Beyond the C++ Standard Library : An Introduction to Boost

MEXT B+

Beyond the C++ Standard Library: An Introduction to Boost

By Bjorn Karlsson

Publisher: Addison Wesley Professional
Pub Date: August 31, 2005

ISBN: 0321133544

Pages: 432

Table of Contents | Index

Overview

0 0O Boost libraries: C++0 0000000

BoostUU O UOOUODOOOC++00O0O0OUODOOC++000DODOOOODOOODOODOODOODODODODOOBoost OO
gbooooboboboo

Bjorn KarlssonO U OO0 0OOC++00000000580Boost 000000 OOOO120 000000 0O Karlssond
Jdo0od0ooodooodoodooooooo0odoodoo00oooooo0oooDoooooooDoooooooDooOooo
Jdo0o0dooddoooooddoodooodoodoBeostD"OO"DODOODODODODDODOOODOOODDODOOOOOO
oo
gooooooo

. 000000000000 DODO00DbOO00DoDoDOoooDOoa

. 0DOO00D0DO0OD0DO0OOOODDOOOOOOoDO

. DOO0OoDobOOooooooog

. 0000o0oOoobDocCc++00o0oonooon

. 00000000 0OUOUOUBoost.Regex

. 0000000000000O0ODBoost.Bind O Boost.Lambda

. 0000DODO0O0ODOBoost.Function

. 00000000000 (000 Observerd O)0 Boost.Signals

BoostU O OUDUOUOOODUOUOODOUUODODUOUOODODOUODODODOODODOOUOC++0000UDOOOODOBeyond the C++
Standard Library.



Beyond the C++ Standard Library : An Introduction to Boost

© Copyright Pearson Education. All rights reserved.

NEXT B



Beyond the C++ Standard Library : An Introduction to Boost

e prcy

Beyond the C++ Standard Library: An Introduction to Boost
By Bjoérn Karlsson

Publisher: Addison Wesley Professional

Pub Date: August 31, 2005

ISBN: 0321133544

Pages: 432

Table of Contents | Index

Copyright
Foreword

Preface
Acknowledgments
About the Author

Organization of This Book

Introduction to Boost

String and Text Processing

Data Structures, Containers, lterators, and Algorithms

Function Objects and Higher-Order Programming

Generic Programming and Template Metaprogramming

Math and Numerics

Input/Output
Miscellaneous

Part I. General Libraries

Library 1. Smart_ptr

How Does the Smart_ptr Library Improve Your Programs?
When Do We Need Smart Pointers?
How Does Smart ptr Fit with the Standard Library?

scoped_ptr
scoped_array
shared ptr
shared_array
intrusive_ptr

weak ptr
Smart_ptr Summary

Library 2. Conversion

How Does the Conversion Library Improve Your Programs?

polymorphic cast




Beyond the C++ Standard Library : An Introduction to Boost

polymorphic _downcast

numeric_cast
lexical_cast
Conversion Summary
Library 3. Utility
How Does the Utility Library Improve Your Programs?
BOOST_STATIC ASSERT
checked_delete

noncopyable
addressof

enable_if

Utility Summary
Library 4. Operators

How Does the Operators Library Improve Your Programs?

Operators

Usage
Operators Summary

Library 5. Regex

How Does the Regex Library Improve Your Programs?

How Does Regex Fit with the Standard Library?

Regex
Usage

Regex Summary
Part Il. Containers and Data Structures

Library 6. Any
How Does the Any Library Improve Your Programs?
How Does Any Fit with the Standard Library?
Any
Usage

Any Summary
Library 7. Variant

How Does the Variant Library Improve Your Programs?

How Does Variant Fit with the Standard Library?

Variant

Usage
Variant Summary

Library 8. Tuple
How Does the Tuple Library Improve Your Programs?
How Does the Tuple Library Fit with the Standard Library?

Tuple
Usage




Beyond the C++ Standard Library : An Introduction to Boost

Tuple Summary
Part Ill. Function Objects and Higher-Order Programming

Library 9. Bind
How Does the Bind Library Improve Your Programs?
How Does Bind Fit with the Standard Library?
Bind

sage
Bind Summary

Library 10. Lambda
How Does the Lambda Library Improve Your Programs?
How Does Lambda Fit with the Standard Library?

C

Lambda

Usage
Lambda Summary

Library 11. Function

How Does the Function Library Improve Your Programs?

How Does Function Fit with the Standard Library?

Function

Usage
Function Summary

Library 12. Signals

How Does the Signals Library Improve Your Programs?

How Does Signals Fit with the Standard Library?

Signals
Usage

Signals Summary

MNEXT B+



Beyond the C++ Standard Library : An Introduction to Boost

@ prev
Copyright

Many of the designations used by manufacturers and sellers to distinguish their products are
claimed as trademarks. Where those designations appear in this book, and the publisher was
aware of a trademark claim, the designations have been printed with initial capital letters or in all
capitals.

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 responsibility for errors or omissions. No liability is
assumed for incidental or consequential damages in connection with or arising out of the use of
the information or programs contained herein.

The publisher offers excellent discounts on this book when ordered in quantity for bulk purchases
or special sales, which may include electronic versions and/or custom covers and content
particular to your business, training goals, marketing focus, and branding interests. For more
information, please contact:

U. S. Corporate and Government Sales
(800) 382-3419
corpsales@pearsontechgroup.com

For sales outside the U. S., please contact:

International Sales
international@pearsoned.com

Visit us on the Web: www.awprofessional.com

Library of Congress Catalog Number: 2005927496

Copyright © 2006 Pearson Education, Inc.

All rights reserved. Printed in the United States of America. This publication is protected by
copyright, and permission must be obtained from the publisher prior to any prohibited
reproduction, storage in a retrieval system, or transmission in any form or by any means,
electronic, mechanical, photocopying, recording, or likewise. For information regarding
permissions, write to:

Pearson Education, Inc.

Rights and Contracts Department
One Lake Street

Upper Saddle River, NJ 07458

Text printed in the United States on recycled paper at R.R. Donnelley in Crawfordsville, Indiana.

6



Beyond the C++ Standard Library : An Introduction to Boost

First printing, August 2005
Dedication

In memory of the dead, in honor of the living.

e prcy | NEXT



Beyond the C++ Standard Library : An Introduction to Boost

e Py
[]

c++QouogoboobcCc++poogbboobboobboUb boopbbooobboobbooo
EEN

goc++pgoogobogleestgpnoooobooboboonb oobboooboobobbo obbo
JO0C++ (19980 0) 00O U0DbODODO0O0bO0ObODOOoDOoobOOobOoC++98U 0 OUDbUODODg
gooooooobooooogo(dsTyyoooc++gooodnD ooooooooboooboooooon
0 Bjarne Stroustrup D000 CODOD0OOO0ODOOC++000000STLOOOOOOOODODOOOO

EEN

c++0Jo0ooopooooobooboooc++0000obo00o0 DoooDbhoooboooooOoooo
gdoc++000000o0o0ooooooo0oooobocCc++00000o0oo0U0yUUUUUUUUUU g
gob oooboobooooobg

O000OBoostdOC++0 00000000 C++980 00000 ISOOOO0C++0000 OD0DOOOOODO
C++0000000BoostI 0D OO((MOOBoost DO0DODOOWG210 0000000 O0O0ODOODOOODOO
OBeman Dawes)J D OO0 OO0OOBoost DO OOOOODOOOOOODOODOOOC++9800000O0O0O
0000000000000 0D0o00D0000 DOooCc++0OxUODOOOD0OO00O0OO000OOOWhere a
library approach has been shown to be wanting, the wisdom gained from the cross-pollination of
Boost and WG21 has suggested a few modest language enhancements, which are now being
entertained.

