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Exceptiona C++ shows by example how to go about sound software engineering in standard C++. Do you
enjoy solving thorny C++ problems and puzzles? Do you rdlish writing robust and extensible code? Then
take afew minutes and chalenge yoursdf with some tough C++ design and programming problems.

The puzzles and problemsin Exceptiona C++ not only entertain, they will help you hone your skillsto
become the sharpest C++ programmer you can be. Many of these problems are culled from the famous
Guru of the Week feature of the Internet newsgroup comp.lang.c++.moderated, expanded and updated to
conform to the official ISO/ANSI C++ Standard.

Each problem israted according to difficulty and is designed to illustrate subtle programming mistakes or
design considerations. After you've had a chance to attempt a solution yourself, the book then dissects the

code, illustrates what went wrong, and shows how the problem can be fixed. Covering a broad range of
C++ topics, the problems and solutions address critical issues such as.

»  Generic programming and how to write reusable templates

*  Exception safety issues and techniques

* Robug classdesign and inheritance

e Compiler firewdlsand the Ampl Idiom

» Namelookup, namespaces, and the Interface Principle

*  Memory management issues and techniques

* Traps pitfals, and anti-idioms

*  Optimization

Try your skills againgt the C++ masters and come away with theinsight and experience to creste more

efficient, effective, robust, and portable C++ code.
| | @ve RuBoard



0201615622_toc.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

1 @ve RuBoad [erevious e )

Exceptional C++

1 F Erpinemring Fursm, Prigramming
Fentery el L e s fery b tap

Herh Sutter
e b ;

e

Table of Contents

Exceptional C++: 47 Engineering Puzzles, Programming Problems, and
Solutions

By Herb Sutter

Publisher : Addison Wedey
Pub Date : November 18, 1999
ISBN : 0-201-61562-2
Pages . 240

Copyright

Foreword

Preface
How to Read This Book
How We Got Here: GotW and PeerDirect
Acknowledgments

Generic Programming and the C++ Standard Library
Iltem 1. Iterators
Solution

Item 2. Case-lnsenditive Strings—Part 1
Solution

Item 3. Case-lnsengtive Strings—Part 2
Solution

Item 4. Maximally Reusable Generic Containers—Part 1
Solution



0201615622_main.html
0201615622_copyrightpg.html
0201615622_toc.html
http://www.informit.com/safari/author_bio.asp@ISBN=0201615622
0201615622_copyrightpg.html
0201615622_pref01.html
0201615622_pref02.html
0201615622_fmlev1sec1.html
0201615622_fmlev1sec3.html
0201615622_fmlev1sec4.html
0201615622_part01.html
0201615622_ch01.html
0201615622_ch01lev1sec1.html
0201615622_ch02.html
0201615622_ch02lev1sec1.html
0201615622_ch03.html
0201615622_ch03lev1sec1.html
0201615622_ch04.html
0201615622_ch04lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

Item 5. Maximally Reusable Generic Containers—Part 2
Solution
Alternative: The Standard Library Approach

Iltem 6. Temporary Objects
Solution

Item 7. Using the Standard Library (or, Temporaries Revisited)
Solution

Exception-Safety 1ssues and Techniques
Item 8. Writing Exception-Safe Code—Part 1
Solution

Item 9. Writing Exception-Safe Code—Part 2
Solution

Item 10. Writing Exception-Safe Code—Part 3
Solution

Item 11. Writing Exception-Safe Code—Part 4
Solution

Item 12. Writing Exception-Safe Code—Part 5
Solution

Item 13. Writing Exception-Safe Code—Part 6
Solution

Item 14. Writing Exception-Safe Code—Part 7
Solution

Item 15. Writing Exception-Safe Code—Part 8
Solution

Item 16. Writing Exception-Safe Code—Part 9
Solution

Item 17. Writing Exception-Safe Code—Part 10
Solution

Item 18. Code Complexity—Part 1



0201615622_ch05.html
0201615622_ch05lev1sec1.html
0201615622_ch05lev1sec2.html
0201615622_ch06.html
0201615622_ch06lev1sec1.html
0201615622_ch07.html
0201615622_ch07lev1sec1.html
0201615622_part02.html
0201615622_ch08.html
0201615622_ch08lev1sec1.html
0201615622_ch09.html
0201615622_ch09lev1sec1.html
0201615622_ch10.html
0201615622_ch10lev1sec1.html
0201615622_ch11.html
0201615622_ch11lev1sec1.html
0201615622_ch12.html
0201615622_ch12lev1sec1.html
0201615622_ch13.html
0201615622_ch13lev1sec1.html
0201615622_ch14.html
0201615622_ch14lev1sec1.html
0201615622_ch15.html
0201615622_ch15lev1sec1.html
0201615622_ch16.html
0201615622_ch16lev1sec1.html
0201615622_ch17.html
0201615622_ch17lev1sec1.html
0201615622_ch18.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html
Solution

Item 19. Code Complexity—Part 2
Solution

Class Design and Inheritance
Item 20. Class Mechanics
Solution

Item 21. Overriding Virtud Functions
Solution

Item 22. Class Relationships—Part 1
Solution

Item 23. Class Relationships—Part 2
Solution

[tem 24. Uses and Abuses of Inheritance
Solution

Item 25. Object-Oriented Programming
Solution

Compiler Frewalsand the Pimpl Idiom
Item 26. Minimizing Compile-time Dependencies—Part 1
Solution

Item 27. Minimizing Compile-time Dependencies—Part 2
Solution

Item 28. Minimizing Compile-time Dependencies—Part 3
Solution

Item 29. Compilation Firewdls
Solution

Item 30. The"Fast Pimpl" Idiom
Solution



0201615622_ch18lev1sec1.html
0201615622_ch19.html
0201615622_ch19lev1sec1.html
0201615622_part03.html
0201615622_ch20.html
0201615622_ch20lev1sec1.html
0201615622_ch21.html
0201615622_ch21lev1sec1.html
0201615622_ch22.html
0201615622_ch22lev1sec1.html
0201615622_ch23.html
0201615622_ch23lev1sec1.html
0201615622_ch24.html
0201615622_ch24lev1sec1.html
0201615622_ch25.html
0201615622_ch25lev1sec1.html
0201615622_part04.html
0201615622_ch26.html
0201615622_ch26lev1sec1.html
0201615622_ch27.html
0201615622_ch27lev1sec1.html
0201615622_ch28.html
0201615622_ch28lev1sec1.html
0201615622_ch29.html
0201615622_ch29lev1sec1.html
0201615622_ch30.html
0201615622_ch30lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

Name L ookup, Namespaces, and the Interface Principle
Item 31. Name Lookup and the Interface Principle—Part 1
Solution

Item 32. Name Lookup and the Interface Principle—Part 2
Solution

Item 33. Name Lookup and the Interface Principle—Part 3
Solution

Item 34. Name Lookup and the Interface Principle—Part 4
Solution

Memory Management
Item 35. Memory Management—Part 1
Solution

Item 36. Memory Management—~Part 2
Solution

[tem37. AUTO PTR
Solution

Traps, Atfdls and Anti-ldioms
Item 38. Object Identity
Solution

[tem 39. Automeatic Conversons
Solution

Iltem 40. Object Lifetimes—Part 1
Solution

Item 41. Object Lifetimes—Part 2
Solution

Miscdlaneous Topics
I[tem 42. Variable Initidization—Or isit?
Solution



0201615622_part05.html
0201615622_ch31.html
0201615622_ch31lev1sec1.html
0201615622_ch32.html
0201615622_ch32lev1sec1.html
0201615622_ch33.html
0201615622_ch33lev1sec2.html
0201615622_ch34.html
0201615622_ch34lev1sec1.html
0201615622_part06.html
0201615622_ch35.html
0201615622_ch35lev1sec1.html
0201615622_ch36.html
0201615622_ch36lev1sec1.html
0201615622_ch37.html
0201615622_ch37lev1sec1.html
0201615622_part07.html
0201615622_ch38.html
0201615622_ch38lev1sec1.html
0201615622_ch39.html
0201615622_ch39lev1sec1.html
0201615622_ch40.html
0201615622_ch40lev1sec1.html
0201615622_ch41.html
0201615622_ch41lev1sec1.html
0201615622_part08.html
0201615622_ch42.html
0201615622_ch42lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

Item 43. Const-Correctness
Solution

Item 44, Casts
Solution

[tem 45. BOOL
Solution

Item 46. Forwarding Functions
Solution

I[tem 47. Control Flow

Solution
Afterword
Bibliography

| | @ve RuBoard [« Previous|[mexT » |

1 @ve Rusoard [Corevious st o


0201615622_ch43.html
0201615622_ch43lev1sec1.html
0201615622_ch44.html
0201615622_ch44lev1sec1.html
0201615622_ch45.html
0201615622_ch45lev1sec1.html
0201615622_ch46.html
0201615622_ch46lev1sec1.html
0201615622_ch47.html
0201615622_ch47lev1sec1.html
0201615622_art01.html
0201615622_biblio.html
0201615622_main.html
0201615622_copyrightpg.html
0201615622_toc.html
0201615622_pref01.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html
Copyright

Many of the designations used by manufacturers and sdllersto distinguish their products are clamed as
trademarks. Where those designations appear in thisbook and Addison Wedey Longman, Inc., was aware
of atrademark claim, the designations have been printed ininitid capita lettersor dl capita |etters.

The author and publisher have taken care in the preparation of this book, but make no expressed or implied
warranty of any kind and assume no responsbility for errors or omissions. No liability isassumed for
incidenta or consequentia damagesin connection with or arising out of the use of the information or
programs contained herein.

The publisher offers discounts on this book when ordered in quantity for specia saes. For more information,
please contact:

Pearson Education Corporate Sdes Divison
201 W. 103rd Street

Indianapolis, IN 46290

(800) 428-5331

corpsal es@pearsoned.com

Library of Congress Cataoging-in-Publication Data

Sutter, Herb.

Exceptiona C++ : 47 engineering puzzles, programming problems, and solutions/ Herb Sutter.

p. cm.

Includes bibliographicd references and index.

ISBN 0-201-61562-2 (alk. paner)


mailto:corpsales@pearsoned.com
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://www.thebeatlesforever.com/processtext/abcchm.html

| | @ve RuBoard

| | @ve RuBoard

Foreword

Thisisaremarkable book, but it wasn't until | had nearly finished reading it that | redlized just how
remarkableit is. Thiscould well bethe first book ever written for people who are dready familiar with
C++—dl of C++. From language features to components of the standard library to programming
techniques, this book skipsfrom topic to topic, dways keeping you dightly off balance, dways making sure
you're paying attention. Just like real C++ programs. Class desgn bumpsinto the behavior of virtua
functions, iterator conventions run up against name lookup rules, assgnment operators S deswipe exception
safety, compilation dependencies cross paths with exported templates. Just like they do in red programs.
The result isadizzying magstrom of language features, library components, and programming techniques at
once both chaotic and magnificent. Just like real programs.

| pronounce GotW such that it rhymeswith "Gotcha," and perhapsthat'sfitting. As| compared my solutions
to the book's quizzes againgt Sutter's answers, | fell into the traps he (and C++) laid before me more often
than I'd like to admit. | could dmost see Herb smiling and softly saying " Gotchal" for each error | made.
Some may argue that this proves | don't know much about C++. Others may claim it demonstrates that
C++ istoo complex for anyone to master. | believe it shows that when you're working in C++, you have to
think carefully about what you're doing. C++ isapowerful language designed to help solve demanding
problems, and it'simportant that you hone your knowledge of the language, itslibrary, and its programming
idioms asfinely asyou can. The breadth of topicsin thisbook will help you do that. So will itsunique
Quiz-based format.

Veteran readers of the C++ newsgroups know how difficult it isto be proclaimed a Guru of the Week.
Veteran participants know it even better. On the Internet, of course, there can be only one guru each week,
but, backed by the information in this book, you can reasonably hope to produce guru-quality code every
time you program.

Scott Meyers
June 1999

| | @ve RuBoard
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Preface

Exceptiona C++ shows by example how to go about solid software engineering. Along with alot of other
materid, this book includes expanded versions of thefirst 30 issues of the popular Internet C++ feature
Guru of the Week (or, inits short form, GotW), a series of salf-contained C++ engineering problems and
solutionsthat illustrate specific design and coding techniques.

Thisbook isn't arandom grab-bag of code puzzles; it's primarily a guide to sound real-world enterprise
software design in C++. It uses a problem/solution format because that's the most effective way | know to
involve you, gentle reader, in the ideas behind the problems and the reasons behind the guidelines. Although
the Items cover avariety of topics, you'll notice recurring themes that focus on enterprise devel opment
issues, particularly exception safety, sound class and module design, appropriate optimization, and writing
portable standards-conforming code.

| hope you find thismateria useful in your daily work. But | dso hope you find at least afew nifty thoughts
and e egant techniques, and that from time to time, as you're reading through these pages, you'll suddenly
havean"Ahal Gnarly!" moment. After al, who says software engineering hasto be dull?

| | @ve RuBoard
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How to Read This Book

| expect that you aready know the basics of C++. If you don't, start with agood C++ introduction and
overview (good choices are aclassic tome like Bjarne Stroustrup's The C++ Programming Language, Third
Edition[1] or Stan Lippman and Josée Lgjoie's C++ Primer, Third Edition[2]), and then be sureto pick up a
style guide like Scott Meyers classic Effective C++ books (I find the browser-based CD version convenient
and us=ful).[3]

[1] Stroustrup B. The C++ Programming Language, Third Edition (Addison Wedey Longman, 1997).

[2] Lippman S. and Lgoie J. C++ Primer, Third Edition (Addison Wedey Longman, 1998).

[3] Meyers S. Effective C++ CD: 85 Specific Waysto Improve Y our Programs and Designs (Addison
Wedey Longman, 1999). An onlinedemo isavailable at http://mww.meyerscd.awl.com.

Each itemin thisbook is presented as a puzzle or problem, with an introductory header that lookslikethis:

Item ##. The Topic of This Puzzle Difficulty

Difficulty: X

Thetopic tag and difficulty rating (typicaly anything from 3 to 91/2 , based on ascae of 10) givesyou ahint
of what you'rein for. Note that the difficulty rating ismy own subjective guess at how difficult | expect most
people will find each problem, so you may well find that agiven 7 problem iseasier for you than another 5
problem. Still, it's better to be prepared for the worst when you seea9 monster coming down the pike.

Y ou don't have to read the sections and problemsin order, but in several placesthere are "miniseries’ of
related problems that you'll see designated as"Part 1," "Part 2," and so on—some al theway up to "Part
10." Those miniseries are best read as a group.

Thisbook includes many guiddines, in which the following words usudly carry aspecific meaning:

aways= Thisisabsolutely necessary. Never fail to do this.

» prefer = Thisisusudly theright way. Do it ancther way only when asituation specificaly warrantsit.


#fm01fn01
#fm01fn02
#fm01fn03
http://www.meyerscd.awl.com/default.htm
http://www.gotw.ca/default.htm
http://www.meyerscd.awl.com
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How We Got Here: GotW and Peer Direct

The C++ Guru of the Week series has come along way. GotW was originaly created late in 1996 to
provide interesting challenges and ongoing education for our own development team here a PeerDirect. |
wroteit to provide an entertaining learning tool, including rants on things like the proper use of inheritance
and exception safety. Astimewent on, | dso used it asameansto provide our team with visbility to the
changes being made at the C++ standards meetings. Since then, GotW has been made available to the
general C++ public asaregular feature of the Internet newsgroup comp.lang.c++.moderated, where you
can find each new issu€'s questions and answers (and alot of interesting discussion).

Using C++ well isimportant at PeerDirect for many of the same reasonsit'simportant in your company, if
perhaps to achieve different goals. We happen to build systems software—for distributed databases and
database replication—in which enterprise issues such asrdiability, safety, portability, efficiency, and many
others are make-or-break concerns. The software we write needs to be able to be ported across various
compilers and operating systems; it needs to be safe and robust in the presence of database transaction
deadlocks and communications interruptions and programming exceptions, and it's used by cusomersto
manage tiny databases stting ingde smart cards and pop machines or on PAMOS and WinCE devices,
through to departmenta WindowsNT and Linux and Solaris servers, through to massively pardld Oracle
back-ends for Web servers and data warehouses—with the same software, the same reliability, the same
code. Now that's aportability and reliability chalenge, aswe cregp up on haf amillion tight, noncomment
linesof code.

To those of you who have been reading Guru of the Week on the Internet for the past few years, | havea
couple of thingsto say:

e Thank you for your interest, support, e-mails, kudos, corrections, comments, criticisms,
questions—and especidly for your requests for the GotW seriesto be assembled in book form.
Hereitis, | hopeyou enjoy it.

» Thisbook containsalot more than you ever saw on the Internet.

Exceptiona C++ isnot just a cut-and-paste of stale GotW issues that are aready floating out there
somewherein cyberspace. All the problems and solutions have been considerably revised and
reworked—for example, Items 8 through 17 on exception safety originaly appeared as asingle GotW
puzzle and have now become an in-depth, 10-part miniseries. Each problem and solution has been
examined to bring it up to date with the then-changing, and now officid, C++ standard.

So, if you've been aregular reader of GotW before, theresalot that's new herefor you. To dl faithful
readers, thanks again, and | hope this materia will help you continue to hone and expand your software
engineering and C++ programming skills.
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Generic Programming and the
C++ Standard Library

To begin, let's consider afew selected topicsin the area of generic programming. These puzzlesfocus on the
effective use of templates, iterators, and algorithms, and how to use and extend standard library facilities.
Theseideasthen lead nicely into the following section, which analyzes exception safety in the context of
writing exception-safe templ ates.
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ltem 1. [terators

Difficulty: 7

Every programmer who uses the standard library hasto be aware of these common and not-so-common
iterator mistakes. How many of them can you find?

