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"If you're designing software and systems that must be portable, flexible, extensible,
predictable, reliable, and affordable, this book and the ACE toolkit will enable you to be more
effective in all of these areas. Even after spending over a decade developing ACE and using it
to build networked software applications, | find that I've learned a great deal from this book,
and I'm confident that you will, too."

-Douglas C. Schmidt, Inventor of ACE, from the Foreword

"This book is a must-have for every ACE programmer. For the beginner, it explains step-by-
step how to start using ACE. For the more experienced programmer, it explains in detail the
features used daily, and is a perfect reference manual. It would have saved me a lot of time if
this book had been available some years ago™!

-Johnny Willemsen, Senior Software Engineer, Remedy IT, The Netherlands

"With a large C++ code base, we rely on ACE to enable a cross-platform client-server
framework for data quality and data integration. ACE has improved our design and smoothed
over OS idiosyncrasies without sacrificing performance or flexibility. The combination of online
reference materials and printed "big picture"” guides is indispensable for us, and The ACE
Programmer's Guide earns top-shelf status in my office."

-John Lilley, Chief Scientist, DatalLever Corporation

"In SITA air-ground division, we are one of the major suppliers of communication services to
the airline industry. We started using ACE about a year ago and are now moving most of our
new communication-related development to it. | can say that using this toolkit can reduce the
development and testing time by at least 50% in our type of application".

-Jean Millo, Senior Architect, SITA

The ADAPTIVE Communication Environment (ACE) is an open-source software toolkit created
to solve network programming challenges. Written in C++, with the help of 30 core developers
and 1,700 contributors, this portable middleware has evolved to encapsulate and augment a
wide range of native OS capabilities essential to support performance-driven software systems.

The ACE Programmer’'s Guide is a practical, hands-on guide to ACE for C++ programmers
building networked applications and next-generation middleware. The book first introduces ACE



to beginners. It then explains how you can tap design patterns, frameworks, and ACE to
produce effective, easily maintained software systems with less time and effort. The book
features discussions of programming aids, interprocess communication (IPC) issues, process

and thread management, shared memory, the ACE Service Configurator framework, timer
management classes, the ACE Naming Service, and more.
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Foreword

| started programming computers in the mid-1980s. Then, like today, computing and
communication systems were heterogeneous; that is, there were many different programming
languages, operating systems, and networking protocols. Moreover, due to the accidental
complexities of programming with low-level and nonportable application programming
interfaces (APIs), the types of networked applications available to software developers and end
users were relatively primitive, consisting largely of e-mail, remote login, and file transfer. As a
result, many applications were either centralized on mainframes and minicomputers or
localized on a single stand-alone PC or workstation.

There have been significant advances in information technology (IT) for computing and
communication during the intervening two decades. Languages, programming environments,
operating systems, networking protocols, and middleware are more mature and standardized.
For example, C++ has become an ISO/ANSI standard and is being used in a broad range of
application domains. Likewise, the UNIX, Windows, and TCP/IP standards have also become
ubiquitous. Even distributed computing middleware standards, such as CORBA, .NET, and J2EE,
are becoming widely embraced by the IT industry and end users.

Even with all these advances, however, there is still a layer of the networked software design
space—host infrastructure middleware for performance-driven, multiplatform, networked
and/or concurrent software systems—that is not well served by standard solutions at other
levels of abstraction. Host infrastructure middleware encapsulates native operating system
(OS) concurrency and interprocess communication (IPC) mechanisms to alleviate many
tedious, error-prone, and nonportable activities associated with developing networked
applications via native OS APIs, such as Sockets or POSIX threads (Pthreads). Performance-
driven systems also have stringent quality of service (QoS) requirements.

Providing host infrastructure middleware for today's popular computing environments is
particularly important for (1) high-performance computing systems, such as those that support
scientific visualization, distributed database servers, and online financial trading systems; (2)
distributed real-time and embedded systems that monitor and control real-world artifacts, such
as avionics mission- and flight-control software, supervisory control and data acquisition
systems, and automotive braking systems; and (3) multiplatform applications that must run
portably across local- and wide-area networks. These types of systems are increasingly subject
to the following trends:

e The need to access native OS mechanisms to meet QoS requirements . For example,
multimedia applications that require long-duration, bidirectional bytestream
communication services are poorly suited to the synchronous request/response model
provided by conventional distribution middleware. Likewise, many distribution middleware
implementations incur significant overhead and lack sufficient hooks to manipulate other
QoS-related properties, such as latency, throughput, and jitter.

e Severe cost and time-to-market pressures . Global competition and market deregulation
are shrinking budgets for the in-house development and quality assurance (QA) of
software, particularly for the OS and middleware infrastructure. Moreover, performance-
driven users are often unable or less willing to pay for specialized proprietary
infrastructure software.

¢ The demand for user-specific customization . Because performance-intensive software
often pushes the limits of technology, it must be optimized for particular runtime contexts
and application requirements. General-purpose, one-size-fits-all software solutions often
have unacceptable performance.



As these trends continue to accelerate, they present many challenges to developers of
tomorrow's networked software systems. In particular, to succeed in today's competitive, fast-
paced computing industry, successful middleware and application software must exhibit the
following eight characteristics:

1. Affordability, to ensure that the total ownership costs of software acquisition and
evolution aren't prohibitively high

2. Extensibility, to support successions of quick updates and additions to address new
requirements and take advantage of emerging markets

3. Flexibility, to support a growing range of data types, traffic flows, and end-to-end QoS
requirements

4. Portability, to reduce the effort required to support applications on heterogeneous OS
platforms and compilers

5. Predictability and efficiency, to provide low latency to delay-sensitive real-time
applications, high performance to bandwidth-intensive applications, and usability over
low-bandwidth networks, such as wireless links

6. Reliability, to ensure that applications are robust and tolerant of faults
7. Scalability, to enable applications to handle many users simultaneously

8. Trustworthiness, to ensure integrity, confidentiality, and availability in internetworked
systems

I've encountered all these challenges while working on scores of research and production
performance-driven software systems during the past two decades. In 1992, | began creating a
software toolkit called the ADAPTIVE Communication Environment (ACE) to address concurrent
network programming challenges. ACE is portable object-oriented host infrastructure
middleware written in C++. ACE was designed to solve a very pragmatic problem—to save
time implementing my doctoral dissertation project on parallel protocol processing engines in
both SunOS 4.x and SunOS 5.x operating systems. Having worked on free software projects
for many years, | recognized immediately that making ACE available in open-source form
would help to galvanize a community whereby other developers and users could assist with the
QA, documentation, and support activities needed to transform ACE into a high-quality
production software toolkit.

Over the next decade, a core group of around 30 developers and | teamed up with more than
1,700 contributors from around the world to evolve ACE so it encapsulates and augments a
wide range of native OS capabilities that are essential to support performance-driven software
systems. The core frameworks and wrapper facades in ACE provide an integrated collection of
reusable object-oriented classes that simplify and automate connection establishment, event
demultiplexing, secure and efficient interprocess communication, (de)marshaling, dynamic
configuration of application components, concurrency, and synchronization. Most important,
the ACE frameworks can be customized readily to support a wide range of runtime contexts
and application requirements.

Today' ACE runs on dozens of hardware and OS platforms, including most versions of Windows
and UNIX, as well as many real-time and embedded operating systems. Due to its maturity,
efficiency, and scope, ACE is being used by thousands of development teams, ranging from
large Fortune 500 companies to small start-ups to advanced research projects at universities
and industry labs. Its open-source development model and highly knowledgeable user
community is similar in spirit, enthusiasm, and productivity to that driving the Linux operating
system, the Apache web server, and the GNU compiler collection.

For many years, however, the only way to learn ACE was to read the source code and example
applications, technical papers that described its patterns and the design of its frameworks, and
online tutorials. Although a surprisingly large number of ACE users managed to master ACE via



this process, the learning curve was time consuming and error prone. In 2002 and 2003, |
teamed up with Steve Huston to write a pair of books on C++ Network Programming (C++NP),
which cover the motivation, design, implementation, and use of the most popular wrapper
facade classes and frameworks in ACE.

The ACE Programmer’s Guide takes a different tack from the C++NP books, explaining quickly
and directly how to make the best use of ACE. In addition to its nuts-and-bolts approach to
explaining key ACE capabilities, this book addresses important topics not covered in the C++NP
books, including how to build ACE and your programs that use ACE, ACE's OS and compiler
portability features, the ACE logging facility, command line options processing, container
classes, signal handling, and shared memory. The book also covers certain material in greater
depth than the C++NP books, including concurrency models, bidirectional streams, and
asynchronous 1/0. Throughout this book, many examples using ACE show how key patterns
and design principles can be applied to develop object-oriented networked software
successfully. By learning the material in this book' you'll be better able to design and
implement performance-driven networked software that can't be bought off-the-shelf, thereby
staying ahead of your competition.

We are fortunate that Steve, James, and Umar have found time in their hectic schedules to
write this book. If you're designing software and systems that must be portable, flexible,
extensible, predictable, reliable, and affordable, this book and the ACE toolkit will enable you to
be more effective in all these areas. Even after spending more than a decade developing ACE
and using it to build networked software applications, | find that I've learned a great deal from
this book' and I'm confident that you will too.

—Douglas C. Schmidt

Professor of Electrical Engineering and Computer Science at
Vanderbilt University and Inventor of ACE

Nashville, Tennessee
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Preface

ACE (the ADAPTIVE Communication Environment) is a powerful C++ toolkit that helps you
develop portable, high-performance applications, especially networked and/or multithreaded
applications, more easily and more quickly with more flexibility and fewer errors. And, because
of ACE's design and frameworks, you can do all this with much less code than with other
development approaches. We've been using ACE for years and have found it exceedingly
helpful and well worth any price. What's better is that it's available for free! The historical price
many developers have paid to use ACE is a steep learning curve. It's a big toolkit with a large
set of capabilities. Until recently, the best documentation has been the source code, which is, of
course, freely available, and a set of academic papers born of the research that produced ACE,
approachable only by advanced professionals and upper-level students. This barrier to learning
has kept ACE's power and easy-to-use elegance one of the best-kept secrets in software
development. That's why we're very excited to write this book! It flattens out ACE's learning
curve, bringing ACE's power, elegance, and capabilities to all.

This book teaches you about ACE: a bit of its history and approach to development, how it's
organized, how to begin using it, and also how to use some of its more advanced capabilities.
We teach you how to do things the ACE way in this book, but we could not possibly fit in a
complete reference. Use this book to get started with ACE and to begin using it in your work. If
you've been using ACE for a while, there are probably descriptions of some capabilities you
haven't seen before, so the book is useful for experienced ACE users as well.
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Who Should Read This Book

This book is meant to serve as both an introductory guide for ACE beginners and a quickly
accessible review for experienced ACE users. If you are an ACE beginner, we recommend
starting at the beginning and proceeding through the chapters in order. If you are experienced
and know what you want to read about, you can quickly find that part of the book and do not
need to read the previous sections.

This book is written for C++ programmers who have been exposed to some of the more
advanced C++ features, such as virtual inheritance and class templates. You should also have
been exposed to basic operating system facilities you plan to use in your work. For example, if
you plan to write programs that use TCP/IP sockets, you should at least be familiar with the
general way sockets are created, connections are established, and data is transferred.

