor, the Tru64 UNIX preprocessor
interprets directives, such as #i ncl ude and #def i ne. The syntax for specifying
directives is the same as the syntax on HP-UX systems. The Tru64 UNIX C
preprocessor supports additional processor-specific conditions (specified by the
#pr agma directive) and ANSI C preprocessor definitions.

4.3 C Compiler

The Tru64 UNIX system provides an ANSI C—compliant compiler. In addition to
compiling ANSI C programs, the compiler provides a compilation mode that allows
you to compile programs written in Kernighan and Ritchie (K&R) C.

The Tru64 UNIX Version 5.1 C compiler supports 64-bit data types and is
NIST-validated for compliance with the ANSI Standard for C. The C front end
supports both 64-bit addressing and the interfaces to the System V shared libraries.

This section highlights the features of the Compag C compiler, and gives some
comparisons to the HP-UX C compiler.

4.3.1 Features of the Compaq C Compiler

The C compiler offers the following features:

= Compiles the C dialect of the user’s choice, including:
— K&R C (- st d0 mode)
— Strict ANSI C (- st d1 mode)
— ANSI C with extensions (- st d mode)

This mode allows certain extensions to the ANSI standard, such as C++
style comments and casting of the left side of an assignment operator.

e Supports the XPG4-UNIX standard:
— By default, under the c89 command
— With the - D_XOPEN_SOURCE_EXTENDED option to cc
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Supports floating-point and double-precision operations in the following two
modes:

— IEEE support (including proper handling for exceptional conditions like
NaN, INF, and so forth)

— Fast Math mode (INF, NaN, and so forth, translated to avoid exception
handling)

Supports the following language extensions:

— C++ style structured exception handling by usingtry. .. except and
termination handling by using try. .. finally. See the chapter on
Handling Exception Conditions in the Tru64 UNIX Programmer’s Guide.

— User-defined assembly language sequences by using asmsequences

— 32-bit pointers to help reduce the amount of memory used by dynamically
allocated pointers, and to facilitate the porting of 64-bit hostile programs

— Linking programs in 32-bit address space to facilitate the porting of 64-bit
hostile programs (the | d -t aso option)

— Pragmas for controlling alignment of structures

4.3.2 Support for Interfaces and Definitions

Tru64 UNIX is written using a hierarchy of interfaces and definitions. Using the
default interface, OSF_SOURCE, applications are able to make use of all the features
specified by the OSF Application Environment Specification (AES). If other specific
operating system environments are needed, you can use the following macros:

D _POsI X_SOURCE (for maximum portability of your application)
AES_SOURCE

XOPEN_SOURCE
ANSI _C_SOURCE
BSD

For example, applications needing a POSIX-conforming environment use the

- D_POSI X_SOURCE compiler switch to compile. Applications needing a strict
ANSI-conforming environment use the - D_ANSI _C _SOURCE and - st d1 compiler
switches to compile.

4.3.3 Compilation Options for Hardware Architectures

The Compaq C compiler supports the - ar ch option for specifying the version of the
Alpha architecture for which the instructions are to be generated.

4.3.4 Compilation Options for Checking Code Portability

The Compaq C compiler supports a number of options that can assist you in porting
applications:

-arch

Generates instructions that are appropriate for all Alpha processors.
Optionally, you can use this to specify optimization for a particular version of
the Alpha architecture.

-tune

Selects instruction tuning that is appropriate for all implementations of the
Alpha architecture. Optionally, you can use this to specify optimization for a
particular version of the Alpha architecture.
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e -check

Performs compile-time code checking. With this option, the compiler checks
for code that exhibits nonportable behavior, represents a possible unintended
code sequence, or possibly affects operation of the program because of a subtle
change in the ANSI C Standard.

e -isoc94

Causes the macro STDC_VERSI ON to be passed to the preprocessor and enables
recognition of the digraph forms of various operators.

e -portable

Enables the issuance of diagnostics that warn about any nonportable usages
encountered. This option is not available when you use the - ol dc option.

e -std[n]
Directs the compiler to produce warnings for language constructs that are not
standard in the language. The default is - st d.
Use - st d1 to enforce strict ANSI C standard.

e -warnprotos

Produces warning messages when a function is not declared with a full
prototype.

e -protolis]

Extracts prototype declarations for function definitions and puts them ina . H
suffixed file. The suboption i includes identifiers in the prototype, and the
suboption s generates prototypes for static functions as well.

For more information on the Compag C compiler, see cc(1).

4.3.5 Compilation Options for 32-Bit Pointers

The - xt aso and - xt aso_short compiler options support the use of 32-bit pointers
in the 64-bit Tru64 UNIX environment. In addition to simplifying the process

of porting applications that make assumptions about the sizes of pointers, the
32-bit pointer data type can help developers reduce the amount of memory used by
dynamically allocated pointers.

When you use the - xt aso option, all pointer types default to 64-bit pointers. You
can declare 32-bit pointers by using poi nt er _si ze pragmas. Place pragmas
where appropriate in your program. Images built with the - xt aso option must be
linked with the - t aso option in order to run correctly.

When you use the - xt aso_short option, all pointer types default to 32-bit
pointers. You can still declare 64-bit pointers by using the poi nter_si ze
pragmas. Because all system routines continue to use 64-bit pointers, calls to
system routines need special handling. You can automate this special handling,
with no source changes, by using the appropriate header files. See the reference
page pr ot ect _header s_set up(8) for more information.

All poi nt er _si ze pragmas in a program are ignored unless the program is
compiled with either the - xt aso or - xt aso_short compiler option.

The syntax for the poi nt er _si ze pragma is as follows:
#pragma poi nter_size specifier

The specifier must be one of the following keywords:

< long

All pointers following this pragma are 64 bits in length until an overriding
poi nt er _si ze pragma is encountered.
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e short

All pointers following this pragma are 32 bits in length until an overriding
poi nt er _si ze pragma is encountered.

® Ssave

The current pointer size is saved such that a corresponding #pr agnma

poi nter_si ze restore will set the pointer size to the current value. The
model for pointer size preservation is a last-in/first-out stack such that a save
is analogous to a push, and ar est or e is analogous to a pop.

e restore

The opposite of save. The uppermost saved pointer size is restored and deleted
from the save/restore stack.

For more information about using 32-bit pointers, see Appendix A in the Tru64
UNIX Programmer’s Guide.

4.3.6 Call Conventions for Passing Arguments

Call Conventions for Passing Arguments

On Tru64 UNIX, the first six function arguments are always passed in registers
ri16 tor 21, with additional arguments passed on the stack. Table 4—2 shows the
registers used for passing arguments.

Table 4-2: Call Conventions for Passing Arguments

Register Description

ro Return value from a function
rlé Function argument 1

ri7 Function argument 2

ri8 Function argument 3

ri9 Function argument 4

r20 Function argument 5

r21 Function argument 6

$f 16-$f 21 Floating-point registers

r3i Hardwired to contain the value 0

4.4 Linker (Id)

The linker (I d) by default loads the program text and data in the high 64-bit
virtual address space of the process (between Oxffffffffffffffff and
0x0000000100000000).

Currently the virtual address is 43 bits, and the maximum user address
is Ox3ffffffffff. In the kernel, address ranges exist between

Ooxf ffffc0000000000 and Oxff fffe0000000000, but they are not user
accessible. This means no addresses are accessible with a 32-bit address.

If your source code contains any unintended pointer truncations, they will trap

into the kernel and cause a run-time error. You can change the default behavior
of the linker by using the - T or - D options to change the text and data segment
origin, respectively.
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The Id Option for Porting Code

The -t aso option causes the linker to load the executable in the lower 31-bit
addressable virtual address range. In addition to setting default addresses for text
and data segments, the option causes shared libraries linked outside the 31-bit
address space to be appropriately relocated by the loader. The - T and - D options,
when used in addition to the -t aso option, override the - t aso default addresses.

45 C++

Compaq C++ Version 6.2 for Trué64 UNIX is based on the ANSI/ISO C++
International Standard, reference designation number ISO/IEC 14882:1998.

To enhance compatibility with other C++ compilers, Compaq C++ supports options
that direct the compiler to interpret the source program according to certain rules
followed by other C++ compilers. Supported options include the following:

e -cfront
Improves compatibility with C++ compilers based on the "cfront” C++ translator
from AT&T.

e -8

Improves compatibility with C++ compilers based on Microsoft’s Visual C++.

For more information about porting C++ applications, see the manual Using
Compagq C++.

4.6 The lint Program Checker

The I i nt command examines C programs for bugs, nonportable code, and
inefficient code. From a porting perspective, the most useful option may be - Q
which turns on checking for programming practices that might cause problems
when code is moved from 32-bit systems to 64-bit systems. The - Qoption examines
pointer and data type usage such as the following:

= Pointer alignment

= Pointer and integer data type combinations

= Assignments that cause a truncation of | ong data types
= Assignments of | ong data types to another type

e Structure and pointer combinations

= Type castings

= Format control strings in scanf and printf calls

4.7 Debugging Tools

Tru64 UNIX provides three debugging tools:
= dbx

A source-level debugger for programs written in C, Fortran, Pascal, assembly
language, and machine code.