Jd0ooddooOddBoostODOOOOD..0000O0O0OOOOODDODOODDOO ODOOOODODOODOO
000000000 00O00Boost.lexical_cast0 0000000000000 OO0DOODOOOODO Boost.
Tokenizer 0 Boost.Regex, [0 Boost.Spirit, 0 00000000 O0OOOOBoost.Bind DOOOODOOOOO
0000000000000 0000Boost.Lambdad D00 OO0OMPLODODOOODOODODODOOO
Boost.Math, Graph, Quaternion, Octonion, MultiArray, Random, 0 RationalD OO OO OO0O
PythonO OO Boost.PythonO DD OO ODOOC++0000000000000O0OODOODOOOOODO OO

Bjorn KarlssonO O OBoost 0000 OC++0 00000000000 00OC/C++ Users JournalD 00O
0000000000000C++ Source, 0O0O00OC++0000000 (0 www.artima.com/cppsource)
000000000000 0D0DOBoost D 0ODO0ODOODODOODDOOODOODDC++0000ODOODO
BoostU D OOOOODOOOC++000 OD0OOO0OODOOODOOO

Chuck Allison, Editor, The C++ Source

=2 EXT



Beyond the C++ Standard Library : An Introduction to Boost

e Py
][O

ogoooon
0000 Beyond the C++ Standard Library: An Introduction to Boost.

gobobooobooobooc++gobooobobooobooobbobbooobooubDbouoce
++J 0000000 cCc++00ooobooobobooobboouobobogtBoost oo
gobooooboooooo

ggbbdUdBoostU OO0 OOOLDDUOODDOOO0DDODOOO0ODLDOODLDDLUODDOOO0 DOOO

gc++gjoogoboobgoooooobooboobooooobobobooboooboboboboobobuoboono

gobobooooboobce++0oobob bobobooboobobobooooboboboboboobobo
gboobooobobobgbdBoost U OOOBoostD OO OOBoost UOC++0 IO DOODOOOODOON
goboboooooobobooboe++gboboboboobobobobooboboboboobuoboobo

gogbbg bbuogobooobboobbuooobooobbuoobboo

00000000 0OBoost OO ODOO0OODOOODOODOOODOUOOO0ODDODUOOODLOUODOODDODUOODOO
O0BoostU DOOOODODOODOODOD@MOODOD)YIODODOOODODDOODOODOOODODODOoOoOooO
0 www.boost.org D OO OOO0OOOO

gogc++0oogoboooobobuogobboooboooobboobbuooobooocec++pboooooo
goooooo

o LOoOoooon
 UOOO0OoOooboDbOoo
 UOoOobooobboobboobboo

BoostD UUDDOOOODOOUOODODOOO12000000e000000DO00O0DOOO0O0OO0O DDhOODOO
gogbboobobogoboooboboobobooooboooobboobboobobooobboobboon
gobboobbddBoost OO0 DOOO0ODOOODOOO0ODODOODDOODDOOODLOOOO
gogbobooboooooo

goooooo

Bjorn Karlsson

e Py EXT



Beyond the C++ Standard Library : An Introduction to Boost

e prcy wExT

Acknowledgments

A number of people have made all the difference for this book, and for my ability to write it. First
of all, 1 wish to thank the Boost community for these astonishing libraries. Theythe libraries and
the Boostersmake a very real difference for the C++ community and the whole software industry.
Then, there are people who have very actively supported this effort of mine, and | wish to thank
them personally. It's inevitable that | will fail to mention some: To all of you, please accept my
sincere apologies. Beman Dawes, thank you for creating Boost in the first place, and for hooking
me up with Addison-Wesley. Bjarne Stroustrup, thank you for providing guidance and pointing out
important omissions from the nearly finished manuscript. Robert Stewart, thank you for the
careful technical and general editing of this book. Rob has made this book much more consistent,
more readable, and more accurateand all of this on his free time! The technical errors that remain
are mine, not his. Rob has also been instrumental in finding ways to help the reader stay on track
even when the author strays. Chuck Allison, thank you for your continuous encouragement and
support for my authoring goals. David Abrahams, thank you for supporting this effort and for
helping out with reviewing. Matthew Wilson, thank you for reviewing parts of this book and for
being a good friend. Gary Powell, thank you for the excellent reviews and for your outstanding
enthusiasm for this endeavor. All of the authors of Boost libraries have created online
documentation for them: Without this great source of information, it nearly would have been
impossible to write this book. Thanks to all of you. Many Boosters have helped out in different
ways, and special thanks go to those who have reviewed various chapters of this book. Without
their help, important points would not have been made and errors would have prevailed. Aleksey
Gurtovoy, David Brownell, Douglas Gregor, Duane Murphy, Eric Friedman, Eric Niebler, Fernando
Cacciola, Frank Griswold, Jaakko Jarvi, James Curran, Jeremy Siek, John Maddock, Kevlin Henney,
Michiel Salters, Paul Grenyer, Peter Dimov, Ronald Garcia, Phil Boyd, Thorsten Ottosen, Tommy
Svensson, and Vladimir Prusthank you all so much!

Special thanks go to Microsoft Corporation and Comeau Computing for providing me with their
excellent compilers.

| have also had the pleasure of working with two excellent editors from Addison-Wesley. Deborah
Lafferty helped me with all of the initial work, such as creating the proposal for the book, and
basically made sure that | came to grips with many of the authoring details that | was previously
oblivious to. Peter Gordon, skillfully assisted by Kim Boedigheimer, took over the editing of the
book and led it through to publishing. Further assistance was given by Lori Lyons, project editor,
and Kelli Brooks, copy editor. | wish to thank them allfor making the book possible and for seeing
it through to completion.

Friends and family have supported my obsession with C++ for many years now; thank you so
much for being there, always.

And finally, many thanks to my wife Jeanette and our son Simonl am forever grateful for your
love and support. | will always do my best to deserve it.

e prcy | NEXT

10



Beyond the C++ Standard Library : An Introduction to Boost

e Py
0000

Bjorn Karlsson O ReadSoft0 0 0 0000000000000 ODOOC++000000000C/C++
Users Journal,Overload, 0 00000 The C++ Source0 000000 OC++0Boostd OO

Karlsson The C++ Source D00 UO0O0OOOOOOC/C++ UsersJournalD 0000000000 OOO
gooogooooooobD OBoostU OO OOOBoost D OOOOOOOO

e prcy NEXT

11



Beyond the C++ Standard Library : An Introduction to Boost

e Py
HREREREREREREE

gogoboboobbooobooobobooobooobooobboobbooobboobboobboon
gobooboobobogobooobbooobooobooobboobboobobboobboobboon
gogbobooboobooobooboobbooooo

gogbboobobogobooobobooooboooobooobboobboobobooobboobboon
gogbooboobobogobooobooooboboobobooobooobboobobooboboooboDo

ogo00ooooooo0ooooooooooooooooooooooooooobooooooooooooooo
gooooooooooobboooboooooobobonooogn std:: DO0OOOBoostOOOOOOOO
boost:: [

gogboboooobogobooobboobobooobbooobboob bbb boobboOoO
goboboobbooobooobboobobooobooobboobbooec++bbooobboon
EEN

OO00OO0O00o0o0o0dgeneral libraries, 00 0000000000000 O0D0O0O0OOOOOOOQO data
structures O containers0] 000000 higher-order programmingD 00 0000000000000
g go

gobb0OBoost ODUOODOOODODOODDOOBoost UOODOOOODDODOOODBoost OUOODDOOOMO
gooboboobboooboboobboooboooc+~+booobbooobooobbooo

e prcy | NEXT

12



Beyond the C++ Standard Library : An Introduction to Boost

[ prev |
Boost[ ] [ [

gobboobbuooobbodbibBoost U UUODDOOODDOOOOOBoostl Boost U DO UOOM
gogbboobbuogpoobooobooobboobbooobbdBoosty g ooon
O0D000O0 ooooboboboobodbUblambdaDO000O0OO0OOOBoost OO OOOOOOODODO
gogbboobbuoobbooobbooobboubb o0BoostU DO DUOOODDOOODLOOOO

OO0b000OBoostUDOOOOOOOOBoostDOODOOOOOOOODOODOBoost U www.boost.org.

O00000O0OBoostD OO ODO1.32.0. 000080 00000000000O0OO80O00O0OOOO
0000000 ooooooooouoooooooowww.boost.orgd OO OO0 OO0 OOOOOOO
Boostl O

e prcy NEXT

13



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Jogboobgn

Boost.Regex

ooboooooooboboobooboooooo0obobooboOobooDbOoOobDOoOoboUonbgDtokenize
0ooooooooooooooooooooc++0000nooooooooonooooooooooonog
00OoOoooooodrPerl, awk, O sedRegexU 00D OOOD0DO0OOODOODOODOOOOSTLOODOODO
0000000000000 0ORegex OO 0O0OO0OLibrary Technical Report0 0000 O00O0ONO

0 "Library 5: Regex."

Regex 0O OO Dr. John Maddock.