Thefollowing program has at |east four iterator-rel ated problems. How many can you find?

int main()
{
vect or <Dat e> e;
copy( istreamiterator<bDate>( cin ),
i stream.iterator<Date>(),
back_inserter( e ) );
vector<Date>::iterator first =
find( e.begin(), e.end(), "01/01/95" );
vector<Date>::iterator last =
find( e.begin(), e.end(), "12/31/95" );
*last = "12/30/95";
copy( first,
| ast,
ostream.iterator<Date>( cout, "\n" ) );
e.insert( --e.end(), TodaysDate() );
copy( first,
| ast,
ostream.iterator<Date>( cout, "\n" ) );

}

| | @ve RuBoard
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Sqlution
int main()

{

vect or <Dat e> e;

copy( istreamiterator<bDate>( cin ),
i stream.iterator<Date>(),
back_inserter( e ) );

Thisisfine so far. The Date class writer provided an extractor function with the signature operator>>(
istream&, Date& ), which iswhat istream _iterator<Date> usesto read the Dates from the cin stream. The
copy() agorithm just stuffsthe Dates into the vector.

vector<Date>::iterator first =

find( e.begin(), e.end(), "01/01/95" );
vector<Date>::iterator |ast =

find( e.begin(), e.end(), "12/31/95" );
*|last = "12/30/95";

Error: Thismay beillega, because last may be e.end() and therefore not a dereferenceable iterator.

The find() agorithm returns its second argument (the end iterator of the range) if the valueisnot found. In
thiscase, if "12/31/95" isnot in e, then last isequal to e.end(), which points to one-past-the-end of the
container and isnot avdid iterator.

copy( first,
| ast,
ostream.iterator<Date>( cout, "\n" ) );

Error: Thismay beillegd because [firdt,last) may not be avaid range; indeed, first may actualy be after last.

For example, if "01/01/95" isnot found in e but "12/31/95" is, then the iterator |ast will point to something
earlier in the collection (the Date object equal to "12/31/95") than doestheiterator first (one past the end).
However, copy() requiresthat first must point to an earlier place in the same collection aslast—that is,
[firgt,last) must be avalid range.

Unlessyou're using a checked version of the standard library that can detect some of these problemsfor
you, thelikdly symptom if this happenswill be a difficult-to-diagnose core dump during or sometime after the

copy().

e.insert(--e.end(), TodaysDate() );

Fird error: The expression"--e.end()" islikely to beillegdl.
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[tem 2. Case-I nsengitive Strings—Part 1

Difficulty: 7
S0 you want a case-insenditive string class? Y our mission, should you choose to accept it, isto write one.

This Item is composed of three related points.

1.

Lo

What does " case-insendtive' mean?

=

2. Writeaci_gtring classthat isidentical to the standard std::string class but that is case-insengtivein
the same way as the commonly provided extension stricmp().[1] A ci_string should be usable as
follows

2. [1] Thestricmp() case-insenditive string comparison function is not part of the C or C++ standards,
but it isacommon extension on many C and C++ compilers.
2.
ci _string s( "AbCIE" );
/] case insensitive
/1

assert( s == "abcde" );
assert( s == "ABCDE" );
/1 still case-preserving, of course

/1
assert( strenp( s.c_str(), "AbCIE" ) == 0 );

assert( strcnp( s.c_str(), "abcde" ) !=0);

3.

3. Ismaking case senditivity a property of the object agood idea?
||@v§RuBoard
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Solution
il
The answersto the three questions are asfollows.
1.
1. What does"case-insengtive’ mean?
1. What "case-insengitive’ actualy means depends entirely on your application and language. For
example, many languages do not have cases at all. For those that do, you gtill have to decide
whether you want accented characters to compare equal to unaccented characters, and so on. This

Item provides guidance on how to implement case-insengitivity for sandard strings in whatever
sense gppliesto your Situation.

Lo

2. Writeaci_gtring classthat isidentical to the standard std::string class but that is case-insengitivein
the same way as the commonly provided extension stricmp().

2. The"how can | make a case-insenstive string?' question is so common that it probably deservesits
own FAQ—hencethis Item.
2.

2. Heréswhat wewant to achieve:
2.

ci_string s( "AbCdE" );

/1 case insensitive

/1

assert( s == "abcde" );
assert( s == "ABCDE" );
/1 still case-preserving, of course

/1
assert( strcnp( s.c_str(), "AbCdE" ) == 0 );
assert( strcnp( s.c_str(), "abcde" ) !=0);

2. Thekey hereisto understand what a string actudly isin Standard C++. If you look in your trusty
string header, you'll see something likethis:
2.
t ypedef basic_string<char> string;

2. Sodringisntredly aclass, it'satypedef of atemplate. In turn, the basic_string<> templateis
declared asfollows, possibly with additional implementation-specific template parameters:
2.
tenmpl at e<cl ass charT,
class traits = char_traits<charT>,
class All ocator = allocator<charT> >
cl ass basic_string;
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ltem 3. Case-l nsengitive Strings—Part 2

Difficulty: 5

How usableisthe ci_string we crested in Item 2? Now well focus on usability issues, seewhat design
problems or tradeoffs we encounter, and fill in some of the remaining gaps.

Condder again the solution for Item 2 (ignoring the function bodies):

struct ci_char_traits : public char_traits<char>
{
static bool eq( char cl1, char c2 ) {/I*...%}
static bool It( char cl1, char c2 ) {1*...%1}
static int compare( const char* s1i,

const char* s2,

size_t n) {1*...%1}
static const char*
find( const char* s, int n, char a ) { /*...*/ }

b

For thisItem, answer the following related questions as completely as possible:

1.

=

Isit safeto inherit ci_char_traitsfrom char_traits<char> thisway?

=

2. Why doesthefollowing codefail to compile?

2. ci_string s = "abc";
cout << s << endl;

3.
3. What about using other operators (for example, +, +=, =) and mixing stringsand ¢i_strings as
arguments? For example:
3. string a = "aaa";
ci _string b = "bbb";
string c =a+ b;
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Sqlution

v

The answersto the three questions are asfollows.

1.

1.

Isit safeto inherit ci_char_traitsfrom char_traits<char> thisway?

Public inheritance should normally modd IS-A / WORKS-LIKE-A as per the Liskov Substitution
Principle (LSP). (See Items 22 and 28.) This, however, isone of the rare exceptionsto the LSP,
because ci_char_traitsis not intended to be used polymorphicaly through a pointer or reference to
the base class char_traits<char>. The standard library does not use traits objects polymorphically.
Inthis case, inheritanceis used merely for convenience (well, somewould say laziness); inheritance
isnot being used in an object-oriented way.

On the other hand, the L SP does still apply in another sense; 1t gpplies at compile-time, when the
derived object must WORK-LIKE-A base object in the ways required by the basic_string
template's requirements. In a newsgroup posting, Nathan Myers[2] putsit thisway:

[2] Nathan isalongtime member of the C++ standards committee and the primary author of the
gandard'slocdefacility.

In other words, LSP applies, but only at compile-time, and by the convention we cal “requirements
ligs" | would liketo distinguish this case; cdl it Generic Liskov Subdtitution Principle (GLSP): Any

type (or template) passed as atemplate argument should conform to the requirements listed for that
argument.

Classes derived from iterator tags and traits classes, then, are subject to GLSP, but classical LSP
congderations (for example, virtua destructor, and so forth) may or may not apply, depending on
whether run-time polymorphic behaviors are in the sgnature specified in the requirementslis.

So, in short, thisinheritance is safe, because it conformsto GLSP (if not LSP). However, themain
reason | used it here was not for convenience (to avoid writing al the other char_traits<char>
baggage), but to demongtrate what's different—that we had to change only four operationsto get
the effect we want.

The reason behind thisfirst question wasto get you to think about severa things: (1) the proper uses
(and improper abuses) of inheritance; (2) theimplications of the fact that there are only static
members, (3) thefact that char_traits objects are never used polymorphicaly.

Why does the following codefail to compile?
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ltem 4. Maximally Reusable Generic
Containers—Part 1

Difficulty: 8

How flexible can you make thissmple container class? Hint: Y ou'll learn more than alittle about member
templates dong the way.

How can you best implement copy construction and copy assgnment for the following fixed-length vector
dass?How can you provide maximum usability for construction and assignment? Hint: Think about the kinds
of thingsthat client code might want to do.

tenpl at e<typenane T, size t size>
class fixed_vector

{
publi c:
typedef T* iterator;
t ypedef const T* const _iterator;
iterator begi n() { return v_; }
iterator end() { return v_+size; }

const iterator begin() const { return v_; }
const _iterator end() const { return v_+size; }

private:

T v_[size];

b

Note: Don't fix other things. This container is not intended to be fully STL-compliant, and it has at |east one
subtle problem. 1t's meant only to illusirate some important issuesin asmplified setting.

| | @ve RuBoard
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Solution

il
For this Item's solution, well do something alittle different. I'll present a proposed solution, and your mission
isto supply the explanation and critique the solution. Consider now Item 5.
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Item 5. Maximally Reusable Generic
Containers—Part 2

Difficulty: 6

Historica note: The example used in this Item is adgpted from one presented by Kevlin Henney and later
analyzed by Jon Jagger in issues 12 and 20 of the British C++ magazine Overload. (British readers beware:
The answer to this Item goes well beyond that presented in Overload #20. In fact, the efficiency optimization
presented there won't work in the solution to this problem.)

What is the following solution doing, and why? Explain each constructor and operator. Does this design or
code have any flaws?

tenpl at e<typenane T, size t size>
class fixed_vector
{
publi c:
typedef T* iterator;
t ypedef const T* const_iterator;
fixed vector() { }

tenpl at e<typenane O size t osize>
fixed vector( const fixed_vector<QO, osize>& other )
{
copy( other. begin(),
ot her. begi n() +m n(si ze, osi ze),
begin() );
}

tenpl at e<typenane O size t osize>
fixed _vector<T,size>&
operator=( const fixed_vector<QO osize>& other )
{
copy( other. begin(),
ot her. begi n() +m n(si ze, osi ze),

begin() );
return *this;
}
iterator begi n() { return v_; }
iterator end() { return v_+size; }

const _iterator begin() const { return v_; }
const _iterator end() const { return v_+size; }

private:
T v _[size];

b
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Solution

il
Let's analyze the solution above and see how well it measures up to what the question asked. Recall that the
origina question was. How can you best implement copy construction and copy assignment for the following

fixed-length vector class? How can you provide maximum usability for congtruction and assgnment? Hint:
Think about the kinds of things that client code might want to do.

Copy Construction and Copy Assignment

Firdt, note that the first question isared herring. Did you spot it? The origina code aready had a copy
constructor and acopy assignment operator that worked just fine, thank you very much. Our solution
proposes to address the second question by adding atemplated constructor and atemplated assignment
operator to make construction and assgnment more flexible.

tenpl at e<typenane O size_t osize>
fixed_vector( const fixed_vector<QO, osize>& other )

{
copy( ot her.begin(),
ot her. begi n() +m n(si ze, osi ze),
begin() );
}

tenpl at e<typenane O, size_t osize>
fixed_vector<T, si ze>&
operator=( const fixed_vector<QO osize>& other )

{
copy( other. begin(),
ot her. begi n() +mi n(si ze, osi ze),

begin() );
return *this;

}

Note that the above functions are not a copy constructor and a copy assignment operator. Hereswhy: A
copy congtructor or copy assignment operator specifically congtructs/assigns from another object of exactly
the same type—including the same template arguments, if the classis templated. For example:

struct X

{
t enpl at e<t ypenanme T>
X( const T& ); /1 NOT copy constructor, T can't be X

t enpl at e<t ypenanme T>
operator=( const T& );
/1 NOT copy assignment, T can't be X

"But," you say, "those two templated member functions could exactly match the Sgnatures of copy

construction and copy assgnment!" Well, actualy, no—they couldn't, because in both cases, T may not be
Y To aiiote from the dandard (12 Q/2 naote AN
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Alternative: The Standard Library Approach

| happen to like the syntax and usability of the preceding functions, but there are till some nifty thingsthey
won't let you do. Consider another gpproach that follows the style of the standard library.

1.

1. Copying

1. tenplate<class RAIter>
fixed_vector( RAIter first, RAlter |last )

{
copy( first,
first+m n(size, (size_t)last-first),
begin() );
}

1. Now when copying, instead of writing:
1.
fi xed _vector<char, 6> v;
fixed_ vector<int,4> wv); // initialize using 4 values

we need to write;

fi xed_vector<char, 6> v;
fixed_vector<int,4> wv.begin(), v.end());
[l initialize using 4 val ues

Stop and think about this for amoment. What do you think of it? For congtruction, which styleis
better—the style of our proposed solution or this standard library-like style?

Inthiscase, our initia proposed solution is somewhat easier to use, whereas the standard library-like styleis
much more flexible (for example, it allows users to choose subranges and copy from other kinds of
containers). Y ou can take your pick or smply supply both flavors.

2.
2. Assgnment

2. Notethat we can't templatize assignment to take an iterator range, because operator=() may take
only one parameter. Instead, we can provide anamed function:

2.
templ ate<cl ass Iter>
fi xed_vector<T, si ze>&
assign( lter first, lter last )
{

copy( first,
first+min(size.(size t)|last-first).
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Item 6. Temporary Objects

Difficulty: 5

Unnecessary and/or temporary objects are frequent cul pritsthat can throw al your hard work—and your
program's performance—right out the window. How can you spot them and avoid them?

("Temporary objects?' you might be wondering. " That's more of an optimization thing. What's that got to do
with generic programming and the standard library?* Bear with me; the reason will become clear in the
following Item.)

Y ou aredoing acode review. A programmer has written the following function, which uses unnecessary
temporary objectsin at least three places. How many can you identify, and how should the programmer fix
them?

string FindAddr( |ist<Enployee> enps, string nane )
{

for( list<Enployee>:.:iterator i = enps. begin();
i 1= enps.end();
i ++ )
{
if( *i == nane )

{

}
}

return ""

}

return i->addr;

Do not change the operationd semantics of this function, even though they could be improved.
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Solution
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Believeit or not, this short function harbors three obvious cases of unnecessary temporaries, two subtler
ones, and two red herrings.

The two more-obvious temporaries are buried in the function declaration itself:

string FindAddr( |ist<Enployee> enps, string nane )

The parameters should be passed by const&—that is, const lis<Employee>& and congt string&,
respectively—instead of by vaue. Pass-by-value forces the compiler to make complete copies of both
objects, which can be expensive and, here, is completely unnecessary.

Guiddine
E Prefer passing objects by const& instead of passing by vaue.
The third more-obvious avoidable temporary occursin the for loop's termination condition:

for( /*...*] ; i !=enps.end(); /*...*] )

For most containers (including list), calling end() returns atemporary object that must be constructed and
destroyed. Because the value will not change, recomputing (and reconstructing and redestroying) it on every
loop iteration is both needlesdy inefficient and unaesthetic. The value should be computed only once, stored
inalocal object, and reused.

Guiddine

E Prefer precomputing vaues that won't change, instead of recreating objects
unnecessxily.

Next, consder the way we increment i in thefor loop:

for( /*...* ; i++
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Item 7. Using the Standard Library (or,
Temporaries Revisited)

Difficulty: 5

Effective reuseis an important part of good software engineering. To demonstrate how much better off you
can be by using standard library agorithmsinstead of handcrafting your own, let's reconsider the previous
Item to demonstrate how many of the problems could have been avoided by smply reusing what's dready
availablein the standard library.

How many pitfdlsin Item 6 could have been avoided if only the programmer had used astandard library
agorithm ingtead of handcrafting the loop? Demondgtrate. (Aswith Item 6, don't change the semantics of the
function, even though they could be improved.)

To recap, hereisthe mosily-fixed function:

string FindAddr( const |ist<Enpl oyee>& enps,

const string& nane )
{
| i st <Enpl oyee>::const _iterator end( enps.end() );
for( list<Enployee>::const iterator i = enps.begin();
i 1= end;
++i )
{
if( i->name == nane )
{
return i->addr;
}
}
return ""
}

| | @ve RuBoard
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Solution
95
With no other changes, smply using the standard find() algorithm could have avoided two temporaries, as

well asthe emps.end() recomputation inefficiency from the original code. For the best effect to reduce
temporaries, provide an operator==() taking an Employee& and aname string&.

string FindAddr( |ist<Enpl oyee> enps, string nane )
{

| i st<Enpl oyee>::iterator i(

find( enps.begin(), enps.end(), name )
)i
if( i !'= enps.end() )
{

return i->addr;

}

return ""

}

Y es, you can get even fancier with functorsand find_if, but see how much thissmple reuse of find savesin
programming effort and run-time efficiency.

Guiddine

E Reuse code—especialy standard library code—instead of handcrafting your own. It's
faster, eader, and safer.

Reusing existing code isusually preferable to handcrafting your own. The standard library isfull of code
that's intended to be used and reused, and to that end alot of thought and care has gone into the design of
thelibrary, including its standard dgorithms, such asfind() and sort(). Implementers have spent hours
swesting over efficiency details, usability details, al sorts of other consderations so that you don't have to.
So reuse code, especidly code in the standard library, and escape the trap of "I'll-write-my-own."