< Ladebug

A symbolic source code debugger for programs compiled by the Compaqg C,
ACC, Compaq C++, Compagq Visual Fortran (Compaq Fortran 90 and Compagq
Fortran 77), Compaq Ada, and Compagq COBOL compilers.

Both a graphical interface and command-line interface are available.
< kdbx
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A crash analysis and kernel debugging tool. It serves as an interactive front
end to the dbx debugger. The kdbx debugger is extensible, customizable, and
insensitive to changes of offsets and sizes of fields in structures.

For more information about debugging, see Section 6.7.

4.8 System V Compatibility

Tru64 UNIX provides users, programmers, and administrators with System V
functionality.

4.8.1 System V Habitat

Developers who want a System V development environment can use the System V
Habitat. The habitat provides source-code compatibility for C-language programs.
The habitat is part of the base operating system.

The System V Habitat consists of alternate versions of commands, subroutines, and
system calls that support the source code interfaces and run-time behavior for all
components of the Base System and Kernel Extension as defined in the System V
Interface Definition (SVID). This implementation of the System V Habitat supports
all SVID 2 functions and SVID 3 functions. The System V Habitat does not contain
alternate versions of default system commands, subroutines, and system calls that
already meet the SVID requirement.

For directions on making the System V Habitat your default environment, see the
chapter "Using the System V Habitat" in the Tru64 UNIX Command and Shell
User’s Guide. The System V Habitat is described in detail in Appendix B of the
Tru64 UNIX Programmer’s Guide.

4.8.2 Extended System V Compatibility

Prior to Tru64 UNIX Version 5.0, the System V Environment, layered software,
extended the functionality provided by the System V Habitat by supporting a more
complete System V Release 4 (SVR4) environment for general users, application
programmers, and system administrators. Extended System V compatibility
became part of the base operating system in Tru64 UNIX Version 5.0.

4.8.2.1 System V Environment

The System V Environment was an extension to the operating system that
contained a separate System V Release 4.0 binary license from UNIX Software
Laboratories. A special license and a Product Authorization Key (PAK) were
required.

The System V Environment added compliance with the following SVID 3 volumes:
= \olume 2: Utilities and Administration

= \Volume 3: Software Development, Terminal Interface, Realtime and Memory
Management, Remote Services

Table 4-3 lists the additional software required for the System V Environment.

Table 4-3: Software for System V Environments

Subset Name Contents

SVEENVNnn System V Environment Setup Files Package
SVEADMhNN System V Environment System Management Package
SVEBCPnnn System V Environment Base Compatibility Package
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Table 4-3: Software for System V Environments (cont.)

Subset Name Contents

SVEDEVnnn System V Environment API and Development Tools Package
SVEMANNNN System V Environment Reference Pages Package

SVEPRI NTnnn System V Environment Print Package

The System V Environment is described in the Tru64 UNIX Technical Overview.

4.8.2.2 Extended System V Compatibility in Tru64 UNIX Version 5.0

Starting with Tru64 UNIX Version 5.0, the features of the System V Environment
are integrated into the base operating system. Tru64 UNIX provides 80 percent
of the SVID standard, as verified by System V Verification Suite 3 (SVVS 3) and
System V Verification Suite 4 (SVVS 4). As a result, Trué64 UNIX contains a
substantial number of SVR4 features and delivers the highest composite SVR4
conformance of any implementation.

SVR4 functionality will be expanded in future releases. For details, see the
Software Product Description for your particular version of Tru64 UNIX.

4.9 Other Programming Tools

Tru64 UNIX provides other programming tools that are also available on HP-UX.
Each tool has been modified to support the ANSI C language dialect, shared
libraries, and 64-bit data types. Otherwise, its use is the same as its HP-UX
equivalent, when one exists.

Table 4-4 gives a brief description of each Tru64 UNIX tool. For more information
about the tools, see the respective reference pages.

Table 4-4: Tru64 UNIX Programming Tools

Tool Function
ar Creates and maintains archive libraries. (You cannot use
the ar command to create shared libraries.)

atom Profiling tools.
hi pr of Produces flat and hierarchical profile of execution times.
pi xi e Produces profile by procedure, source line, or instruction.
third Performs memory access checks and detects leaks.

cfl ow Analyzes C application files (as well as yacc, | ex, and

assembler files) and builds a graph that charts the external
references made in the application.

ctags Creates a tags file that you can use with the ex editor. The tags
file specifies the location of functions and t ypedef declarations
in the specified set of C application files.

cxref Analyzes a set of C application files and builds a cross-reference
table. The table lists all symbols used in the application.

dis Disassembles object files into machine instructions.

gpr of Produces an execution profile.

| dd Lists the dynamic dependencies of an executable file or shared object.

I ex Generates a C language source file that matches patterns for

simple lexical analysis of an input stream.
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Table 4-4: Tru64 UNIX Programming Tools (cont.)

Tool Function

nm Displays symbol table information for object files,
archive files, shared libraries.

file Reads one or more files as input, performs a series of tests
on the files, and determines their types.

odunp Displays information about an object file, archive file, or
executable file. You can use odunp options to display an object
file’s header, defined symbols, or program regions.

pr of Analyzes profile data.

pi xstats Analyzes the output from pi xi e; supported only with archive
libraries and cannot be used with shared libraries.

rcs Revision Control System (RCS).

sccs Source Code Control System (SCCS).

si ze Displays the number of bytes required by each section of an object
file, as well as the total number of bytes required by an object file.

st dunp Displays detailed symbol table information for an
application or object.

strip Strips symbolic debugger information from an executable file.

trace Monitors variable accesses.

uprofile Profiles a program (upr of i | e) or the kernel (kpr of i | e) by using

kprofile built-in performance counters on the Alpha processor.

yacc Converts a context-free grammar specification into a set of

tables that a simple parsing program can use.

4.10 The make Command

Tru64 UNIX provides three versions of the nake command:
< [/ bin/ make
The default. For a detailed description, see nake(1).
e [usr/bin/posix/ make
The XPG4-UNIX version. For a detailed description, see make(1p).
e Jusr/opt/ultrix/usr/bin/make

The System V version with some Berkeley compatibility added. For a detailed
description, see nmake(lu).

In addition to the appropriate reference page, you can find information about the
make command in the Tru64 UNIX manual Programming Support Tools.

Within the Tru64 UNIX Workstation Development Environment, the i make
and nmakedepend tools are available as a nake preprocessor utility and a make
dependency tool.

The description that follows applies to the default version of the command,
/ bi n/ make.

4.10.1 The makefile Search Path

If the make -f option is not used, then make looks for makefiles in the locations
indicated in Table 4-5. Tru64 UNIX assumes RCS, not SCCS, as the default for
file archiving.
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4.10.2

4.10.3

4.10.4

4.10.5

Table 4-5: The makefile Search Path

HP-UX make Tru64 UNIX make
makefil e makefil e
Makefil e Makefil e

s. makefile makefil e, v
SCCS/ s. makefil e Makefil e, v

If the SCCS file is present, HP-UX attempts
to perform a checkout.
s. Makefile RCS/ makefil e, v

If the RCS file is present, Tru64 UNIX
attempts to perform a checkout.

SCCS/ s. Makefil e RCS/ Makefil e, v
If the SCCS file is present, HP-UX attempts If the RCS file is present, Tru64 UNIX
to perform a checkout. attempts to perform a checkout.

Options for the make Command

HP-UX make options - B (turn off compatibility mode) and - d (debug make) are
not available in Tru64 UNIX.

Implementation of make Rules

Tru64 UNIX has the default rule implementation in the make binary, and uses a
Makeconf file to supersede the default rules with any compilation-specific changes.
Tru64 UNIX automatically searches for a Makeconf file in the current directory.

Built-in Targets

What HP-UX documentation refers to as built-in targets, Tru64 UNIX
documentation calls pseudotargets. Table 4-6 summarizes the behavior of
special-function targets in Tru64 UNIX.

Table 4-6: Built-in Targets

Built-in Targets Behavior in Tru64 UNIX

. SUFFI XES Work similarly to those in HP-UX, but the suffixes list is
different.
The default suffixes list in Tru64 UNIX:
.out .o.s .c .a.F.f .e.r .y .yr .ye .l .p .sh
.csh .h .f~ .f90~

. DEFAULT Equivalent on both systems.

. 1 GNORE Equivalent on both systems.

. PRECI QUS Equivalent on both systems.

. SI LENT Equivalent on both systems.

Built-in Macros

The Tru64 UNIX make command recognizes the built-in macros $@ $$@ $?, $<,
and $*. It does not recognize the $%built-in macro. That macro is available in the
XPG4-UNIX version of make, / usr/ bi n/ posi x/ make.
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4.11 Header Files

The locations and contents of header files differ among the various UNIX operating
systems. These differences can appear in a number of ways. For example, the
interface to a service might be slightly different, structure definitions might be
located in different header files, values might have changed to reflect the 64-bit
Alpha architecture, or nearly identical structures or constants might have different
names.