This book is also an excellent source of material for those who teach others: in either a
commercial or an academic setting. ACE is an excellent example of how to design object-
oriented software and use C++ to design and write high-performance, easily maintained
software systems.
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Organization

This book is a hands-on, how-to guide to using ACE effectively. The many source code
examples illustrate proper use of the pieces of ACE being described. The source code examples
are kept fairly short and to the point. Sometimes, the example source is abridged in order to
focus attention on a topic. The complete source code to all examples is on the included CD-
ROM and is also available on Riverace Corporation's web site. The included CD-ROM also
includes a copy of ACE's source kit, installable versions of ACE prebuilt for a number of popular
platforms, and complete reference documentation for all the classes in ACE.

The book begins with basic areas of functionality that many ACE users need and then proceeds
to build on the foundations, describing the higher-level features that abstract behavior out into
powerful patterns.

e Part | introduces ACE and provides some generally useful information about the facilities
ACE provides. Part | also explains how to configure and build ACE, as well as how to build
your applications that use ACE. Widely used programming aids, such as logging and
tracing, command line processing and configuration access, and ACE's container classes,
are also described.

o Part Il discusses ACE's facilities for interprocess communication (IPC), beginning with
basic, low-level TCP/IP Sockets wrapper classes and proceeding to show how to handle
multiple sockets, as well as other events, such as timers and signals, simultaneously
using ACE's Reactor and Proactor frameworks. Part Il also describes ACE's Acceptor-
Connector framework and then ends with a discussion of some of the other IPC wrapper
classes ACE offers, many of which are substitutable for TCP/IP wrapper classes in the
covered frameworks.

e Part 1l covers a wide range of topics related to process and thread management using
ACE. This part explains how to use ACE's process management classes and then covers
signals, followed by three chapters about multithreaded programming, thread
management, and the critical areas of thread safety and synchronization. Part 111 ends
with discussions of Active Objects and various ways to use thread pools in ACE—critical
topics for effective use of multithreading in high-performance applications.

e Part IV covers advanced ACE topics: shared memory, the ACE Streams framework for
assembling modular data-processing streams, and how to make your applications more
flexible and configurable by using the ACE Service Configurator framework. Part 1V
concludes with an in-depth discussion of ACE's timer management classes and the ACE
Naming Service, one of ACE's network services components to assist with often needed
networked application programming tasks.

The book concludes with a bibliography and an extensive subject index.
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Conventions Used in This Book

All ACE classes begin with ACE_. When we refer to patterns instead of the classes they

implement, we omit the prefix. For example, the Reactor pattern is implemented by the
ACE_React or class.

All class member variables are suffixed with *_". This convention is used in the ACE sources,
and we carry it through to the examples in this book as well.

C++ code and file names are setinthis font. Command lines are setinthis font.
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Chapter 1. Introduction to ACE

ACE is a rich and powerful toolkit with a distinctively nontraditional history. To help you get a
feel for where ACE comes from, this chapter gives a brief history of ACE's development. Before
going into programming details, we cover some foundational concepts: class libraries, patterns,
and frameworks. Then we cover one of ACE's less glamorous but equally useful aspects: its
facilities for smoothing out the differences among operating systems, hardware architectures,
C++ compilers, and C++ runtime support environments. It is important to understand these
aspects of ACE before we dive into the rest of ACE's capabilities.
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1.1 A History of ACE

ACE (the ADAPTIVE—A Dynamically Assembled Protocol Transformation, Integration, and
eValuation Environment—Communication Environment) grew out of the research and
development activities of Dr. Douglas C. Schmidt at the University of California at Irvine.
Doug's work was focused on design patterns, implementation, and experimental analysis of
object-oriented techniques that facilitate the development of high-performance, real-time
distributed object computing frameworks. As is so often the case, that work began on a small
handful of hardware and OS (operating system) platforms and expanded over time. Doug ran
into the following problems that still vex developers today.

e Trying to rearrange code to try out new combinations of processes, threads, and
communications mechanisms is very tedious. The process of ripping code apart,
rearranging it, and getting it working again is very boring and error prone.

e Working at the OS API (application programming interface) level adds accidental
complexity. Identifying the subtle programming quirks and resolving these issues takes
an inordinate amount of time in development schedules.

e Successful projects need to be ported to new platforms and platform versions. Standards
notwithstanding, no two platforms or versions are the same, and the complexities begin
again.

Doug, being the smart guy he is, came up with a plan. He invented a set of C++ classes that
worked together, allowing him to create templates and strategize his way around the bumps
inherent in rearranging the pieces of his programs. Moreover, these classes implemented some
very useful design patterns for isolating the changes in the various computing platforms he
kept getting, making it easy for his programs to run on all the new systems his advisors and
colleagues could throw at him. Life was good. And thus was born ACE.

At this point, Doug could have grabbed his Ph.D. and some venture funding and taken the
world of class libraries by storm. We'd all be paying serious money for the use of ACE today.
Fortunately for the world's C++ developers, Doug decided to pursue further research in this
area. He created the large and successful Distributed Object Computing group at Washington
University in St. Louis. ACE was released as Open Source,[1] and its development continued
with the aid of more than US$7 million funding from visionary commercial sponsors.

1] If you'd like more information on Open Source Software in general, please visit the Open Source
Initiative page on the web at http://www.opensource.org/.

Today, most of the research-related work on ACE is carried out at the Institute for Software
Integrated Systems (ISIS) at Vanderbilt University, where Doug is now a professor and still
heavily involved in ACE's day-to-day development. ACE is increasingly popular in commercial
development as well. It enjoys a reputation for solving the cross-platform issues that face all
high-performance networked application and systems developers. Additionally, commercial-
level technical support for ACE is now available worldwide.

ACE is freely available for any use, including commercial, without onerous licensing
requirements. For complete details, see the COPYI NG file in the top-level directory of the ACE
source Kkit. Another interesting file in the top-level directory is THANKS. It lists all the people who
have contributed to ACE over the years—more than 1,700 at the time of this writing! If you
contribute improvements or additions to ACE, you too can get your name listed.
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1.2 ACE's Benefits

The accidental complexity and development issues that led to ACE reflect lessons learned by all
of us who've written networking programs, especially portable, high-performance networking
programs.

e Multiplatform source code is difficult to write. The many and varied standards
notwithstanding, each new port introduces a new set of problems. To remain flexible and
adaptive to new technology and business conditions, software must be able to quickly
change to take advantage of new operating systems and hardware. One of the best ways
to remain that flexible is to take advantage of libraries and middleware that absorb the
differences for you, allowing your code to remain above the fray. ACE has been ported to
a wide range of systems—from handheld to supercomputer—running a variety of
operating systems and using many of the available C++ compilers.

e Networked applications are difficult to write. Introducing a network into your design
introduces a large set of challenges and issues throughout the development process.
Network latency, byte ordering, data structure layout, network instability and
performance, and handling multiple connections smoothly are a few typical problems that
you must be concerned with when developing networked applications. ACE makes dozens
of frameworks and design pattern implementations available to you, so you can take
advantage of solutions that many other smart people have already come up with.

¢ Most system-provided APIs are written in terms of C APl bindings because C is so
common and the API is usable from a variety of languages. If you're considering working
with ACE, you've already committed to using C++, though, and the little tricks that
seemed so slick with C, such as overlaying the sockaddr structure with sockaddr _in,
sockaddr _un, and friends, are just big opportunities for errors. Low-level APIs have many
subtle requirements, which sometimes change from standard to standard—as in the
series of drafts leading to POSIX 1004.1c Pthreads—and are sometimes poorly
documented and difficult to use. (Remember when you first figured out that the
socket () ,bi nd(),listen(), and accept () functions were all related?) ACE provides a
well-organized, coherent set of abstractions to make IPC, shared memory, threads,
synchronization mechanisms, and more easy to use.

[ Team LiB ] e



[ Team LiB ]

1.3 ACE's Organization

ACE is more than a class library. It is a powerful, object-oriented application toolkit. Although it
is not apparent from a quick look at the source or reference pages, the ACE toolkit is designed
using a layered architecture composed of the following layers:

e OS adaptation layer. The OS adaptation layer provides wrapper functions for most
common system-level operations. This layer provides a common base of system functions
across all the platforms ACE has been ported to. Where the native platform does not
provide a desired function, it is emulated, if possible. If the function is available natively,
the calls are usually inlined to maximize performance.

o Wrapper facade layer. A wrapper facade consists of one or more classes that encapsulate
functions and data within a type-safe, object-oriented interface [5]. ACE's wrapper facade
layer makes up nearly half of its source base. This layer provides much of the same
capability available natively and via the OS adaptation layer but in an easier-to-use, type-
safe form. Applications make use of the wrapper facade classes by selectively inheriting,
aggregating, and/or instantiating them.

e Framework layer. A framework is an integrated collection of components that collaborate
to produce a reusable architecture for a family of related applications [4][7]. Frameworks
emphasize the integration and collaboration of application-specific and application-
independent components. By doing this, frameworks enable larger-scale reuse of software
rather than simply reusing individual classes or stand-alone functions. ACE's frameworks
integrate wrapper facade classes and implement canonical control flows and class
collaborations to provide semicomplete applications. It is very easy to build applications
by supplying application-specific behavior to a framework.

e Networked services layer. The networked services layer provides some complete,
reusable services, including the distributed logging service we'll see in Chapter 3.

Each layer reuses classes in lower layers, abstracting out more common functionality. This
means that any given task in ACE can usually be done in more than one way, depending on
your needs and design constraints. Although we sometimes approach a problem "bottom up"
because existing knowledge helps transition smoothly to ACE programming techniques, we
generally cover the higher-level ways rather than the lower-level ways to approach problems in
more depth. It is relatively easy, however, to find the lower-level classes and interfaces for
your use when needed. The ACE reference documentation on the included CD-ROM can be used
to find all class relationships and complete programming references.
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1.4 Patterns, Class Libraries, and Frameworks

Computing power and network bandwidth have increased dramatically over the past decade.
However, the design and implementation of complex software remains expensive and error
prone. Much of the cost and effort stem from the continuous rediscovery and reinvention of
core concepts and components across the software industry. In particular, the growing
heterogeneity of hardware architectures and diversity of operating system and communication
platforms make it difficult to build correct, portable, efficient, and inexpensive applications from
scratch. Patterns, class libraries, and frameworks are three tools the software industry is using
to reduce the complexity and cost of developing software.

Patterns represent recurring solutions to software development problems within a particular
context. Patterns and frameworks both facilitate reuse by capturing successful software
development strategies. The primary difference is that frameworks focus on reuse of concrete
designs, algorithms, and implementations in a particular programming language. In contrast,
patterns focus on reuse of abstract designs and software microarchitectures.

Frameworks can be viewed as a concrete implementation of families of design patterns that are
targeted for a particular application domain. Likewise, design patterns can be viewed as more
abstract microarchitectural framework elements that document and motivate the semantics of
frameworks in an effective way. When patterns are used to structure and document
frameworks, nearly every class in the framework plays a well-defined role and collaborates
effectively with other classes in the framework.