Combining thiswith the other fixes, we get amuch improved function.

string FindAddr( const |ist<Enpl oyee>& enps,
const string& nane )
{

i st <Enpl oyee>::const _iterator i (

find( enps.begin(), enps.end(), nane )
)
if( i !'=enps.end() )
{

return i->addr;

}
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Exception-Safety | ssues and
Techniques

Firg, alittle of the history of thistopicisin order. In 1994, Tom Cargill published the semind article
"Exception Handling: A False Sense of Security” (Cargill94).[1] 1t demonstrated conclusively thet, at that
time, the C++ community did not yet fully understand how to write exception-safe code. In fact, we didn't
even know what dl the important exception-safety issueswere, or how to correctly reason about exception
safety. Cargill chalenged anyone to demonstrate a conclusive solution to this problem. Three years passed.
A few people wrote partia responses to aspects of Cargill's example, but no one showed a comprehensive
solution.

[1] Availableonlineat http:/mww.gotw.calpublications/’xct++/am_effective.htm.

Then, in 1997, Guru of the Week #8 appeared on the Internet newsgroup comp.lang.c++.moderated.
Number 8 generated weeks of discussion and presented the first complete solution to Cargill's challenge.
Later that year, agrestly expanded version that was updated to match the latest changes to draft standard
C++ and demondtrating no fewer than three complete solutions, was published in the September and
November/December issues of C++ Report under the title " Exception-Safe Generic Containers." (Copies of
those origind articleswill also appear in the forthcoming book C++ Gems|1 [ Martin00].)

In early 1999, on the Effective C++ CD (Meyers99), Scott Meyersincluded arecombined version of the
articles, together with Cargill's origina challenge, with the updated text of his classic books Effective C++
and More Effective C++.

Thisminiseries has come along way sinceitsorigina publication as Guru of the Week #8. | hope you enjoy
it and find it useful. Particular thanks go to fellow committee members Dave Abrahams and Greg Colvin for
their ingghtsinto how to reason about exception-safety and their thoughtful critiques of severd drafts of this
material. Dave and Greg are, with Matt Austern, the authors of the two complete committee proposasfor
adding the current exception-safety guarantees into the stlandard library.

This miniseriestackles both mgor features, exception handling and templates, a once, by examining how to
write exception-safe (works properly in the presence of exceptions) and exception-neutral (propagates all
exceptionsto the caller) generic containers. That's easy enough to say, but it's no mean fedt.

So comeonin, join thefun, and try your hand at implementing asimple container (a Stack that users can
push and pop) and see the issuesinvolved with making it exception-safe and exception-neutral.
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Item 8. Writing Exception-Safe Code—Part 1

Difficulty: 7

Exception handling and templates are two of C++'s most powerful features. Writing exception-safe code,
however, can be difficult—especidly in atemplate, when you may have no ideawhen (or what) acertain
function might throw your way.

WEell begin where Cargill |eft off—namely, by progressively cresting a safe version of the Stack template he
critiqued. Later on, well significantly improve the Stack container by reducing the requirementson T, the
contained type, and show advanced techniques for managing resources exception-safely. Along the way,
weéll find the answersto such questions as:

*  What arethe different "levels' of exception safety?

» Can or should generic containers be fully exception-neutral ?

* Arethe standard library containers exception-safe or exception-neutra ?

»  Doesexception safety affect the design of your container's public interface?

»  Should generic containers use exception specifications?

Hereisthe declaration of the Stack template, substantidly the same asin Cargill'sarticle. Y our misson:
Make Stack exception-safe and exception-neutrd. That is, Stack objects should aways bein a correct and
consistent state, regardless of any exceptions that might be thrown in the course of executing Stack's
member functions. If any exceptions are thrown, they should be propagated seamlessy through to the caller,
who can deal with them as he pleases, because he knows the context of T and we don't.

tenpl ate <class T> class Stack

{

publi c:
Stack();
~St ack();

[*. . .%/
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Solution

il
Right away, we can see that Stack is going to have to manage dynamic memory resources. Clearly, one key
isgoing to be avoiding lesks, even in the presence of exceptions thrown by T operations and standard
memory alocations. For now, well manage these memory resources within each Stack member function.

Later oninthisminiseries, well improve on this by using a private base class to encapsul ate resource
ownership.

Default Construction

First, consider one possible default constructor:

// 1Is this safe?

tenpl at e<cl ass T>
St ack<T>: : St ack()

:v_(0),
vsi ze (10),
vused_(0) /1 nothing used yet
{
V_ = new T[vsize_]; // initial allocation

}

Isthis constructor exception-safe and exception-neutral? To find out, consider what might throw. In short,
theanswer is. any function. So thefirst step isto analyze this code and determine which functions will
actually be cadled, including both free functions and constructors, destructors, operators, and other member
functions.

This Stack congtructor first setsvsize to 10, then attemptsto dlocate someinitid memory using new
T[vsize ]. Thelatter first triesto call operator new[]() (either the default operator new[]() or one provided
by T) to alocate the memory, then triesto call T::T atota of vsize times. There are two operations that
might fail. First, the memory alocation itsdlf, in which case operator new([]() will throw abad_aloc
exception. Second, T's default constructor, which might throw anything at dl, in which case any objects that
were congtructed are destroyed and the alocated memory is automatically guaranteed to be deallocated via
operator delete]]().

Hence the above function is fully exception-safe and exception-neutral, and we can move on to the next
what? Why isthe function fully robust, you ask? All right, let'sexamineit in alittle more detall.
1.

1. Weéreexception-neutral. We don't catch anything, so if the new throws, then the exceptionis
correctly propagated up to our caler asrequired.

1. Guiddine
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Item 9. Writing Exception-Safe Code—Part 2

Difficulty: 8

Now that we have the default constructor and the destructor under our belts, we might be tempted to think
that al the other functionswill be about the same. Well, writing exception-safe and exception-neutra copy
and assignment code presents its own challenges, aswe shall now see.

Congder again Cargill's Stack template:

tenpl ate <class T> class Stack
{
publi c:
Stack();
~Stack();
St ack(const Stack&);
St ack& oper at or=(const Stackg&);

[*...0%

private:
T* vV_; /1 ptr to a nenory area big
size t vsize_; [/ enough for 'vsize ' Ts
size t vused ; [/ # of T s actually in use

1

Now write the Stack copy constructor and copy assignment operator so that both are demonstrably
exception-safe (work properly in the presence of exceptions) and exception-neutra (propagate al
exceptionsto the caller, without causing integrity problemsin a Stack object).

| | @ve RuBoard
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v

To implement the copy constructor and the copy assgnment operator, |et's use acommon helper function,
NewCopy, to manage allocating and growing memory. NewCopy takes a pointer to (src) and size of
(srcsize) anexigting T buffer, and returns a pointer to anew and possibly larger copy of the buffer, passing
ownership of the new buffer to the caller. If exceptions are encountered, NewCopy correctly releases dl
temporary resources and propagates the exception in such away that nothing isleaked.

tenpl at e<cl ass T>
T* NewCopy( const T* src,

size_t srcsi ze,
size_t destsi ze )

assert( destsize >= srcsize );

T*

try

{

dest = new T[ destsize];

copy( src, src+srcsize, dest );

}

catch(...)

{

delete[] dest; // this can't throw
t hr ow; /1 rethrow original exception

}

return dest;

Let'sanalyzethisone step at atime.

1.

1.

=

In the new statement, the dlocation might throw bad_adloc or the T::T's may throw anything. In
either case, nothing is dlocated and we smply alow the exception to propagate. Thisis both
leak-free and exception-neutral.

Next, we assign al the existing values using T::operator=(). If any of the assgnmentsfail, we catch
the exception, free the dlocated memory, and rethrow the original exception. Thisisagain both
|eak-free and exception-neutral. However, there's an important subtlety here: T::operator=() must
guarantee that if it doesthrow, then the assigned-to T object must be destructible.[4]

[4] Aswe progress, well arrive at an improved version of Stack that does not rely on T::operator=.

If the allocation and copy both succeed, then we return the pointer to the new buffer and relinquish
ownership (thet is, the caller isresponsgble for the buffer from here on out). The return smply copies
the pointer value, which cannot throw.
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Item 10. Writing Exception-Safe Code—Part 3

Difficulty: 9

Areyou getting the hang of exception safety? W, then, it must be time to throw you acurve bal. So get
ready, and don't swing too soon.

Now for thefina piece of Cargill'sorigind Stack template.

templ ate <class T> cl ass Stack
{
publi c:
St ack();
~St ack();
St ack(const Stack&);
St ack& operat or=(const Stackg&);
size_t Count() const;
void Push(const T&);
T Pop(); // if enpty, throws exception

private:
T* v_; /[l ptr to a menory area big
size_t vsize_; [/ enough for 'vsize_ ' T's
size_t vused_; // # of T s actually in use
b

Write thefina three Stack functions: Count(), Push(), and Pop(). Remember, be exception-safe and
exception-neutral!

| | @ve RuBoard
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Count()

The easiest of al Stack's membersto implement safely is Count, because dl it doesis copy abuiltin that can
never throw.

t enpl at e<cl ass T>
size_t Stack<T>::Count() const

{

return vused ; // safe, builtins don't throw

}

No problem.

Push()

On the other hand, with Push, we need to apply our now-usua duty of care.

tenpl at e<cl ass T>
voi d Stack<T>::Push( const T&t )
{
if( vused_ == vsize_) [/ growif necessary
{ /1 by sonme grow factor
size_t vsize_new = vsize_*2+1;
T* v_new = NewCopy( v_, vsize_, vsize_new);

delete[] v_; [/ this can't throw
V_ = v_new, /1 take ownership
VSi ze_ = vsize_new,

}
v_[vused ] =t;
++vused_;

}

If we have no more space, wefirst pick anew size for the buffer and make alarger copy using NewCopy.
Again, if NewCopy throws, then our own Stack's state is unchanged and the exception propagates through
cleanly. Ddleting the origind buffer and taking ownership of the new oneinvolves only operationsthat are
known not to throw, so the entire if block is exception-safe.

After any required grow operation, we attempt to copy the new value before incrementing our vused
count. Thisway, if the assgnment throws, the increment is not performed and our Stack's Sateis
unchanged. If the assignment succeeds, the Stack's state is changed to recognize the presence of the new
vaue and dl iswdll.

Guiddine
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Item 11. Writing Exception-Safe Code—Part 4

Difficulty: 8
Mid-seriesinterlude: What have we accomplished so far?

Now that we have implemented an exception-safe and exception-neutral Stack<T>, answer these questions
asprecisely asposshble:

1.

1. What are the important exception-safety guarantees?
1.
2.

2. For the Stack<T> that was just implemented, what are the requirements on T, the contained type?
2

| | @ve RuBoard
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Just asthereé's more than oneway to skin acat (I have afeding I'm going to get enraged e-mail from animal
lovers), there's more than one way to write exception-safe code. In fact, there are two main alternatives we
can choose from when it comes to guaranteeing exception safety. These guarantees werefirgt set out in this

form by Dave Abrahams.
1.
1. Basic guarantee: Evenin the presence of exceptionsthrown by T or other exceptions, Stack objects

=

don't leak resources. Note that this aso impliesthat the container will be destructible and usable
even if an exception isthrown while performing some container operation. However, if an exception
isthrown, the container will bein aconsistent, but not necessarily predictable, state. Containersthat
support the basic guarantee can work safely in some settings.

Strong guarantee: If an operation terminates because of an exception, program state will remain
unchanged. Thisawaysimplies commit-or-rollback semantics, including that no references or
iteratorsinto the container beinvalidated if an operation fails. For example, if aStack client calls

Top and then attempts a Push that fails because of an exception, then the state of the Stack object
must be unchanged and the reference returned from the prior call to Top must till be valid. For

more information on these guarantees, see Dave Abrahams's documentation of the SGI
exception-safe standard library adaptation at: http://Awww.gotw.ca/publications/xc++/da stlsafety.htm

Probably the most interesting point here is that when you implement the basic guarantee, the strong
guarantee often comes dong for free.[7] For example, in our Stack implementation, almost
everything we did was needed to satisfy just the basic guarantee—and what's presented above very
nearly satisfies the strong guarantee, with little or no extrawork.[8] Not half bad, consdering dl the
trouble we went to.

[7] Notethat | said "often,” not "adways." In the standard library, for example, vector isa
well-known counter-example in which satisfying the bas ¢ guarantee does not cause the strong
guarantee to come along for free.

[8] Thereisone subtle way in which thisverson of Stack ill falls short of the strong guarantee. If
Push() is caled and hasto grow itsinterna buffer, but thenitsfina v_[vused ] =t; assgnment
throws, the Stack is till in acongstent state, but itsinternal memory buffer has moved—uwhich
invaidates any previoudy valid references returned from Top(). Thislast flaw in Stack::Push() can
be fixed fairly easily by moving some code and adding atry block. For a better solution, however,
see the Stack presented in the second haf of thisminiseries. That Stack does not have the problem,
and it does satisfy the strong commit-or-rollback guarantee.

In addition to these two guarantees, there is one more guarantee that cartain functions must provide
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ltem 12. Writing Exception-Safe Code—Part 5

Difficulty: 7
All right, you've had enough rest—roll up your deeves, and get ready for awild ride.

Now we're ready to delve alittle deeper into the same example, and write not just one but two
new-and-improved versons of Stack. Not only isit, indeed, possible to write exception-safe generic
containers, but by the time this miniseriesis over, well have created no fewer than three complete solutions
to the exception-safe Stack problem.

Along theway, welll aso discover the answersto severa more interesting questions.

*  How can we use more-advanced techniques to smplify the way we manage resources and get rid of
thelast try/catch into the bargain?

* How can weimprove Stack by reducing the requirements on T, the contained type?

»  Should generic containers use exception specifications?

What do new[] and delete[] really do?

The answer to the last question may be quite different from what one might expect. Writing exception-safe
containersin C++ isn't rocket science; it just requires significant care and agood understanding of how the
language works. In particular, it helpsto develop ahabit of eyeing with mild suspicion anything that might
turn out to be afunction call—including user-defined operators, user-defined conversions, and silent
temporary objects among the more subtle cul prits—because any function call might throw.[9]

[9] Except for functions declared with an exception specification of throw() or certain functionsin the
standard library that are documented to never throw.

One way to greatly smplify an exception-safe container like Stack isto use better encapsulation.
Specificaly, wed like to encapsul ate the basic memory management work. Most of the care we had to take
whilewritina our oricina excention-safe Sack was needed iust to aet the basc memorv allocation rioht. 0
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Solution

95
We won't spend much time analyzing why the following functions are fully exception-safe (work properly in
the presence of exceptions) and exception-neutra (propagate dl exceptionsto the caler), because the

reasons are pretty much the same as those we discussed in detail in the first haf of thisminiseries. But do
take afew minutes now to analyze these solutions, and note the commentary.

Constructor

The congtructor isfairly straightforward. Well use operator new() to alocate the buffer asraw memory.
(Notethat if we used anew-expression like new T[sze], then the buffer would beinitialized to
default-congtructed T objects, which was explicitly disallowed in the problem statement.)

tenpl ate <class T>
St ackl mpl <T>: : Stackl npl ( size_t size )
. v_( static_cast<T*>
( size == 0
?0
. operator new(sizeof(T)*size) ) ),
vsi ze (size),
vused (0)
{
}

Destructor

The destructor isthe easiest of the three functionsto implement. Again, remember what we learned about
operator ddete() earlier in thisminiseries. (See " Some Standard Helper Functions” for full details about
functions such as destroy() and swap() that appear in the next few pieces of code.)

tenpl ate <class T>
St ackl npl <T>:: ~St ackl npl ()
{

destroy( v_, v_+vused_); // this can't throw
operator delete( v_ );

Well see what destroy() isin amoment.

Some Standard Helper Functions

The Stack and Stackl mpl presented in this solution use three he per functions. one of which
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ltem 13. Writing Exception-Safe Code—Part 6

Difficulty: 9

And now for an even better Stack, with fewer requirements on T—not to mention avery elegant
operator=().

Imagine that the /* ??7??*/ comment in Stackimpl stood for protected. Implement al the member functions of
the following verson of Stack, which isto beimplemented in terms of Stacklmpl by using Stackimpl asa
private base class.

tenpl ate <class T>
class Stack : private Stackl npl <T>
{
publi c:
St ack(size_t size=0);
~St ack();
St ack(const Stack&);
St ack& operat or=(const Stackg&);
size_t Count() const;
voi d Push(const T&);
T& Top(); /] if enpty, throws exception
voi d Pop() ; /] if enpty, throws exception

Asdways, remember to make all the functions exception-safe and exception-neutral.

(Hint: Therésavery eegant way to implement afully safe operator=(). Can you spot it?)

| | @ve RuBoard
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The Default Constructor

Using the private base class method, our Stack classwill look something like this (the code is shown inlined
for brevity):

tenpl ate <class T>
class Stack : private Stackl npl <T>

{
publi c:
St ack(size_t size=0)
: Stackl npl <T>(si ze)
{
}

Stack's default constructor smply calls the default constructor of Stackimpl, that just setsthe stack’s state to
empty and optionaly performsaninitia dlocation. The only operation here that might throw isthe new done
in Stacklmpl's congtructor, and that's unimportant when considering Stack's own exception safety. If it does
happen, we won't enter the Stack constructor body and there will never have been a Stack object at al, so
any initia dlocation failuresin the base class don't affect Stack. (See Item 8 and More Exceptiona C++
Items 17 and 18, for additional comments about exiting constructors viaan exception.)

Note that we dightly changed Stack's origina congtructor interface to dlow agtarting "hint” at the amount of
memory to alocate. Well make use of thisin aminute when we write the Push function.

Guiddine

E Observe the canonical exception-safety rules. Always use the "resource acquisitionis
initidization” idiom to isolate resource ownership and management.