The Tru64 UNIX header files are accessible in the / usr/i ncl ude directory. Some
subdirectories in/ usr /i ncl ude are links to subdirectories in/ usr/ sys/ i ncl ude.

Table 4-7 describes the Tru64 UNIX directories that contain standard header files.

Table 4-7: Tru64 UNIX Standard Header File Directories

Directory Description

dec Header files specific to Tru64 UNIX

DPS Display PostScript System C header files

DXm Header files with Tru64 UNIX extensions to Motif C
lvm C header files for Logical Volume Manager (LVM)
mach Mach-specific C include files

M m Motif resource manager C header files

net Miscellaneous network C header files

neti np C header files for IMP protocols

net i net C header files for Internet standard protocols

net ns C header files for XNS standard protocols

nfs C header files for Network File System (NFS)
protocol s C header files for Berkeley service protocols

rpc C header files for remote procedure calls
servers C header files for servers

Sys System C header files (kernel data structures)
thi C header files for Transport Layer Interface (TLI)
ufs C header files for UNIX File System (UFS)

ui | Header files for the User Interface Language (UIL) Compiler
X11 X Toolkit header files

Xm Motif C header files

The Compaq C compiler can help you port your application by finding
inconsistencies in the application’s use of a symbol, a function, or a declaration in a
header file. The compiler issues error messages for the following conditions:

e Header file not found

cfe: Error: file.c: 1: Cannot open file cursesX h for
#i ncl ude

= Undefined symbol (a symbol that is not defined before its use)

This message helps you to find references to header file symbols that have
moved or are no longer available.

cfe: Error: file.c, line 8: 'ENOSYSTEM undefi ned,
reoccurrences will not be reported
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= Multiple-defined symbol (a local definition that conflicts with a header file
definition)

cfe: Warning: file.c:4: Tried to redefine the nacro
EDEADLK, this macro keeps the old definition in
std/stdl node, otherwi se the macro is redefined

= Redeclared function (a local function declaration that conflicts with a header
file declaration)

cfe: Error: t.c, line 7: redeclaration of ’'openlog ;
previous declaration at line 120 in file
"/usr/include/sysl og. h’

int openlog(char*, int);
N

= Mismatched function use and prototype (failure of a function usage to provide
the number of arguments declared by the prototype declaration)

cfe: Error: file.c, line 12: Number of arguments
doesn’t agree with nunber in declaration

= Incompatible function arguments (an attempt to provide incompatible
arguments to a function)

cfe: Warning: file.c, line 12: Inconpatible pointer
t ype assi gnment

Because function declarations or prototypes are not required by the C language
before a function call, the compiler cannot detect misuse of functions that did

not have a preceding prototype declared. To find differences in these cases, first
determine which header files your application depends on, generate a list of the
function declarations these header files contain, and then use this list of functions
to generate a cross-reference for the needed header files on a Tru64 UNIX system.
Then you can cross-check the actual declarations for changes in the function
interfaces and modify your source code where necessary. You can use shell scripts
to search for the appropriate definitions in the list of header files.

4.12 Shared Libraries Provided by Tru64 UNIX

Table 4-8 describes the shared libraries that Tru64 UNIX provides in the
/usr/shli b directory.

Table 4-8: Shared Libraries in /usr/shlib

/usr/shlib Library Description

I'i bDXm so Motif Extensions library.

|'i bDXt er m so DECterm widget library, used by dxt erm

|'i bDt Hel p. so CDE online help routines.

i bDt Mai | . so Shared library support for the dt mai | CDE mail utility.
I'i bDt Svc. so CDE service routines for desktop management.

|'i bDt Term so Shared library support for the CDE ddt erm

terminal emulator utility.

i bDt W dget . so Shared library of CDE widgets to supplement
the Motif widget.

I'i bl CE. so Inter-Client Exchange library, which enables the
building of protocols.

li bMm so Motif Resource Manager library.
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Table 4-8: Shared Libraries in /usr/shlib (cont.)

/usr/shlib Library

Description

l'i bSM so

libUl.so

i bX11. so
|'i bXETr ap. so
i bXaw. so
i bXext.so
libXi.so
i bXIE. so
libXie.so
i bXm so
i bXmu. so
libXt.so

i bXtst.so

l'i bXv. so
i bai 0. so

l'i bai o_raw. so

|'i baud. so

I'i bbkr. so
libc.so
libc_r.so

i bcda. so

i bcdrom so
i bchf.so
libcmalib. so

li bcsa. so

i bcurses. so
li bcxx. so

l'i bdb. so

I'i bdnet _stub. so

I'i bdps. so
i bdpstk. so
|'i bdvr. so
i bdvs. so

|I'i besnnp. so

The X Session Management Protocol (XSMP), which
provides a uniform mechanism for users to save
and restore their sessions using the services of a
network-based session manager. It is built on ICE
and is the C interface to the protocol.

The callable Motif User Interface Language (UIL) compiler
used by applications that want to compile UIL at run time.

Xlib library.

X Extension library.

X Athena Widgets run-time library.

X Extension client-side library.

X Input Extension client-side library.

X Imaging Extension client-side run-time library (V5).
X Imaging Extension client-side run-time library (V3).
Motif Widgets library.

X Miscellaneous utilities run-time library.

X Intrinsics library.

A library of routines for X clients to make use
of the XTEST Extension.

X Video Extension client-side run-time library.
POSIX realtime asynchronous 1/0O functions.

POSIX realtime asynchronous 1/O functions (raw
disk and tape only).

C2 security auditing library.

Motif Help System library.

C library.

Threadsafe | i bc (link to | i bc. so).
CDA run-time library.

Rock Ridge Extensions to CDFS library.
CDA/Imaging signal-handling routines.
CMA threads library.

Shared library portion of the CDE dt cmcalen-
dar manager utility.

Curses screen control library.

C++ run-time support library.

Database routines.

DECnet library.

Adobe Display PostScript client-side run-time libraries.
Adobe Display PostScript toolkit.

CDA run-time viewer library.

CDA run-time layout library.

Extensible SNMP library.
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Table 4-8: Shared Libraries in /usr/shlib (cont.)

/usr/shlib Library

Description

|'i bexc. so

I'i bi conv. so
i bids.so

l'i bi ds_nox. so
I'i bi mg. so

I'i bi ps. so
l'ibmso

I'i bmach. so

l'i bnxr. so

i bndb. so
libots. so

i bpacl . so

l'i bproplist.so
l'i bpset.so

i bpsres. so

|'i bpt hr ead. so
i bpt hreads. so
libsecurity.so

libsmx. so

libtcl.so
libtclx.so
libtk.so

i btkx.so
libtli.so
libtt.so

i bvxvm so
i brsfs. so
libfilsys.so
I'i bxnet. so

li bxti.so

Library that provides support for exception handling.
Internationalization codeset conversion routines.
Image-display services library.

Image-display services not dependent on X.
Image-processing routines.

Image-processing routines.

Compagq Portable Mathematics Library (CPML).
Mach library.

Library used by nxr, the ULTRIX binary in-
terpreter for OSF/1.

Database routines.

Compiler run-time support.

POSIX Access Control List library.

VFS Extended File Attributes library.

Processor set routines.

Adobe Display PostScript resource utilities.

Application Programming Interface for Tru64 UNIX threads.
POSIX Threads library.

C2 security library.

Systems Management Graphical support library; no
user-level interfaces available.

Base Tool Command Language (TCL) support library.
Extended TCL support library.

Graphical TCL (TK) Extensions library.

Graphical Extended TCL support library.

XTI library.

SunSoft Tooltalk routines.

LSM utility library.

AdvVFS system call interface library.

File system utility library.

X/Open networking interface library.

XTI library.

Table 4-9 describes the shared libraries that Tru64 UNIX provides in the
/usr/shlib/ X11 directory.

Table 4-9: Shared Libraries in /usr/shlib/X11

/usr/shlib/X11 Library

Description

| i bXau. so
|'i bXdnmDecG eet . so
|'i bXdnGreet . so

X Authorization library
Motif loadable greeter library

Athena-style loadable greeter library
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Table 4-9: Shared Libraries in /usr/shlib/X11 (cont.)