Boost.Spirit

SpiritD 000000000000 DO0O0OD0DOO0O00O0O0O0DODODO0O0O0DOO0O00DODODO0ODDODOOOoOoOOn
[llDDDDDDDDDDC++DDDDD(DDD)EBNFDDDDDDDDDDDDDDDDDDDDDDDD

ooboo0ooOoooOobobooboobOoooospiritb00b000bDO0o0obOOo0oo0obobOobbOOoDbDOoOoDO
gogooooo

Mwaveo DO Spirt0 0000 ODC+000000000000000000
Spirit OO0 Joelde Guzman, OO0 OO0OO0OOOOOO
Boost.String_algo

gobooboobobogobooobbooobooobooobboobboobobboobboobboon
ddooodoooc++0oooooooooon

String_algo 0 00 0O O Pavol Droba.
Boost.Tokenizer

oob0ooooooobobooboOg@ken)yDOoooooooooooboobOoobDOoooOooboobobogD
gobobooobooobooobboobobooobooobboobbooobboobboobbooo
00000000bo0oDoDobDooogboTokenizerDODOODODOODOODOODODODODODDOODODODOO
gobbooboobooobbooobboon

Tokenizer O 0 O O John Bandela.

e Py EXT

14



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Jgogo,bod,gbod,tgod

Boost.Any

AnyD 0000000000000 000000000000000000000000000000
. 00000000 voia*». 0000000000 DODOOOOOODODOOOOO
. 0000000000000 0OO0ODOOO0O
. 0000000000000 DOO0OODOOOOOO

AnyODO00oOoogoobooooooobobooboboooboboobbuoobbooobboobbuoon
oobooooooooooonon “Library 6: Any."

Any 0000 Kevlin Henney.
Boost.Array

gobboobobochbogobboobobiobbbouobbooubiog wypecet U0 oononbooog
goobooobooboogooooboobooooooboboooooboobooDoooobobDooDoooboOooD
0doooDooboobobo boboboobooboboboooooboboDooDoobobDooDoooboooD
obobooobogbbOArrayl 0O std::vector.

Array 0 00O 0O Nicolai Josuttis, 0 O Matt Austern 0 Bjarne Stroustrup0 OO0 OO0 O0O00OOO0OO0O0OO
00

Boost.Compressed_pair

goboboobobogobn, compressed pair, HOOOOO0O0OO std::pair. I std::pair DO OO0
U0 boost::compressed pair UOODDOUOOODOOOODOOOOODOO0ODODOOOODOOOODOOOODLDDO
Opaird 000

Boost.Compressed _pair 000000000 OO00OODODOOODOOOOOOO
Compressed_pair 0 0 00O Steve Cleary, Beman Dawes, Howard Hinnant, O John Maddock.
Boost.Dynamic_bitset

Dynamic_bitsetD] O 0 0 std::bitset, OO std::bitset JOO0O0O0O0O0O0O0@ODOOODO), 0 boost::

dynamic bitset JOUOUOUODDOOUODODOO dynamic bitset UOD std::bitset UOOUOOODDOOONO
15



Beyond the C++ Standard Library : An Introduction to Boost

O0D0O0D00O000OD0D00OD std::bitset OOODOOOOODbitset 00D O0O0D0OOO0OOOOOODOOODO
obooooboboonboobbOd std::bitset O

Dynamic_bitset 0 O 0 0O Jeremy Siek O Chuck Allison.
Boost.Graph

GraphUOOOOOODOODOOODOOOOSTLOOOOOOOOODOOODODOODOOOOObDO boboo
oobooooooo,bobogb,0b00b0f0Graph 00 00D0OO0DOOODODijsktrall 0 00O 0O O Kruskal
gobboobbuoobboooboo

Graph 0000 Jeremy Siek, Lie-Quan Lee, 0 Andrew Lumsdaine.
Boost.lterator

gobbooobbooboboooboooboboobboooboooboboooec++pooooboooo
gobboobobogoboooboooobobtddbDreratord 0000 ooonoooononOd
typedef UODOO0O0O0OOONteratorD 000000000 0O0OO0DOO0OOOOO0ODOOO0OOOO0O0ODOO

goobooobooboooooobooboooooobobobOD@oOooo)yYoooooboboooooboo
EEN

Iterator 0 0O 0O O Jeremy Siek, David Abrahams, [1 Thomas Witt.
Boost.MultiArray

MultiArray0 000 0000000000000 000000000000000000000000000
0000000000000 (slicing)D 0O (projecting)D D000 (view) DO OOODOOODODOOOO

MultiArray 00 0O O O Ronald Garcia.
Boost.Multi-index

Multi-indexO OO OO DOOOOOOO0OO0OO0OO0OO0OO0OO0OO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O00000000
std::set 0 std::map DO O 0OO0O0O0OOBoost.Multi-indexOOODOODOOOOOOOOOOOOOOOO

Multi-index 0 O O O Joaquin M Lépez Mufoz.
Boost.Range

gobboobbooobbooobbooobooobboobobooobbootbrangest oo n
goobooooboog

Range 00O OO Thorsten Ottosen.

16



Beyond the C++ Standard Library : An Introduction to Boost

Boost.Tuple

OdO0C++00Pairs(D 00O std::pair), D000 OnN-tuplesd O Tuple. OO0 structs O classes 00O
On-tuples, 0 0000000000000 0O0OO0O0OO0OO0ODO0O0OD0O0ODO0O0O0O0O0O0OO0ODO tupledO
d0o0obOOooobOo0oooodtLibrary 8: Tuple 8" Tuple O 0O O OO O O Library Technical Reportd
ooo

Tuple 00O O Jaakko Jarvi.
Boost.Variant

VariantU O OO OODOOunionDO0OD0OOODOOOO0O0O0ODOODOODODOODO0ODODOODOOOODOODbODOO
gogbbooobbodgobooobooobboobboooobog

Variant 0 O O 0O Eric Friedman O Itay Maman.

=2 EXT

17



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Jooboooogg

Boost.Bind

BindDODOOOODODOO pindlst O bind2nd 00000000 OOO0ODOOOOODOOOODOOOOODOO
Do oo oooooOOn
gooboooboboboboboobdbuobuobobobU0obObO typedefs result type,

first argument type, [l second argument type U D OO0OO0O0O0OODOOON ptr fun, mem fun, U
mem fun ref OO 0OOBINdDOOOO"Library 9: Bind 9." D0 00C++0000000O0OOO0OO0O
O0BindOOOOOODOODODODOOODDOOOOBoostO D OOOODOOOOODODOODODDOOOODDOOOOODO
000000O0BInd OOOOOOO Library Technical Reportd O 0O O

Bind O OO O Peter Dimov.

Boost.Function

FunctionD OO OOOOOODOODOO0ODO0OOOOOOODOOODOODOODOOOOOOOODOOO0DO
0000 binderd O O Boost.Bind 0 Boost.L.ambdaD 00000000000 @OOOODOOOOO)OO
000000000000 00"Lbrary 11: Function 11."OFunction0 0000000000 OO0OOO
00o0oooOo/00000oocuIDDO0DODO0OD0O0DO0DODO0O0DO0OO0DOO0DOn0DOnDOOOFunction
0000000 Library Technical Reportd 0 0 0O

Function O O O O Douglas Gregor.

Boost.Functional

FunctionalD D OC++0 000000000 0DOO0O0OO0OO0OOOOOODOOODOOOO@UuDbDOO)Y ODOO
ooboobo0oooooboobooboobooo0oboo0booboObDORunctional D0 OoOoOoOoOO
obobooobooobD ptr fun ODOOO

Functional 0 O 0 O Mark Rodgers.

Boost.Lambda

Lambdad C++UOOlambdal OO0 00O UOO0O0O0O0OO0O0OO0OODO0O0OO0O0ODOOOLambdad0 0000 O0OOQ
doobooobobobooooobdblambdas D0 00000 ooooboboboobooobong
OoobooobobOobogibodtiibrary 10: Lambda 10" 0000000 OO

Lambda O 0O 0O 0O Jaakko Jarvi O Gary Powell.

Boost.Ref

18



Beyond the C++ Standard Library : An Introduction to Boost

gooooobooboogooe++bobooooobooboboobobobobobooobobonoo oo o
ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
ooboobooooooooboODb rRefOOODOODOOOOOOUODOUODOODOODODLOOODDOO
O0000D0000O000O0bbO0Ob0O0ORes D OODOOOAO Library Technical Reportd O 0 O

Ref 00O OO Jaakko Jarvi, Peter Dimov, Douglas Gregor, O David Abrahams.
Boost.Signals

000000000000 publisher-subscriber O observer0 D0 00000000 O0O0OOOOOOOOO
000000 o0oooooDooodDooooooooooooooooOonoooDoooonaansignalsd
0000000000000 O00000 (events/subjects)0 000000000 O0OOOO (subscribers/
observers) O OO Od

Signals 0 0 O 0O Douglas Gregor.

e prcy wExT

19



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Jobooodod

Boost.Call_traits

goboboobbooobboobbooobbooobboobbuooobbo0obbdd int U double U
00000000 0ob0obD00oo0bU0b0o00ooU0bOobDd const DODOODOOCal _traits 000

oobooobooooooooboooboooboooooooooooooobooD@e++gnooon)Ho
Cal_traitsU 0D 00000000000 O0ODOOODOOODOOOO0OOO0OOOODOOODOOODOObLO

Call_traits 0 0O 0O Steve Cleary, Beman Dawes, Howard Hinnant, 0 John Maddock.
Boost.Concept_check