The Destructor

Heresthefirst elegance: We don't need to provide a Stack destructor. The default compiler-generated
Stack destructor isfine, becauseit just callsthe Stackimpl destructor to destroy any objects that were
congiructed and actudly free the memory. Elegant.

The Copy Constructor
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ltem 14. Writing Exception-Safe Code—Part 7

Difficulty: 5
Only adight variant—of course, operator=() isstill very nifty.

Imagine that the /* ??72?*/ comment in Stacklmpl stood for public. Implement al the member functions of the
following verson of Stack, which isto beimplemented in terms of Stacklmpl by using a Stacklmpl member
object.

tenpl ate <class T>
cl ass Stack
{
publi c:
St ack(size t size=0);
~Stack();
St ack(const Stack&);
St ack& oper at or=(const Stackg&);
size_t Count() const;
voi d Push(const T&);

T& Top(); /1 if enpty, throws exception
void Pop(); /1 if enpty, throws exception
private:
Stacklnmpl <T> inpl _; [// private inplenentation
H
Don't forget exception safety.
| | @ve RuBoard
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Solution
95
Thisimplementation of Stack isonly dightly different from the last. For example, Count() returns

impl_.vused _instead of just an inherited vused .

Here's the complete code:

tenpl ate <class T>
cl ass Stack

{
publi c:
St ack(size_t size=0)
i mpl _(size)
{
}

St ack(const Stack& ot her)
i mpl _(other.inpl_.vused)

{
while( inpl_.vused < other.inpl_.vused_ )
{
construct( inpl_.v_+inpl_.vused_,
other.inpl _.v [inpl_.vused ] );
++i mpl _. vused_;
}
}
St ack& oper at or=(const Stack& ot her)
{
St ack tenp(other);
inmpl _.Swap(tenp.inmpl ); // this can't throw
return *this;
}
size_t Count() const
{
return inpl _.vused_;
}
void Push( const T& t )
{
if( inpl_.vused == inpl_.vsize )
{

Stack tenmp( inpl _.vsize *2+1 );
while( tenp.Count() < inpl_.vused )
{
tenp. Push( inpl _.v _[tenp.Count()] );
}
tenp. Push( t );
impl _. Swap( tenp.inpl_ );
}

el se

{

construct( inpl_.v_+inpl _.vused , t );
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ltem 15. Writing Exception-Safe Code—Part 8

Difficulty: 9

That'sit—thisisthefinal leg of the miniseries. The end of the lineisagood place to stop and reflect, and
that's just what well do for these last three problems.

1.
1.
1.
2.

2.

Which technique is better—using Stacklmpl as a private base class, or asamember object?

How reusable are the last two versions of Stack? What requirements do they put on T, the
contained type? (In other words, what kinds of T can our latest Stack accept? The fewer the
requirements are, the more reusable Stack will be.)

2.
3.
3. Should Stack provide exception specifications on its functions?
3.
|1 @ve RuBoard [« rrevious | nexr o]
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Let'sanswer the questionsone a atime.

1.

1.

Which technique is better—using Stacklmpl as a private base class, or as a member object?

Both methods give essentialy the same effect and nicely separate the two concerns of memory
management and object construction/destruction.

When deciding between private inheritance and containment, my rule of thumb isawaysto prefer
the latter and use inheritance only when absolutely necessary. Both techniques mean "isimplemented
interms of," and containment forces a better separation of concerns becausethe using classisa
normal client with accessto only the used classs public interface. Use private inheritance instead of
containment only when absolutely necessary, which meanswhen:

o

0 You need accessto the class's protected members, or
0

Y ou need to override avirtua function, or

o

o Theobject needsto be constructed before other base subobjects[10]

o [10] Admittedly, in this caseit'stempting to use private inheritance anyway for syntactic
convenience so that we don't have to write "impl_." in so many places.

How reusable are the last two versions of Stack? What requirements do they put on T, the
contained type?

When writing atemplated class, particularly something as potentiadly widely useful asageneric
container, dways ask yourself one crucid question: How reusableismy class? Or, toput it a
different way: What congtraints have | put upon users of the class, and do those congtraints unduly
limit what those users might want to reasonably do with my class?

These Stack templates have two mgjor differences from the first one we built. Weve discussed one

of the differences dready. These latest Stacks decouple memory management from contained object
construction and destruction, which is nice, but doesn't redly affect users. However, there is another
important difference. The new Stacks construct and destroy individual objectsin place as needed,
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ltem 16. Writing Exception-Safe Code—Part 9

Difficulty: 8

How well do you understand the innocuous expression delete]] p? What are itsimplications when it comes
to exception safety?

And now, for the topic you've been waiting for: "Destructors That Throw and Why They're Evil."
Congder the expression delete]] p;, where p pointsto avaid array on the free store, which was properly
dlocated and initidized using new(].

1.

1. What doesddetd] p; redly do?

1.

2.

2. How safeisit? Be as specific aspossible.
2

| | @ve RuBoard
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Thisbrings usto akey topic, namely the innocent looking delete]] p;. What doesit redly do? And how safe
isit?

Destructors That Throw and Why They're Evil

Firdt, recall our sandard destroy hel per function (see the accompanying box):

tenpl ate <class Fwdlter>
void destroy( Fwdlter first, Pwliter last )

while( first I'=last )
{

destroy( & first ); // calls "*first"'s destructor
++first;

}
}

Thiswas safein our example above, because we required that T destructors never throw. But what if a
contained object's destructor were alowed to throw? Consider what happensif destroy is passed arange of
five objects. If thefirst destructor throws, then asit iswritten now, destroy will exit and the other four
objectswill never be destroyed. Thisis obvioudy not agood thing.

"Ah," you might interrupt, "but can't we clearly get around that by writing destroy to work properly in the
face of T'swhose destructors are alowed to throw?' Well, that's not as clear as one might think. For
example, you'd probably start writing something likethis:

tenpl ate <class Fwdlter>
voi d destroy( Fwdlter first, Pwdlter |ast )
{ while( first I'=last )
{
try
{

}
catch(...)

{

/* what goes here? */

}

++first;

destroy( & first );

Thetricky part isthe"what goes here?' There areredly only three choices: the catch body rethrowsthe
exception, it converts the exception by throwing something ese, or it throws nothing and continues the loop.


#ch16fn01
#ch16fn02
#ch16fn03
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial verson, http:/mww.thebeatlesfor ever .com/processtext/abechm.html

| | @ve RuBoard

| | @ve RuBoard

Item 17. Writing Exception-Safe Code—Part
10

Difficulty: 9

The end—at last. Thank you for considering this miniseries. | hope you've enjoyed it.

At this point, you're probably feding alittle drained and more than alittle tired. That's understandable. So
hereésafina question as aparting gift—it's designed to make everyone remember the equaly (if not more)
tired people who had to figure this stuff out on their own from firgt principles and then scrambled hard to get
reasonabl e exception-safety guarantees put into the standard library at the last minute. It's appropriate at this
timeto repeat public thanksto Dave Abrahams, Greg Colvin, Mait Austern, and dl the other "exceptiona”
people who helped get the current safety guaranteesinto the standard library—and who managed to
completethe job literaly days before the standard was frozen in November 1997, a the ISO WG21 /
ANSI J16 mesting at Morristown, N.J., USA.

Isthe C++ standard library exception-safe?

Explan.

| | @ve RuBoard
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Exception Safety and the Standard Library

Arethe standard library containers exception-safe and exception-neutral? The short answer is: Yes.[14]

[14] Here, I'm focusing my attention on the containers and iterators portion of the standard library. Other
parts of the library, such asiostreams and facets, are specified to provide at least the basic exception-safety
guarantee.

All iterators returned from standard containers are exception-safe and can be copied without
throwing an exception.

All standard containers must implement the basic guarantee for dl operations. They aredways
destructible, and they are dwaysin aconsstent (if not predictable) state even in the presence of
exceptions.

To makethis possible, certain important functions are required to implement the nothrow guarantee
(arerequired not to throw)—including swap (the importance of which wasillustrated by the example
in the previous Item), alocator<T>::dedlocate (the importance of which wasillugtrated by the
discussion of operator delete() at the beginning of this miniseries) and certain operations of the
template parameter types themselves (especialy, the destructor, the importance of which was
illustrated in Item 16 by the discussion headed "Destructors That Throw and Why They're Evil").

All standard containers must aso implement the strong guarantee for al operations (with two
exceptions). They aways have commit-or-rollback semantics so that an operation such as an insert
either succeeds completely or e se does not change the program state at all. "No change' aso means
that failed operations do not affect the validity of any iterators that happened to be dready pointing
into the container.

There are only two exceptionsto this point. First, for al containers, multi-element inserts (“iterator
range" inserts) are never strongly exception-safe. Second, for vector<T> and deque<T> only,
inserts and erases (whether single- or multi-element) are strongly exception-safe aslong as T's copy
constructor and assignment operator do not throw. Note the consequences of these particular
limitations. Unfortunatdly, among other things, this meansthat inserting into and erasing froma
vector<string> or avector<vector<int> >, for example, are not strongly exception-safe.
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Item 18. Code Complexity—Part 1

Difficulty: 9

This problem presents an interesting challenge: How many execution paths can there bein asmple three-line
function? The answer will amost certainly surpriseyou.

How many execution paths could there be in the following code?

String Eval uat eSal ar yAndRet ur nNanme( Enpl oyee e )
{

if( eTitle() == "CEO' || e.Salary() > 100000 )
{
cout << e.First() << " " << e.lLast() << " is overpaid" << endl;
}
return e.First() + " " + e.Last();

}

To provide alittle structure here, you should start by relying on the following three assumptions, and then try
to expand on them.

1.

'_\

. Different orders of evauating function parameters are ignored, and failed destructors are ignored.

=

Cdled functions are consdered atomic.

NN

3. To count asadifferent execution path, an execution path must be made up of a unique sequence of
function calls performed and exited in the same way.

3.
| | @ve RuBoard JEX
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Solution
i
Firg, let'sthink about the implications of the given assumptions.
1.
1. Different orders of evaluating function parameters are ignored, and exceptions thrown by destructors
areignored.[15] Follow-up question for the intrepid: How many more execution paths are there if

destructors are dlowed to throw?

1. [15] Never alow an exception to propagate from a destructor. Code that does this can't be made to
work well. See Item 16 for more about " destructors that throw and why they're evil .

=

2. Cdled functions are considered atomic. For example, the call "eTitle()" could throw for severd
reasons (for example, it could throw an exception itsdlf, it could fail to catch an exception thrown by
another function it has caled, or it could return by value and the temporary object's constructor
could throw). All that mattersto the function iswhether performing the operation e Title() resultsin
an exception being thrown or not.

3. Tocount asadifferent execution path, an execution path must be made up of aunique sequence of
function calls performed and exited in the same way.
3.

So, how many possible execution paths are there? Answer: 23 (in just threelines of code!).

If you found: Rate your self:
3 Average

4-14 Exception-aware
15-23 Guru materid
The 23 are made up of:

» 3 nonexceptional code paths

20invisible exceptiona code paths

By nonexceptiona code paths | mean paths of execution that happen even if there are no exceptions thrown.
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Item 19. Code Complexity—Part 2

Difficulty: 7

The chalenge: Take thethree-line function from Item 18 and make it exception-safe. Thisexerciseillustrates
some important lessons about exception safety.

Isthe function from Item 18 exception-safe (works properly in the presence of exceptions) and
exception-neutral (propagates al exceptionsto the caller)?

String Eval uat eSal ar yAndRet ur nName( Enpl oyee e )
{

if( eTitle() =="CEQ" || e.Salary() > 100000 )
{
cout << e.First() << " " << e.last() << " is overpaid" << endl;
}
return e.First() +" " + e.Last();

}

Explain your answer. If it is exception-safe, doesit support the basic guarantee, the strong guarantee, or the
nothrow guarantee? If not, how must it be changed to support one of these guarantees?

Assumethat al called functions are strongly exception-safe (might throw but do not have sde effectsif they
do throw), and that any objects being used, including temporaries, are exception-safe (clean up their
resources when destroyed).

To recap the basic, strong, and nothrow guarantees, see Item 11. In brief, the basic guarantee ensures
destructibility and no lesks; the strong guarantee, in addition, ensures full commit-or-rollback semantics; and
the nothrow guarantee ensuresthat afunction will not emit an exception.

| | @ve RuBoard
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Solution
W
First, before we get into the solution proper, aword about assumptions.

Asthe problem stated, we will assumethat al called functions—including the stream functions—are strongly
exception-safe (might throw but do not have side effects), and that any objects being used, including
temporaries, are exception-safe (clean up their resources when destroyed).

Streams happen to throw amonkey wrench into this because of their possible "un-rollbackable’ sde effects.
For example, operator<< might throw after emitting part of astring that can't be "un-emitted”; aso, the
stream's error state may be set. We will ignore those issues for the most part; the point of thisdiscussonis
to examine how to make a function exception-safe when the function is specified to have two distinct Sde
effects.

So herésthe question again: Isthe function from Item 18 exception-safe (works properly in the presence of
exceptions) and exception-neutral (propagates al exceptionsto the caler)?

String Eval uat eSal ar yAndRet ur nNanme( Enpl oyee e )
{

if( eTitle() == "CEO' || e.Salary() > 100000 )
{
cout << e.First() << " " << e.lLast() << " is overpaid" << endl;
}
return e.First() +" " + e.Last();

}

Aswritten, thisfunction satisfies the basic guarantee: In the presence of exceptions, the function does not
leak resources.

Thisfunction does not satisfy the strong guarantee. The strong guarantee saysthat if the function failsdueto
an exception, program state must not be changed. Eval uateSalaryAndReturnName(), however, hastwo
diginct sde effects (as hinted at in the function's name).

* An"..overpad.." messageisemitted to cout.

* A namedtring isreturned.

Asfar asthe second side effect is concerned, the function aready meets the strong guarantee, becauseif an
exception occurs the value will never bereturned. Asfar asthefirst side effect is concerned, though, the
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|tem 20. Class M echanics

Difficulty: 7

How good are you at the detail s of writing classes? Thisitem focuses not only on blatant errors, but even
more so on professiona style. Understanding these principleswill help you to design classes that are more
robust and easier to maintain.

Y ou are doing acode review. A programmer has written the following class, which shows some poor style
and has somered errors. How many can you find, and how would you fix them?

cl ass Conpl ex

{
publi c:
Conpl ex( doubl e real, double imginary = 0 )
_real (real), _imaginary(imaginary)
{
}
voi d operator+ ( Conplex other )
{
_real = real + other. real;
_imaginary = _imaginary + other._inmagi nary;
}
voi d operator<<( ostream os )
{
0S << "(" << _real << "," << _imaginary << ")"
}
Conpl ex oper at or ++()
{
++ real;
return *this;
}
Conpl ex operator++( int )
{
Conplex tenp = *this;
++ real;
return tenp;
}
private:
double _real, _inaginary;

}
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Sql ution

Thisclasshasalot of problems—even morethan | will explicitly show here. The point of this puzzleis
primarily to highlight class mechanics (issues such as "wheat is the canonica form of operator<<?' and
"should operator+ be amember?") rather than point out where the interface isjust plain poorly designed.
However, | will start off with perhaps the most useful observation: Why write a Complex classwhen one
aready exigtsin the sandard library? And, what's more, the sandard one isn't plagued with any of the

following problems and has been crafted based on years of practice by the best people in our industry.
Humblethysdf and reuse.

Guiddine

I"— Reuse code—especidly standard library code—ingtead of handcrafting your own. It's
fagter, easer, and sofer.

Perhaps the best way to fix the problemsin the Complex codeisto avoid using the class at all and usethe
gd::complex template instead.

Having said that, let's go through the class as written and fix the problems as we go. Firdt, the constructor:
1.

1. Thecongructor dlowsanimplicit converson.

1. Conpl ex( double real, double imaginary = 0 )
. _real(real), _imaginary(inaginary)

1. Becausethe second parameter has adefault value, this function can be used as a Single-parameter
constructor and, hence, asan implicit conversion from double to Complex. In this casg, it's probably
fine, but aswe saw in Item 6, the converson may not aways be intended. In generd it'sagood idea
to make your congtructors explicit by default unlessyou ddliberately decide to dlow theimplicit
conversion. (See Item 39 for more about implicit conversons.)

1. Guiddine
1.

I"— Watch out for hidden temporaries created by implicit conversions. One good way to
avoid thisisto make congructors explicit when possible, and avoid writing conversion

Pt ale e Jaldal
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Item 21. Overriding Virtual Functions

Difficulty: 6

Virtua functions are a pretty basic feature, but they occasionaly harbor subtleties that trap the unwary. If
you can answer questions like this one, then you know virtual functions cold, and you're lesslikely to waste
alot of time debugging problemslike the onesillustrated below.

In your travels through the dusty corners of your company's code archives, you come across the following
program fragment written by an unknown programmer. The programmer seemsto have been experimenting
to see how some C++ features work. What did the programmer probably expect the program to print, and
what isthe actud result?

#i ncl ude <i ostrean

#i ncl ude <conpl ex>

usi ng nanespace std;

cl ass Base

{

publi c:
virtual void f( int );
virtual void f( double );

virtual void g( int i =10 );
zx,oid Base::f( int )
{ cout << "Base::f(int)" << endl
boid Base:: f( double )
{ cout << "Base::f(double)" << endl
boid Base::g( int i )
{ cout << i << endl
ilass Derived: public Base
{
publi c:
void f( conpl ex<doubl e> );
void g( int i =20);
}v‘oi d Derived::f( conpl ex<doubl e> )
{ cout << "Derived::f(conplex)" << endl
boid Derived::g( int i)
{ cout << "Derived::g() " << i << endl
?oid mai n()

Base b;
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v

Fird, let's consder some styleissues, and onered error.