/usr/shlib/X11 Library

Description

I'i bXdnep. so
I'i b_adobe_dps. so
lib_dec _cirrus.so

lib_dec ffb.so

lib_dec_sfb.so
lib_dec_snt.so
lib_dec_tx.so
lib_dec_ws.so
lib_dec_xi_pcm so
lib_dec xi_se-
rial _nouse. so
lib_dec_xv_tx.so
i bcfb.so

i bcfbl6. so

i bcf b32. so

|'i bdbe. so

I'i bdi x. so

i bdi xi e. so

i bext M TM sc. so
I'i bext Mul tibuf.so
|'i bext ScrnSvr. so
|'i bext Sync. so

i bext XCM sc. so
| i bext bi greq. so
i bext kne. so

| i bext shape. so
i bextshm so

|'i bextxtest.so

i bext xtrap. so

i bf ont. so

i bf r_Speedo. so
libfr_Typel.so
libfr _fs.so

i bnfb.so
l'ibm.so

l'i bm xi e. so

|i bos. so

X Display Manager control program library
Adobe Display PostScript Extension library
Device support for the Cirrus VGA graphics card

Support for the sfb+ graphics accelerator for 2D
and 3D drawing operations

Device support for the smart frame buffer (HX)
Shared memory transport library

Device support for the TX graphic adapter

Low-layer operating system interface for the X Server

Dynamically loadable X Input Extension library
that supports the dial and box

Support library for the serial mouse

X Video Extension support for the TX graphic option
Color frame buffer library

16-bit visual support for the color frame buffer
32-bit visual support for the color frame buffer
DOUBLE-BUFFER Extension library
Device-independent portion of the X Server

With | i bmi xi e. so, supports the X Image Extensions
(XIE) Extension library

MIT-SUNDRY-NONSTANDARD Extension library
MultiBuffering Extension library
MIT-SCREEN-SAVER Extension library

SYNC Extension library

XC-MISC Extension library

BIG-REQUESTS Extension library
Keyboard-Management-Extension library

SHAPE Extension library

MIT-SHM Extension library

XTEST Extension library

DEC-XTRAP Extension library

Font access library

Loadable font renderer library

Loadable font renderer library

Loadable X Server font renderer for using a font server
Monochrome frame buffer support
Machine-independent portion of the X Server

With |i bdi xi e. so, supports the X Image Ex-
tensions (XIE) library

Operating system—dependent portion of the X Server
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412.1

4.12.2

Table 4-9: Shared Libraries in /usr/shlib/X11 (cont.)

/usr/shlib/X11 Library Description
I'i bxi nput . so X Input Extension server-side library
i bxkb. so XKEYBOARD Extension library

Tru64 UNIX Archive Libraries

In addition to shared libraries, the Tru64 UNIX system provides archive libraries.
When you link your application with them, the image for library routines you call
is included in your application image. You can link Tru64 UNIX applications to
either shared libraries or archive libraries.

Use of shared libraries, rather than archive libraries, is encouraged. Normally, you
can use shared libraries in any application and create any library as a shared
library. In most cases, the effect of using shared libraries instead of archive
libraries is transparent.

Using Shared Libraries

The use of shared libraries is transparent to the user.

To turn off the use of shared libraries, use the - non_shar ed option to the cc
command. The following example creates a nonshared executable on Tru64 UNIX
by using the / usr/ i b/1i bc. a static archive library:

# cc -non_shared -0 hello hello.c
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5

Porting Assistant

This chapter describes Porting Assistant, a tool designed specifically to help you
port source code to Tru64 UNIX from other UNIX and non-UNIX platforms. It runs
on Tru64 UNIX Versions 4.0 and higher.

5.1 What Porting Assistant Does

Porting Assistant can check C, C++, and Fortran code to identify segments that
might not compile or run properly on a Tru64 UNIX operating system. It generates
diagnostic messages indicating the potential problems. The specific code in
guestion is displayed in an editor along with the corresponding diagnostic message.
HyperHelp is available to explain why changes need to be made. Tools are provided
to simplify the process of making corrections. Porting Assistant also makes it
easier to link code by helping to resolve undefined symbols.

5.1.1 Code Checking

Porting Assistant checks for the following potential porting problems:
= Conditional code (#i f def ) that might need a Tru64 UNIX branch

If the application already uses conditional code that applies to one or more
platforms, Porting Assistant can locate this conditional code. You can then
decide how to handle that code for Tru64 UNIX.

= Includes (#i ncl ude) of files that do not exist in the specified directories

Porting Assistant identifies include files that are not found in the specified
location. If possible, it reports locations where the files do exist.

e Calls to library functions that do not match Tru64 UNIX definitions

Porting Assistant checks for functions that do not have function definitions
in Tru64 UNIX. For many of these functions, mappings to equivalent Tru64
UNIX functions are provided.

Porting Assistant also flags functions that have calls that are inconsistent
with their definition. This can occur if a function has a different signature on
Tru64 UNIX than on another platform.

= Calls to library functions with different semantics on Tru64 UNIX

Porting Assistant provides a list of functions that have different semantics on
Tru64 UNIX than on other platforms. Categories of function differences include
platform differences and 32-bit and 64— bit differences. For each such function,
Porting Assistant provides access to the function’s reference page and to a
special reference page that describes how this function is different on Tru64
UNIX. Porting Assistant searches your code to find calls to these functions.

= Code with 32-bit dependencies

Porting Assistant locates code that assumes it is running on a 32-bit
architecture. This includes such operations as assigning or casting pointers to
integers, assigning | ongs to other types, and sign-extension problems.

< Commands in makefiles that might not run correctly on Tru64 UNIX

Porting Assistant can check a makef i | e to ensure that all specified actions
exist on the user’s path. If Porting Assistant cannot find an action, it suggests
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locations of a program with the same name. Porting Assistant checks the
arguments and options to common build commands (cc, | d, ar,and rm. It
reports when the Tru64 UNIX option is different from that on the source
platform and gives the equivalent Tru64 UNIX option.

5.1.2 Diagnostic Messages

A Porting Assistant diagnostic message reports the name of the file and the line
number where the potential problem was found, the severity of the problem, and
brief text describing the nature of the problem.

Examples of diagnostic text include:

= Assignment of | ongs to other types

= lllegal combinations of pointer and data types
= Shift operator yields zero

« Truncation of | ongs in assignments

= Function calls with no prototype

= Function name is incorrectly called with n arguments

If you find the meaning of a diagnostic message unclear, you can use HyperHelp to
obtain an explanation of the message and a suggested course of action.

5.1.3 HyperHelp on Porting

Porting Assistant includes online HyperHelp that explains how to use Porting
Assistant and its checks. You can navigate through HyperHelp by task or by the
index, or you can perform a search for the information.

The HyperHelp also includes porting tips that cover topics such as byte ordering,
data alignment, and shared libraries. The extensive HyperHelp for the diagnostic
messages is particularly useful because it is directly linked to specific messages
with a description of the problem and suggestions on how to fix it. In addition to
HyperHelp, you can access reference pages from Porting Assistant.

5.1.4 Code Correction

Porting Assistant displays the code in question in the editor of your choice: vi ,
emacs, or a bundled Motif editor. The associated diagnostic message is also
displayed. An editor option lets you compile the code in the editor buffer to test
changes quickly.

To speed the task of changing function names, variable names, or type names in
source files, Porting Assistant lets you change a specified string to a different string
in a set of files. Porting Assistant offers the option of performing substitution with
or without confirmation. If you want to confirm each substitution, Porting Assistant
brings each file into an editor, with the cursor positioned on each occurrence of the
specified string. You can then choose to change that occurrence of the string.

5.1.5 Linker Assistance

5-2

Porting Assistant helps resolve undefined symbols reported by the linker. It
includes a facility to look up a function to see what library defines it. It reports
the library name and the linker options that are needed to link the library with
the application.

Porting Assistant



5.2 How to Use Porting Assistant

This section is intended as an introduction to using Porting Assistant. After you
have Porting Assistant running, you will likely find it intuitive to use. If you
have questions, you can access HyperHelp by clicking on the Help button that is
available on all Porting Assistant windows.

5.2.1 Getting Started

Porting Assistant ships with the Developers’ Toolkit for Tru64 UNIX Version 4.0
and later. The subset name for Porting Assistant Version 3.0 is PRTBASE300.

You can download the latest version of Porting Assistant from the following location:
http://ww.tru64uni x. conmpag. com portingassi stant/

To function, Porting Assistant requires that the Developers’ Toolkit for Tru64
UNIX be installed on the system.

After you install Porting Assistant, you can start it from the command line as
follows:

# port &

The Porting Assistant Control Panel appears. From the File pulldown menu, you
can choose to work on a new project or to open an existing project.

If you choose New, you are presented with the Project Manager window, where you
can specify the following information:

= Project name

= Working directory for the project

= Directory for the executable target

= Directory for data files

= Directory for the current source to be ported

= Directory for the ported source

After you supply the necessary information and dismiss the Project Manager
window, you return to the Porting Assistant Control Panel. If the name for your
project is not already highlighted, select it by placing the cursor on the name and
clicking MB1.

Go to the Tools pulldown menu and select Porting Assistant. The Application
Information dialog box appears. Provide the requested information. Indicate
whether you are using an existing makefi | e or creating a new one. If you are
creating a new nmakef i | e, the Application Information dialog box assists you in
the process.

When you finish with the Application Information dialog box, the Porting Assistant
window appears. This window is central to using Porting Assistant. From it, you
select and run the various checks that help you to port your source code.