Like frameworks, class libraries are implementations of useful, reusable software artifacts.
Frameworks extend the benefits of OO (object-oriented) class libraries in the following ways.

e Frameworks define "semicomplete" applications that embody domain-specific object
structures and functionality. Components in a framework work together to provide a
generic architectural skeleton for a family of related applications. Complete applications
are composed by inheriting from and/or instantiating framework components. In contrast,
class libraries are less domain specific and provide a smaller scope of reuse. For instance,
class library components, such as classes for strings, complex numbers, arrays, and
bitsets, are relatively low level and ubiquitous across many application domains.

o Frameworks are active and exhibit "inversion of control" at runtime. Class libraries are
typically passive; that is, they are directed to perform work by other application objects,
in the same thread of control as those application objects. In contrast, frameworks are
active; that is, they direct the flow of control within an application via event dispatching
patterns, such as Reactor and Observer. The "inversion of control” in the runtime
architecture of a framework is often referred to as the Hollywood Principle: "Don't call us;
we'll call you."

In practice, frameworks and class libraries are complementary technologies. For instance,
frameworks typically use class libraries internally to simplify the development of the
framework. (Certainly, ACE's frameworks reuse other parts of the ACE class library.) Likewise,
application-specific code invoked by framework event handlers can use class libraries to
perform such basic tasks as string processing, file management, and numerical analysis.

So, to summarize, ACE is a toolkit packaged as a class library. The toolkit contains many useful
classes. Many of those classes are related and combined into frameworks, such as the Reactor
and Event Handler, that embody semicomplete applications. In its classes and frameworks,
ACE implements many useful design patterns.
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1.5 Porting Your Code to Multiple Operating Systems

Many software systems must be designed to work correctly on a range of computing platforms.
Competitive forces and changing technology combine to make it a nearly universal requirement
that today's software systems be able to run on a range of platforms, sometimes changing
targets during development. Networked systems have a stronger need to be portable, owing to
the inherent mix of computing environments needed to build and configure competitive
systems in today's marketplace. Standards provide some framework for portability; however,
marketing messages notwithstanding, standards do not guarantee portability across systems.
As Andrew Tanenbaum said, "The nice thing about standards is that there are so many to
choose from" [3]. And rest assured, vendors often choose to implement different standards at
different times. Standards also change and evolve, so it's very unlikely that you'll work on
more than one platform that implements all the same standards in the same way.

In addition to operating system APIs and their associated standards, compiling and linking your
programs and libraries is another area that differs among operating systems and compilers.
The ACE developers over the years have developed an effective system of building ACE based
on the GNU Make tool. Even on systems for which a make utility is supplied by the vendor, not
all makes are created equal. GNU Make provides a common, powerful tool around which ACE
has its build facility. This allows ACE to be built on systems that don't supply native make
utilities but to which GNU Make has been ported. Don't worry if you're a Windows programmer
using Microsoft or Borland compilers and don't have GNU Make. The native Microsoft and
Borland build utilities are supported as well.

Data type differences are a common area of porting difficulty that experienced multiplatform
developers have found numerous ways to engineer around. ACE provides a set of data types it
uses internally, and you are encouraged to use them as well. These are described later, in the
discussion of compilers.

ACE's OS adaptation layer provides the lowest level of functionality and forms the basis of
ACE's wide range of portability. This layer uses the Wrapper Facade [4] and Facade [3]
patterns to shield you from platform differences. The Wrapper pattern forms a relatively simple
wrapper around a function, and ACE uses this pattern to unify the programming interfaces for
common system functions where small differences in APIs and semantics are smoothed over.
The Fagade pattern presents a single interface to what may, on some platforms, be a
complicated set of systems calls. For example, the ACE_CS: : t hr _creat e() method creates a
new thread with a caller-specified set of attributes: scheduling policy, priority, state, and so on.
The native system calls to do all that's required during thread creation vary widely among
platforms in form, semantics, and the combination and order of calls needed. The Facade
pattern allows the presentation of one consistent interface across all platforms to which ACE
has been ported.

For relatively complex and obviously nonportable actions, such as creating a thread, you would
of course think to use the ACE_OS methods—well, at least until you read about the higher-level
ACE classes and frameworks later in the book. But what about other functions that are often
taken for granted, such as printf () and f seek() ? Even when you need to perform a basic
function, it is safest to use the ACE_CS methods rather than native APIs. This usage guarantees
that you won't be surprised by a small change in arguments to the native calls when you
compile your code on a different platform.

The ACE OS adaptation layer is implemented in the ACE_CS class. The methods in this class are
all static. You may wonder why a separate namespace wasn't used instead of a class, as that's
basically what the class achieves. As we'll soon see, one of ACE's strengths is that it works with
a wide variety of old and new C++ compilers, some of which do not support namespaces at all.
We are not going to list all the supplied functions here. You won't often use these functions
directly. They are still at a very low level, not all that much different from writing in C. Rather,



you'll more often use high-level classes that themselves call ACE_OS methods to perform the

requested actions. Therefore, we're going to leave a detailed list of these methods to the
ACE_GCs reference pages.

As you might imagine, ACE contains quite a lot of conditionally compiled code, especially in the
OS adaptation layer. ACE does not make heavy use of vendor-supplied compiler macros for
this, for a couple of reasons. First, a number of the settings deal with features that are missing
or broken in the native platform or compiler. The missing or broken features may change over
time; for instance, the OS is fixed or the compiler is updated. Rather than try to find a vendor-
supplied macro for each possible item and use those macros in many places in ACE, any setting
and vendor-supplied macro checking is done in one place and the result remembered for simple
use within ACE. The second reason that vendor-supplied macros are not used extensively is
that they may either not exist or may conflict with another vendor's macros. Rather than use a
complicated combination of ACE-defined and vendor-supplied macros, a set of ACE-defined
macros is used extensively and is sometimes augmented by vendor-supplied macros, although
this is relatively rare.

The setting of all the ACE-defined compile-time macros is done in one file, ace/ confi g. h,
which we'll look at in Chapter 2. Many varieties of this configuration file are supplied with ACE,
matching all the platforms ACE has been ported to. If you obtain a prebuilt version of ACE for
installation in your environment, you most likely will never need to read or change this file. But
sometime when you're up for some adventure, read through it anyway for a sampling of the
range of features and issues ACE handles for you.
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1.6 Smoothing the Differences among C++ Compilers

You're probably wondering why it's so important to smooth over the differences among
compilers, as the C++ standard has finally settled down. There are a number of reasons.

e Compiler vendors are at various levels of conformance to the standard.

e ACE works with a range of C++ compilers, many of which are still at relatively early drafts
of the C++ standard.

¢ Some compilers are simply broken, and ACE works around the problems.

Many items of compiler capability and disability adjustment are used to build ACE properly, but
from a usage point of view, ACE helps you work with or around four primary areas of compiler
differences:

1. Templates, both use and instantiation
2. Data types, both hardware and compiler
3. Runtime initialization and shutdown

4. Allocating heap memory

1.6.1 Templates

C++ templates are a powerful form of generic programming, and ACE makes heavy use of
them, allowing you to combine and customize functionality in powerful ways. This brief
discussion introduces you to class templates. If templates are a new feature to you, we suggest
that you also read an in-depth discussion of their use in a good C++ book, such as Bjarne
Stroustrup’'sThe C++ Programming Language, 3rd Edition [11] or C++ Templates: The

Complete Guide by David Vandevoorde and Nicolai M. Josuttis [14]. As you're reading, keep in
mind that the dialect of C++ described in your book and that implemented by your compiler
may be different. Check your compiler documentation for details, and stick to the guidelines
documented in this book to be sure that your code continues to build and run properly when
you change compilers.

C++'s template facility allows you to generically define a class or function, and have the
compiler apply your template to a given set of data types at compile time. This increases code
reuse in your project and enables you to reuse code across projects. For example, let's say
that you need to design a class that remembers the largest value of a set of values you specify
over time. Your system may have multiple uses for such a class—for example, to track
integers, floating-point numbers, text strings, and even other classes that are part of your
system. Rather than write a separate class for each possible type you want to track, you could
write a class template:

tenpl ate <class T> class max_tracker {
publ i c:

void track_this (const T val);
private:

T max_val _;



b
tenpl ate <class T>

void max_tracker::track _this (const T val)

{
if (val > this->max_val )
this->max_val _ = val;
return;
}

Then when you want to track the maximum temperature of your home in integer degrees, you
declare and use one of these objects:

max_tracker<int> tenperature_tracker;

/1l Get a new tenperature reading and track it
int temp_now = Thernoneter.get _tenp ();
tenperature_tracker.track_this (tenp_now);

The use of the template class would cause the compiler to generate code for the nax_t racker
class, substituting the i nt type for T in the class template. You could also declare a
max_tracker <f | oat > object, and the compiler would instantiate another set of code to use
floating-point values. This magic of instantiating class template code brings us to the first area
ACE helps you with—getting the needed classes instantiated correctly.

Template Instantiation

Many modern C++ compilers automatically "remember" which template instantiations your
code needs and generate them as a part of the final link phase. In these cases, you're all set
and don't need to do anything else. For one or more of the following reasons, however, you
may need to take further steps regarding instantiation.

e You need to port your system to another platform on which the compiler isn't so
accommodating.

e Your compiler is really slow when doing its magical template autoinstantiation, and you'd
like to control it yourself, speeding up the build process.

Compilers provide a variety of directives and methods to specify template instantiation.
Although the intricacies of preprocessors and compilers make it extremely difficult to provide
one simple statement for specifying instantiation, ACE provides a boilerplate set of source lines
you should use to control explicit template instantiation. The best way to explain it is to show
its use. In the preceding example code, the following code would be added at the end of the
source file:

#if defined (ACE_HAS_EXPLI Cl T_TEMPLATE_I NSTANTI ATl ON)
tenpl ate class max_tracker<int>;

#el i f defined (ACE_HAS TEMPLATE_| NSTANTI ATI ON_PRAGVA)
#pragma instantiate max_tracker<int>

#endi f /* ACE_HAS EXPLI Cl T_TEMPLATE_| NSTANTI ATI ON */

This code will successfully build on all compilers that correctly handle automatic instantiation,



as well as all compilers ACE has been ported to that customarily use explicit template
instantiation for one reason or another. If you have more than one class to instantiate, you add
moret enpl at e cl ass and #pragnma i nst anti at e lines to cover them.

Be careful when deciding to explicitly instantiate templates in projects that use the standard
C++ library. The templates in the standard library often use other, not so obvious, templates,
and it's easy to end up in a maze of instantiation statements that change between compilers.
It's much safer to let the compiler automatically instantiate template classes whenever
possible.

Use of Types Defined in Classes That Are Template Arguments

A number of ACE classes define types as traits of that class. For example, the

ACE_SOCK_St r eamclass defines ACE | NET_Addr as the PEER_ADDR type. The other stream-
abstracting classes also define a PEER_ADDR type internally to define the type of addressing
information needed for that class. This use of traits will be seen in more detail in Section 7.6
when using the ACE_Svc_Handl er class and in Chapter 17 when discussing ACE_Mal | oc. For
now, though, view the use of traits as an example of this problem: If a template class can be
used with one of these trait-defining classes as a template argument, the template class may
need to know and use the trait type.

You'd think that the template argument class could be accessed as if the class were used by
itself. But not so; some older compilers disallow that. ACE works around the limitation and
keeps your code compiler neutral by defining a set of macros for the cases in ACE when the
information is required together. In the case of the ACE_SOCK_St r eamclass's usage, when the
addressing trait is also needed, ACE defines ACE_SCOCK_STREAM, which expands to include the
addressing type for compilers that don't support typedefs in classes used as template
arguments. It expands to ACE_SOCK_St r eamfor compilers that do support it. The many uses of
this tactic in ACE will be noted for you at the points in the book where their use comes up.