1.

1. "voidmain()" isnonstandard and therefore nonportable.

1. void main()

1. Yes das, | know that this appearsin many books. Some authors even argue that “void main()"
might be standard-conforming. It isn't. It never was, not even in the 1970s, in the origina
pre-standard C.

1.

1. Eventhough "void main()" isnot one of the legd declarations of main, many compilersalow it. What
this means, however, isthat even if you are able to write "void main()" today on your current
compiler, you may not be able to write it when you port to anew compiler. It'sbest to get into the
habit of using either of the two standard and portable declarations of main:

1.

int main()

int main( int argc, char* argv[] )

N

2.

£l

Y ou might also have noticed that the problem program does not have areturn statement in main.
Even with astandard main() that returns an int, that's not a problem (though it's certainly good style
to report errorsto outside callers), because if main() has no return statement, the effect isthat of
executing "return 0;". Cavesat: Asof thiswriting, many compilers till do not implement thisrule and
will emit warningsif you don't put an explicit return statement in main().

"delete pb;" isunsafe.

del et e pb;

Thislooksinnocuous. It would be innocuous, if only the writer of Base had supplied avirtud
destructor. Asit is, deleting viaa pointer-to-base without a virtual destructor isevil, pureand smple,
and corruption isthe best thing you can hope for, because the wrong destructor will get called and
operator delete() will beinvoked with the wrong object size.

Guiddine

Make base class destructors virtual (unlessyou are certain that no one will ever
attempt to delete a derived object through a pointer to base).
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ltem 22. Class Relationships—Part 1

Difficulty: 5

How are your OO design skills? This Item illustirates a common class design mistake that till catches many
programmers.

A networking application has two kinds of communications sessons, each with its own message protocol.
The two protocols have smilarities (Some computations and even some messages are the same), so the
programmer has come up with the following design to encapsul ate the common computations and messages
in aBasicProtocol class.

cl ass BasicProtocol /* : possible base classes */
{
publi c:
Basi cProt ocol ();
virtual ~BasicProtocol ();
bool BasicMsgA( /*...*/[ );
bool BasicMsgB( /*...*/ );
bool BasicMsgC( /*...*/ );
H

class Protocol1 : public BasicProtocol
{
publi c:
Pr ot ocol 1();
~Pr ot ocol 1();
bool DoMsgl( /*...*/ );
bool DoMsg2( /*...*/ );
bool DoMsg3( /*...*/ );
bool DoMsg4( /*...*/ );
H

class Protocol 2 : public BasicProtocol
{
publi c:

Pr ot ocol 2();

~Pr ot ocol 2();

bool DoMsgl( /*...*/ );

bool DoMsg2( /*...*/ );

bool DoMsg3( /*...*/ );

bool DoMsg4( /*...*/ );

bool DoMsg5( /*...*/ );

Each DoMsg () member function cdlsthe BasicProtocol::Basic () functions as needed to perform the
common work, but the DoMgg () function performsthe actud transmissonsitsdf. Each classmay have
additional members, but you can assumethat al significant members are shown.
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Solution
o
ThisItem illustrates atoo-common pitfall in OO class relationship design. To recap, classes Protocol 1 and

Protocol 2 are publicly derived from a common base class Bas cProtocol, which performs some common
work.

A key to identifying the problem isthe following:

Each DoMgg () member function cals the BasicProtocol::Basic () functions as needed to perform the
common work, but the DoM g () function performsthe actud transmissionsitsdf.

Herewe haveit: Thisisclearly describing an "isimplemented in termsof " rdationship, which, in C++, is
spelled ether "private inheritance’ or "membership.” Unfortunately, many people till frequently misspell it as
"public inheritance," thereby confusing implementation inheritance with interface inheritance. Thetwo are not
the same thing, and that confusion is a the root of the problem here.

Common Migtake

X

Never use public inheritance except to modd true Liskov IS-A and
WORKS-LIKE-A. All overridden member functions must require no more and
promiseno less.

Incidentally, programmersin the habit of making this mistake (using public inheritance for implementation)
usualy end up creating deep inheritance hierarchies. This greatly increases the maintenance burden by
adding unnecessary complexity, forcing usersto learn the interfaces of many classes even when dl they want
to do isuse a specific derived class. It can aso have an impact on memory use and program performance
by adding unnecessary vtables and indirectionsto classesthat do not really need them. If you find yourself
frequently creating deep inheritance hierarchies, you should review your design styleto seeif you've picked
up this bad habit. Deep hierarchies are rarely needed and amost never good. And if you don't believe that
but think that "OO just isntOO without lots of inheritance," then agood counter-example to consider isthe
dandard library itsdf.

Guiddine

E Never inherit publicly to reuse code (in the base class); inherit publicly in order to be
raiced (bv code that 11se< base obiect< polvmorohical lv) [41
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|tem 23. Class Relationships—Part 2

Difficulty: 6

Design patterns are an important tool in writing reusable code. Do you recognize the patterns used in this
Item?If S0, can you improve them?

A database manipulation program often needs to do some work on every record (or selected records) ina
given table, by first performing aread-only pass through the table to cache information about which records
need to be processed, and then performing a second passto actualy make the changes.

Instead of rewriting much of the common logic each time, aprogrammer hastried to provide ageneric
reusable framework in the following abstract class. Theintent is that the abstract class should encapsulate
the repetitive work by first, compiling alist of table rows on which work needs to be done, and second, by
performing the work on each affected row. Derived classes are responsible for providing the details of their

specific operations.

cl ass CenericTabl eAl gorithm

{

publi c:
CGeneri cTabl eAl gorithm{ const string& table );
virtual ~GenericTabl eAl gorithn();

/1 Process() returns true if and only if successful.
/1 1t does all the work: a) physically reads

/1 the table's records, calling Filter() on each

/1 to determi ne whether it should be included

/1 in the rows to be processed; and b) when the

/1 list of rows to operate upon is conplete, calls
/1l ProcessRow() for each such row.

/1

bool Process();

private:
/1 Filter() returns true if and only if the row should be
/1 included in the ones to be processed. The
/1 default action is to return true (to include
[l every row).
/1
virtual bool Filter( const Record& );

/1 ProcessRow() is called once per record that

/1 was included for processing. This is where

/1 the concrete class does its specialized work.
/1 (Note: This nmeans every row to be processed

/1 will be read twice, but assune that that is

/!l necessary and not an efficiency consideration.)
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Let's consder the questions one by one.

1.

1.

Lo

=

Thisisagood design and implements awell-known design pattern. Which pattern isthis? Why isit
useful here?

Thisisthe Template Method (Gammad5) pattern (not to be confused with C++ templates). It's
useful because we can generdize acommon way of doing something that dwaysfollowsthe same
steps. Only the details may differ and can be supplied by aderived class. Further, aderived class
may choose to reapply the same Template Method approach—that is, it may override the virtua
function asawrapper around anew virtual function—so different stieps can befilled in at different
levelsintheclass hierarchy.

(Note: The Pimpl Idiom is superficialy smilar to Bridge, but hereit'sonly intended to hide this
particular classs own implementation as a compilation dependency firewall, not to act asatrue
extensble bridge. Well andyze the Pimpl Idiom in depth in Items 26 through 30.)

Guiddine

Avoid public virtua functions; prefer using the Template Method pattern instead.

Guiddine

Know about and use design patterns.

Without changing the fundamental design, critique the way this design was executed. What might you
have done differently? What is the purpose of the pimpl_ member?

This design uses bools as return codes, with apparently no other way (status codes or exceptions) of
reporting failures. Depending on the requirements, thismay befine, but it's something to note.

The (intentionally pronounceable) pimpl_ member nicely hides the implementation behind an opaque
pointer. The struct that pimpl__ pointsto will contain the private member functions and member
variahlee o0 that anv chanoe to them will not reniire client code to recomnile Thicic an important
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ltem 24. Uses and Abuses of | nheritance

Difficulty: 6
"Why inherit?

Inheritance is often overused, even by experienced developers. Always minimize coupling. If aclass
relationship can be expressed in more than one way, use the weakest relationship that's practical. Given that
inheritanceis nearly the strongest relationship you can expressin C++ (second only to friendship), it'sonly
really gppropriate when thereis no equivaent weaker aternative.

In this Item, the spotlight ison private inheritance, onered (if obscure) use for protected inheritance, and a
recap of the proper use of public inheritance. Along the way, we will create afairly completelist of dl the
usuad and unusud reasonsto useinheritance.

Thefollowing template provides list-management functions, including the ability to manipulate list dements at
gpecific list locations.

/1 Exanple 1

/1

tenmpl ate <class T>
cl ass MyLi st

{

publi c:
bool Insert( const T&, size_ t index );
T Access( size_t index ) const;
size_ t Size() const;

private:
T* buf _;
size_t bufsize_;

H

Congder the following code, which showstwo waysto write aMySet classin termsof MyList. Assume
that al important € ements are shown.

/1 Exanple 1(a)

/1

tenpl ate <class T>

class MySetl : private MyList<T>

{

publi c:
bool Add( const T& ); // calls Insert()
T Cet( size t index ) const;

/1 calls Access()
usi ng MyLi st <T>:: Si ze;
/...
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i

Thismotivating example helpsto illustrate some of the issues surrounding the use of inheritance, especialy
how to choose between nonpublic inheritance and containment.

The answer to Question 1—Isthere any difference between MySetl and MySet2—is straightforward:
Thereisno subgtantid difference between MySetl and MySet2. They are functiondly identical.

Question 2 gets usright down to business. More generaly, what is the difference between nonpublic
inheritance and containment? Make as comprehensive alist as you can of reasons why you would use
inheritance ingtead of containmen.

» Nonpublic inheritance should aways express IS IMPLEMENTED-IN-TERM S-OF (with only one
rare exception, which I'll cover shortly). It makes the using class depend upon the public and
protected parts of the used class.

» Containment always expresses HAS-A and, therefore, ISIMPLEMENTED-IN-TERMS-OF. It
makes the using class depend upon only the public parts of the used class.

It's easy to show that inheritance is asuperset of single containment—that is, there's nothing we can do with
asingle MyList<T> member that we couldn't do if we inherited from MyList<T>. Of course, using
inheritance does limit usto having just one MyList<T> (as a base subobject); if we needed to have multiple
ingtances of MyList<T>, we would have to use containment instead.

Guiddine

E Prefer containment (ak.a. ""composition”, "layering”, "HAS-A", "delegation”) to
inheritance. When modding IS IMPLEMENTED-IN-TERM S-OF, dways prefer
expressing it using containment, not inheritance.

That being the case, what are the extra things we can do if we use inheritance that we can't do if we use
containment? In other words, why use nonpublic inheritance? Here are severa reasons, in rough order from
most to least common. Interestingly, the final item points out auseful (?) application of protected inheritance.


#ch24fn01
0201615622_biblio.html#bib17
#ch24fn02
0201615622_biblio.html#bib20
#ch24fn03
http://www.gotw.ca/publications/xc++/om.htm
#ch24fn04
0201615622_ch26.html#ch26
0201615622_ch30.html#ch30
#ch24fn05
0201615622_ch03.html#ch03
http://www.gotw.ca/publications/xc++/om.htm
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

4 FREWIOUS ||| MEXT k

Please register to remove this banner.

4 FREWIOUS ||| MEXT k

I[tem 25. Object-Oriented Programming

Difficulty: 4

Is C++ an object-oriented language? It both isand is not, contrary to popular opinion. For a change of pace
(and to get abrief bresk from staring at code), here is an essay question.

Don't just turn quickly to the ansver—give it some thought.

"C++ isapowerful language that provides many advanced object-oriented congtructs, including
encapsulation, exception handling, inheritance, templates, polymorphism, strong typing, and acomplete
module system.”

Discuss.

4 FREWIOUS ||| MEXT k
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The purpose of this Item was to provoke thought about major (and even missing) featuresin C++, and to
provide ahedlthy dose of redity. Specificaly, | hope that your thinking about this Item has generated idess
and examplesthat illugtrate three main things.

1.

1.

=

Not everyone agrees about what OO means. "Well, what is object orientation, anyway?' Even at
thislate date, if you ask 10 people, you'relikely to get 15 different answers. (Not much better than
asking 10 lawyersfor legd opinions)

Just about everyone would agree that inheritance and polymorphism are OO concepts. Most people
would include encapsulation. A few might include exception handling, and perhaps no onewould
include templates. The point isthat there are differing opinions on whether any given featureis OO,
and each viewpoint hasits passonate defenders.

C++ isamultiparadigm language. C++ ishot just an OO language. It supports many OO features,
but it doesn't force programmers to use them. Y ou can write completely non-OO programsin C++,
and many people do.

The C++ standardization effort's most important contribution to C++ is stronger support for
powerful abstraction to reduce software complexity (Martin95).[12] C++ isnot solely an
object-oriented language. It supports severa programming styles, including both object-oriented
programming and generic programming. These styles are fundamentaly important because eech
providesflexible ways to organize code through abstraction. Object-oriented programming lets us
bundle an object's state together with the functions that manipulate it, and encapsulation and
inheritance let us manage i nterdependencies and make reuse cleaner and easier. Generic
programming isamore recent style that |ets us write functions and classes that operate on other
functions and objects of unspecified, unrelated, and unknown types, providing a unique way to
reduce coupling and interdependencies within aprogram. A few other languages currently provide
support for genericity, but none yet support it as strongly as C++. Indeed, modern generic
programming was made possible by the unique C++ formulation of templates.

[12] The book contains an excellent discussion of why one of object-oriented programming's most
important benefitsisthat it lets us reduce software complexity by managing code interdependencies.

Today, C++ provides many powerful waysto express abstraction, and the resulting flexibility isthe
most important result of C++ standardization.

No languageisthe be-al and end-all. Today, I'm using C++ as my primary programming language:
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Compiler Firewallsand the
Pimpl Idiom

Managing dependencieswell isan essentia part of writing solid code. I've argued (Sutter98) that C++'s
greatest strength isthat it supports two powerful methods of abstraction: object-oriented programming and
generic programming. Both are fundamentally tools to help manage dependencies and, therefore, manage
complexity. It'stelling that dl of the common OO/generic buzzwords—including encapsulation,
polymorphism, and type independence—and al the design patterns | know of describe ways to manage
complexity within asoftware system by managing the code's interdependencies.

| | @ve RuBoard

| | @ve RuBoard
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ltem 26. Minimizing Compile-time
Dependencies—Part 1

Difficulty: 4

When we tak about dependencies, we usudly think of run-time dependencieslike classinteractions. Inthis
Item, we will focusinstead on how to analyze and manage compile-time dependencies. Asafirst step, try to
identify (and root out) unnecessary headers.

Many programmers habitualy #include many more headers than necessary. Unfortunately, doing so can
serioudy degrade build times, especidly when apopular header file includes too many other headers.

In thefollowing header file, which #include directives could be immediately removed without ill effect?Y ou
may not make any changes other than removing or rewriting #nclude directives. Note that the comments are

important.

/1l x.h:
/1

#i ncl ude
#i ncl ude
#i ncl ude

#i ncl ude

#include "b
#i nclude "c
"d
e
p

#i ncl ude

#i ncl ude "

class X :

{
publi c:

origi nal header

<i ostreanv

<ost r eanv

<list>

/1 None of A, B, C, Dor E are tenplates.
/1 Only A and C have virtual functions.

a.

h" // class A
.h" /] class B
.h" /] class C
.h" /] class D
.h" /] class E
ublic A private B

X( const C& );
B f( int, char* );
cC f(int, C);
C& g( B);
E h( E);

vi rtual
private:

S

td::ostream& print( std::ostreanm& ) const;

std::list<C clist_;

D
} .

{

d_;

inline std::ostream& operator<<( std::ostream& 0s, const X& x )

return x.print(os);

}
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Sqlution
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Of thefirst two standard headers mentioned in x.h, one can beimmediately removed because it's not needed
at al, and the second can be replaced with a smaller header.

1.

1.

=

2.

2.

Removeiostream.

#i ncl ude <i ostreanp

Many programmers #include <iostream> purely out of habit as soon as they see anything resembling
astream nearby. X does make use of streams, that's true; but it doesn't mention anything specificaly
from iostream. At the mogt, X needs ostream aone, and even that can be whittled down.

Guiddine

Never #include unnecessary header files.

Replace ostream with iosfwd.

#i ncl ude <ostreane

Parameter and return types need only to be forward-declared, so instead of the full definition of
ostream we redly only need itsforward declaration.

Inthe old days, you could just replace "#include <ostream>" with "class ostream;" in this Situation, because
ostream used to be aclass and it wasn't in namespace std. Alas, no more. Writing "class ostream;" isillegdl
for two reasons.

1.

1.

=

ostream is now in namespace std, and programmers aren't alowed to declare anything that livesin
namespace std.

ostream isnow atypedef of atemplate; specifically, it'stypedef'd asbasic_ostream<char>. Not
only would the basic_ostream templ ate be messy to forward-declare in any case, but you couldn't
reliably forward-declareit a al, because library implementations are allowed to do things like add

PN PR TR R [ R N 4 R N PR [ PR N PR R PR \ W JE R PR <
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ltem 27. Minimizing Compile-time
Dependencies—Part 2
Difficulty: 6

Now that the unnecessary headers have been removed, it'stime for Phase 2: How can you limit
dependencies on theinternals of aclass?

Below ishow the header from Item 26 looks after theinitid clean-up pass. What further #includes could be
removed if we made some suitable changes, and how?