5.2.2 Performing Checks
Regardless of which check you want, you perform the following actions:

1. Run the check.
2. Step through the source code corresponding to each diagnostic message.

3. Make any needed corrections.
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5.2.2.1 Run the Check

Select the type of check you want and run it:
< Ifdef Code

< Include Files

= 32-Bit Dependencies

= Function Calls

= Parallel Directives

= Platform-Specific Assumptions

= Makefile

Porting Assistant uses a tool called the builder to run the check.

The main area of the builder is a transcript of the check. You can see the builder
progressing through the files being ported. Any diagnostic messages are reported
first in the builder.

5.2.2.2 Step Through the Source Code

When the check finishes, you walk through the list of diagnostic messages by using
the First, Next, Previous, and Last buttons.

When you click on the First button, the builder launches the editor to display the
source code corresponding to the first diagnostic message.

Porting Assistant offers you a choice of a Motif-based editor, emacs, or vi . The left
margin of the editor is the annotations area. A "B" in this area indicates a line of
source code corresponding to a diagnostic message.

Markings that can appear in the annotations area include:

= An exclamation point on a green background, which indicates that the
diagnostic message is informational rather than an error

= An exclamation point on a yellow background, which indicates that the
diagnostic message refers to an error

= A square or hexagon, indicating a break point

The editor displays these annotations only if it is already running when the user
starts the check.

The editor provides a Find Annotation function to let you move quickly through
code to annotations of interest.

You can use the Editor Filter function to filter out unwanted diagnostic messages,
as in the following examples:

= If after assessing the source code flagged with a diagnostic message, you
determine that you do not need to view future occurrences of that same
message, you can use the Filter Instance function to filter the message in that
context from future builds.

= If you determine that you do not need to view occurrences of that message as
applied anywhere in the current file, you can use the Filter File function.

= If you determine that you do not need to view future occurrences of that
message in any of your files, you can use the Filter Everywhere function.
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5.2.2.3 Make the Correction

The Motif-based FUSE editor is a fully functional editor. In addition to the Find
feature, available on the editor window Buffer pulldown menu, Porting Assistant
offers a Search option on the Tools pulldown menu on the editor window and on
the other major Porting Assistant windows. The Search window allows multifile
search and replace.

5.2.2.4 Repeat the Process

After you make corrections for one of the code checks, return to the Porting
Assistant window. Select the next code check appropriate to your porting job, and
repeat the process of making corrections.

5.3 Possible Limitations

Some functions in Porting Assistant depend on information in Porting Assistant
databases. Follow-on releases of a vendor’s product might make such information
out of date: for example, the reference pages that show differences between a
routine as implemented in Tru64 UNIX and another vendor’s UNIX.

The following functions in Porting Assistant might be rendered outdated or
incomplete because of changes in a vendor’'s UNIX after Porting Assistant shipped:

= Find Function on Tru64 UNIX (from the editor Utilities pulldown menu)

The Function Finder locates functions on Tru64 UNIX that are equivalent to
functions on the platform from which the code is being ported. The introduction
of new functions by a vendor might result in the Function Finder failing to find
an equivalent function in Tru64 UNIX.

= Code Check for Platform-Specific Assumptions

The list of possible functions to check for might be incomplete if a vendor
introduces new functions that involve assumptions about the hardware
platform they run on.

Despite the possible limitations previously described, Porting Assistant provides a
number of features that will speed the porting process. Even assuming the worst
case — a port from an implementation of UNIX about which Porting Assistant
databases have no specific information — Porting Assistant retains most of its
functionality.
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Porting Threaded Applications

This chapter is intended to help you begin the process of porting threaded
applications to Tru64 UNIX. For detailed information about pthreads in Tru64
UNIX, see the reference pages for specific pthread functions and the Guide to the
POSIX Threads Library (formerly the Guide to DECthreads).

A number of good books on pthreads programming are available. Among them

are Programming with POSIX Threads, by David R. Butenhof, Addison-Wesley
Publishing Co.; and Pthreads Programming by Bradford Nichols, Dick Buttlar, and
Jacqueline Proulx Farrell, O'Reilly & Associates, Inc.

The POSIX Threads Library pthread interface is an implementation of the POSIX
standard 1003.1¢-1995 (part of 1003.1-1996). The POSIX Threads Library adds
extensions specified in The Open Group’s Single UNIX Specification, Version 2
(SUSV2), also known as XSH5, part of the UNIX 98 brand. Although The POSIX
Threads Library provides nearly all of the threads-related extensions specified by
SUSV2, technically it is not SUSV2 compliant.

HP-UX releases prior to Release 11.0 complied only with the older POSIX 1003.4a
draft 4 Standard. To provide backward compatibility, the API for POSIX 1003.4a
draft 4 threads is available in Tru64 UNIX in the | i bpt hr eads. so shared library.
However, it is recommended that you migrate to POSIX Standard 1003.1c-1995.

HP-UX Release 11.0 offers the full SUSV2 pthreads interface. Porting an
application that uses the HP-UX Release 11.0 POSIX threads to Tru64 UNIX
should be a straightforward process.

This chapter presents the following topics:
= Porting applications that use POSIX threads
= Porting applications that use read-write locks

= Programming notes

= Files

< Linking

< Compiling
= Debugging

6.1 Porting from 1003.4a Draft 4 to the 1003.1c Threads API

Table 6—1 maps the HP-UX threads API to the The POSIX Threads Library
POSIX 1003.1c routines. Although the functions of these routines are the same,
differences in syntax and return values might exist. See the reference pages for
more information.

Table 6-1: Mapping pthreads 1003.4a Draft 4 to 1003.1c

HP-UX Draft 1003.4a Routines Corresponding Standard 1003.1c Routines
pthread_attr_create() pthread_attr_init()
pthread_attr_del ete() pthread_attr_destroy()
pthread_attr_getprio() pt hread_attr_get schedparan()
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Table 6-1: Mapping pthreads 1003.4a Draft 4 to 1003.1c (cont.)

HP-UX Draft 1003.4a Routines

Corresponding Standard 1003.1c Routines

pthread_attr_setprio()
pthread_attr_get sched()
pthread_attr_setsched()

pt hread_condattr_create()

pt hread_condattr_del ete()

pt hread_keycreat e( )
pthread_nutexattr_create()

pt hread_nut exattr_del ete()

pt hread_mut exatt r _get ki nd_np( )
pt hread_mut exattr_set ki nd_np( )
pt hr ead_set asynccancel ()

pt hread_set cancel ()
pthread_getprio ()

pt hread_setprio()

pt hr ead_get schedul er ()

pt hr ead_set schedul er ()

pthread_yiel d()

pthread_attr_set schedparan()
pthread_attr_get schedpolicy()
pthread_attr_set schedpolicy()
pthread_condattr_init()

pt hread_condattr_destroy( )

pt hread_key_create()
pthread_mutexattr_init()

pt hread_mut exattr_destroy()

pt hread_mut exattr_gettype_np()
pt hread_mut exattr_settype_np()
pt hr ead_set cancel t ype( )

pt hread_set cancel state()

pt hr ead_get schedpar an( )

pt hr ead_set schedpar an( )

pt hr ead_get schedpar an( )

pt hr ead_set schedpar an( )
sched_yi el d()

6.1.1 Routines with Syntax Changes

Names for the routines in this section are unchanged between the POSIX 1003.4a
draft 4 and 1003.1c, but the syntax has changed. Refer to the appropriate reference
pages for details.

6.1.1.1 pthread_attr_getinheritsched()

POSIX 1003.4a Draft 4

int pthread_attr_getinheritsched(
pthread_attr_t attr);

POSIX Standard 1003.1c
int pthread_attr_getinheritsched(

const pthread_attr_t *attr,
int *i nheritsched);

6.1.1.2 pthread_attr_getstacksize()

POSIX Draft 1003.4a Draft 4

long pthread_attr_getstacksize(
pthread_attr_t attr);

POSIX Standard 1003.1c
int pthread_attr_getstacksize(

const pthread_attr_t *attr,
size_t *st acksi ze);
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6.1.1.3 pthread_attr_setstacksize()

POSIX 1003.4a Draft 4

int pthread_attr_ setstacksize(
pthread_attr_t *attr,
| ong stacksi ze);

POSIX Standard 1003.1c

int pthread_attr_setstacksize(
pthread_attr_t *attr,
size_t st acksi ze);

6.1.1.4 pthread_cleanup_pop()

POSIX 1003.4a Draft 4

voi d pt hread_cl eanup_pop(
int execute);

POSIX Standard 1003.1c
int pthread_cl eanup_pop(
int execute);

6.1.1.5 pthread_cleanup_push()

POSIX 1003.4a Draft 4

voi d pthread_cl eanup_push(
voi d routine,
pthread_addr _t arg);

POSIX Standard 1003.1c
int pthread_cl eanup_push(

voi d (*routine)(void *),
voi d *arg);

6.1.1.6 pthread_cond_init()

POSIX 1003.4a Draft 4

int pthread_cond_init(
pt hread_cond_t *cond,
pthread_condattr_t attr);

POSIX Standard 1003.1c

int pthread_cond_init(
pt hread_cond_t *cond,
const pthread_condattr_t *attr);