1.6.2 Data Types

Programs you must port to multiple platforms need a way to avoid implicit reliance on the
hardware size of compiler types and the relationships between them. For example, on some
hardware/compiler combinations, an i nt is 16 bits; in others, it is 32 bits.[2] On some
platforms, al ong i nt is the same as an i nt, which is the same length as a pointer; on others,
they're all different sizes. ACE provides a set of type definitions for use when the size of a data
value really matters and must be the same on all platforms your code runs on. They are listed
inTable 1.1, with some other definitions that are useful in multiple-platform development. If
you use these types, your code will use properly sized types on all ACE-supported platforms.

[2]1 It wouldn't surprise us if there were also other possible values, such as 8 bits or 64 bits. The point is:
Don't count on a particular size.

1.6.3 Runtime Initialization and Rundown

One particular area of platform difference and incompatibility is runtime initialization of objects
and the associated destruction of those objects at program rundown. This difference is
particularly true when multiple threads are involved, as there is no compiler-added access
serialization to the time-honored method of automatic initialization and destruction of runtime
data: static objects. So remember this ACE saying: Statics are evil! Fortunately, ACE provides
a portable solution to this problem in the form of three related classes:

e ACE_(nj ect _Manager . As its name implies, this class manages objects. The ACE library
contains a single instance of this class, which when initialized instantiates a set of ACE



objects that are needed to properly support the ACE internals and also destroys them at
rundown time. ACE programs can make use of the Object Manager by registering objects
that must be destroyed. The Object Manager destroys all the objects registered with it at
rundown time, in reverse order of their registration.

Table 1.1. Data Types Defined by ACE

Type Meaning

ACE_I NT16, ACE_UINT16 | 16-bit integer, signed and unsigned

ACE_I NT32, ACE_UI NT32 | 32-bit integer, signed and unsigned

ACE_Ul NT64 64-bit unsigned integer; on platforms without
native 64-bit integer support, ACE provides a class
to emulate it

ACE_SI ZEOF_CHAR Number of bytes in a character
ACE_SI ZEOF_WCHAR Number of bytes in a wide character
ACE_SI ZEOF_SHORT Number of bytes in a short i nt
ACE_SI ZEOF_I NT Number of bytes in an i nt

ACE_SI ZEOF_LONG Number of bytes in al ong int

ACE_SI ZEOF_LONG_LONG Number of bytesin al ong | ong int; on platforms

without native long long support, this is 8, and
ACE_UI NT64 is ACE_U LonglLong

ACE_SI ZEOF_VO D_P Number of bytes in a pointer
ACE_SI ZEOF_FLOAT Number of bytes in a f | oat
ACE_SI ZEOF_DOUBLE Number of bytes in a doubl e

ACE_SI ZEOF_LONG DOUBLE | Number of bytes in a | ong doubl e

ACE_BYTE_ORDER Has a value of either ACE_BI G_ENDI AN or
ACE_LI TTLE_ENDI AN

e ACE _Cl eanup.ACE_Obj ect _Manager uses this class's interface to manage object life

cycles. Each object to be registered with the Object Manager must be derived from
ACE_Cl eanup.

e ACE_Si ngl et on. The Singleton pattern [3] is used to provide a single instance of an
object to a program and provide a global way to access it. This object instance is similar
to a global object in that it's not hidden from any part of the program. However, the
instantiation and deletion of the object is under control of your program, not the
platform’s runtime environment. ACE's singleton class also adds thread safety to the basic
Singleton pattern by using the Double-Checked Locking Optimization pattern [5]. The
double-checked lock ensures that only one thread initializes the object in a multithreaded
system.

The two most common ways to be sure that your objects are properly cleaned up at program
rundown are described next. Which one you use depends on the situation. If you want to
create a number of objects of the same class and be sure that each is cleaned up, use the
ACE_Cl eanup method. If you want one instance of your object accessible using the Singleton
pattern, use the ACE_Si ngl et on method.



e ACE_Cl eanupmethod. To be able to create a number of objects of a class and have them
be cleaned up by the ACE Object Manager, derive your class from ACE_C eanup, which
has a cl eanup() method that the Object Manager calls to do the cleanup. To tell the
Object Manager about your object—so it knows to clean it up—you make one simple call,
probably from your object's constructor:

ACE_(bj ect _Manager::at_exit (this);

e ACE_Si ngl et onmethod. Use the ACE_Si ngl et on class to create one and only one
instance of your object. This class uses the Adapter pattern [3] to turn any ordinary class

into a singleton optimized with the Double-Checked Locking Optimization pattern.
ACE_Si ngl et on is a template class with this definition:

tenpl ate <class TYPE, class ACE LOCK>
class ACE_Singleton : public ACE_C eanup

TYPE is name of the class you are turning into a singleton. ACE_LCOCK is the type of lock the
Double-Checked Locking Optimization pattern implementation uses to serialize checking when
the object needs to be created. For code that operates in a multithreaded environment, use
ACE_Recursive_Thread_Mit ex. If you are writing code without threads, you should use
ACE_Nul | _Mut ex, which provides the proper interface but does not lock anything. This would
be useful if your main factor in choosing the Singleton pattern is to provide its "instantiate
when needed" semantics, as well as have the Object Manager clean up the object. As an
example, assume that you have a class named Syst enCont rol | er and that you want a single
instance of it. You would define your class and then

typedef ACE_Si ngl et on<Syst entControl | er,
ACE_Recursive_Thread_Mit ex> TheSystenControll er;

When you need access to the instance of that object, you get a pointer to it from anywhere in
your system by calling its i nst ance() method. For example:

SystenController *s = TheSystenController::instance();

As we've seen, the ACE Object Manager is quite a useful and powerful object. You need to
remember only two rules in order to successfully make use of this facility.

1. Never call exit () directly.
2. Make sure that the Object Manager is initialized successfully.

The first is easy. Remember all the registrations with the Object Manager to request proper
cleanup at rundown time? If you call exi t (), your program will terminate directly, without the
Object Manager's having a chance to clean anything up. Instead, have your mai n() function
simply do a ret ur n to end. If your program encounters a fatal condition inside a function call
tree, either return, passing error indications, or throw an exception that your nai n() function
will catch so it can cleanly return after cleaning up. In a pinch, you may call ACE_CS: : exi t ()
instead of the "naked" exi t (). That will ensure that the Object Manager gets a chance to clean

up.



Object Manager initialization is an important concept to understand. Once you understand it,
you can often forget about it for a number of platforms. The Object Manager is, effectively, a
Singleton. Because it is created before any code has a chance to create threads, the Object
Manager doesn't need the same protection that Singletons generally require. And, what object
would the Object Manager register with for cleanup? The cleanup chain has to end somewhere,
and this is where. As we said, statics are generally evil.

However, on some platforms, statics are not completely evil, and the Object Manager is in fact
a static object, initialized and destroyed properly by the platform's runtime environment, even
when used in combination with shared libraries, some of which are possibly loaded and
unloaded dynamically. On these platforms,[3] you can usually ignore the rule for properly
initializing the Object Manager.[4] On the others, however, the Object Manager needs to be
initialized and terminated explicitly. For use cases in which you are writing a regular C++
application that has the standard i nt nain (int argc, char *argv[]) entry point or the
wide-character-enabledACE_TMAI N entry point shown in Section 1.7, ACE magically redefines
yourmai n() function and inserts its own, which instantiates the Object Manager on the
runtime stack and then calls your mai n() function. When your mai n() function returns, the

Object Manager is run down as well. (This is an example of why your code should not call
exi t () : You'd bypass the Object Manager cleanup.)

3] The confi g. h file for these does not define ACE_HAS_ NONSTATI C_OBJECT _MANAGER.
41 No, Windows is definitely not one of those platforms.

If your application does not have a standard nai n() function but needs to initialize and run
down the Object Manager, you need to call two functions:

1. ACE::init() toinitialize the Object Manager before any other ACE operations are
performed.

2. ACE: :fini() torun down the Object Manager after all your ACE operations are complete.
This call will trigger the cleanup of all objects registered with the Object Manager.

This may be necessary for Windows programs that have a W nMai n() function rather than the
standardnmai n() function and for libraries that make use of ACE but the users of the library do

not. For libraries, it is advantageous to add initialize and finalize functions to the library's API
and have those functions call ACE: :init () and ACE: : fini (), respectively. In case you're

writing a Windows DLL (dynamic link library) and thinking you can make the calls from
Dl | Mai n(), don't go there. It's been tried.

You can also build ACE on Windows with

#def i ne ACE_HAS_NONSTATI C_OBJECT_NMANAGER 0

in your confi g. h file before including ace/ confi g-wi n32. h. (Chapter 2 describes ACE's
configuration.) This removes the need to explicitly call ACE: :init () and ACE: : fini () but may
cause problems when using dynamic services.

1.6.4 Allocating Heap Memory

Dynamic memory allocation from the runtime heap is a common need in most programs. If
you've used memory allocation functions from C, you've certainly written code like this:

char *c = (char *)malloc (64);



if (c == 0)
exit(1l); /[* Qut of nenory! */

When transitioning to C++, this sort of code was replaced by:

char *c = new char|[ 64];
if (c ==0)
exit(l); /[* Qut of nmenory! */

Straightforward stuff—until the C++ standard settled down. Now oper at or new() throws an
exception if the memory allocation request fails. However, you probably need to develop code
to run in some C++ runtime environments that return a 0 and some that throw an exception
on failure. ACE also supports a mix of these environments, so it uses a set of macros that
adapt to the compiler's model to what ACE expects. Because it was built in the days when a
failed allocation returned a O pointer, ACE uses that model internally and adapts the new
exception throwing model to it. With the macros, the preceding code example becomes:

char *c;
ACE_NEW NORETURN (c, char[64]);
if (c ==0)
exit(l); [* Qut of menory! */

The complete set of ACE memory allocation macros is listed in Table 1.2.
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1.7 Using Both Narrow and Wide Characters

Developers outside the United States are acutely aware that many character sets in use today
require more than one byte, or octet, to represent each character. Characters that require
more than one octet are referred to as "wide characters." The most popular wide-character
standard is ISO/IEC 10646, the Universal Multiple-Octet Coded Character Set (UCS). Unicode is
a separate standard but can be thought of as a restricted UCS subset that uses two octets for
each character (UCS-2). Many Windows programmers are familiar with Unicode.

C++ represents wide characters with the wchar _t type, which enables methods to offer
multiple signatures that are differentiated by their character type. Wide characters have a
separate set of C string manipulation functions, however, and existing C++ code, such as
string literals, requires change for wide-character usage. As a result, programming applications
to use wide-character strings can become expensive, especially when applications written
initially for U.S. markets must be internationalized for other countries. To improve portability
and ease of use, ACE uses C++ method overloading and the macros described in Table 1.3 to
use different character types without changing APIs.

For applications to use wide characters, ACE must be built with the ACE_HAS WCHAR

configuration setting, which most modern platforms are capable of. Moreover, ACE must be
built with the ACE_USES WCHAR setting if ACE should also use wide characters internally. The
ACE_TCHAR and ACE_TEXT macros are illustrated in examples throughout this book.