Thistime, you may make changesto X aslong as X's base classes and its public interface remain
unchanged; any current code that already uses X should not be affected beyond requiring asmple
recompilation.

/1 x.h: sans gratuitous headers

/1

#i ncl ude <i osfwd>

#i ncl ude <list>

/1 None of A, B, Cor D are tenplates.
/1 Only A and C have virtual functions.

#include "a.h" [/ class A
#include "b.h" [/ class B
#include "c.h" [/ class C
#include "d.h" [/ class D

cl ass E;

class X : public A private B
{

publi c:

X( const C& );
B f( int, char* );
C f( int, C);

C& g( B);

E h( E);

virtual std::ostream& print( std::ostream& ) const;
private:

std::list<C clist_;

D d_;

H -
inline std::ostream% operator<<( std::ostream& os, const X& X )

{

return x.print(os);

}
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Solution
95
There are acouple of thingswe weren't able to do in the previous problem.

* Wehadtoleave ahand b.h. We couldn't get rid of these because X inheritsfrom both A and B,
and you dways have to have full definitionsfor base classes so that the compiler can determine X's
object size, virtua functions, and other fundamentals. (Can you anticipate how to remove one of
these? Think about it: Which one can you remove, and why/how? The answer will come shortly.)

* Wehadtoleavelig, c.h, and d.h. We couldn't get rid of these right away because alis<C> and a
D appear as private data members of X. Although C appears as neither a base class nor amember,
it isbeing used to ingantiate the list member, and most current compilers require that when you
ingtantiate list<C>, you are able to see the definition of C. (The standard doesn't require a definition
here, though, so even if the compiler you are currently using has this restriction, you can expect the
restriction to go away over time.)

Now let'stak about the beauty of Pimpls. (Yes, redly.)

C++ letsus easily encapsulate the private parts of a class from unauthorized access. Unfortunately, because
of the header file gpproach inherited from C, it can take alittle more work to encapsul ate dependencieson a
classsprivates. "But," you say, "the whole point of encapsulation isthat the client code shouldn't haveto
know or care about a classs private implementation details, right?* Right, and in C++, the client code
doesn't need to know or care about accessto a classs privates (because unlessit'safriend, it isn't allowed
any), but because the privates are visible in the header, the client code does have to depend upon any types
they mention.

How can we better insulate clients from a classs private implementation details? One good way isto usea
gpecid form of the handle/body idiom (Coplien92) (what | call the Pimpl 1diom because of the intentionaly
pronouncesble pimpl_pointer[1]) asacompilation firewall (Lakos96, Meyers98, Meyers99, Murray93).

[1] I dwaysused to writeimpl_. The eponymous pimpl_ was actudly coined severa years ago by Jeff
Sumner (chief programmer a PeerDirect), due in equd partsto a penchant for Hungarian-style "p" prefixes
for pointer variables and an occasiona taste for horrid puns.

A Pimpl isjust an opague pointer (apointer to aforward-declared, but undefined, hel per class) used to hide
the private members of aclass. That is, ingtead of writing:

// file x.h
class X
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ltem 28. Minimizing Compile-time
Dependencies—Part 3

Difficulty: 7

Now the unnecessary headers have been removed, and needless dependencies on the internas of the class
have been eiminated. Isthere any further decoupling that can be done? The answer takes us back to basic
principles of solid classdesign.

The Incredible Shrinking Header has now been grestly trimmed, but there may till be waysto reduce the
dependencies further. What further #includes could be removed if we made further changesto X, and how?

Thistime, you may make any changesto X aslong asthey don't changeits public interface so that existing
codethat uses X is unaffected beyond requiring asimple recompilation. Again, note that the comments are
important.

/1 x.h: after converting to use a Pinpl
/1 to hide inplenentation details
/1

#i ncl ude <i osfwd>

#include "a.h" [/ class A (has virtual functions)
#include "b.h" [/ class B (has no virtual functions)
class C

cl ass E;

class X : public A private B
{
publi c:
X( const C& );
B f( int, char* );
cC f(int, C);
C& g( B);
E h( E);
virtual std::ostream& print( std::ostream& ) const;
private:
struct Xl npl;
Xl nmpl * pi mpl _;
/1 opaque pointer to forward-declared cl ass
H

inline std::ostream& operator<<( std::ostream& 0s, const X& x )

{

return x.print(os);

}
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Solution

il
In my experience, many C++ programmers still seem to march to the "it isn't OO unlessyou inherit" battle
hymn, by which | mean that they use inheritance more than necessary. See Item 24 for thewhole exhausting
lecture; the bottom lineis smply that inheritance (including, but not limited to, 1S-A) isamuch stronger
relationship than HAS-A or USES-A. When it comes to managing dependencies, therefore, you should

aways prefer composition/membership over inheritance. To paraphrase Albert Eingtein: "Use as Strong a
relationship as necessary, but no stronger.”

Inthiscode, X isderived publicly from A and privately from B. Recdl that public inheritance should ways
modd IS-A and satisfy the Liskov Substitution Principle.[2] Inthiscase, X IS-A A and there's naught
wrong withit, so well leavethat asitis.

[2] For lots of good discussion about applying the LSP, see the papers available online at
www.gotw.ca/publicationsg/’xc++/om.htm, aswell as Martin9s.

But did you notice the interesting thing about B?

Theinteresting thing about B isthis. B isaprivate base class of X, but B has no virtud functions. Now,
usudly, the only reason you would choose private inheritance over composition/membership isto gain
accessto protected members—which most times means "to override avirtud function.”[3] Aswe see, B
has no virtua functions, so there's probably no reason to prefer the stronger relationship of inheritance
(unless X needs access to some protected function or datain B, of course, but for now I'll assume thisis not
the case). Assuming that is, indeed, the case, however, instead of having a base subobject of type B, X
probably ought to have smply amember object of type B. Therefore, the way to further smplify the header
isremove unnecessary inheritance from class B.

[3] Yes, there are other possible reasons to inherit, but the situations where those arise are rare and/or
obscure. See Sutter98(a) and Sutter99 for an extensve discussion of the (few) reasonsto use inheritance of
any kind. Those articles point out in detail why containment/membership should often be used instead of
inheritance.

#include "b.h" [/ class B (has no virtual functions)

Because the B member object should be private (it is, after dl, an implementation detail), this member
should livein X's hidden pimpl__portion.

Guiddine

[ |
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[tem 29. Compilation Firewalls

Difficulty: 6

Using the Pimpl I1diom can dramatically reduce code interdependencies and build times. But what should go
into apimpl_ object, and what isthe safest way to useit?

In C++, when anything in a class definition changes (even private members), dl users of that classmust be
recompiled. To reduce these dependencies, acommon techniqueisto use an opaque pointer to hide some
of theimplementation detalls.

class X
{
publi c:
[* ... public nenbers ... */
pr ot ect ed:
[* ... protected nenbers? ... */
private:
[* ... private menbers? ... */
struct Xl npl;
Xl mpl * pinpl _; /'l opaque pointer to

[/ forward-decl ared cl ass

The questionsfor you to answer are:
1.

1. What should go into XImpl? There are four common disciplines.
0
0

o Putdl private data (but not functions) into X1mpl.
0

Put dl private membersinto XImpl.

o O

Put dl private and protected membersinto XImpl.

o

o MakeXImpl entirdy the classthat X would have been, and write X as only the public interface
made up entirely of smple forwarding functions (ahandle/body variant).
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Sqlution

v

Class X usesavariant of the handle/body idiom. As documented by Coplien (Coplien92), handle/body was
described as primarily useful for reference counting of a shared implementation, but it aso has more-genera
implementation-hiding uses. For convenience, from now on I'll call X the"visbledass' and XImpl the"Pimpl

dass"

One big advantage of thisidiom isthat it breaks compile-time dependencies. First, system builds run faster,
because usng aPimpl can diminate extra#includes as demongtrated in Items 27 and 28. | have worked on
projectsin which converting just afew widdly-vishble classes to use Pimpls haved the system's build time.
Second, it localizes the build impact of code changes because the parts of aclassthat resdein the Pimpl can
be fredy changed—that is, members can be fredly added or removed—uwithout recompiling client code.

Let'sanswer the Item questionsone at atime.

1.

1.

Wheat should go into XImpl?

Option 1 (Score: 6/ 10): Put dl private data (but not functions) into XImpl. Thisisagood Start,
because it hides any class that appeared only as adata member. Still, we can usually do better.

Option 2 (Score: 10/ 10): Put al nonvirtud private membersinto X1mpl. Thisis (dmost) my usud
practice these days. After dl, in C++, the phrase "client code shouldn't and doesn't care about these
parts' is spelled "private’—and privates are aways hidden.[4]

[4] Except in somelibera European countries.

There are some caveats.

(0]

(0]

o

Y ou can't hide virtual member functionsin the Pimpl, even if the virtua functionsare privete. If
the virtua function overrides one inherited from abase class, then it must gppear in the actua
derived class. If thevirtud function is not inherited, then it must still appear inthevigblecdlassin
order to be availablefor overriding by further derived classes.

Virtua functions should normally be private, except that they have to be protected if aderived
classsverson needsto cdl the base classsversion (for example, for avirtual DoWrite()
persistence function).
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Item 30. The" Fast Pimpl" Idiom

Difficulty: 6

It's sometimes tempting to cut cornersin the name of "reducing dependencies’ or in the name of "efficiency,”
but it may not always be agood idea. Here's an excellent idiom to accomplish both objectives
smultaneoudy and safdly.

Standard malloc and new calls arerelatively expensive.[5] In the code below, the programmer originally has
adatamember of type X inclassY.

[5] Compared with other typical operations, such asfunction calls.

/1l Attenpt #1
/1

/1 file y.h
#i ncl ude "x. h"
class Y
{
[*. .. %]
X X_;
}

/1 file y.cpp
Yo Y() {}

Thisdeclaration of class Y requiresthe declaration of class X to bevisible (from x.h). To avoid this, the
programmer first triesto write:

/1l Attenpt #2
/1

/1 filey.h
class X;
class Y

{

[*. .. %]

X* px_;

s

/1l file y.cpp

#i ncl ude "x. h"

Y::Y() o px_( new X ) {}

Y::~Y() { delete px_; px_ = 0; }

Thisnicely hides X, but it turnsout that Y is used very widely and the dynamic alocation overhead is
degrading performance.
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Let'sanswer the Item questionsone at atime.

1.

1.

1.

1.

What isthe Pimpl Idiom's space overhead?

"What space overhead?' you ask? Well, we now need space for at least one extra pointer (and
possibly two, if thereésaback pointer in XImpl) for every X object. Thistypicaly adds at least 4 (or
8) bytes on many popular systems, and possibly as many as 14 bytes or more, depending on
aignment requirements. For example, try the following program on your favorite compiler.

struct X { char c¢; struct Xinpl; Xinpl* pinpl_; };
struct X :Xlmpl { char c; };
int main()

{

cout << sizeof (X:: Xlnpl) << endl

=

<< sizeof (X) << endl;

On many popular compilersthat use 32-hit pointers, this prints:

On these compilers, the overhead of storing one extra pointer was actudly 7 bytes, not 4. Why?
Because the platform on which the compiler is running requires a pointer to be stored on a4-byte
boundary, or elseit performs much more poorly if the pointer isn't stored on such aboundary.
Knowing this, the compiler alocates 3 bytes of unused/empty spaceinside each X object, which
means the cost of adding a pointer member was actualy 7 bytes, not 4. If aback pointer isaso
needed, then the total storage overhead can be as high as 14 bytes on a 32-bit machine, as high as
30 bytes on a 64-bit machine, and so on.

How do we get around this space overhead? The short answer is. We can't eiminate it, but
somelimeswe can minimizeit.

The longer answer is. There'sadownright recklessway to eliminate it that you should never, ever
use (and don't tell anyone that you heard it from me), and there's usualy a nonportable, but correct,
way to minimizeit. The utterly reckless "space optimization” happensto be the same asthe utterly
reckless " performance optimization,” so I've moved that discussion off to the Sde; see the upcoming
Sdebox " Reckless Fixes and Optimizations, and Why They're Evil

If (and only if) the space differenceis actually important in your program, then the nonportable, but

cnrrect wan 1o minimi 7a the nointaer cnvzaerbead ietn 11 comni | av—aneci Fi o Horanimae N anys
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Item 31. Name Lookup and the Interface Principle—Part 1
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Item 31. Name Lookup and the Interface
Principle—Part 1

Difficulty: 9

When you cal afunction, which function do you cal? The answer is determined by name lookup, but you're
amog certain to find some of the detail s surprising.

In the following code, which functions are caled? Why? Andyze theimplications.

nanmespace A

{
struct X
struct Y;
void f( int );
void g( X);

}

namespace B
{ void f( int i)
{ f( i ); /1 which f()?
iloid 9( A:X x)
{ g( x); I/ which g()?
iloid h( A:Yy)
i h(y ); /1 which h()?
}

| | @ve RuBoard
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Sql ution
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Two of the three cases are (fairly) obvious, but the third requires a good knowledge of C++'s name lookup
rules—in particular, Koenig lookup.

Let'sstart smple.

nanespace A

{

struct X;

struct Y,

void f( int );

void g( X);
}

nanespace B

{
void f( int i)

{
fCi); /] which f()?

}

Thisf() cdlsitsdf, with infinite recurson. Thereason isthat the only visblef() isB::f() itsdf.

Thereisanother function with sgnature f(int), namely the onein namespace A. If B had written "using
namespace A;" or "usng A::f;", then A::f(int) would have been visible as a candidate when looking up f(int),
and thef(i) cal would have been ambiguous between A::f(int) and B::f(int). Since B did not bring A::f(int)
into scope, however, only B::f(int) can be consdered, so the call unambiguoudy resolvesto B::f(int).

And now for atwist:

void g( A:XXx)

{
g( x ): 1/ which g()?

}

Thiscdl isambiguous between A::g(X) and B::g(X). The programmer must explicitly qudify the cal with the
appropriate namespace name to get the g() he wants.

Y ou may a first wonder why this should be so. After dl, aswith f(), B hasn't written "using” anywhereto
bring A::g(X) into its scope, so you'd think that only B::g(X) would be visble, right? Well, thiswould be true
except for an extrarule that C++ uses when looking up names:

Waonial anlkiml11l famnlifio\: 1F v a mnlyz a1 incetian arcn inmont Af Alace v (heavroayvy F e A Y\ thon
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Item 32. Name L ookup and the Interface
Principle—Part 2

Difficulty: 9

What'sinaclass? That is, what is"part of" aclassand itsinterface?

Hint #1: Clearly nongtatic member functions are tightly coupled to the class, and public nonstatic member
functions make up part of the classsinterface. What about static member functions? What about free
functions?

Hint #2: Take sometimeto consder theimplications of Item 31.
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Solution

W
Welll start off with the deceptively smple question: What functions are " part of* aclass, or make up the
interface of aclass?

The deeper questions are:

How doesthis answer fit with C-style object-oriented programming?

* How doesit fit with C++'s Koenig lookup? With the Myers Example? (I'll describe both.)

» How doesit affect the way we andyze class dependencies and design object models?

Sowhat'sin aclass? Hereésthe definition of "class' again:

A class describes aset of data, along with the functions that operate on that data.

Programmers often unconscioudy misinterpret this definition, saying ingtead: " Oh yesh, adass, that'swhat
appearsin the class definition—the member data and the member functions.” But that's not the same thing,
because it limits the word functions to mean just member functions. Consder:

/[1*** Exanple 1 (a)
class X { /*...*] };
[*.0.0.0%]

void f( const X&);

Thequestionis: Isf part of X? Some peoplewill automaticaly say "No" becausef isanonmember function
(or free function). Others might redize something fundamentally important: If the Example 1 (a) code
gppearstogether in one header file, it isnot sgnificantly different from:

[1*** Exanple 1 (b)
class X
{
[*..0.0%
publi c:
void f() const;

b
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Item 33. Name Lookup and the Interface
Principle—Part 3

Difficulty: 5

Take afew minutesto consider someimplications of the Interface Principle on the way we reason about
program design. Well revisit aclassic design problem: "What's the best way to write operator<<()?'

There are two main ways to write operator<<() for aclass. asafree function that uses only the usua
interface of the class (and possibly ng nonpublic parts directly asafriend), or asafree function that
cdlsavirtua Print() helper function in the class.

Which method is better? What are the tradeoffs?

| | @ve RuBoard

| | @ve RuBoard


0201615622_ch32.html
0201615622_ch33.html
0201615622_ch32lev1sec1.html
0201615622_ch33lev1sec2.html
0201615622_ch32lev1sec1.html
0201615622_ch33lev1sec2.html
0201615622_ch33.html
0201615622_ch34.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial verson, http:/mww.thebeatlesfor ever .com/processtext/abechm.html

Solution

i
Areyou wondering why aquestion like this gets atitle like "Name Lookup—Part 3"?1f so, you'll soon see
why, aswe consider an application of the Interface Principle discussed in the previous Item.

What Does a Class Depend On?

"What'sinaclass?' isn't just aphilosophicd question. It'safundamentally practica question, because
without the correct answer, we can't properly anayze class dependencies.

To demondtrate this, consider a seemingly unrelated problem: What's the best way to write operator<< for a
class? There are two main ways, both of which involve tradeoffs. I'll andyze both. In the end well find that
we're back to the Interface Principle and that it has given usimportant guidance to analyze the tradeoffs
correctly.