6.1.1.7 pthread_create()

POSIX 1003.4a Draft 4

int pthread_create(
pthread_t *thread,
pthread_attr_t attr,
pthread_startroutine_t start_routine,
pthread_addr _t arg);

POSIX Standard 1003.1c

int pthread_create(
pt hread_t *t hread,
const pthread_attr_t *attr,
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void *
voi d

6.1.1.8 pthread_detach()

POSIX 1003.4a Draft 4

int pthread_detach(
pt hread_t

POSIX Standard 1003.1c

int pthread_detach(
pt hread_t

6.1.1.9 pthread_equal()

POSIX 1003.4a Draft 4

(*start_routine)(void *),
*arg);

*t hread);

thread);

bool ean32 pt hread_equal (

pt hread_t
pt hread_t

POSIX Standard 1003.1c

int pthread_equal (
pt hread_t
pt hread_t

6.1.1.10 pthread_exit()

POSIX 1003.4a Draft 4

voi d pthread_exit(
pt hread_addr _t

POSIX Standard 1003.1c

voi d pthread_exit(
voi d

6.1.1.11 pthread_getspecific()

PSIX 1003.4a Draft 4

*t hreadl,
*t hread?2);

t2);

status);

*val ue_ptr);

int pthread_getspecific(

pt hread_key_t
pt hread_addr _t

POSIX Standard 1003.1c

voi d

6.1.1.12 pthread_join()

POSIX 1003.4a Draft 4
int pthread_join(

pt hread_t
pt hread_addr _t

POSIX Standard 1003.1c

int pthread_join(
pt hread_t
voi d

6-4 Porting Threaded Applications

key,
*val ue) ;

*pt hr ead_get speci fi c(
pt hread_key_t

key);

t hread,
*status);

t hread,
**val ue_ptr);



6.1.1.13 pthread__lock_global_np()

POSIX 1003.4a Draft 4
void pthread_| ock_gl obal _np();

POSIX Standard 1003.1c
int pthread_| ock_gl obal _np(void);

6.1.1.14 pthread_mutex_init()

POSIX 1003.4a Draft 4
int pthread_nutex_init(

pt hread_mut ex_t *mut ex,
pthread_mutexattr_t attr);

POSIX Standard 1003.1c

int pthread_nutex_init(
pt hread_mut ex_t *mut ex,
const pthread_mutexattr_t *attr);

6.1.1.15 pthread_once()

POSIX 1003.4a Draft 4

int pthread_once(
pt hread_once_t *once_bl ock,
pthread_initroutine_t init_routine);

POSIX Standard 1003.1c

int pthread_once(
pt hread_once_t *once_control,
voi d (*init_routine)(void));

6.1.1.16 pthread_setspecific()

POSIX 1003.4a Draft 4

int pthread_setspecific(
pt hread_key_t key,
pt hread_addr _t val ue);

POSIX Standard 1003.1c

int pthread_setspecific(
pt hread_key_t key,
const void *val ue) ;

6.1.1.17 pthread__unlock_global_np()

POSIX 1003.4a Draft 4

void pthread_unl ock_gl obal _np();

POSIX Standard 1003.1c

int pthread_unl ock_gl obal _np(void);

6.1.2 Return Values

The POSIX Threads Library 1003.1c interface does not use err no. (Note that
The POSIX Threads Library still provides a thread-specific er r no cell for use by
libraries and application code, but the 1003.1c interface does not write to this
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cell.) If an error condition occurs, a pthread routine returns an integer value
indicating the type of error. For example, a call to the Draft 4 implementation of
pt hr ead_cond_dest r oy that returned a -1 and set er r no to EBUSY now returns

EBUSY as the routine return value.

On successful completion, most pthread routines return a zero.

The names and syntax of the following routines in this section did not change
between 1003.4a draft and 1003.1c, but the return values are different. See the

reference pages for details.

POSIX 1003.4a Draft 4
[ El NVAL]

[ El NVAL]

POSIX Standard 1003.1c
[ El NVAL]

[ ENOTSUP]

6.1.2.2 pthread_cond_timedwait()

POSIX 1003.4a Draft 4
[ El NVAL]

[ EAGAI N|
[ EDEADLK]

POSIX Standard 1003.1c
[ El NVAL]

[ ETI MEDOUT]
[ ENOVEM

6.1.2.3 pthread_cond_wait()

POSIX 1003.4a Draft 4
[ El NVAL]

[ EDEADLK]
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6.1.2.1 pthread_attr_setinheritsched()

The value specified by attr is invalid.

The value specified by i nheri t is invalid.

One or both of the values specified by i nheri t
or by attr is invalid.

An attempt was made to set the attribute to
an unsupported value.

The value specified by cond, nut ex, or
abstine is invalid.

The time specified by abst i ne expired.

A deadlock condition is detected.

The value specified by cond, nut ex, or absti ne

is invalid, or, different mutexes are supplied for
concurrent pt hr ead_cond_t i nedwai t ( ) operations
or pt hread_cond_wai t ( ) operations on the same
condition variable, or, the mutex was not owned by
the current thread at the time of the call.

The time specified by abst i ne expired.

The POSIX Threads Library cannot acquire
memory needed to block using a statically
initialized condition variable.

The value specified by cond or nut ex is invalid.

A deadlock condition is detected.



POSIX Standard 1003.1c
[ El NVAL]

[ ENOVEM

6.1.2.4 pthread_mutex_trylock()

POSIX 1003.4a Draft 4
1

0
-1 [EINVAL]

POSIX Standard 1003.1c
0

[ EBUSY]
[ El NVAL]

6.1.2.5 pthread_mutex_unlock()

POSIX 1003.4a Draft 4
-1 [EINVAL]

POSIX Standard 1003.1c
[ El NVAL]

[ El NVAL]
[ EPERM

6.1.3 Unchanged Routines

The value specified by cond, or rmut ex is invalid,
or, different mutexes are supplied for concurrent
pt hread_cond_ti nedwai t () operations or

pt hread_cond_wai t ( ) operations on the same
condition variable, or, the nut ex was not owned by
the current thread at the time of the call.

The POSIX Threads Library cannot acquire memory
needed to block using statically initialized
condition variable.

Successful completion
The mut ex is locked; therefore, it was not acquired.

The value specified by mut ex is invalid.

Successful completion
The mut ex is locked; therefore, it was not acquired.

The value specified by nmut ex is invalid, or the
mut ex was created with the protocol attribute set
to pt hread_pri o_protect () and the calling
thread’s priority set higher than the nmut ex’s
current priority ceiling.

The value specified by mut ex is invalid.

The value specified for nut ex is invalid.
The value specified for nut ex is invalid.

The calling thread does not own the nut ex.

The following threads routines are unchanged between POSIX 1003.4a draft

4 and POSIX 1003.1c:
pt hread_sel f ()

pt hr ead_t escancel ()

6.1.4 New Routines

The following are POSIX 1003.1c pthread routines that did not exist in the HP-UX
1003.4a Draft 4 implementation:

e pthread_atfork()

Declares handlers to be called when the process forks a child.

< pthread_getconcurrency()
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Obtains the value of the concurrency-level global variable for the process.
e pthread_setconcurrency()

Changes the value of the concurrency-level global variable for the process.
Because the POSIX Threads Library automatically manages the concurrency of
all threads in a multithreaded process, the POSIX Threads Library ignores this
concurrency level value. The routine is provided only for compatability and has
no effect on multithreaded programs that use the POSIX Threads Library .

e pthread_attr_getdetachstate()

Obtains the det achst at e attribute of the specified thread attributes object.
e pthread_attr_setdetachstate()

Changes the det achst at e attribute of the specified thread attributes object.
e pthread_key delete()

Deletes a thread-specific data key.
e pthread_kill ()

Delivers a signal to a specified thread.
e pthread_sigmask()

Examines or changes the current thread’s signal mask.
e pthread_attr_getguardsi ze_np()

Nonportable. Obtains the guar dsi ze attribute of the specified thread
attributes object.

e pthread_attr_setguardsi ze_np()

Nonportable. Changes the guar dsi ze attribute of the specified thread
attributes object.

e pthread_cond_signal _int_np()

Nonportable. Called only from the interrupt level. Wakes one thread that is
waiting on the specified condition variable.

e pthread_exc_get_status_np()

Nonportable. Obtains a system-defined error status from a POSIX Threads
Library status exception object.

e pthread_exc_matches_np()

Nonportable macro. Determines whether two POSIX Threads Library
exception objects are identical.

e pthread_exc_report_np()

Nonportable. Produces a message that reports what a specified POSIX Threads
Library status exception object represents.

e pthread_exc_set_status_np()

Nonportable macro. Imports a system-defined error status into a POSIX
Threads Library address exception object.