Table 1.2. ACE Memory Allocation Macros

Macro Action

ACE_NEW p, c¢) Allocate memory by using constructor ¢ and assign pointer to p.
On failure, p is O and r et urn;

ACE_NEW RETURN(p, c¢, | Allocate memory by using constructor ¢ and assign pointer to p.
r) On failure, pisOand return r;

ACE_NEW NORETURN( p, Allocate memory by using constructor ¢ and assign pointer to p.
c) On failure, p is 0 and control continues at next statement.




Table 1.3. Macros Related to Character Width

Macro Purpose
ACE_HAS_WCHAR Configuration setting that enables ACE's wide-character
methods
ACE_USES WCHAR Configuration setting that directs ACE to use wide

characters internally

ACE_TCHAR Matches ACE's internal character width; defined as either
char or wchar _t, depending on the lack or presence of
ACE_USES WCHAR

ACE_TNAI N Properly defines program's main entry point for command
line argument type, based on ACE_USES WCHAR

ACE_TEXT(str) Defines the string literal st r correctly, based on
ACE_USES_WCHAR

ACE_TEXT_CHAR_TO TCHAR(str) | Converts a char * string to ACE_TCHAR format, if needed

ACE_TEXT_WCHAR TO TCHAR(str) Converts awchar t * string to ACE_TCHAR format, if
needed

ACE_TEXT_ALWAYS CHAR(str) Converts an ACE_TCHAR string to char * format, if needed

ACE also supplies two string classes—ACE_CSt ri ng and ACE_W6t r i ng—that hold narrow and
wide characters, respectively. These classes are analogous to the standard C++ stri ng class
but can be configured to use custom memory allocators and are more portable. ACE TStri ng is
a typedef for one of the two string types depending on the ACE_USES WCHAR configuration
setting.
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1.8 Where to Find More Information and Support

As you're aware by the number and scope of items ACE helps with—from compiling to
runtime—and from a perusal of the Contents—not to mention the size of this book!—you may
be starting to wonder where you can find more information about ACE, how to use all its
features, and where to get more help. A number of resources are available: ACE reference
documentation, ACE kits, user forums, and technical support.

The ACE reference documentation is generated from specially tagged comments in the source
code itself, using a tool called Doxygen.[5] That reference documentation is available in the
following places:

51 For more information on Doxygen, please see http://www.doxygen.org/.

e On the CD-ROM included with this book

¢ At Riverace's web site: http://www.riverace.com/docs/

e At the DOC group's web site, which includes the reference documentation for ACE and
TAO (The ACE ORB) for the most recent stable version, the most recent beta version, and
the nightly development snapshot: http://www.dre.vanderbilt.edu/Doxygen/

ACE is, of course, freely available in a number of forms from the following locations.

e The complete ACE 5.3b source and prebuilt kits for selected platforms are on the included
CD-ROM.

e The source and kits that are on the CD-ROM are also available, along with older versions,
at Riverace's web site: http://www.riverace.com.

e Complete sources for the current release, current BFO (bug fix only) beta, and the most
recent beta versions of ACE are available from the DOC group’s web site:
http://deuce.doc.wustl.edu/Download.html. The various types of kits are explained in
Section 2.1.

A number of ACE developer forums are available via e-mail and Usenet news. The authors and
the ACE developers monitor traffic to these forums. These people, along with the ACE user
community at large, are very helpful with questions and problems. If you post a question or a
problem to any of the following forums, please include the information in the PROBLEM REPORT-
FORMfile located in the top-level directory of the ACE source Kit:

e conp. sof t - sys. ace newsgroup.

e ace-users@cs.wustl.edu mailing list. To join this list, send a request to ace-users-
request@cs.wustl.edu. Include the following command in the body of the e-mail:

subscri be ace-users [enunil address@lomnai n]

You must supply enai | addr ess@onai n only if your message's Fr omaddress is not the
address you wish to subscribe. If you use this alternative address method, the list server
will require an extra authorization step before allowing you to join the list.

Messages posted to the ace- user s list are forwarded to the conp. soft - sys. ace newsgroup,



but not vice versa. You can search an archive of the conp. soft - sys. ace newsgroup at
http://groups.google.com.

Although the level of friendly assistance on the ACE user forums is extraordinary, it is all on a
best-effort, volunteer basis. If you're developing commercial projects with ACE, you may
benefit greatly from the technical support services that are available. Using technical support
allows you and your development team to stay focused on your project instead of needing to
learn all about ACE's internals and to get involved in toolkit maintenance.

Riverace Corporation is the premier support provider for the ACE toolkit. You can learn all
about Riverace's services at http://www.riverace.com. A number of other companies have
recently begun providing support services for ACE and TAO worldwide. A current list is available
athttp://www.cs.wustl.edu/~schmidt/commercial-support.html.
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1.9 Summary

This chapter introduced the ACE toolkit's organization and described some foundational
concepts and techniques that you'll need to work with ACE. The chapter covered some helpful
macros and facilities provided to smooth out the differences among C++ compilers and runtime
environments, showed how to take advantage of both narrow and wide characters, and, finally,
listed some sources of further information about ACE and the available services to help you
make the most of ACE.
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Chapter 2. How to Build and Use ACE In
Your Programs

Traditional, closed-source libraries and toolkits are often packaged as shared libraries (DLLS),
often without source code. Although ACE is available in installable packages for some popular
platforms, its open-source nature means that you can not only see the source but also change
it to suit your needs and rebuild it. Thus, it is very useful to know how to build it from sources.

You will also, of course, need to build your own applications. This chapter shows how to include
ACE in your application's source code and build it.
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2.1 A Note about ACE Versions

ACE Kits are released periodically as either of two types:

1. Release— two numbers, such as 5.3. These versions are stable and well tested. You
should use release versions for product development unless you need to add a new
feature to ACE in support of your project.

2. Beta— three numbers, such as 5.3.4. These versions are development snapshots: the
"bleeding edge."” They may contain bug fixes above the previous release, but they may
also contain more bugs or new features whose effects and interactions have not yet been
well tested.

The first beta kit following each release—for example, 5.3.1—is traditionally reserved for bug
fixes to the release and usually doesn't contain any new features or APl changes. This is
sometimes referred to as a BFO (bug fix only) version. However, it doesn't go through all the
same aggressive testing that a release does.

Riverace Corporation also releases "Fix Kits": fixes made to a release version and labeled with
the release version number followed by a letter that increases with each Fix Kit, such as 5.3c.
Riverace maintains a separate stream of fixes for each ACE release and generates Fix Kits
separately from the main ACE development stream. For this book's purposes, Fix Kits are
treated the same as release versions. This book's descriptions and examples are based on ACE
5.3.
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2.2 Guide to the ACE Distribution

The ACE distribution is arranged in a directory tree. This tree structure is the same whether
you obtain ACE as part of a prebuilt kit or as sources only. The top-level directory in the ACE
distribution is named ACE_wr apper s, but it may be located in different places, depending on

what type of kit you have.

e If you installed a prebuilt kit, ask your system administrator where the kit was installed
to.

e If you have a source kit, it is probably a Gzip-compressed tar file. Copy the distribution
file, which we’'ll assume is named ACE- 5. 3. t ar. gz, to an empty directory. If on a UNIX

system, use the following commands to unpack the Kkit:

$ gunzip ACE-5.3.tar.gz
$ tar xf ACE-5.3.tar

If on Windows, the WinZip utility is a good tool for unpacking the distribution. It works for
either a Gzip'd tar file or a zip file.

In both cases, you'll have a directory named ACE_wr apper s that contains the ACE sources and
a lot of other useful files and information. Some useful and interesting files in ACE_wr apper s
are:

¢ VERSI ON— Ildentifies what version of ACE you have.

e PROBLEM REPORT- FORM— Provides the information you'll need to report when asking for
help or advice from Riverace or on the ACE user groups.

¢ ChangelLog— Provides a detailed list in reverse chronological order of all changes made to
ACE. The Changelog file gets very long over time, so it's periodically moved to the
Changelogs directory and a new ChangelLog started. For each new ACE version, Riverace

writes release notes that summarize the more noteworthy changes and additions to ACE,
but if you're curious about details, they're all in the ChangelLog.

e THANKS— Lists all the people who have contributed to ACE over the years. It is an
impressive list, for sure. If you are so inspired to contribute new code or fixes to ACE,
your name will be added too.

The following directories are located below ACE_wr appers:
e ace contains the source code for the ACE toolkit.

¢ bi n contains a number of useful utilities, which we'll describe as their use comes up in this
book.

e apps contains a number of ACE-based application programs, such as the JAWS web
server and the Gateway message router. These programs are often useful in and of
themselves; however, they also contain great examples of how to use ACE in various
scenarios.

¢ docs contains information related to various aspects of ACE, such as its coding guidelines.
(Should you wish to contribute code, it should follow these guidelines.)



¢ exanpl es contains many examples of how to use ACE classes and frameworks. The
examples are arranged by category to make it easier to find what you need.

e incl ude/ makei ncl ude contains all the ACE build system files.

e tests contains ACE's regression test suite. If you build ACE, it's a good idea to build and
run the tests as well, using the run_t est. pl Perl script. Even if you don't need to run the
tests, these programs also contain many examples of ACE usage.

You should define an environment variable named ACE_ROOT to reference the full path to the
top-levelACE_wr apper s directory. You'll need this environment variable when building both

ACE and your applications.
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2.3 How to Build ACE

Why would you want to (re)build ACE?

¢ ACE has been ported to many platforms, but a prebuilt kit may not be available for yours.
e You've fixed a bug or obtained a source patch.

¢ You've added a new feature.

e You've changed a configuration setting.

Many open-source projects use the GNU Autotools to assist in configuring a build for a
particular platform. ACE doesn't use GNU Autotools, because when ACE's build scheme was
developed, GNU Autotools wasn't mature enough to handle ACE's requirements on the required
platforms. Future versions of ACE will use the GNU Autotools, however.

ACE has its own build scheme that uses GNU Make (version 3.79 or newer is required) and two
configuration files.

1. confi g. h contains platform-specific settings used to select OS features and adapt ACE to
the platform's compilation environment.

2. platform macros. GNU contains commands and command options used to build ACE. This
file allows selection of debugging capabilities, to build with threads or not, and so on. This
file is not used with Microsoft Visual C++, as all command, feature, and option settings
are contained in the Visual C++ project files.

Platform-specific versions of each of these files are included in the ACE source distribution.

The procedure for building ACE follows.

1. If you don't already have it, obtain the ACE source kit. See Section 1.8 for information on
where to find ACE kits.

2. The kit comes in a few formats, most commonly a Gzip-compressed t ar file. Use gunzip
and tar—or WinZip on Windows—to unpack the kit into a new, empty directory.

3. (You can skip this step if using Microsoft Visual C++.) If you haven't already set the
ACE_ROOT environment variable, set it to the full pathname of the top-level ACE_wr apper s
directory: for example, ACE_ROOT=/ hore/ nydi r/ ace/ ACE_wr appers; export ACE ROOT

4. Create the confi g. h file in $ACE_ROOT/ ace/ confi g. h. The file must include one of the
platform-specific configuration files supplied by ACE. For example, the following is for
building ACE on Windows:

#i ncl ude "ace/config-w n32. h"

Table 2.1 lists the platform-specific configuration files for popular platforms. The full set of
files is contained in $ACE_ROOT/ ace.