Concept_checkD OO DOODOOODOOODOOODOOO@OODO)YOOoo(@uooo)yoobooboooboo
O0000DO0OO0O0O0O00OLessThanComparable. 000000000000 ODOOOOO0OODOOOOOODO
ggbooboooobooboooboooboooboboooboboooboboobboobbooobboob 0oo
OO0D00OBoost.Concept_checkD OO O O300 00000000 OOOOODOODOODOOOOODOOD
gobbooboboo bboobboooboooboboooo

Concept_check OO OO Jeremy Siek, O O Alexander Stepanov and Matt Austern0 0000000030
oo

Boost.Enable_if

Enable_if0 00000000 O0OOOO0ODOOO/0000000O0OO0DODOODOOODO/O00OOODODODODOO/O
000000000000 0D0O00DO000O000O000O0DODO0DOO00DO0O00O0OD0DOODDSFINAE
(substitution failure is notan erron) D 0000000 0O0OOODOOO

Enable_if O O 0O 0O Jaakko Jarvi, Jeremiah Willcock, 0 Andrew Lumsdaine.
Boost.In_place_factory

In_place_factoryD D OO O0O0OOO00O0O0O0O0OOOODOOODOOOOOOOOOOODOOODOOODOOODOO
000 CopyConstructibleD 0000000000 DOOOO0O0O0ODOOOOO0OODODOOOODOODOOOODO
gogbbooobbuodgbboobbuoooboboobboonbog

In_place_factory 00O 0O Fernando Cacciola.

Boost.Mpl

MplOODOOODOODOODODOODODODOC++000000000D00D00D00000DO00O0ODO0O00O0ODOO0OOd

OO000OlambdaD O00O0O0OOOOOOOOODOODOOODOOOOODOOODOOC+H+O0ODODOODOODO
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odooooooboooooooooooobooooooMplDOO00ODOoooC++0OooonDooon

000000000000 0000Boost.MplDODODOOOOODODDOODOOD Aleksey Gurtovoy [J
David Abrahams[ O O C++ Template MetaprogrammingD O OO0 0000000

Mpl 0000 Aleksey Gurtovoy, 0000000000000
Boost.Property_map

Property_mapU 0 0000000000000 0O00O00O00 property map DU OO property map OO0

00o0ooobobuobodbkeyODOvalueD DO OOO0oooooboboooobobobobooboO
00obooocCc++00000 property map DO DO OOOODOODOBoost.Concept_checkD DD O OOOMO
odn

Property_map 0000 Jeremy Siek.
Boost.Static_assert

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
OO0bD0o0obO0o0oo0oboboobboOobbOOobOoOoDOOstatic_assert0 000000 0OD0OOODOOODOODO
OO00OO0O0D0O0o00OOOrLibrary 3: Utility."

Static_assert 0 0 00O Dr. John Maddock.

Boost.Type_traits

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(Dcv—qualification[gl)DType_traits
00000000000 O0o00b000dobO00DDOO000oo00DoDDoDOO0OoDoDOdType traitsd OO0
0 000 d Library Technical ReportD

Llogooooo cv-unqualified (O const [0 volatile), const-qualified (const), volatile-
qualified (O O 0 volatile), or volatile-const-qualified (I const U volatile), DO DO OOO0O
goooon

Type_traits 0 0 0 O Steve Cleary, Beman Dawes, Aleksey Gurtovoy, Howard Hinnant, Jesse
Jones, Mat Marcus, John Maddock, [0 Jeremy Siek, OO0 000000000

e Py EXT
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Jogboogog

Boost.Integer

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD@D goboooboooboooboog
obboobbogobogrooouchididl <stdint.h> OO typedef U

Bl std: inumeric 1inits 0000000000000
Integer 0 0O 0O Beman Dawes O Daryle Walker.
Boost.Interval

IntervalUDO0ODOODOOO0OOD0OO0ODOODOO interval DO0O0O0ODOODOODOOOO@OUODOODODOOO
oooOo)yooooooboobooobooobooooobobooboooboo

Interval O 0O OO Guillaume Melquiond, Sylvain Pion, O Hervé Bronniman, OO 0O Jens Maurer( 0 O
goooooa

Boost.Math

MathO OOOODOOO quaternionS O octonions (0O OODO)O0OODODOO acosh, asinh, 0 sinhc OO
goooog@ee)oonooooemyooooono

Math O 0O OO Hubert Holin, Daryle Walker, [0 Eric Ford.
Boost.Minmax

MinmaxODOOOOOOOODOOOOD0OO0OOO std::min 0 std::max DO000O0O0000 n OO0O00ODO0OOOO
U 3n/2+1 U0O0O0OO0O0ODO0 std::min element [ std::max element OO0 2n OOO0O

Minmax 0O 0 OO Hervé Bronniman.
Boost.Numeric Conversion

Numeric ConversionD D0 0000000000 O0ODOOO0OO0OOOOOOODOOODOOOOODOOODOO
O numeric cast (DO OO0OBoost.Conversion)DODO0OOO0OOOOOODOOODOOODOOOOODOOODOO
goboboooboogn

Numeric Conversion O O OO Fernando Cacciola.
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Boost.Operators

Operators 00000000 O0OO (LessThanComparable, Arithmetic, 00)0 00000000 OO0OO
Oodoooodooboooooodooooooobooooogonobd operator<

(LessThanComparable)l 00000000 operator<=, operator>, J operator>= [ Operatorsd O [
0000000000000 00000O0000D00000DO0000D00000DO00000D00O0A0O"Library 4:
Operators 4."

Operators O 0 0O O David Abrahams, Jeremy Siek, Aleksey Gurtovoy, Beman Dawes, [0 Daryle
Walker.

Boost.Random

000000000000 0DOoO0DO00DO00O000O0DOO0DOO0DOOo0DODO0O0DOO0OO0DOoDOOODn
RandomU O 00O 0O O O O O Library Technical Report.

Random 0O OO O Jens Maurer.
Boost.Rational

gogbobooboboooboooc++obooooboobuogc+~+gobuoobbooobooobbo bboo
O0DbO000O000O00obO0bOo0bDOO0obDOooDOOoO0bOORationalD D0 0O0OO0OOODODOODOOODOODO
oO0DOOoO0obOOo0ooOOo0ooO(@ bopbboobooobooooon).

Rational O O O O Paul Moore.

Boost.uBLAS

UBLASO 0O OODO00O00OC0OO0O0000000000000000000000000000000(@O0
0000)o

uBLAS 0 00O O Joerg Walter 0 Mathias Koch.

e prcy NEXT
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oo/jaf

Boost.Assign

Assign0 00000000000 D00O0DO0DO0 operator, (OOOO) and operator() () (COOOOO

HyoobooooooboobooooooboboooooobobooooboobobooDoobUouboo
ggbboobbooobboobboobbooobbOon st of UOobDOOoobDDbOODD

Assign 0O O 0O 0O Thorsten Ottosen.
Boost.Filesystem

FilesystemUO OO DOOOOOOOOOOOO0ODOOOOO0OODODOOOC++000DOO0OO0OO0O0ODOODBDOOO
gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
gobobooooog

Filesystem 0 0O OO Beman Dawes.
Boost.Format

OOlbraryD 00000000 OOOCODODOODOOD printf, 000D0OO0O0ODOOOOOOOCODODOODOO
U0 printf JO0O0O0O0OO0ODOOO0ODODOOODDOOODOOODDOODODOOODDOODDOOOO

DDDDDDDDDDDDDDDDFormatDDDDDDDDDDDDDDDDDMI

MopoooooooooOoDODOOOOOOOO0
Format O 000 Samuel Krempp.
Boost.lo_state_savers

lo_state_saversD OO0 OIOStreamU 00000000 0OO0O0OO0O0OOOOOOO0OOODOOOOOOO
gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
OO0D0oO0oboOOo0ooOoooobobooboOodnlocaleDdd

lo_state savers 00000 Daryle Walker.
Boost.Serialization
ogoooooooc++0000oonooooooooonoooooboooooooonndXMLO OO Boost.