< pthread_getsequence_np()
Nonportable. Obtains the unique identifier for the specified thread.
6.1.5 Routines with No Equivalent

The nonportable routine pt hr ead_si gnal _t o_cancel _np( ) has no equivalent
in POSIX threads.
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6.2 Porting Applications That Use Read-Write Locks

Starting with Tru64 UNIX Version 4.0F, the POSIX Threads Library implements
read-write locks using the following routines. This implementation conforms to the
UNIX 98 specification.

e pthread_rw ock _destroy()

e pthread_rwock_init()

e pthread_rw ock_rdl ock()

e pthread_rw ock_tryrdl ock()

e pthread_rw ock_trywl ock()

e pthread_rw ock_unl ock()

e pthread_rw ock_wl ock()

e pthread_rw ockattr_destroy()

e pthread_rw ockattr_get pshared()
e pthread_rw ockattr_init()

e pthread_rw ockattr_set pshared()

6.3 Programming Notes

This section presents issues related to programming with the POSIX Threads
Library.

6.3.1 Assumptions About Deadlock Conditions

Although the POSIX Threads Library does not currently detect deadlock conditions
involving more than one mutex, it might in the future. Therefore, avoid writing
code that depends on the POSIX Threads Library not reporting a particular error
condition.

6.3.2 Memory Alignment Considerations

Alpha processors prior to EV56 (EV4 and EV5) can access memory only in units

of at least a longword (4 bytes). A longword in memory can contain multiple
variables, each of which is less than 4 bytes. For these older processors, when a
program accesses any part of a longword that contains more than one variable, it
actually retrieves and writes the entire longword. In such cases, multithreaded
programs can experience a problem if two or more threads read the same longword,
update different parts of it, then independently write their respective copies back
to memory. The last thread to write the longword overwrites any data previously
written to other parts of the longword. This can happen even though each thread
protects its part of the longword with its own mutex.

The Compaq C compiler protects scalar variables against this problem by aligning
them in memory on longword (4-byte) boundaries. However, in composite data
objects, such as structures or arrays, the compiler aligns members on their natural
boundaries. For example, a 2-byte member is aligned on a 2-byte boundary.
Because of this, any adjacent members of the composite object that total 4 bytes
or less could occupy the same longword in memory.

Inspect your multithreaded application code to determine if you have a composite
data object in which adjacent members could share the same longword in memory.
If you do and if your project allows, we recommend that you force alignment of
each such member variable to a longword boundary by redefining the variable to
be at least 4 bytes, or by defining sufficient padding storage after the variable to
total 4 bytes.
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Alternatively, you can create one mutex for each composite data object in which
adjacent members can share the same longword in memory. Then use this single
mutex to protect all write accesses by all threads to the composite data object. This
technique might be less desirable because of performance considerations.

To learn the type of Alpha processor on your system, use the following command:
/fusr/sbin/psrinfo -v

For more information on threads and memory alignment, see the Granularity
Considerations section of the Guide to the POSIX Threads Library.

6.3.3 POSIX Threads Library Extensions

In general, pthread routines ending in _np are not portable. The following Tru64
UNIX pthread routines are nonportable extensions and are not found in HP-UX.
The object naming routines, pt hr ead_*nane_np( ), are available in Tru64 UNIX
Version 4.0F and higher releases. In the following list, they are marked with an
asterisk.

pt hread_attr_get guardsi ze_np()
pt hread_attr_getname_np()*

pt hread_attr_setguardsi ze_np()
pthread_attr_setname_np()*

pt hr ead_cond_get nanme_np( ) *

pt hr ead_cond_set nanme_np( ) *

pt hr ead_cond_si gnhal _i nt _np()
pt hr ead_del ay_np( )

pt hr ead_exc_get _status_np()

pt hr ead_exc_mat ches_np()

pt hr ead_exc_report_np()

pt hr ead_exc_set _status_np()

pt hr ead_get _expiration_np()

pt hr ead_get name_np( ) *

pt hr ead_get sequence_np( )

pt hr ead_key_get name_np( ) *

pt hr ead_key_set name_np( ) *

pt hr ead_I| ock_gl obal _np()

pt hr ead_nut ex_get nane_np( ) *

pt hr ead_nut ex_set nane_np( ) *

pt hread_nutexattr_gettype_np()
pt hread_nutexattr_settype_np()
pt hread_rw ock_get name_np( ) *
pt hread_rw ock_set name_np( ) *
pt hr ead_set name_np( ) *

pt hr ead_unl ock_gl obal _np()

6.3.4 Fork Handlers

The f or k() function in Tru64 UNIX creates a new process (child process) that
is identical to the calling process (parent process). The pt hr ead_at f or k()
routine allows a main program or library to control resources during a f or k()
operation. You can use the pt hread_at f or k( ) routine to ensure that program
context in the child process is consistent and meaningful. For more information,
see pt hread_at f or k(3) and f or k(2).

6.3.5 Thread Local Storage

Thread Local Storage (TLS) is data that has static extent (that is, not on the stack)
for the lifetime of a thread in a multithreaded process, and whose allocation is
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specific to each thread. In standard multithreaded programs, static-extent data
is shared among all threads of a given process, whereas thread local storage is
allocated on a per-thread basis such that each thread has its own copy of the data
that can be modified by that thread without affecting the value seen by the other
threads in the process.

Thread Local Storage (TLS) support is always enabled in the C compiler. The cc
command’s - s option is not required. In C++, TLS is recognized only with the - ns
option, and it is otherwise treated as an error.

For more information, see the Guide to the POSIX Threads Library.

6.4 Files

Threads on Tru64 UNIX systems use the include files and shared libraries
described in this section.

6.4.1 Include Files

Threads on Tru64 UNIX systems use the following include files:
e pthread. h

Provides the POSIX 1003.1c-1995 API. Include the pt hr ead. h file in your
program. For more information, see the comments in the pt hr ead. h file.

e pthread_exception.h

Supports pthread exception handling. Each C module that utiltizes the POSIX
Threads Library exceptions must include the pt hr ead_except i on. h header

file. The Guide to the POSIX Threads Library describes the use of the POSIX

Threads Library exceptions.

6.4.2 Shared Libraries
Threads on Tru64 UNIX systems use the shared libraries described in Table 6-2.

Table 6-2: Shared Libraries
Library Description

I'i bmach. so Shared version of threads support
library. Direct use of mach interfaces
is not supported.

|'i bpt hr ead. so Requires | i bmach. so, | i bexc. so,
and | i bc. so.

l'i bexc. so Shared version of Tru64 UNIX exception
support package.

libc.so Shared version of | i bc (C language
runtime) package.

The l i bexc, |i bmach, I'i bpt hr ead, and | i bc libraries are available to code
compiled with the - pt hr ead option to the C compiler command. For example:

# cc -0 nyprog nyprog.c -pthread

6.5 Linking

The | d command does not support the - pt hr ead switch or the-t hr eads switch.
Instead, you must list the individual libraries in the proper order. For example:

ld <...> -Ipthread -lmach -lexc -lc

More generally, link a multithreaded application with the following switches:
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-l pthread -1 mach -lexc -lc

6.6 Compiling

Compile a multithreaded application by using shared versions of | i brach and
I i bpt hr ead as follows:

# cc -0 nyprog nyprog.c -pthread

If you use a compiler front end or a language environment that does not support
the - pt hr ead compilation switch, you must use the - D_THREAD_SAFE compilation
switch.

6.7 Debugging

Tru64 UNIX offers two threads debugging tools:
= Ladebug Debugger

e Visual Threads

6.7.1 Ladebug Debugger

6-12

The Ladebug debugger provides commands to display the state of threads, mutexes,
and condition variables, without using the built-in POSIX Threads Library debug
facility. Using the Ladebug commands, you can examine core files and remote
debug sessions, as well as run processes.

The following list is a summary of Ladebug threads commands:
= Set breakpoints:

stop [variable] [thread IDs] [at line] [if expression]

stop [variable] [thread IDs] [in function] [if expression]

| Ds is a list of thread IDs. If you omit | Ds, the breakpoint is set at the process
level.

= Set tracepoints:

trace [variable] [thread IDs] [at line] [if expression]
trace [variable] [thread IDs] [in function] [if expression]
when [variable] [thread IDs] [at line] [if expression] {comand [; . . . ]}

when [variable] [thread IDs] [at line] [in function]

{command [; . . . ]}

If you do not specify | Ds, the tracepoint is set at the process level.
= Step through the current thread:

step
st epi
next
nexti

= Resume execution of a thread put on hold, for example, at a breakpoint:
cont [signal]
As the current thread resumes, all other threads also continue.

If you specify a signal, the program continues execution with that signal. The
signal value can be either a signal number or a string name (for example,
S| GSEQV).

= Show threads known to the debugger:
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show thread [IDs][with state == state_specification]

If you do not specify any thread identifiers, the debugger displays information
for all known threads.

To list threads in a specific state, such as threads that are currently blocked,
use the flag show thread with state ==. For example:

show thread [IDs] with state == bl ocked
The following are valid values for st at e_speci fi cati on:

r eady

bl ocked
runni ng

t er m nat ed
det ached

= Display the stack trace of current thread:

where [nunber] [thread IDs | all | * ]

The command wher e [ nunmber] displays the stack trace of the currently active
functions for the current thread.