Heresthefirs way:

/[1*** Exanple 5 (a) -- nonvirtual streaning
class X
{
/*...0streamis never nentioned here...*/
b
ost ream& operat or<<( ostreanm& o, const X& x )
{
/* code to output an X to a stream*/
return o;
}
Here's the second:
/1*** Exanple 5 (b) -- virtual streaning
class X
{
[*..0.0*]
publi c:
virtual ostrean& print( ostrean& ) const;
b
ostream& X::print( ostream& o ) const
{
/* code to output an X to a stream*/
return o;
}
ost ream& operator<<( ostream& o, const X& x )
{

return x.print( o);

}
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Item 34. Name Lookup and the Interface
Principle—Part 4

Difficulty: 9

We conclude this miniseries by consdering someimplications of the Interface Principle on name lookup.
Can you spot the (quite subtle) problem lurking in the following code?

1.

1. What isname hiding? Show how it can affect the visibility of base class namesin derived classes.
1.
2.

2. Will the following example compile correctly? Make your answer as complete asyou can. Try to
isolate and explain any areas of doubt.
2.

/1l Exanple 2: WIIl this conpile?
/1
/1 In sone |ibrary header:
nanespace N { class C {}; }
int operator+(int i, NN:C { return i+1; }
/1 A mainline to exercise it:
#i ncl ude <nuneric>
int main()
{

N:: C a[ 10];

std::accunmul ate(a, a+10, 0);

}
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Solution
95
Let'srecap afamiliar inheritance issue: name hiding, by answering question 1 in the Item:
1.

1. What isname hiding? Show how it can affect the vigbility of base class namesin derived classes.
1.

Name Hiding

Consder thefollowing example:

/1 Exanple la: H ding a nanme

/1 froma base class
/1

struct B

{

int f( int );

int f( double );

int g( int );

H
struct D: public B

{ .

private:

int g( std::string, bool );
H

W)
———q

t 1
f(i); /1 ok, nmeans B::f(int)
g(i) [/l error: g takes 2 args

Most of us should be used to seeing thiskind of name hiding, although the fact that the last line won't
compile surprises most new C++ programmers. In short, when we declare afunction named g in the derived
dassD, it automatically hidesal functionswith the same namein dl direct and indirect base classes. It
doesn't matter awhit that D::g "obvioudy" can't be the function that the programmer meant to call (not only
does D::g have the wrong signature, but it's private and, therefore, inaccessible to boot), because B::gis
hidden and can't be considered by name [ookup.

To seewhat'sredly going on, let'slook in alittle more detail a what the compiler does when it encounters
the function call d.g(i). Firs, it looksin the immediate scope, in this case the scope of class D, and makesa
list of al functionsit can find that are named g (regardless of whether they're ble or even take theright
number of parameters). Only if it doesn't find any at al doesit then continue "outward" into the next
enclosing scope and repest—in this case, the scope of the base class B—until it eventualy either runs out of
scopes without having found afunction with the right name or e se finds a scope that contains at least one
candidate function. If ascopeisfound that has one or more candidate functions, the compiler then stops
searching and works with the candidates that it's found, performing overload resolution and then applying


#ch34fn01
#ch34fn02
#ch34fn03
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

| | @ve RuBoard

| | @ve RuBoard

Memory M anagement

Item 35. Memory Management—Part 1

Item 36. Memory Management—~Part 2

* Item37. AUTO PTR
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ltem 35. Memory Management—Part 1

Difficulty: 3
How well do you know memory? What different memory areas are there?

This problem covers basics about C++'s main distinct memory stores. The following problem goeson to
attack some deegper memory management questionsin more detail.

C++ has severd digtinct memory areasin which objects and nonobject values may be stored, and each area
has different characteritics.

Name as many of the distinct memory areas as you can. For each, summarize its performance characteristics
and describe the lifetime of objects stored there.

Example: The stack stores automatic variables, including both builtins and objects of classtype.
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Sqlution

v

The following table summarizes a C++ program's mgor distinct memory areas. Note that some of the names
(for example, "hegp™) do not appear as such in the standard; in particular, "hegp” and "free store” are
common and convenient shorthands for distinguishing between two kinds of dynamically dlocated memory.

Table 1. C++'sMemory Areas
Memory Area
Congt Data

Stack

Free Store

Characteristicsand Object Lifetimes

The const data area stores string literals and other
datawhose values are known at compile-time. No
objects of classtype can exist inthisarea.

All datain thisareais available during the entire
lifetime of the program. Further, dl thisdatais
read-only, and the results of trying to modify it are
undefined. Thisisin part because even the underlying
Storage format is subject to arbitrary optimization by
the implementation. For example, aparticular
compiler may chooseto store gtring literasin
overlapping objects as an optiona optimization.

The stack stores automatic variables. Objects are
congructed immediately at the point of definition and
destroyed immediately at the end of the same scope,
S0 thereis no opportunity for programmersto
directly manipulate dlocated but uninitiaized stack
gpace (barring willful tampering usng explicit
destructors and placement new).

Stack memory alocation istypicaly much fagter than
for dynamic storage (heap or free store) because
each stack memory dlocation involvesonly astack
pointer increment rather than more-complex

management.

The free store is one of the two dynamic memory
areas dlocated/freed by new/delete.

Object lifetime can be less than the time the Storage
isalocated. That is, free store objects can have
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ltem 36. Memory Management—Part 2

Difficulty: 6

Areyou thinking about doing your own class-specific memory management, or even replacing C++'s global
new and delete? Firgt, try this problem on for size.

The following code shows classes that perform their own memory management. Point out as many
memory-related errors as possible, and answer the additional questions.

1.

1. Congder thefollowing code:

1. class B
{
publi c:
virtual ~B();
voi d operator delete ( void*, size t ) throw();
voi d operator delete[]( void*, size t ) throw();
void f( void*, size t ) throw);
H
class D: public B
{
publi c:
voi d operator delete ( void* ) throw();
voi d operator delete[]( void* ) throw();

H
1. Why do B's operators delete have a second parameter, whereas D's do not? Do you see any way
to improve the function declarations?
1
2.
2. Continuing with the same piece of code: Which operator delete() is called for each of the following
delete expressions? Why, and with what parameters?
2. D* pdl = new D
del ete pdi;
B* pbl = new D
del ete pbl;

D* pd2 = new O 10];
del ete[] pd2;
B* pb2 = new O 10];
del ete[] pbz;

3.
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v

Let'stake the questionsone at atime.

1.

1.

1.

{

Consider thefollowing code:

class B

publi c:
virtual ~B();
voi d operator delete ( void*, sizet ) throw();
voi d operator delete[]( void*, size t ) throw();
void f( void*, size t ) throw();

1

class D: public B

{

publi c:
voi d operator delete ( void* ) throw();

b

=

=

Lo

voi d operator delete[]( void* ) throw();

Why do B's operators del ete have a second parameter, whereas D's do not?

Theanswer is: It'sjust preference, that's al. Both are usua dedllocation functions, not placement
deletes. (For those keeping score at home, see section 3.7.3.2/2 in the C++ standard.)

However, there's dso amemory error lurking in this underbrush. Both classes provide an operator
delete() and operator deletef] (), without providing the corresponding operator new() and operator
new[](). Thisis extremely dangerous, because the default operator new() and operator new[]() are
unlikely to do the right thing. (For example, consder what happensif afurther-derived class
provides its own operator new() or operator new[]() functions.)

Guiddine

Always provide both class-specific new (or new[]) and class-specific delete (or
deletd]) if you provide either.

And the second part of the question: Do you see any way to improve the function declarations?
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ltem 37. AUTO_PTR

Difficulty: 8
This Item covers basics about how you can use the standard auto_ptr safely and effectively.

Higtorical note: The origind smpler form of this Item, gppearing as a Specid Edition of Guru of the Week,
wasfirg published in honor of the voting out of the Find Draft Internationa Standard for Programming
Language C++. It was known/suspected that auto_ptr would change one last time at the fina meeting,
where the standard was to be voted complete (Morristown, New Jersey, November 1997), so this problem
was posted the day before the meeting began. The solution, freshly updated to reflect the prior day's
changesto the standard, became the first published treatment of the standard auto_ptr.

Many thanksfrom al of usto Bill Gibbons, Greg Colvin, Steve Rumsby, and others who worked hard on
thefina refinement of auto_ptr. Greg, in particular, has labored over auto_ptr and related smart pointer
classesfor many yearsto satisfy various committee concerns and requirements, and deserves public
recognition for that work.

This problem, now with a considerably more comprehensive and refined solution, illustrates the reasons for
the eleventh-hour changes that were made, and it shows how you can make the best possible use of
auto_ptr.

Comment on the following code: What's good, what's safe, what's legal, and what's not?

aut o_ptr<T> source()

{

return auto_ptr<T>( new T(1) );
}
void sink( auto_ptr<T> pt ) { }
void f()

{

auto_ptr<T> a( source() );

sink( source() );

sink( auto_ptr<T>( new T(1) ) );
vector< auto_ptr<T> > v;

v. push_back( auto_ptr<T>( new T(3) ) );
v. push_back( auto_ptr<T>( new T(4) ) );
v. push_back( auto_ptr<T>( new T(1) ) );
v. push_back( a );

v. push_back( auto_ptr<T>( new T(2) ) );
sort( v.begin(), v.end() );

cout << a->Val ue();

}

class C

{
public: [*.00 0%
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Solution

il
Most people have heard of the standard auto_ptr smart pointer facility, but not everyone usesit daily. That's
ashame, becauseit turns out that auto_ptr negtly solves common C++ coding problems, and using it well
can lead to more-robust code. This article shows how to use auto_ptr correctly to make your code

safer—and how to avoid the dangerous but common abuses of auto _ptr that create intermittent and
hard-to-diagnose bugs.

Why " Auto" Pointer?

auto_ptr isjust one of awide array of possble smart pointers. Many commercid libraries provide
more-sophisticated kinds of smart pointersthat can do wild and wonderful things, from managing reference
counts to providing advanced proxy services. Think of the standard C++ auto_ptr asthe Ford Escort of
smart pointers—a smple, genera-purpose smart pointer that doesn't have dl the gizmos and luxuries of
specia-purpose or high-performance smart pointers, but does many common thingswell and is perfectly
auitablefor regular use.

What auto_ptr doesis own adynamicaly allocated object and perform automatic cleanup when the object
isno longer needed. Here's asimple example of code that's unsafe without auto_ptr.

/1 Exanple 1(a): Oiginal code
/1
void f()

{
T pt( new T );
/*...nmore code...*/
del ete pt;

}

Most of uswrite code like thisevery day. If f() isathree-line function that doesn't do anything exceptiond,
thismay befine. But if f() never executes the delete statement, either because of an early return or because
of an exception thrown during execution of the function body, then the alocated object is not deleted and
we have aclassc memory lesk.

A smpleway to make Example 1(a) safe isto wrap the pointer in a"smarter,” pointer-like object that owns
the pointer and that, when destroyed, deletes the pointed-at object automaticaly. Because this smart pointer
issmply used as an automatic object (that is, one that's destroyed automatically when it goes out of scope),

it'sreasonably caled an "auto” pointer:

/1 Exanple 1(b): Safe code, with auto ptr
/1
void f()
{
auto_ptr<T> pt( new T );
/[*...nore code...*/
Y /] cool: pt's destructor is called as it goes out
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|tem 38. Object | dentity

Difficulty: 5

"Who am [, redlly?' This problem addresses how to decide whether two pointersredly refer to the same
object.

The"this!= & other" test (illustrated below) isacommon coding practice intended to prevent
self-assgnment. I's the condition necessary and/or sufficient to accomplish this? Why or why not? If not, how
would you fix it?

T& T::operator=( const T& other )

{
if( this !'= &other ) /1l the test in question

{
...

}

return *this;

}

Remember to distinguish between "protecting againgt Murphy versus protecting against Machiaveli"—that
IS, protecting againgt things going wrong on their own versus amaicious programmer going to great lengths
trying to break your code.
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Solution

il
Short answer: In most cases, it'sbad only if, without the test, self-assignment is not handled correctly.
Although this check won't protect againgt al possible abuses, in practiceit'sfine aslong asit's being done

for optimization only. In the past, some have suggested that multiple inheritance affects the correctness of this
problem. Thisisnot true, and it'sared herring.

Exception Safety (Murphy)
If T::operator=() iswritten using the create-a-temporary-and-swap idiom (see page 47), it will be both

strongly exception-safe and not have to test for self-assignment. Period. Because we should normally prefer
to write copy assignment thisway, we shouldn't need to perform the self-assgnment te<t, right?

Guiddine

E Never write acopy assgnment operator that relies on acheck for self-assgnment in
order to work properly; a copy assignment operator that usesthe
create-a-temporary-and-swap idiom is automaticialy both strongly exception-safe and
safefor self-assgnment,

Y esand no. It turns out that there are two potentia efficiency costs when not checking for self-assgnment.

If you can test for salf-assignment, then you can completely optimize away the assgnment

»  Often making code exception-safe d so makesit less efficient (ak.a the "paranciahasaprice
principle”).

In practice, if salf-assgnment happens often (rare, in most programs) and the speed improvement gained by
suppressing unnecessary work during self-assgnment is significant to your gpplication (even rarer, in most
programs), check for salf-assgnment.

Guiddine
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ltem 39. Automatic Conversions

Difficuity: 4

Automatic conversions from one type to another can be extremely convenient. This Item coversatypica
exampleto illustrate why they're so extremely dangerous.

The standard C++ string has no implicit conversion to aconst char*. Should it?

It is often useful to be able to access astring as a C-style const char* . Indeed, string has amember function
c_str() todlow just that, by giving accessto aconst char*. Heres the differencein client code:

string s1("hello"), s2("world");

strcenp( s1, s2); /1 1 (error)
stremp( sl.c_str(), s2.c_str() ) // 2 (ok)

It would certainly be niceto do #1, but #1 is an error because strcmp requires two pointers and there's no
automatic conversion from string to const char*. Number 2 is okay, but it's longer to write because we have
tocal c_gr() explicitly.

So thisItem's question redlly boils down to: Wouldn't it be better if we could just write #17?

| | @ve RuBoard
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Solution
i
The question was. The standard C++ string has no implicit conversion to aconst char*. Should it?

The answer is: No, with good reason.

It'samost dways agood ideato avoid writing automeatic conversions, ether as conversion operators or as
single-argument non-explicit constructors.[2] The main reasonsthat implicit conversonsare unsafein genera
ae

[2] This solution focuses on the usual problems of implicit conversions, but there are other reasonswhy a
string class should not have a conversion to const char*. Here are afew citations to further discussions:
Koenig A. and Moo B. Ruminations on C++ (Addison Wedey Longman, 1997), pages 290-292.
Stroustrup, Bjarne. The Design and Evolution of C++ (Addison-Wed ey, 1994), page 83.

» Implicit conversions can interfere with overload resolution.

» Implicit conversonscan slently let "wrong" code compile cleanly.

If astring had an automatic conversion to const char*, that conversion could beimplicitly caled anywhere
the compiler felt it was necessary. What this meansisthat you would get al sorts of subtle conversion
problems—the same ones you get into when you have non-explicit conversion constructors. It becomes far
too easy to write code that looksright, isin fact not right and should fail, but by sheer coincidence will
compile by doing something completdy different from what was intended.

There are many good examples. Herésasmple one:
string s1, s2, s3;

sl = s2 - s3; /1 oops, probably nmeant "+"

The subtraction is meaningless and should be wrong. If string had an implicit conversion to const char*,
however, this code would compile cleanly because the compiler would silently convert both strings to const
char*'s and then subtract those pointers.

Guiddine
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Iltem 40. Object Lifetimes—Part 1

Difficuty: 5

"To be, or not to be ™ When does an object actually exist? This problem considers when an object is safe to
use.

Critique the following code fragment.

void f()
{
T t(1);
T& rt =t;
/[l--- #1: do something with t or rt ---
t.~T();
new (&) T(2);
[l--- #2: do something with t or rt ---

}// t is destroyed again

Isthe codein block #2 safe and/or lega? Explain.
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0201615622_ch39.html
0201615622_ch40.html
0201615622_ch39lev1sec1.html
0201615622_ch40lev1sec1.html
0201615622_
0201615622_ch39lev1sec1.html
0201615622_ch40lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

1 @ve RuBoad [erevious e )


0201615622_ch40.html
0201615622_ch41.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial verson, http:/mww.thebeatlesfor ever .com/processtext/abechm.html

Solution
o
Yes #2issafeand legd (if you get toit), but:

Thefunction asawholeis not safe.

It's abad habit to get into.

The C++ standard explicitly allowsthis code. The referencert isnot invaidated by the in-place destruction
and recongtruction. (Of course, you can't uset or rt between the cdl to t.~T() and the placement new,
because during that time no object exists. Were also forced to assumethat T::operator& () hasn't been
overloaded to do something other than return the object's address.)

Thereason we say #2 issafe"if you get to it" isthat () as awhole may not be exception-safe.

Thefunctionisnot safe. If T's congtructor may throw in the new (&t) T(2) cdll, then f() is not exception-safe.
Congder why: If the T(2) cdl throws, then no new object has been reconstructed in thet memory area, yet
at theend of thefunction, T::~T() isnaturally called (Sncet isan automatic variable) and "t is destroyed
again," just asthe comment says. That is, t will be constructed once but destroyed twice (oops). Thisis
likely to create unpredictable side effects, such as core dumps.

Guiddine

E Always endeavor to write exception-safe code. Always structure code so that
resources are correctly freed and dataiisin aconsistent state even in the presence of
exceptions.

Thisisabad habit. Ignoring the exception-safety issues, the code happens to work in this setting because
the programmer knows the compl ete type of the object being constructed and destroyed. That is, the object
wasaT and isbeing destroyed and reconstructed asaT.