SerializationD OO O00OO000O0O0O0OO0OO0ODOO0O0OOO0O0OOO0OOOOC++0000000O0O0O0ODOOOO
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gooboooboog

Serialization O 0 0 0 Robert Ramey.

e prcy NEXT
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0O

Boost.Conversion

ConversionD 000000000000 OOOO0ODOO0O0OOO (static cast, const_cast, [

dynamic cast)J OO OConversionD OOOOOO0OO0ODOO polymorphic cast U

polymorphic downcast DO0OODODOOOO0O0DOOODO numeric cast 0O0OODOO (0 string O double
O000)O0O 1exical cast UOUOODUODODODODOODOOODODODODODUOODDODODODODODODODODO
Jdddd0dd0fd0d0d00d00o0oOo0oO0OoO0OoOdadtLibrary 2: Conversion.™

Conversion 0 0 00O Dave Abrahams O Kevlin Henney.
Boost.Crc

CrcDO00ODODOO0OOCROOIODOODDOUODODODODOCRCOUDODDUODOOD@WOLUDODUODOOD
00O)H)oOOoooooooobobooOPKzipdOOOCRC32UODUOODUOODOODOCRCUOO crc 16 type,

crc_ccitt type, crc xmodem type, [l crc 32 typeb5.
Crc 0000 Daryle Walker.
Boost.Date time

Date_timeJ U0 UODO0O0O0ODOO0O0ODLOODODOODOOODODODODODOODODODOODLD DODOODDO
0o0obooobobuobodbodDpate_timed D000 O0DDOOO0OO00O0ODODODODODOODUODODO@UOUDO
OHyoobooooboo obgoooboob/bobobogooooboboboobooobubooDooboD
goboboobobogoboooboboooboboooboo

Date _time O 0O OO Jeff Garland.
Boost.Optional

gogbbodgbbuogobooobbuoobbuooobooobbuoobbooobbooobboobo
OptionalD OO O OO optional, DOOOOO0OODOOODOOODOO0ODOOOOODODOO optional OOO
gogboooobooogobo

Optional 0 0 0O Fernando Cacciola.
Boost.Pool

PoolU 0D UODOUOOUOOODODODODUODOODLODODODOOLODODLDODUOODLDODUODOODLOODOD
goboobooboboooboooboooboboobbuooboboooboboooboobo
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Pool O 0 OO Steve Cleary.
Boost.Preprocessor

00000000 0o0oO000o0oooooOb00oooOboooOoOooo0oOb0oooOoObooOoLbOboOonO oo
0000000oDOO0dO0Preprocessord 0000000 OOOODOOODODOO Ilists, tuples, O arrays, 00O
dooodd0algorithmsO 000000000 D0DO0O0OOO0O0OOOO0OODODOOODOOOODOOOOOD
ooooo

Preprocessor [ 0 0 0 Vesa Karvonen [ Paul Mensonides.
Boost.Program_options

Program_optionsOD OO0 O O00OO00OO0OO@O/00), 0000000000 o0oooobooobooooboooon
gobboobbuoobboooboo

Program_options 0 0O O O Vladimir Prus.

Boost.Python

Python( 0O 0 O C++[ PythoanDDDDDDDDDC++DDDDDDDPythonDDDDPythonDDDC
++0000000000000000000000D0O 000 PythonO

Bloogpoooooooooooooon
Python 0O 0O OO David Abrahams, O O O Joel de Guzman O Ralf W. Grosse-Kunstleved 00O 0O OO
Boost.Smart_ptr

goboobooobooobooobbooobobooobbooobboobboobbboobobboobb OO
gobbooobbooobboobbooobooobbooobtgdsmart_ ptrodgoboooboogn
0o0oo0o0oooboonooDooo0 o000 smart_pr0 0000000000000 0OONO (scoped ptr

O scoped array)D OO0 0O0ODO0O (shared ptr O shared array), OO OO shared ptr DODOOO0O0O0O
(weak ptr), OO0OD0OOO0D0OOO0DOOODO (intrusive ptr). Smart_ptrd shared ptr (0O O0O0OO
enable shared from this) OO weak ptr DO O OO OO OO Library Technical Report0 D0 0O OO0
0000000 Library 1: Smart_ptr 1."

Smart_ptr 0O 00O Greg Colvin, Beman Dawes, Peter Dimov, [0 Darin Adler.

Boost.Test

TestUOOOOoOOooooooooboooboooboboobbooobbooobboobnbooboboo
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ooboooboooooooobooobooobooooo@oo)yobooobooo

Test 00 00O Gennadiy Rozental (O O Beman Dawes 00 00).
Boost.Thread

goobooobooooooooboocec++ooooobooobooooooooboooooon
POSIX, OOODOOODOOODOOPOSIXOOOOCAPIOThreadD OO ODODOOODOOODOOODOODOOODO
goboboooboogon

Thread 00 00O William Kempf.
Boost.Timer

TmerdOOOOOODODO0OOODLOODODODODO0OOODOODOODOODLOODOODODOODOODO APIDODOO
0o0odoo0obobobooooobobuobogoooUtBoost.Timerl 0o oboooooobOonDg
gooboobobbo obboobobbooobDbg

Timer OO OO Beman Dawes.
Boost.Tribool

OD000000 tribeol DODDUODOO0UODUO0OOOODOODDOUODOODtrue D false0 00000000
O 00Oindeterminate (0O 0OO00O0OOOmaybe; 000 OO0OO0OOO).

Tribool 0 0 O O Douglas Gregor.

Boost.Utility

00o0o0O0o00bO0o00bO0o0o0b0o00o00b0o0oo0bOo00o0b0obO0o00bO00o0LOo0o0o0bODbOOo0oDbOOoOn
Jdddd0dd00000000o0oooooooooooooOoOBoost, O OOOOOOOOOOOOOOONO
OUtIlityDOOOO0OOODOD checked delete, 00000000000 0ODOOODOOODODDOODO
noncopyable 0 OOO0OO0OOODOODOOO enable if 0000000 OO0O0O0OOOCOOOODOOOO
00004 "Library 3: Utility"[

Utility 0 0 O 0 David Abrahams, Daryle Walker, Douglas Gregor, O 00O 0O
Boost.Value_initialized

Value_initializedOD O OO OODO00O0OD0OODOODOOO0O0ODOC++000000O0DOODOODOOODOODOO
0000000000000 00b00bO0ooOoDOonBoost.Value_initialized, 00D OO0DOO0OOOODOO

Value_initialized O 0 0 O Fernando Cacciola.
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e Py
Partl: 0 O[O

ooboO0oobOOo0ooO0o0ooO0oboOoO0obO0oDOOoOoOO0bObOODoOOobDOooDOoOo(@obOobooo
oO0)yoobooooooooooboooboooooooooobooboobooooboobooo
goood

0000000000004 Miscellaneous, O 0O Ubiquitous, 0O Frequently Used
Libraries. 0000000000 DO0OO0OO0DOOO0O0DODOOOODOOOODOOOOODOOOOO
0000 General Libraries, 0000000000 O0O0O0OO

gooogooboboooobooooboo*o*oobbooobooobobooobboon
b oooboboboooboobobogooooboobobooooobobooDoo@Wooo
Hyoobobooooooboboooobobobuoooobo ooboboboobooo
gobooobobooooboooboooboboooobooobbuoobobooobbooon
goboogoboooobobuoobboo0 booboboobboobobooobboooog
gobooooboboooobuooboboooboooobboobbooobooobboon
gobogoob obbuoobobooobooobboobbooobooobboooobag
gobogoboooobbuoobboooboooobboobboonobooobo ooobag
gobobooobbogbbooobooobbuooobooobbuoobbooobboon
gobogoboooobbuoobboooboooobbo bbooobooobbooboba
ooobooobooooooboooooobooobooooooooooO, b0 (@uboboobobOoDbo
0o0),00o0ogo,o0b,0b000o000

e Py EXT
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[ prev |
Library 1. Smart_ptr

Smart ptr 0000000000

goooggoogdn

Smart ptr 00000000

scoped ptr

scoped array

shared_ptr

shared array

intrusive ptr

weak ptr

Smart ptr O 0O

|4 PREY | NEXT 8
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Smart ptr 0000000000

« UU shared ptr DO UO0DOUOO0O0OO0OO0O0DOODODDOOO0OODOOODODOOO
« U0 weak ptr UODUOODDOOO0OOOO0OOOOOODOO

o 0D scoped ptr 0 scoped array UOO0O0OO0O0O000O0O0O0O0OD0OOO0O0ODOODOOOOOOODO
goooooboo

DDDDDDDDDDDDDDDDD(DDDDDDDDDD[Q).DDDDDDDDDDDDDDDDDDD
oobooodoooobobooboobooboboooooooogboooboobooooooooogoonog
OO0 (@oO,0000)dBoostO000OO0O0OO0OOOOO0OOCOOOOODOOOOOODOOOOOODOODOO
oobooooooobooobogobooboooooo oooboooooboobooooooooooan
cooooooooooooooo@oooobooooo)yooooooooobooooooobooooo o
gobdoodOBoostdOOOOO00OO0OOOOO0OOO0O0O0O0O0O0O0O0O0OOO0OO0O0O0O00O0C0O0O0O0OO
Boost 10D UOOUOUOOUO (boost::shared ptr)UOOO0OOO0OOO delete UOUODOOODUOBoost.
smart ptr 000000000000 O0O0COO0O0OO00O0O0O00O0O000000O0