Table 2.1. Configuration Files for Popular ACE Platforms

OS/Compiler confi g. h File pl at f or m nmacr os. G\U File
AIX 4/Visual Age C++ | config-ai x-4.x. h platformai x_i bm GNU
HP-UX 11/aC++ confi g- hpux-11. 00. h | pl at f orm hpux_aCC. GNU
Linux config-linux.h platform.linux. GNU

Solaris 8/Forte C++ | confi g-sunosb5. 8. h pl at f orm sunos5_sunc++. GNU

Windows config-win32.h —

5. (Skip this step if using Microsoft Visual C++.) Create the pl at f or m_nacr os. GNU file in
$ACE_RQOOT/ i ncl ude/ makei ncl ude/ pl at f or m_macr os. GNU. The file must include one of
the platform-specific files supplied by ACE. For example, the following could be used for
building on Linux:

i ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ pl atform|i nux. GNU

Note that this is a GNU Make directive, not a C++ preprocessor directive, so there's no
leading' #' , and use of an environment variable is legal.

Table 2.1 lists the platform-specific macros files for popular platforms. The full set of files
is contained in $ACE_ROOT/ i ncl ude/ makei ncl ude.

6. Build ACE. The method depends on your compiler.

o Microsoft Visual C++ 6: Start Visual C++ and open the workspace file
$ACE_ROOT/ ace/ ace. dsw, select the desired configuration, and build.

o Microsoft Visual C++ .NET: Start Visual C++ and open the solution file
$ACE_ROOT/ ace/ ace. sl n, select the desired configuration, and build.

o Borland C++Builder: Set your current directory to $ACE_ROOT\ ace, set the
BCCHOME environment variable to the home directory where C++Builder is
installed; use the C++Builder make command. For example: make -i -f
Makefil e. bor -DDEBUG=1 al l

o All others: Set your current directory to $ACE_ROOT/ ace, and use the GNU make
command:nmeke [options].Table 2.2 lists the options, which can also be placed in
thepl at f or m_nmacr os. G\U file before including the platform-specific file.



Table 2.2. GNU neke Options

Option

Description

debug=1| 0

Enable or disable debugging in the built library or program. Default is
enabled (1).

optimze=1|0

Turn compiler optimization on or off. Default is off (0).

bui | dbi t s=bits

Explicitly select, for example, 32-bit or 64-bit build target. Default is the
compiler's default for the build machine. This option works for AlX,
Solaris, and HP-UX.

exceptions=1|0

Enable or disable exception handling. Default is platform specific but
usually enabled (1).

inline=1|0

Enable or disable inlining of many of ACE's methods. Default is platform
specific but usually enabled (1).

t enpl at es=model

Specify how templates are instantiated. Most common values for model
areautomatic, the default for compilers that support it well, and
explicit, requiring source code directives to explicitly instantiate needed
templates (see Section 1.6.1).

static_libs=1]0

Build and use static libraries. Default is to not build static libraries (0).
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2.4 How to Include ACE in Your Applications

This book describes many things you can do with ACE and how to do them. Including ACE in
your programs has two practical requirements.

1. Include the necessary ACE header files in your sources. For example, to include the basic
OS adaptation layer methods, add this to your source:

#i ncl ude "ace/ CS. h"

You should always specify the ace directory with the file to avoid confusion with choosing
a file from somewhere in the include path other than the ACE sources. To be sure that the
ACE header files are located correctly, you must include $ACE_ROOT in the compiler's
include search path, usually done by using the -1 or /| option.

You should include the necessary ACE header files before including your own headers or
system-provided headers. ACE's header files can set preprocessor macros that affect
system headers and feature tests, so it is important to include ACE files first. This is
especially important for Windows but is good practice to follow on all platforms.

2. Link the ACE library with your application or library. For POSIX platforms, this involves
adding- | ACE to the compiler link command. If your ACE version was installed from a

prebuilt kit, the ACE library was probably installed to a location that the compiler/linker
searches by default. If you built ACE yourself, the ACE library is in $ACE_ROOT/ ace. You

must include this location in the compiler/linker's library search path, usually by using the
- L option.
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2.5 How to Build Your Applications

The scheme used to build ACE can also be used to build your applications. The advantage to
using the supplied scheme is that you take advantage of the built-in knowledge about how to
compile and link both libraries and executable programs properly in your environment. One
important aspect of that knowledge is having the correct compile and link options to properly
include ACE and the necessary vendor-supplied libraries in each step of your build. Even if you
don't use the ACE build scheme, you should read about how the compile and link options are
set for your platform to be sure that you do compatible things in your application's build
scheme.

This is a small example of how easy it is to use the GNU Make-based system. Microsoft Visual
C++ users will not need this information and can safely skip to Section 2.5.1.

If you have a program called hel | o_ace that has one source file named hel | o_ace. cpp, the
Makefile to build it would be:

BIN = hello_ace
BU LD = $(VBIN)
SRC = $(addsuffix .cpp, $(BIN))

LIBS = -I MO herlLib

LDFLAGS = -L$(PRQI_ROOT)/Iib

Hoo o o o o o e o e e e e e e e e e e e e oo
#1 ncl ude macros and targets

Hoe o o o e o e e e e e e e e e e e e e e e e e e e e

ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ wr apper _macr os. GNU
ncl ude $(ACE_ROOT)/ i ncl ude/ makei ncl ude/ macr os. GNU

ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. conmon. GNU
ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. nonest ed. GNU
ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. bi n. GNU

ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. | ocal . GNU

That Makefile would take care of compiling the source code and linking it with ACE and would
work on each ACE platform that uses the GNU Make-based scheme. The LI BS = -

| MyQx her Li b line specifies that, when linking the program, - | MyQt her Li b will be added to the
link command; the specified LDFLAGS value will as well. This allows you to include libraries from
another part of your project or from a third-party product. The ACE make scheme will
automatically add the options to include the ACE library when the program is linked. Building
an executable program from multiple source files would be similar:

BIN = hell o_ace

FI LES = Piece2 Piece3

SRC= $(addsuffix .cpp, $(FILES))
OBJ= $(addsuffix .o, $(FILES))

BU LD = $(VBIN)

e o m m e e e e e e e e e e e e e e e e e e e e
# Include macros and targets

Hoe e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e m e

i ncl ude$( ACE_ROOT) /i ncl ude/ makei ncl ude/ wr apper _macr os. GNU
i ncl ude$( ACE_ROOT) /i ncl ude/ makei ncl ude/ macr os. GNU
i ncl ude$( ACE_ROQT) /i ncl ude/ makei ncl ude/ rul es. conmon. GNU



i ncl ude$( ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. nonest ed. GNU
i ncl ude$( ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. bi n. GNU
i ncl ude$( ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. | ocal . GNU

This Makefile would add Pi ece2. cpp and Pi ece3. cpp to the hel | o_ace program, first
compiling the new files and then linking all the object files together to form the hel | o_ace

program.

The following example shows how to build a shared library from a set of source files:

SHLIB = |i bSLD. $( SOEXT)

FI LES = Sourcel Source2 Source3

LSRC = $(addsuffix .cpp, $(FILES))

LIBS += $(ACELI B)

BU LD = $(VSHLIB)
g
# I ncl ude macros and targets
g

ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ wr apper _nacr os. GNU
ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ macr os. GNU

ncl ude $(ACE_ROOT) /i ncl ude/ nakei ncl ude/ rul es. conmon. GNU
ncl ude $(ACE_ROQOT)/i ncl ude/ makei ncl ude/ rul es. nonest ed. GNU
ncl ude $(ACE_ROOT) /i ncl ude/ nmakei ncl ude/rules.lib. GNU

ncl ude $(ACE_ROOT) /i ncl ude/ makei ncl ude/ rul es. | ocal . GNU

# Local targets

ifeq ($(shared_libs), 1)

ifneq ($(SHLIB),)

CPPFLAGS += -DSLD BUI LD DLL
endi f

endi f

This Makefile builds | i bSLD. so—the suffix will automatically be the correct one for shared
libraries on the build platform—by compiling Sour cel. cpp,Sour ce2. cpp, and Sour ce3. cpp
and then linking them by using the appropriate commands for the build platform.

The last section of the previous Makefile example conditionally adds a preprocessor macro
namedSLD BUI LD DLL when building a shared library. This is related to the need to declare

library functions as "exported” and is needed mostly on Windows. The next section discusses
this further.

2.5.1 Import/Export Declarations and DLLs

Windows has specific rules for explicitly importing and exporting symbols in DLLs. Developers
with a UNIX background may not have encountered these rules in the past, but they are
important for managing symbol usage in DLLs on Windows. The rules follow.

e When building a DLL, each symbol that should be visible from outside the DLL must have
the declaration __decl spec (dl | export) to specify that the symbol or class members

are to be exported from the DLL for use by other programs or DLLs.

e When declaring the use of a symbol that your code is importing from another DLL, your
declaration of the symbol or class must include __decl spec (dllinport).



Thus, depending on whether a particular symbol or class is being imported from a DLL or being
built into a DLL for export to other users, the declaration of the symbol must be different.
When symbol declarations reside in header files, as is most often the case, a scheme is needed
to declare the symbol correctly in either case.

ACE makes it easy to conform to these rules by supplying a script that generates the necessary
import/export declarations and a set of guidelines for using them successfully. To ease porting,
the following procedure can be used on all platforms that ACE runs on.

1. Select a concise mnemonic for each DLL to be built.

2. Run the $ACE_ROOT/ bi n/ gener at e_export _fil e. pl Perl script, specifying the DLL's
mnemonic on the command line. The script will generate a platform-independent header
file and write it to the standard output. Redirect the output to a file named
menoni ¢ _export. h.

3. Include the generated file in each DLL source file that declares a globally visible class or
symbol.

4. To use in a class declaration, insert the keyword menoni ¢ _Export between the cl ass
keyword and the class name.

5. When compiling the source code for the DLL, define the macro menoni ¢c_BUI LD DLL
(SLD_BUI LD_DLL in the previous example).

Following this procedure results in the following behavior on Windows.

o Symbols decorated using the preceding guidelines will be declared using __decl spec
(dl'l export) when built in their DLL.

o When referenced from components outside the DLL, the symbols will be declared
__decl spec (dllinport).

If you choose a separate mnemonic for each DLL and use them consistently, it will be
straightforward to build and use DLLs across all OS platforms.

2.5.2 Important Notes for Microsoft Visual C++ Users

As mentioned, the GNU Make scheme is not used with Microsoft Visual C++. All needed
settings are recorded in Visual C++'s project files. Because there's no common "include" file
that a project can reuse settings from, each project must define the correct settings for each
build configuration: debug versus release, DLL versus LIB, MFC versus non-MFC. Settings
important for proper ACE usage follow. These descriptions are valid for Visual C++ version 6,
and are all accessible via the Project>Settings... menu.