The command wher e [t hread] displays the stack traces of the specified
threads.

The qualifiers al | and * are equivalent.

= Show the registers for the current thread:
printreg

= Evaluate an expression in the context of the current thread:
print expression

= Evaluate an expression in the context of the current thread and make a call
in that context:

cal |l expression

e Show information about mutexes:

show nutex [nutex_identifier_list] [with state == | ocked]
Use the optional st at e == | ocked to display information only for locked
mutexes.

< Show information about condition variables:
show condition [condition_IDs] [with state == wait]

If you supply one or more condition variable IDs, the debugger displays
information about those condition variables that you specify, provided that
the list matches the identity of currently available condition variables. If you
omit the condition variable identifier specification, the debugger displays
information about all condition variables currently available.

For details and examples, see the Ladebug Debugger Manual.

6.7.2 Visual Threads

The Visual Threads tool lets you debug and analyze Tru64 UNIX multithreaded
applications that use the POSIX Threads Library or that are written in Java. You
can use it to debug potential thread-related logic problems, including deadlock,
data protection errors, and thread usage errors. You can also use its rule-based
analysis and statistics capabilities to monitor the thread-related performance of an
application. It can help you identify problem areas even though the application
does not show any specific problem symptoms.
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Visual Threads is available on the Associated Products CD—ROM for Tru64 UNIX
and is licensed as part of the Developers’ Toolkit. You can also download Visual
Threads from the Visual Threads Web site at the following location:

http: //ww. t rué4uni x. conmpag. conl vi sual t hr eads/

This site also contains information about installing, licensing, starting, and using
Visual Threads. Visual Threads is documented in online help.
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A

Transferring Data

If data with multibyte values is being transferred between big-endian and
little-endian systems, then you must provide code that swaps the byte order. This
is a simple matter. For 32-bit data, code to convert big-endian to little-endian data
might look as follows:

#define SWAP4(N) ( & 0x00f f) << 24)
& Oxff00) << 8) |
& 0xff0000)  >> 8)

& Oxff000000) >> 24)

A~~~
~ e~~~
A~~~
— - - —

)

The following 1/O is transparent to endianism:
< Data that is read and written by the framework classes

The framework classes always store data on disk in a type-tagged, compressed
binary format. The processing is such that either machine kind can read or
write data. The on-disk format is the same for both types of machines.

= Temporary files that are written then read by the same invocation of an
application and that are deleted before the application terminates

If you have big-endian applications that have direct written persistent data, you
can update the readers/writers in LITTLE_ENDIAN conditionally compiled code
to do the byte reversal on read/write.

Suggestion: If your data file has a versioning indicator, define the existing version
to be big endian. Invent a new version value to mean little endian. Make the
READER able to read both kinds of files. The big-endian WRITER is unchanged,
and the little-endian WRITER writes the little-endian version. This approach
has the following advantages:

= A write takes minimal time
= Reads on the same machine type take (near) minimal time

= Only cross-endian reads take more time (assumed to be the rare case)

A.1 Using Fortran to Convert Unformatted Numeric Data

Compagq Visual Fortran enables programs to read and write unformatted data
(originally written using unformatted 1/O statements) in several nonnative
floating-point formats and in big-endian INTEGER or floating-point format. This
facilitates sharing a common source of unformatted data among big-endian and
little-endian systems.

Converting unformatted data rather than formatted data is generally faster and
is less likely to lose precision of floating-point numbers. If a converted nonnative
value is outside the range of the native data type, a run-time message appears.
(See the Compag Visual Fortran documentation for a list of run-time messages.)

Table A-1 lists the keywords for some of the supported unformatted file data
formats. The Compaq Visual Fortran documentation presents other keywords
you can use.
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Table A—1: Data Conversion Keywords
Keyword Results

little_endian Native little-endian integers of the appropriate INTEGER size (1,
2, 4, or 8 bytes) and native little-endian IEEE floating-point data
for REAL and COMPLEX single-precision and double-precision
numbers. These are the same formats as stored in memory.

bi g_endi an Big-endian integer data of the appropriate INTEGER size (1,
2, or 4 bytes) and big-endian IEEE floating-point formats for
REAL and COMPLEX single-precision and double-precision
numbers. INTEGER (KIND=1) or INTEGER*1 data is the
same for little-endian and big-endian.

native No conversion occurs between memory and disk. This is
the default for unformatted files.

You can use the following methods to specify the type of nonnative (or native)
format:

= Set an environment variable for a specific unit number before the file is opened.
The environment variable is named FORT_CONVERTN, where n is the unit
number.

You can use environment variables to specify multiple formats in a single
program, usually one format for each specified unit number. Specify the
numeric format at run time by setting the appropriate environment variable
before you open that unit number.

When you open a file, the appropriate environment variable is set. That
environment variable is always used. For example, you might use this method
to specify that a unit number will use a particular format instead of the format
specified in the program (perhaps in a script file that sets the environment
variable before running the program).

Suppose you have previously compiled a program that reads numeric data from
unit 28. The following Korn shell command sequence sets the appropriate
environment variables before running the program:

# FORT_CONVERT28 = little_endi an
# export FORT_CONVERT28

= Specify the CONVERT specifier in the OPEN statement for a specific unit number.

For example, the following source code shows how the OPEN statement would
be coded to read nonnative big-endian (IEEE floating-point) numeric data
from unit 15. This data might be processed and written in native little-endian
format to unit 20 (the absence of the CONVERT specifier or environment variable
FORT_CONVERT20 indicates native Alpha little-endian data for unit 20):

OPEN ( CONVERT=' bi g_endi an’, FILE="graph3.dat’,
FORME' UNFORVATTED' , UNI T=15)

OPEN (FI LE=' graph3_axp. dat’, FORME’ UNFORMATTED , UNI T=20)

= Compile the program with the f 77 - convert command. This method affects
all unit numbers that use unformatted data specified by the program.

Specify the numeric format at compile time. You must compile all routines
under the same - convert option. You could use the same source program
and compile it using different f 77 commands to create multiple executable
programs, each of which reads and writes different formats.

For example, the following shell commands compile program fil e. f to use
big-endian integer data and big-endian IEEE floating-point formats. Data is
converted between the big-endian format and the little-endian memory format
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(little-endian integers, S _fl oat and T_f | oat little-endian IEEE floating-point
format).

# f77 -convert big_endian -o big_endian.out file.f
# bi g_endi an. out

Because this method affects all unit numbers, you cannot read data in one
format and write it in another file format unless you also use it in combination
with the environment variable method or the OPEN statement CONVERT
specifier method to specify a different format for a particular unit number.

If you specify more than one method, the order of precedence when you open a
file with unformatted data is to look for an environment variable first, then for
the OPEN statement CONVERT specifier, and then whether the f 77 - convert
command was used when the program was compiled.

A.2 Nonnative Data

When you port source code along with the unformatted data, be aware that vendors
might use different units for specifying the record length (RECL specifier) of
unformatted files. Whereas formatted files are specified in units of characters
(bytes), unformatted files are specified in longword units for Compaq Fortran

and some other vendors.
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Resources on the Internet

The following porting-related resources are available on the Internet:

The Tru64 UNIX documentation library:

http: //ww. t rué4uni x. conpag. coni f ags/ publ i ca-
ti ons/ pub_page/ pubs_page. ht m

The Tru64 UNIX Software Product Description:

htt p: //ww. t rué4uni x. conmpag. conf uni x/ t echni cal . ht m
Compagq Solutions Alliance (CSA):

http://csa. conpaq. com

Information about Tru64 UNIX and related products, services, and technical
assistance:

http: //ww. t rué4uni x. conpag. com

Compaq software archive (unsupported):
http://ftp.digital.com

Porting Assistant (also bundled on the Tru64 UNIX CD-ROMS):
http://ww.t ru64uni x. conmpag. com i nf o/ porti ngassi stant/

An unmoderated newsgroup on matters related to Compaq Computer
Corporation:

conp. sys. dec
The HP-UX documentation set:
http://docs. hp. com
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make command, 4—10 POSIX Threads Library, 6-1
make command, 4-9 using, 5-3
built-in targets, 4-10 preprocessor, 4-2
macros, 4-10 printf function, 2-14
options, 4-10 programming tools, 4-8
rules, 4-10 pthreads, 6-1
makefiles, 4-9 extensions, 6—10
malloc, 2-14 include files, 6-11
maximum and minimum numeric
values, 2—6 Q
member alignment, 2—-12
memory, 2-16 quadword, 2-9
alignment, 6-9
multiword entities R

initializing, 2-15

read-write locks, 6-9
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taso option to linker, 4—6
thread local storage, 6-10
threaded applications, 6-1
threads, 2-9, 6-1

include files, 611
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Tru64 UNIX, 2-1
compatibility, 4—7
development environment, 4—1
file system, 2-14
programming tools, 4—8
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of pointers, 2—-10
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unformatted data, A-1
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Vv

variables, 2-12
version

software, 1-1
Visual Fortran, A-1
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