MopoooooooooooooooOoOon

e Py EXT
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ogbogbgboogd

ggbobooboboooooboooo
« OOooboon
 UOOonDogooDbOoo
 OOboOoobbOoOonon

gooooooobobob0 bobooooboboboooobOUOobOobDooDoo@oOooDH)Y Oboo
gogbobooobobogobooobobooobooobooobboobboobobboobboobboon
gogbboobobogobooobobooooboooobooobboobboobobooobboobboon
gobboobbogbobooobooooboboobboobboooobooo

gogbboobobogoboooboobooobooboobooooboboobboobobooobboobboon
ooobooooooobooooboOobOooboOoooOoOooobOoOobOoobDoooOoo(@obooboooDbooo
oooboooooooooO)yoobooobooooooobooboobooboooooooboboboobooDbooo
gogbboobbuooobooobbooonobuooboooo

O0DO0O0D0O0O00O0O0Q0 celetedd00d0OO0O0OOOO@ODOODOOYYOODOODOODOODOODOODO
gogboboobobogoboooboooooboooobooooboboobboobobooobboobboon
UobobDoobooooobbooobboopnbooobbOoi0nD celete, DODOOODDODOOODODOOODODO
gooo

gogboboobbogobooobboobboobbog c++ 0000000 std::auto ptr, UOOOO
ooboobobO0obiobObobdlaute ptr ODOOO STLOOOOOOBoost OO OOOOOOOO
gogoboooo

000000 scoped ptr, shared ptr, intrusive ptr, 0 weak ptr. OO0 OO0 scoped array U
shared array 0000000000 O0DOOODOOODOOOOOOOOODOODOOODOODOODOOODOO
ood

e prcy wExT
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e Py
Smart_ ptr 00000000

Smart_ptr OO 0000000000000 0ODOOOOOOO0

« UO0O0OO0ODDOO auto ptr, UOOOOOOOODDOODDOOODOOOOODOODODO
shared ptr U0 O OO0OOOO0OO0DOOOOO

« BoostUOUOUDDOUOOODODOOOODDLOOODDOOODDODOOOODOODOOOODDOOO
shared ptr U0 0OUO0O0000000000DOO0O0O00OO0O00OO

 Uoobooobboobboobbooobboooboboobbooobood

gobobood smart_ptr 000 C++ 0000000000 O00ODOBoost.Smart_ptr I shared ptr
(ooooon enableisharedifromithis) Oweak ptr 00000 onog Library Technical Report[]

e prcy NEXT
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scoped_ptr

OO : "boost/scoped ptr.hpp"

boost::scoped ptr DO UODOO0OODOOO0O0DOOOO0DOOscoped ptr UODO std::auto ptr OO OO
00000000b0b0bD00b00bO auto ptr DODOO0OOOscoped ptr JOOOOODOODOODOO
scoped ptr 0000000000000 O0D0OCO0DOO0O0D000O0O0ODOscoped ptr ODOOOOOOODOOO
0000000000000 D0O0D00O0D0O0D00O (scoped_ptr O auto_ptr)Qd

0000 std::auto ptr OO boost::scoped ptr, UOODDOOOODOOOODOO0OODOOOODOOOO
O0D000D0000 scoped ptr. JOOOOOOOOODOOODOOODOOOOOOODOODOODOODO
oooooooooooo

U000 scoped ptr UUDODOUOOODDOOODOOOOOO

namespace boost {
template<typename T> class scoped ptr : noncopyable {

public:
explicit scoped ptr(T* p = 0);
~scoped ptr();
void reset (T* p = 0);
T& operator* () const;
T* operator->() const;
T* get () const;

void swap (scoped ptré& b);
i
template<typename T>
void swap (scoped ptr<T> & a, scoped ptr<T> & b);

ooon

explicit scoped ptr(T* p=0)

O0D0O0000 pUDOO0O0D00O0D00OpOO0O0DO0 operator new JOUOOOOO null. DOOOODOOODOO
0000000000000 p 0000000 DOO0ODDO0O000O0 new U0ODOOOO0ODOOOOOO
goboboobbooboboo0 rg0obooobboobobuoobbooobooooobon

~scoped ptr()

gobbooboD 0DhO00o0bo00obbOo0bbOOn scoped ptr DOOODOOODOOOODOOOO
gogboboobobooooboboobboo
35



Beyond the C++ Standard Library : An Introduction to Boost

void reset (T* p=0);

UO0O0OD0 scoped per DO OOOOODODOOOOOODOODOOOODOOOD p.0DbOO0OO0OODODODOO
U0 scoped ptr DUOUODOD0DUOO00O00O0O0D0O0OO0DO00 scoped ptr UOOOOODOOOO

scoped ptr 00000000 ODOOO0D0OO0OOOODOODOOODD resetb0DOO0ODOOODOO@OOO
gooooooboooooo)yboooboooooog

T& operator* () const;

gobboobbogobooobboooboboobbooobboobboobbouobb scoped ptr U
oboboobobooobooobboobboobbOon get UbboobbOoobbboobobbO

T* operator->() const;

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
b getDDOOOO0D0OOO0ODODOO

T* get () const;

UobobDOo0bDboo0bb0OUeetl 00D UOODDOO0ODDO0ODDgetDDOOO0DOOODDOOO
UobbooobbuodbbbOdeetldbooobooooboonn

operator unspecified bool type () const

OO0 scoped ptr DOO0OO0OOO0DOOO0DO0O00O0OO00OO0OOODOOODOO BooleanOOOOOOO if O
Uobbooobobuoonobooobiodd get OO0 scoped ptr OO OO

void swap (scoped ptré& b)

U000 scoped ptr UODOOO0ODOOO0OODOOOO

oo

template<typename T> void swap (scoped ptr<T>& a,scoped ptr<T>& b)

O0D00000000OOscoped pointer0 0000000000 O0D0OOO0D0O0OOOOO swap(scopedl,

scoped?) DDDDDDDDDDDDDDDDDDDDDDDDDDDDDﬂmscopedl.swap(scoped@) 0
Ooddooodooooooooooboooooon

Pl opoooo0DoDDO0D0ODO0OO0OO0O0000O0000000000000swapd 00

HEN
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scoped ptr UUOODOUOODODOOOODOO0ODODOODODOO0ODDOOODLDOOOD deletedD OO
000000000000 (operator* [ operator->)0 0000000000 DOOOODOOOOODO

scoped ptr UUDOOUOOO0ODOO00DO0O0O0O0DO0OOD0DOUO0O00000O0DO0U0UO0 boost::scoped ptr
UOdb0b0000 m"pboost/scoped ptr.hpp". UOOOOscoped ptr JOUOO0OOO0OO0OODOOOODOOOOO
obobOoOobbDO0d std::string OO0 scoped ptrl

boost::scoped ptr<std::string> p(new std::string("Hello"));
U scoped ptr UDOUOUOO0O0DO0O0O0O00O0O0DOO delete

oooogon

obbDOo0bobDOodUdl scoped ptr UODO std::string UOOOOOODOOO delete DOODOOO
scoped ptr UUOODOOOODOOOODOOOODODOODODO

#include "boost/scoped ptr.hpp"
#include <string>
#include <iostream>
int main () {
{
boost::scoped ptr<std::string>
p(new std::string("Use scoped ptr often."));
// 00o0ooon
if (p)
std::cout << *p << '\n';

// 0ooooood
size t i=p->size();
// 0000000

*p="Acts just like a pointer";

} // 0D00p000000O00std::string

Uboboo0oboob0obobOobobdbOdDbDscoped ptr UOO0OOO0OOOOO0OODODODODOOOLOODODO
doddooobodooooooooooooooobooooob oo ooooooooooa
OO0 operator->. U0ODOUOOO0DUOO0OO0OO00DO scoped ptr0 0000 operator* UUDODOOON
OO0 scoped ptr UOUOOOOOODOOOOOOODOODOOOOOOODOODOODOOOODLDODODOO
ooooood

0 auto_ptr 11 0 [

scoped ptr U auto ptr UOOOO0ODOOO0OO0DOO0OODOaute ptr DOOOO0OO auto ptr O OO
0000 scoped ptr UOUOOO0D0DO0O00O0O000DO0O00O0 scoped ptr U auto ptr DO OODODO
godoooooooooooon
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void scoped vs auto() {
using boost::scoped ptr;
using std::auto ptr;
scoped ptr<std::string> p scoped(new std::string("Hello")):;
auto ptr<std::string> p auto(new std::string("Hello"));
p_scoped->size();
p_auto->size();
scoped ptr<std::string> p another scoped=p scoped;
auto ptr<std::string> p another auto=p auto;
p_another auto->size();
(*p_auto) .size ()

}

000000000000 scoped pt r0O00O0O00D00OO0ODOaute ptr DOOOOOODOODOOOO
UobboobobogobibOd p autoUUOODO p another auto, UUODO p auto UOOOODOOOOMO

Uobooooboboonobooboboodn aute ptr DOOOO [1[31 000000 p another scoped
gobobooobogobooobbooboboobbooobboubd p aute DOOODO (*p auto).