Table 2.3. ACE Library File Names for Visual C++

Configuration File Name
DLL debug aced
DLL release ace
Static library debug acesd
Static library release aces
MFC DLL debug acenfcd
MFC DLL release acenf c

e C/C++ tab

o Code Generation category: Choose a multithreaded version of the runtime library.

o Preprocessor category: You should include $( ACE_ROOT) in the "Additional include

directories" field. Some users choose to include $( ACE_RQOOT) in the Tools>Options...
menu on the Directories tab. This is acceptable if you always use one version of ACE
for all projects. It is more flexible, however, to specify the ACE include path in each
project.

e Link tab

o Input category: Include the proper ACE library file in the "Object/library modules"

field. Unlike the POSIX platforms, the name of the ACE library is different for various
build configurations. Table 2.3 lists the ACE library file names. Select the desired
name and append . | i b to it to get the file name to add to the "Object/library
modules” field. When building a debug configuration of your project, you should
choose one of the debug ACE files as well—similarly, choose a release ACE file for a
release build of your project—or you may get errors at link time.

Input category: Include the path to the ACE library link file in the "Additional library
path” field. This will generally be $( ACE_ROQT) / ace. If you're linking with an ACE
DLL, the export library file (. LI B) is in $( ACE_RQOOT) / ace, and the matching DLL
your program will access at runtime is in $( ACE_ROQT) / bi n; it has the same base
name but a . DLL suffix. Do not include $( ACE_ROQT) / bi n in the "Additional library
path” field. Instead, either include YACE_ROOT% bi n in your PATH environment
variable, or copy the needed DLL file to a location that is part of the PATH.
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2.6 Summary

In this chapter, we learned about ACE kits and version types, how to build ACE, and why you
might need to. We also learned how to build both an executable program and a shared library
(DLL) that use ACE. Finally, we learned some details about building and using shared libraries

on Windows platforms.

Next, we look at one of the most basic developer needs—a flexible way to log runtime
information and trace program execution—and how to use the facilities ACE provides to meet

those needs.
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Chapter 3. Using the ACE Logging
Facility

Every program needs to display diagnostics: error messages, debugging output, and so on.
Traditionally, we might use a number of pri ntf () calls or cerr statements in our application in
order to help trace execution paths or display helpful runtime information. ACE's logging facility
provides us with ways to do these things while at the same time giving us great control over
how much of the information is printed and where it is directed.

It is important to have a convenient way to create debug statements. In this modern age of
graphical source-level debuggers, it might seem strange to pepper your application with the

equivalent of a bunch of print statements. However, diagnostic statements are useful both
during development and long after an application is considered to be bug free.

e They can record information while the program is running and a debugger isn't available
or practical, such as with a server.
e They can record output during testing for regression analysis, as the ACE test suite does.

The ACE mechanisms allow us to enable and disable these statements at compile time. When
compiled in, they can also be enabled and disabled at will at runtime. Thus, you don't have to
pay for the overhead—in either CPU cycles or disk space—under normal conditions. But if a
problem arises, you can easily cause copious amounts of debugging information to be recorded
to assist you in finding and fixing it. It is an unfortunate fact that many bugs will never appear
until the program is in the hands of the end user.

In this chapter, we cover how to

¢ Use basic logging and tracing techniques

e Enable and disable display of various logging message severities
e Customize the logging mechanics

e Direct the output messages to various logging sinks

e Capture log messages before they're output

¢ Use the distributed ACE logging service

e Combine various logging facility features

o Dynamically configure logging sinks and severity levels
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3.1 Basic Logging and Tracing

Three macros are commonly used to display diagnostic output from your code: ACE_DEBUG,
ACE_ERROR, and ACE_TRACE. The arguments to the first two are the same; their operation is
nearly identical, so for our purposes now, we'll treat them the same. They both take a severity
indicator as one of the arguments, so you can display any message using either; however, the
convention is to use ACE_DEBUG for your own debugging statements and ACE_ERROR for
warnings and errors. The use of these macros is the same:

ACE_DEBUG ((severity, formatting-args ));
ACE_ERROR ((severity, formatting-args ));

Theseverity parameter specifies the severity level of your message. The most common levels
areLM DEBUG and LM _ERROR. All the valid severity values are listed in Table 3.1.

Thef ormat ti ng-args parameter is a printf () -like set of format conversion operators and
formatting arguments for insertion into the output. The complete set of formatting directives is
described in Table 3.2. One might wonder why pri nt f () -like formatting was chosen instead of
the more natural—to C++ coders—C++ iostream-style formatting. In some cases, it would
have been easier to correctly log certain types of information with type-safe insertion
operators. However, an important factor in the logging facility's design is the ability to
effectively "no-op" the logging statements at compile time. Note that the ACE_DEBUGand
ACE_ERROR invocations require two sets of parentheses. The outer set delimits the single macro
argument. This single argument comprises all the arguments, and their enclosing parentheses,
needed for a method call. If the preprocessor macro ACE_NDEBUG is defined, the ACE_DEBUG
macro will expand to a blank line, ignoring the content of the inner set of parentheses.
Achieving this same optimization with insertion operators would have resulted in a rather odd
usage:

ACE_DEBUG ((debug_info << "H Mnm' << endl));



Table 3.1. ACE Log_Msg Logging Severity Levels

Severity Level Meaning

LM _TRACE Messages indicating function-calling sequence

LM DEBUG Debugging information

LM | NFO Messages that contain information normally of use only when debugging a
program

LM NOTI CE Conditions that are not error conditions but that may require special handling

LM WARNI NG Warning messages

LM _ERROR Error messages

LM CRI TI CAL | Critical conditions, such as hard device errors

LM ALERT A condition that should be corrected immediately, such as a corrupted system
database

LM EMERGENCY | A panic condition, normally broadcast to all users

Similarly, many of the formatting tokens, such as % , would have been awkward to implement
and overly verbose to use:

ACE_DEBUG (debug_i nfo<<ACE Log_Msg: : nested_i ndent<<"H Moni <<endl));

One could argue away the compile-time optimization by causing ACE_NDEBUG to put the debug
output stream object into a no-op mode. That may be sufficient for some platforms, but for
others, such as embedded real-time systems, you really do want the code to simply not exist.

UnlikeACE_DEBUG and ACE_ERROCR, which cause output where the macro is placed, ACE_TRACE
causes one line of debug information to be printed at the point of the ACE_TRACE statement
and another when its enclosing scope is exited. Therefore, placing an ACE_TRACE statement at

the beginning of a function or method provides a trace of when that function or method is
entered and exited. The ACE_TRACE macro accepts a single character string rather than a set of

formatting directives. Because C++ doesn't have a handy way to dump a stack trace, this can
be very useful indeed.

Let's take a look at a simple application:

#i ncl ude "ace/ Log_Msg. h"
voi d foo (void);

int ACE_TMAIN (int, ACE TCHAR *[])

{
ACE_TRACE( ACE_TEXT ("main"));

ACE_DEBUG ( (LM I NFO, ACE TEXT ("% H Mmn")));
foo();
ACE_DEBUG ( (LM I NFO, ACE_TEXT ("% Goodni ght\n")));

return O;



void foo (void)

{
ACE_TRACE (ACE_TEXT ("f00"));

ACE_DEBUG ((LM_I NFO, ACE TEXT ("% Howdy Pardner\n")));
}

Our first step is always to include the Log_Msg. h header file. It defines many helpful macros,
includingACE_DEBUG and ACE_ERROR, to make your life easier. The full set of output-producing
macros is listed in Table 3.3.

You can use ACE_DEBUG to print just about any arbitrary string you want, and the many format
directives listed in Table 3.2 can also be modified with pri nt f () -style modifiers for length,
precision, and fill adjustments. (See a pri nt f () reference for details on the modifiers.) In the
preceding example, we've used % so that the ACE_DEBUG messages are nicely indented along
with the ACE_TRACE messages.

If you compile and execute the preceding code, you should get something like this:

(1024) calling main in file “Sinplel.cpp' on line 7
H Mm
(1024) calling foo in file “Sinplel.cpp' on line 18
Howdy Par dner
(1024) | eaving foo
Goodni ght
(1024) | eaving nain

Table 3.2. ACE Logging Format Directives

Code Argument Displays
Type
A ACE_timer_t | Floating-point number; long decimal number if platform
doesn't support floating point
a — Aborts the program after displaying output
C char Single character
C char* Character string (narrow characters)
i,d i nt Decimal number

I — Indents output according to the nesting depth, obtained from
ACE_Trace: : get_nesting_i ndent()

e, E f,F g,G double Double-precision floating-point number

I — Line number where logging macro appears

— Text form of the message severity level

— Message corresponding to err no value, as done by
strerror (), for example

N — File name where logging macro appears

n —_ Program name given to ACE_Log_Msg: : open()




o] i nt Octal number

P — Current process ID

p ACE_TCHAR* Specified character string, followed by the appropriate errno
message, that is, as done by perror ()

Q ACE_Ul NT64 Decimal number

r void (*)() Nothing; calls the specified function

R i nt Decimal number

S i nt Signal name of the numbered signal

S ACE_TCHAR* Character string: narrow or wide, according to ACE_TCHAR type

T — Current time as hour:minute:sec.usec

D — Timestamp as month/day/year hour:minute:sec.usec

t — Calling thread's ID (1 if single threaded)

u i nt Unsigned decimal number

w wchar _t Single wide character

W wchar _t* Wide-character string

X, X i nt Hexadecimal number

@ voi d* Pointer value in hexadecimal

% N/A Single percent sign: "%"

The compile-time values of three configuration settings control whether the logging macros
produce logging method calls: ACE_NTRACE,ACE_NDEBUG, and ACE_NLOGG NG. These macros are
all interpreted as "not."” For example, ACE_NTRACE is "not tracing” when its value is 1. To enable
the configuration area, set the macro to 0. ACE_NTRACE usually defaults to 1 (disabled), and
the others default to O (enabled). Table 3.3 shows which configuration setting controls each
logging macro. This allows you to sprinkle your code with as little or as much debug
information as you want and then turn it on or off when compiling.

When deciding which features to enable, be aware that ACE_TRACE output is conditional on both
theACE_NTRACE and ACE_NDEBUG configuration settings. The reason is that the ACE_TRACE
macro, when enabled, expands to instantiate an ACE_Tr ace object. The ACE_Tr ace class's
constructor and destructor use ACE_DEBUG to log the entry and exit messages. They're logged
at the LM _TRACE severity level, so that level also must be enabled at runtime to show any
tracing output; it is enabled by default.
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3.2 Enabling and Disabling Logging Severities

Consider this slightly modified code:

#i ncl ude "ace/ Log_Msg. h"
voi d foo(void);

int ACE TMAIN (int, ACE TCHAR *[])

{
ACE_TRACE (ACE_TEXT ("main"));

ACE_LOG MG >priority _nmask (LM DEBUG | LM NOTI CE,
ACE_Log_Msg: : PROCESS) ;

ACE_DEBUG ( (LM INFO, ACE_TEXT ("%H Mmn")));

foo ();

ACE_DEBUG ( (LM DEBUG, ACE_TEXT ("% Goodni ght\n")));

return O;
}
voi d foo(void)
{

ACE_TRACE (ACE_TEXT ("fo00"));

ACE_DEBUG ( (LM _NOTI CE, ACE_TEXT ("% Howdy Pardner\n")));
}

The following output is produced:

(1024) calling main in file “Sinple2.cpp' on line 7
Howdy Par dner
CGoodni ght

In this example, we changed the logging level at runtime so that only messages logged with
LM DEBUG and LM _NOTI CE priority are displayed; all others are ignored. The LM | NFO "Hi Mom"
message is not displayed, and there is no ACE_TRACE output.