Thistechniqueisrardly, if ever, necessary in red code and isavery bad habit to get into, because it's fraught
with (sometimes subtle) dangersif it appearsin amember function.

/! Can you spot the subtle problenf
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Item 41. Object Lifetimes—Part 2

Difficulty: 6

Following from Item 40, thisissue considers a C++ idiom that's frequently recommended—abut often
dangeroudy wrong.

Critiquethefollowing "anti-idiom" (shown as commonly presented).

T& T::operator=( const T& other )

{
if( this != &other )
{
t hi s->~T();
new (this) T(other);
}

return *this;
}

1.

1. What legitimate god doesit try to achieve? Correct any coding flawsin thisverson.

:

2. Evenwith any flaws corrected, isthisidiom safe? Explain. If not, how ese should the programmer
achievethe intended results?

2.

(Seedso Item 40.)
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Sql ution
i

Thisidiom[3] isfrequently recommended, and it appears as an examplein the C++ standard (see the

discusson in the accompanying box). It isaso exceedingly poor form and causes no end of problems. Don't
doit.

[3] I'mignoring pathologica cases (for example, overloading T::operator& () to do something other than
return this). See dso Item 38.

Fortunately, aswell see, thereisaright way to get the intended effect.

A Warning Example

In the C++ standard, this example was intended to demonstrate the object lifetime rules, not to
recommend agood practice (it isn't). For those interested, hereit is, dightly edited for space,
from clause 3.8, paragraph 7:

[ Exanpl e:
struct C {

int i;

void f();

const C& operator=( const C& );
}.

const C& C.:operator=( const C& other)

if ( this I'= &other )
{
t hi s->~C(); /1 lifetinme of *this ends
new (this) C(other);
/'l new object of type C created
f(); /1 well-defined
}
return *this;

}

C c1;

C c2;

cl =c2; // well-defined

cl.f(); [/ well-defined; cl refers to a new object of type C
--end exanpl €]

Asfurther proof that thisis not intended to recommend good practice, note that here

C::operator=() returnsaconst C& rather than aplain C&, which needlesdy prevents portable
use of these objectsin standard library containers.
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ltem 42. Variable I nitialization—Or isit?

Difficulty: 3

Thisfirgt problem highlights the importance of understanding what you write. Here we have four smplelines
of code, no two of which mean the same thing, even though the syntax varies only dightly.

What isthe difference, if any, between the following? (T standsfor any classtype.)
(
(

)

u;

— =
ne~

| | @ve RuBoard

| | @ve RuBoard


0201615622_part08.html
0201615622_ch42lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html
0201615622_ch42.html
0201615622_ch43.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial verson, http:/mww.thebeatlesfor ever .com/processtext/abechm.html

Solution
95
This puzzle demongrates the difference between three kinds of initidization: default initidization, direct

initidization, and copy initidization. It aso contains one red herring that isnt initiaization at dl. Let's consder
the cases one by one.

Tt,;

Thisisdefault initidization. This code declaresavariable named t, of type T, whichisinitidized using the
default congtructor T::T().

Tt();

A red herring. At first glance, it may look like just another variable declaration. In redity, it'safunction
declaration for afunction named t that takes no parameters and returnsa T object by value. (If you can't see
thisat first, consder that the above codeis no different from writing something likeint f(); whichisclearly a
function declaration.)

Some people suggest writing "auto T t();" in an attempt to use the auto storage classto show that, yes, they
really want a default-constructed variable named t of type T. Allow melicensefor asmal rant here. For one
thing, that won't work on astandard-conforming compiler; the compiler will till parseit asafunction
declaration, and then rgject it because you can't specify an auto storage classfor areturn vaue. For another
thing, even if it did work, it would be wrong-headed, because there's dready a smpler way to do what's
wanted. If you want a default-constructed variablet of type T, then just write"T t;" and quit trying to
confuse the poor maintenance programmers with unnecessary subtlety. Always prefer smple solutionsto
cute solutions. Never write code that's any more subtle than necessary.

T t(u);
Assuming uisnot the name of atype, thisisdirect initidization. The variablet isinitidized directly fromthe

vaueof uby caling T::T(u). (If uisatype name, thisisadeclaration even if thereisaso avariable named u
in scope; see above.)

Tt = u;

Thisiscopy initidization. The varigblet isawaysinitidized usng T's copy congtructor, possibly after caling
another function.

Common Mistake


0201615622_
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

1 @ve RuBoad [erevious e )

1 @ve RuBod [erevious e )


0201615622_ch42.html
0201615622_ch43.html
0201615622_ch42lev1sec1.html
0201615622_ch43lev1sec1.html
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial verson, http:/mww.thebeatlesfor ever .com/processtext/abechm.html

|tem 43. Const-Correctness

Difficulty: 6

const isapowerful tool for writing safer code. Use const as much as possible, but no more. Here are some
obvious and not-so-obvious places where const should—or shouldn't—be used.

Don't comment on or change the structure of this program; it's contrived and condensed for illustration only.
Just add or remove congt (including minor variants and related keywords) wherever appropriate.

Bonus question: In what places are the program'’s results undefined/uncompilable due to const errors?

cl ass Pol ygon

{
publi c:
Pol ygon() : area (-1) {}
void AddPoint( const Point pt ) { InvalidateArea();
poi nts_.push_back(pt); }
Point GetPoint( const int i ) { return points_[i]; }
i nt Get NunPoi nt s() { return points_.size(); }
doubl e Get Area()
{
if( area_ <0 ) // if not yet calculated and cached
{
Cal cArea(); /1 cal cul ate now
}
return area_;
}
private:
void InvalidateArea() { area_ = -1; }
voi d Cal cArea()
{
area_ = 0;
vector<Point>::iterator i;
for( i = points_.begin(); i != points_.end(); ++ )
area_ += [* some work */;
}
vect or <Poi nt > points_;
doubl e area_;
H
Pol ygon oper at or +( Pol ygon& | hs, Pol ygon& rhs )
Pol ygon ret = | hs;
int last = rhs. Get NunPoi nts();
for( int i =0; i <last; ++i ) // concatenate
{
ret. AddPoint( rhs. GetPoint(i) );
}
return ret;
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Solution
95
When | posethiskind of problem, | find that most people think the problem is on the easy side and address

only the more-usual const issues. There are, however, subtleties that are worth knowing, hence this Item.
See dso the box " const and mutable Are Y our Friends.”

cl ass Pol ygon

{
publi c:
Pol ygon() : area_(-1) {}
void AddPoint( const Point pt ) { InvalidateArea();
poi nts_. push_back(pt); }

1.

1. ThePoint object is passed by value, so thereislittle or no benefit to declaring it congt. In fact, to the
compiler, thefunction Sgnature isthe same whether you include this const in front of avalue
parameter or not. For example:

1. int f( int );
int f( const int ); [/ redeclares f(int)
/1 no overloading, there's only one function
int g( int&);
int g( const int&); // not the same as g(int&)
/1l g is overloaded

1. Guiddine
1.

E Avoid congt pass-by-vaue parametersin function declarations. Still make the
parameter congt in the same function's definition if it won't be modified.

1. Point GetPoint( const int i ) { return points_[i]; }

2.

2. Same comment about the parameter type. Normally, const pass-by-vaueis unuseful and mideading
at best.

2.

3.

3. Thisshould be aconst member function, since it doesn't change the state of the object.

3.

4.

4. If you're not returning abuiltin type, such asint or long, return-by-value should usualy return a const
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|tem 44. Casts

Difficulty: 6
How well do you know C++'s casts? Using them well can grestly improve the reliability of your code.

The new-style casts in standard C++ offer more power and safety than the old-style (C-style) casts. How
well do you know them? The rest of this problem usesthe following classes and globd variables:

class A { public: virtual ~A(); /*...*] };
A~A() {1}

class B: private virtual A { /*...*/ };
class C: public A { I*...% };
class D: public B, public C{ /*...*/ };
A al; B bl; Ccl; D di;

const A a2;
const A& ral

const A& ra?
char c;

al;
az;

This Item presents four questions.
1.

1. Which of thefollowing new-style casts are not equivaent to a C-style cast?

1. const_cast
dynami c_cast
reinterpret_cast
static_cast

2.

2. For each of the following C-style casts, write the equivaent new-style cast. Which areincorrect if
not written as a new-style cast?

2. void f()
{
A* pa; B* pb; C* pc;
pa = (A*)&ral;
pa = (A*)&a2;
pb = (B*) &cl;
pc = (C) &d1;
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Solution
95
Let'sanswer the questions one by one.
1.
1. Which of the following new-style casts are not equivaent to aC-style cast?

1. Only dynamic_cast isnot equivaent to aC-style cast. All other new-style casts have old-style
equivaents.

1. Guiddine
1.

I"— Prefer new-style casts.

2. For each of the following C-style casts, write the equivaent new-style cast. Which areincorrect if
not written as a new-style cast?

2. void f()

A* pa; B* pb; C* pc;

pa = (A*) &ral;

2. Usecond_castingtead:
pa = const_cast<A*>(&ral);

pa = (A")&az;

2. Thiscannot be expressed as a new-style cast. The closest candidate is const_cast, but because a2 is
acongt object, the results of using the pointer are undefined.

pb = (B*) &cl;

N

Usereinterpret_cast instead:

TN

reinterpret cast<B*>(&cl);

pc (Cr)&di;


0201615622_ch43.html#ch43
http://www.thebeatlesforever.com/processtext/abcchm.html

ABC Amber CHM Converter Trial version, http://mww.thebeatlesfor ever .com/pr ocesstext/abechm.html

4 FREWIOUS ||| MEXT k

Please register to remove this banner.

4 FREWIOUS ||| MEXT k

ltem 45. BOOL

Difficulty: 7

Do weredly need abuiltin bool type? Why not just emulateit in the exigting language? This Item revedsthe
ansver.

Besideswchar_t (which was atypedef in C), boal isthe only builtin type to be added to C++ since the
ARM (Elis0).

Could bool's effect have been duplicated without adding abuiltin type? If yes, show an equivaent
implementation. If no, show why possible implementations do not behave the same asthe builtin bool.

4 FREWIOUS ||| MEXT k
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Solution
95
The answer is: No, bool's effect could not have been duplicated without adding a builtin type. The bool

builtin type, and the reserved keywords true and false, were added to C++ precisely because they couldn't
be duplicated completely using the existing language.

Thisltemisintended to illustrate the cond derations you have to think about when you design your own
classes, enums, and other tools.

The second part of the Item question was: If no, show why possible implementations do not behave the
same asthe builtin boal.

There are four mgor implementations.

Option 1: typedef (score: 8.5/ 10)

This option meansto "typedef <something> boal;", typicaly:

/1 Option 1: typedef
/1

t ypedef int bool
const bool true
const bool false

=

Thissolution isn't bad, but it doesn't dlow overloading on bool. For example:

/] file f.h

void f( int ); // ok

void f( bool ); // ok, redeclares the sane function
/[l file f.cpp

void f(int ) { /*...*/ } /] ok

void f( bool ) { /*...*/ } [/ error, redefinition

Another problem isthat Option 1 can alow code like thisto behave unexpectedly:

void f( bool b)
{

assert( b !=true & b !'= false );

}

So Option 1 isn't good enough.

Ontion 2: #define (score: 0/ 10)
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Item 46. Forwar ding Functions

Difficulty: 3

What's the best way to write aforwarding function? The basic answer is easy, but well aso learn about a
subtle change to the language made shortly before the standard was findized.

Forwarding functions are useful tools for handing off work to another function or object, especialy when the
hand-off is done efficiently.

Critique the following forwarding function. Would you changeit? If so, how?

/1 file f.cpp
/1

#include "f.h"
[*.0.0.0%]

bool f( X x )
{

return g( x );

}
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Solution

il
Remember the introduction to the question? It was. Forwarding functions are useful tools for handing off
work to another function or object, especialy when the hand-off is done efficiently.

Thisintroduction getsto the heart of the matter—efficiency.

There are two main enhancements that would make this function more efficient. Thefirst should aways be
done; the second isamatter of judgment.

1.
1. Passthe parameter by congt& instead of by vaue.

1. "Isntthat blindingly obvious?' you might ask. No, it isn't, not in this particular case. Until asrecently
as 1997, the draft C++ language standard said that because a compiler can prove that the
parameter x will never be used for any other purpose than passing it in turn to g(), the compiler may
decide to dide x completely (that is, to diminate x as unnecessary). For example, if the client code
looks something likethis:

1.
X ny_x;
f( nmy_x);

1. thenthe compiler used to be dlowed to ether:
1.
o]

o Createacopy of my x for f()'suse (thisis the parameter named x in f()'s scope) and pass that
tog()

o

o Passmy xdirectly to g() without creating acopy at al, because it notices that the extra copy
will never be used except as a parameter to g()

o Thelatter isnicdy efficient, isntit? That'swhat optimizing compilersarefor, aren't they?

o Yesandyes, until the London meeting in July 1997. At that meeting, the draft was amended to
place more restrictions on the Stuationsin which the compiler isalowed to dide "extra' copies
likethis. This change was necessary to avoid problems that can come up when compilersare
permitted to wantonly elide copy construction, especialy when copy congtruction has side
effects. There are reasonable cases in which reasonable code may legitimately rely on the
number of copies actualy made of an object.
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ltem 47. Control Flow

Difficulty: 6

How well do you redlly know the order in which C++ code is executed? Test your knowledge againgt this
problem.

"Thedevil isinthe details" Point out as many problems as possible in the following (somewhat contrived)
code, focusing on those related to control flow.

#i ncl ude <cassert >
#i ncl ude <i ostrean
#i ncl ude <typei nfo>
#i ncl ude <string>
usi ng nanespace std;

/1 The following lines cone fromother header files.
/1

char* itoa( int value, char* workArea, int radix );
extern int fileldCounter;

/1 Helpers to automate class invariant checking.
/1
tenpl at e<cl ass T>
inline void AAssert( T& p )
{
static int localFileld = ++fileldCounter;
if( !'p.Invariant() )

{
cerr << "lnvariant failed: file " << localFileld
<< ", " << typeid(p).nanme()
<< " at " << static_cast<void*>(&p) << endl;
assert( false );
}

}

tenpl at e<cl ass T>
cl ass Al nvari ant

{
publi c:
Alnvariant( T& p ) : p_(p) { AAssert( p_); }
~Al nvari ant () { AAssert( p_); }
private:
T& p_;
}.

#def i ne Al NVARI ANT_GUARD Al nvari ant <Al Type> i nvari ant Checker( *this )

tenpl at e<cl ass T>
class Array : private ArrayBase, public Container

{
typedef Array Al Type;

ikl oA
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Solution
o
"Lionsand tigersand bears, oh my!"

—Dorothy

Compared with what's wrong with this Item's code, Dorothy had nothing to complain about. Let's consider
itlineby line.

#i ncl ude <cassert >
#i ncl ude <i ostreanr
#i ncl ude <typei nfo>
#i ncl ude <string>
usi ng nanespace std;

/1 The following lines come fromother header files.
/1

char* itoa( int value, char* workArea, int radix );
extern int fileldCounter;

The presence of agloba variable should already put us on the lookout for clientsthat might try to useit
beforeit hasbeeninitidized. The order of initidization for globa variables (including class statics) between
trandation unitsis undefined.

Guiddine

E Avoid using globa or static objects. If you must use agloba or static object, dways
be very careful about the order-of-initidization rules.

/1 Helpers to automate class invariant checking.
/1

tenpl at e<cl ass T>

inline void AAssert( T& p )

{

static int localFileld = ++fil el dCounter;

Ahal And herewe have acasein point. Say the definition of fileldCounter is something like the following:

int fileldCounter = InitFileld(); // starts count at 100

1 the comnilor hbannence tn initializafilal AC A ntar hefara it initiali7zoe armvy A A ccort<e TS lacaA Eilal A wal and
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Afterword

If you've enjoyed the puzzles and problemsin this book, then | have good newsfor you. Thisis not the end,
for Guru of the Week #30 was not the last GotW, nor have | stopped writing articlesin various

programming magazines.

Today, on the Internet, new GotW issues are being published and discussed and debated regularly on the
newsgroup comp.lang.c++.moderated, and are archived at the official GotW Website at www.gotw.ca. As
| writethis, in June 1999, we're dready up to #55. To give you ataste for what's coming, asmall sampling
of the new GotW issuesincludes fresh materid on such topics asthe following:

* Moreinformation on popular themes, including the safe use of auto_ptr, namespaces, and
exception-safety issues and techniques, taking the next step beyond Items 8 through 17, 31 through
34, and 37.

» A three-part series on reference-counting and copy-on-write techniques, including unusua
performance implications in multithreaded (or multithread-cgpable) environments, with extensve test
harness code and statistical measurements. There's materia here that you usually don't see discussed
anywhereese.

» Many puzzles about the safe and effective use of sandard library, especidly containers (like vector
and map) and the standard streams. Thisincludes more information about how to best extend the
standard library, in the spirit of Items2 and 3.

A nifty game: writing aMasterMind-playing program in as few statements as possible.

Andthat'sjust asmal sample. If thereisenough interest in the book you're holding in your hands now, my
intention isto produce another volume containing expanded and reorganized forms of the next batch of
issues, again including the text of the other C++ engineering articles and columnsthat I'm writing for C/C++
Users Journal, and other magazines.

| hope you've enjoyed the book, and that you'll continue to let me know what interesting topics you'd like to
see covered in the future; see the Website mentioned earlier for how to submit requests. Some topics you've
read about herein were prompted by e-mailslike these.

Thanks again to al who have exnressed interest and sunnort for GotW and this book. | hobe vou've found
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