BlopooD auwte ptr 0000000000000 O0O0O0O0O0000000O0O0O0O0000O
D0000000O00O0O0oOn

U0 scoped ptr::get DOO0O000O00D000O000OO0 scoped ptr DOO0O0OOOOO0DOOOODOO0O
oboooobboopobooobbooobbOounD scoped ptr UOOOOOOOOOODOOODODOOO
0000000000 scoped ptr (DO ODOOOO0OOO)YOODOODODODODODODDOODODODOO
scoped ptr DO O0OOOOOOOOO get, DOOOUODOOOOOODLOODOOOOOODO

scoped_ptr [1 Pimpl [ [

scoped ptr UOOOUOOODOO0OODOO0OOD aute ptr DOOODOOOO pimplDDDD[ﬂpimpID

goobooobooboogobooobobooobooobooobboobbooobboob bbb oo
JooboDoobobobooooobobuoboo boodpimplDO0000OO0ODOOO0DOO0DDOODODODOOO

gogoobooooobooobooobobooobobooobbooobboobboobbboob0b obbooo

oooboooboboboooouo pimpld0doooboboboobobobobobbbobonoboOoO

oooooooob pmplOO00O0OO00ODOODOOOODODODO

“I'0 000 0 Cheshire Cat 0 0. 0 0 pimpl0 0 0 000000 www.gotw.ca/gotw/024.htm [
Exceptional C++ [J

// pimpl sample.hpp
#if !defined (PIMPL SAMPLE)
#define PIMPL SAMPLE
class pimpl sample {
struct impl; // O0O0OO0O0O0O0OO0O0O0OclassO00O0O0OOO
impl* pimpl ;
public:
pimpl sample () ;
~pimpl sample();
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void do_ something();
b
#endif

U000 pimpl sample OO Ostruct impl DO OO0OD0DO0O0OO0DOOODODOOOODOOODODOOOO
ooboobobooubD pimpl sample DO OOODOOOODOOOO

// pimpl sample.cpp
#include "pimpl sample.hpp"
#include <string>
#include <iostream>
struct pimpl sample::impl {
void do something () {
std::cout << s << "\n";
}
std::string s_;
bi
pimpl sample::pimpl sample ()
: pimpl (new impl) {
pimpl ->s = "This is the pimpl idiom";
}
pimpl sample::~pimpl sample () {
delete pimpl ;
}
void pimpl sample::do something() {
pimpl ->do something ();
}

gobbooobboobobooobooobbodbibidl pimpl sample UOOO0O00O00 pimpl O
gogbboobobogobooobobooobobooooboooboboobboobbooobboobboon
goboboobbooib impl OJ0O0O0OO000DOO0OD0DOO0OO0OOO0ODODO0OD0 scoped ptr OO
EEN

class pimpl sample {
struct impl;
boost::scoped ptr<impl> pimpl ;

b

O scoped ptr UOO0O0OO impl UOOOO0OODOOODOOODOOOD impl DOO@OOOOOODOO
O scoped ptr) 0 00000O0O0O0ODOOO0ODOOOOOOOODOOODOODOOODOOOODOOODOODO
ool impl DO0OD0OOO0OODOO0OD0ODOOODOOO0ODODOO0O0O auto ptr 0DOO impl, DOOOODOO
oboDbOoobobOogobO scoped ptr, HOOOOODOOOODO

Uob0booobbOodD scoped ptr UOOO0DOO0O0ODO0OO0ODOOOO0DOOO0OOOO0OODOOODODOO
0000 scoped ptr DOOO0OODOOO0ODOO0O0OOO0OODOOOOO

0000oo0oooboobDobD pmplO00O00O00O00O00O0ODO@WOOD pimpl sample)J0000O0OO0O
OO0 boost::shared ptr DOO pimpl DO0O0O0O0OOO0O0ODOOO shared ptr OO scoped ptr OO0
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gobbooobooobboubbooobboobobboobbUo0obbUO0O0Oshared ptr DOOQOOOO
gogbboooobog

scoped_ptr 11 [ const auto_pftr

JobobDoobbDoOddl auto ptr DOOODO scoped ptr UOODOOOOO auto ptr U OO

constl]

const auto ptr<A> no transfer of ownership(new A);

O00boo0ob0obO0ob0obDo0obO0bO scoped ptr OO reset, DOOODOOOOODOOOOOOO
U const auto ptr UODOUOOOO0DO0O00O0O0O0O0DOO0D00O000000DO0 const auto ptr OO
O scoped ptr UOODOUOOOOOODOOOOOOODOODOODOO scoped pex0000OOOOOODOOOO
Jodddooboddoooooooooooodoooooooboo0oo oo oDoobOoDoooon
O0O0D000D0 boost::scoped ptr.

0d

000000000000 00ooo0o0ooboo0oooooooOoboooooooooooooOonooooooa
gbobooboboboboooboboboboboobobobobobobOobobb00bO0bO scoped ptr
gbooboobooboboboobobobdbUdflstd:rauto ptr DOOOODO auteo ptr UOOOO0O
UobboobbooobbDO0 aute ptr UOODOO0O0ODO0O0D0UOODO scoped ptr OO auto ptr U
Uobobooboboooboo0obiboOU scoped ptr, DOOODOOOO0DOOOO0ODOOOOODOO

scoped ptr UOODDOOODODOOO0ODOOO0ODODOODODODOOODLOOODLDODOOODDLDOOODDOOODLDDO
Oo000o0oobo0o0oooooooboooboooooobooooon

gobbDodibl scoped ptr U
 O0bbuoOobbooobbuoon
 UOO0O0OOOgnoDOn
 UOObObOoobbOoobobbooobboobo

. ODOODODOODODOO@DOON

e prcy wExT
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e Py EXT

scoped_array

OO : "boost/scoped array.hpp"

UobobooboooobogU std::vector UOOODOO0OODDOOO0ODOO0OOOO0OODOOODOOO
U0l vector UODOUOO0DDOO0OODOOODDOODODOOODLDOODDOODODDOOODLOOOO

[ﬂDDDDDDDDDDDDDDDDDDDDDDDDDDDD(DDDDDDDD)DDDDD delete OO
OO000 delete[] UOOOOOOOU0OOOODODOOO0OOO0ODOOOU0OODOOOOOO0OO0OOOOOOOO
JO00D000O0DOscoped array OO OO0 scoped ptr DOOODOO0OODOO0OODOO0OODOOODODOO
UODODO scoped array OO delete[] UUODODOOOOOOO

Bloppoooooooooooooooo std::vector O OOOOOOMO
scoped array O OOOOOOMO

scoped array O UOO0OOOOODN scoped ptr UUODOOOOODDODOOODOOODOOOOODOODODDOO

ggbbodobbuogobooobboobbuoobobooobboobbuoobbooobboobbuon
gobboobobooobboobbooobooobboobnbuoonbO scoped array OO0

scoped ptr UUDODOUOUODO delete[] DOUOUOODO delete UOOOUODODUOODODOL scoped array U
0000O000o0bO0obobO0n scoped array DOOOOO0OOO0OOOOOOODOOO

scoped_array [ scoped ptr UUOODOOO0OO0O0OOODO operator[] UODOOOODOOO

scoped array O OUO0ODOO0OO0ODOOO0OODOOODDOOO0ODOOO0ODODO0ODODOOOODO scoped ptr
O0000ooodooooooobooooooooonoOog std::vector 000000 OO0ooooOooo
UoboooobobuoobDboOobil scoped array OO0 std::vector.

e Py EXT
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& prev |
shared_ptr

U 00 : "boost/shared ptr.hpp"

gobooobooboooboboobobooboobooboooboboooobooboobobooboooboobooon
goboooboobooobobooboboobooboboobobooooboboobobooboobobooon
O000oDoO0oO0oDooOoooooOgoDo dntrusive)D 0 OO0 (non-intrusive)D OO0OO00O0OO0OOO
gobooobobooobobooboboobooboboobobooobobooboboobobbobooon
gdbobooboooobob oobobooobobbuooobbobuooobobooobobooooobobooaooo
gobobobooobbboooobbooooboboooboobooobb oooboboooobboooooo
gogboboobooobbooobbobuoooboobuooobobbooobbooooboboooooboooobnoo
gbb oooboboooobooooobboooobbooooobooboo

goboobobooboboobobooboobobooboooobooobooboooboboobooboboo ooo
gboooboobooobobooobobooboobooboobobooooboobooboboobobooboboon
goboobobgooboboobobo boobobooboobooboboobobooboboobobooon
goboobobooboboobobooboobobooboobooboobobDoobob obooboobooo
gooooboooooboooooooooobogoDobOo@WoUoOobooLoobO)yoboooDobboLoDUuDLO
oooobobooob bboobooo

gobooooobbooobobuooobboooooboboooobooooobobbooooboboog oo
ggboooooobobooooobuoooooboooobboooobboooobbooooobobuoooonoo
gobooboboobobooboboo ooboboobooooboooboobooboboobobooon