We've also revealed a little more about how ACE's logging facility works. The ACE_Log_Msg
class implements the log message formatting capabilities in ACE. ACE automatically maintains
a thread-specific singleton instance of the ACE_Log_Msg class for each spawned thread, as well
as the main thread. ACE_LOG _MSGis a shortcut for obtaining the pointer to the thread's
singleton instance. All the ACE logging macros use ACE_LOG MsG to make method calls on the
correctACE_Log_Msg instance. There is seldom a reason to instantiate an ACE_Log_Msg object
directly. ACE automatically creates a new instance for each thread spawned, keeping each
thread's logging output separate.



Table 3.3. ACE Logging Macros

Macro Function Disabled by

ACE_ASSERT(t est) Much like the assert () library call. If | ACE_NDEBUG
the test fails, an assertion message
including the file name and line
number, along with the test itself, will
be printed and the application aborted.

Dumps the buf f er as a string of hex | ACE_NLOGG NG
digits. If provided, the optional t ext

parameter will be printed prior to the
hex string. The op_st at us[a] is set to
0.

ACE_HEX_ DUMP
((level, buffer, size [,text]))

ACE_RETURN( val ue) No message is printed, the calling ACE_NLOGE NG
function returns with val ue;
op_st at us is set to val ue.

Logs the stri ng at the requested ACE_NLOGA NG

ACE_ERROR_RETURN | evel . The calling function then

((level, string, ...), value) returns with val ue;op_st at us is set
toval ue.

ACE _ERROR( (Il evel, string, ...)) Setsthe op_status to—1 and logs the | ACE_NLOGA NG
string at the requested | evel .

ACE _DEBUG (| evel, string, ...))  Setsthe op_status to O and logs the | ACE_NLOGA NG

string at the requested | evel .

ACE ERROR INIT( value, flags ) | Setsthe op_status toval ue and the | ACE_NLOGA NG
logger's option flags to f | ags. Valid
flags values are defined in Table 3.5.

InvokesACE_ERROR() followed by a ACE_NLOGA NG

ACE_ERRCR BREAK br eak. Use this to display an error

((level, string, ...)) message and exit a whi | e or f or loop,
for instance.
ACE_TRACE(string) Displays the file name, line number, ACE_NTRACE

andstri ng where ACE_TRACE
appears. Displays "Leaving 'string
when the ACE_TRACE-enclosing scope
exits.

[al Many of the macros in this table refer to Op_sSt at us. This internal variable is used to keep the

logging framework aware of the program state, that is, the "operation status." By convention, a value of
0 indicates good. Anything else is considered an error or exception state. Also see Table 3.4.

We can use the ACE _Log_Msg: :priority_mask() method to set the logging severity levels we
desire output to be produced for: All the available logging levels are listed in Table 3.1. Each
level is represented by a mask, so the levels can be combined. Let's look at the complete
signature of the priority_mask() methods:

/1l Get the current ACE Log Priority mask.
u_long priority_mask (MASK TYPE = THREAD);

/1l Set the ACE Log_Priority mask, returns original nask.
u_long priority mask (u_long, MASK TYPE = THREAD);



The first version is used to read the severity mask; the second changes it and returns the
original mask so it can be restored later. The second argument must be one of two values,
reflecting two different scopes of severity mask setting:

1. ACE Log_Msg: : PROCESS: Specifying PROCESS retrieves or sets the processwide mask
affecting logging severity for all ACE_Log_Msg instances.

2. ACE_Log_Msg: : THREAD: Each ACE _Log_Msg instance also has its own severity mask, and
this value retrieves or sets it. THREAD is technically a misnomer, as it refers to the
ACE_Log_Msg instance the method is invoked on, and you can create ACE_Log Msg
instances in addition to those that ACE creates for each thread. However, that is a
relatively rare thing to do, so we usually simply refer to ACE_Log_Msg instances as thread
specific.

When evaluating a log message's severity, ACE_Log_Msg examines both the processwide and
per instance severity masks. If either of them has the message's severity enabled, the
message is logged. By default, all bits are set at the process level and none at the instance
level, so all message severities are logged. To make each thread decide for itself which severity
levels will be logged, set the processwide mask to O and allow each thread set its own per
instance mask. For example, the following code disables all logging severities at the process
level and enables LM DEBUG and LM _NOTI CE severities in the current thread only:

ACE _LOG MSG >priority_mask (0, ACE Log Msg: : PROCESS);
ACE _LOG MSG >priority_mask (LM DEBUG | LM NOTI CE,
ACE_Log_Msg: : THREAD) ;

A third mask maintained by ACE _Log_Msg is important when you start setting individual
severity masks on ACE_Log_Msg instances. The per instance default mask is used to initialize
eachACE_Log_Msg instance's severity mask. The per instance default mask is initially O (no
severities are enabled). Because each ACE_Log_Msg instance's severity mask is set from the
default value when the instance is created, you can change the default for groups of threads
before spawning them. This puts the logging policy into the thread-spawning part of your
application, alleviating the need for the threads to set their own level, although each thread can
change its ACE_Log_Msg instance's mask at any time. Consider this example:

ACE LOG MSG >priority_mask (0, ACE Log_Msg:: PROCESS);
ACE_Log_Msg: : enabl e_debug_nessages ();
ACE_Thread_Manager: :instance ()->spawn (service);
ACE_Log_Msg: : di sabl e_debug_nessages ();
ACE_Thread_Manager: :instance ()->spawn_n (3, worker);

We'll learn about thread management in Chapter 13. For now, all you need to know is that
ACE_Thr ead_Manager: : spawn() spawns one thread and that

ACE_Thr ead_Manager : : spawn_n() spawns multiple threads. In the preceding example, the
processwide severity mask is set to O (all disabled). This means that each ACE_Log_Msg
instance’s mask controls its enabled severities totally. The thread executing the servi ce()
function will have the LM _DEBUG severity enabled, but the threads executing the wor ker ()
function will not.

The complete method signatures for changing the per instance default mask are:



static void disabl e_debug nessages
(ACE Log_Priority priority = LM DEBUG) ;

static void enabl e_debug_nessages
(ACE _Log_Priority priority = LM DEBUG) ;

Our example used the default argument, LM DEBUG, in both cases. Even though the method
names imply that LM DEBUG is the only severity that can be changed, you can also supply any
set of legal severity masks to either method. Unlike the priority_nask() method, which
replaces the specified mask, the enabl e_debug_nessages() and di sabl e_debug_nessages()
methods add and subtract, respectively, the specified severity bits in both the calling thread's
per instance mask and the per instance default severity mask.

Of course, you can use any message severity level at any time. However, take care to specify a
reasonable level for each of your messages; then at runtime, you can use the
priority_mask() method to enable or disable messages you're interested in. This allows you

to easily overinstrument your code and then enable only the things that are useful at any
particular time.

ACE_Log_Msg has a rich set of methods for recording the current state of your application.
Table 3.4 summarizes the more commonly used functions. Most methods have both accessor
and mutator signatures. For example, there are two op_st at us() methods:

int op_status(void);
voi d op_status(int status));

Although the method calls are most often made indirectly via the ACE logging macros, they are
also available for direct use.
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3.3 Customizing the ACE Logging Macros

In most cases, people will use the standard ACE tracing and logging macros shown in Table
3.3. Sometimes, however, their behavior may need to be customized. Or you might want to
create wrapper macros in anticipation of future customization.

Table 3.4. Commonly Used ACE Log_Msg Methods

Method Purpose
op_status The return value of the current function. By convention, —1
indicates an error condition.
errnum The current er r no value.
[ i nenum The line number on which the message was generated.
file File name in which the message was generated.
nmsg A message to be sent to the log output target.
inc Increments nesting depth. Returns the previous value.
dec Decrements the nesting depth. Returns the new value.
trace_depth The current nesting depth.

Enable/disable/query the tracing status for the current
ACE_Log_Msg instance. The tracing status of a thread's
ACE_LOG_MsGsingleton determines whether an ACE_Tr ace object
generates log messages.

start _tracing
stop_tracing
traci ng_enabl ed

priority_mask Get/set the set of severity levels—at instance or process level—for
which messages will be logged.

log_priority_enabl ed Return non-zero if the requested priority is enabled.

set Sets the line number, file name, op_st at us, and several other
characteristics all at once.

condi tional _set Sets the line number, file name, op_st at us, and err numvalues for
the next log message; however, they take effect only if the next
logging message's severity level is enabled.

3.3.1 Wrapping ACE_DEBUG

Perhaps you want to ensure that all your LM _DEBUG messages contain a particular text string so
that you can easily grep for them in your output file. Or maybe you want to ensure that every
one of them is prefixed with the handy "%]I" directive so they indent properly. If you lay the
groundwork at the beginning of your project and encourage your coders to use your macros, it
will be easy to implement these kinds of things in the future.

The following macro definitions wrap the ACE_DEBUG macro in a handy way. Note how we've
guaranteed that every message will be properly indented, and we've prefixed each message to
make searching for specific strings in the output easier.



#defi ne DEBUG_PREFI X ACE_TEXT (" DEBUGY ")

#define | NFO_PREFI X ACE _TEXT ("INFOA ")
#def i ne NOTI CE_PREFI X ACE_TEXT (" NOTI CE% ")
#def i ne WARNI NG_PREFI X ACE_TEXT ("WARNI NG%4 ")
#def i ne ERROR_PREFI X ACE_TEXT ("ERRORY ")
#def i ne CRI TI CAL_PREFI X ACE_TEXT ("CRITICAL% ")
#def i ne ALERT_PREFI X ACE_TEXT ("ALERT% ")
#def i ne EMERGENCY_PREFI X  ACE_TEXT (" EMERGENCY% ")
#defi ne MY_DEBUG( FMTI, ...) \

ACE_DEBUG ( LM DEBUG \
DEBUG_PREFI X FMT \
__ VA ARGS_))
#define MY_I NFOQ(FMT, ...) \
ACE DEBUGE ( LM INFO \
| NFO_PREFI X FMT \
__ VA ARGS ))
#define MY_NOTI CE(FMI, ...) \
ACE_DEBUG ( LM NOTI CE, \
NOTI CE_PREFI X FMT \
__VA ARGS_))
#defi ne MY_WARNI NG(FMT, ...) \
ACE_DEBUG ( LM WARNI NG, \
WARNI NG_PREFI X FMT \
__ VA ARGS_))
#defi ne MY_ERROR(FMI, ...) \
ACE DEBUGE ( LM ERROR, \
ERROR_PREFI X FMT \
__ VA ARGS ))
#define MY_CRITI CAL(FMT, ...) \
ACE DEBUGE ( LM CRITI CAL, \
CRI TI CAL_PREFI X FMT \
__VA ARGS_))
#define MY_ALERT(FMI, ...) \
ACE_DEBUE ( LM ALERT, \
ALERT_PREFI X FMT \
__ VA ARGS_))
#define MY_EMERGENCY(FMI, ...) \
ACE_DEBUGE ( LM EMERGENCY, \
EMERGENCY_PREFI X FMT \
__ VA ARGS ))

Of course, it would be more useful if each of our prefixes were surrounded by an #i f def to
allow them to be overridden, but we leave that as an exercise to the reader.

Using these macros instead of the usual ACE_DEBUG macros is, as expected, easy to do:

#i ncl ude "Trace. h"
void foo (void);

int ACE_ TMAIN (int, ACE TCHAR *[])

{
ACE_TRACE (ACE_TEXT ("main"))