DDDDDDDDDDDDDDDDDDDDDDDDDDDD@DDDDDDDDDDDDDDDDDDDDD
DDDDDDDDD[Z[

BlpppoooooooooooOOOOOOOO0OO0OOOOOOOOOO0O0OOOOOOOOO
gogbobobuoooobooooboboooobobooooboboooboobobooooobooon
goooboogooboobod

MopoooooooooooOOOOOOOOOOOOOOOO0

shared ptr OO OD0OO0O0O00D0ODO shared ptr0 00 std::auto ptrO0 0000 boost::weak ptr U
O000000O0OD00OO0ODOD shared ptr 00O0O0O0ODOODOOOOODO(deletenODODODODODODODODOOOOO
000000000000 00D0000 new OODOOODO celete 0O0OD0DOODOOOD@MOODOODODO
UO000000)0O shared ptr JOOO0O0O0O0OO0O0O0OOOO0O0ODOOOOODOOOODOOOODOO

000 shared ptr 0000000000 DOOODOODOOODOODOODOODOODODO

namespace boost {
template<typename T> class shared ptr ({
public:
template <class Y> explicit shared ptr(Y* p);
template <class Y,class D> shared ptr(Y* p, D d);
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~shared ptr();
shared ptr(const shared ptr & r);
template <class Y> explicit
shared ptr (const weak ptr<¥>& r);
template <class Y> explicit shared ptr(std::auto ptr<¥>& r);
shared ptr& operator=(const shared ptré& r);
vold reset () ;

T& operator* () const;
T* operator->() const;
T* get () const;

bool unique () const;
long use count() const;

operator unspecified bool type() const; //O000000Ounspecified-bool-type ()0 00
void swap (shared ptr<T>& b);

i

template <class T,class U>
shared ptr<T> static pointer cast (const shared ptr<U>& r);

goon

template <class Y> explicit shared ptr(Y* p);

goboooooobbodg p 0000000 pO0O00O0 yOUOOoOLOLOOOOODDODOOOO1ODDOOODO
000000000 std::bad alloc(DOOOOO0DOOCOOODOOOOODOOOODOOOODOOOO)O

template <class Y, class D> shared ptr(Y* p, D d);

U000b0b00b0ob00bOn shared ptr UOOOD0DO0O0O0O0O0O0DOD0OO shared ptr 0DOOU
gobobobooobbbooooboboodn apey DOOOO0O0ODOO000 p0oobobooon oo
0000000000 shared ptr DOO0OOODO std::bad alloc JOOO

shared ptr (const shared ptré& r);

r 00000000000 shared ptr UOOOD0OO0O0OOD0OO0O0D0OOOOO0DOOOOODO

template <class Y> explicit shared ptr(const weak ptr<¥>& r);

000 weak ptr (DO00OO0OO0O0)O0O shared ptrO000 weak ptr OOO0O0O0O0O0O0O0ODOOODOO
weak ptr 000000000 000000O0(weak ptr 000000000 00O0)000 weak ptr 00O (r.
use count ()==0), shared ptr OO OOOO bad weak ptr OOOO

template <typename Y> shared ptr(std::auto ptr<y>& r);

Udbobobooodl aute ptr U0  O0O00D0O0O000O0D0OO0OO00O0O0DOOO00O0O0O000 auto_ptr OO
release UO0O0DOO00OO0O0D100 0000000000000 O00O0O0OO0DOODOO0O std::

bad alloc U
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~shared ptr();

shared ptr U0 O0000000000000000D0O0000000000000O00O00O00DO0O operator
delete HOOOODODO0OOODO0OOODOODODOODODOODODOODODDOODOODDLODOOD
oooobooooo

shared ptr& operator=(const shared ptré& r);

ggooodg r 0b0ooobobooobobbooobobooooobooboooon

void reset () ;

reset JUO0O0O000O000O00O0DOO0OO0OOO0O0OO0O0OO0OOO0

T& operator* () const;

gooobobooboboooboboobuoboboboobobonn operator* U0 0O0OOOD0OOODOOO
oooooboooon

T* operator->() const;

UoboooooobboboooobbOood operator JUOODDOOOO0DDOOOO0ODODOOOO0ODODOOOOO
oog

T* get () const;

get O0ODDOOOOODOOOODO@MO operator* O operator->0 00000000 OOOOODOOO
0000000 00bO0obD00bObbOD shared ptr 00000000 DLOODO0ODODODOODO

bool unique () const;

UOO0O0ODO shared ptr DOOOO00D0O0O0O0OO0DOO000O0 true 0000 falsel unique DOOOOON

long use count () const;

use count UOOODOO00O0O0DOO0O0OOOOO0OO0OO0O00OOO0O00O0O0DOO0O0O0ODbOO0OnnOn
Uoo0o0oooobbooobboDbDOO shared ptr JOOO0DOOO0OO0DOOOO0OO0OODOOOODODOOOOO
gbooooboboon

operator unspecified bool type() const;

U000 unspecified bool type UODOOUOOUODOOOOODOOBoolean DO OOOOOOOOOOODO

shared ptr DU OU0O00000000000 Ttrue 000 falseDUOOOOODOOO0OO0OOOOO0O0OO0OOO
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00000 bool DDDDDDDEJDDDDDDDDEJEJDDDDsafeboo/idiom,[§1DDDDDDDDD
gbO00OBoolean D OOOUODOOOOODOOODOODOO

(8] 0 Peter DimovO O O O

void swap (shared ptr<T>& b);

U000D00000D00O shared ptrswap DO O OOD0OOOO@CLOODOOOOOYYOOODOOOODO
oo

goon

template <typename T, typename U>
shared ptr<T> static pointer cast (const shared ptr<U>& r);

OO0O0OO0 shared ptr UOOOOO static castUU0OO0DO0O0OO0OO0OOOOO0OOOOO0ODOOOOODOO
U0 shared ptr UOOO shared ptr U OOO0O0O0O0O0OODOOO0OOOOOOOODOO

static pointer cast. DO OO0ODOUODOO0ODOO0ODOODOOO0DOOOOO static pointer cast O ODOO
oo

g

OO0 shared ptr U0 O0OOOO00O0OOOO0O0ODOOO0DOODO0OOODO0ODOODOODODOOODOOO
goobood a0 s, 000000 int OOODOO boost::shared ptr, HOODOOOO "boost/shared ptr.
hpp".

#include "boost/shared ptr.hpp"
#include <cassert>
class A {

boost::shared ptr<int> no ;
public:

A (boost::shared ptr<int> no) : no_(no) {}

void value (int 1) {

*no =i;

}
bi
class B {

boost::shared ptr<int> no ;

public:
B (boost::shared ptr<int> no) : no_(no) {}
int value () const {

return *no_;
}
}i
int main () {
boost::shared ptr<int> temp(new int (14));
A a(temp)
B b(temp);
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a.value (28) ;
assert (b.value ()==28) ;

Ual s 000000 shared ptr<int> OO0 all B UOO0OODO shared ptr temp O OOO0OO0OOO
000000000 shared ptr Oa, b, I temp0 00000000 int DOOO0OO0ODOOO0OOOOOOO

0o0ooo a0 sO0000O0OODODODOODODOO int OOOOOO0OOO0OO0O0O0ODO main OOOOOODODOO
30000 shared ptr DO OOOOOOOODOOOODOODDOODODO0ODOOODO0ODODODOO int.

00 Pimpl OO

00000000 scoped ptr O pimpl 0000000000000 00O0D0O0O0O0ODO0O scoped ptr OO

Opmpl0O0000O000OO0OO0O0ODOOO0OODOOOODOLOD pmplO00bO0OODOO@ODOOOOD
O scoped ptr DO OO0OOODOOOOODOOOOODOOYYODODODODOODOODOODODODOOOODO

shared ptr 00O pimpl 00000000000 shared ptr, 00 0000000O00O0O0O0ODOOOODOOO
O scoped ptr OO0 pimpl DO OOOUODOOOOODOOOOODOOODOODO scoped ptr UOOOOOOODO
o0o00oO0o0o0O0bo0o0O0bo0bO0bo0o0O0bo0O0b0o0OO0OObOO0n shared ptr OO0 pimpl

000000000 bO0DoOo0DOooDooooooooooooDO pmpl0DOO0OO0DOOOOODOODOOO
Odooooog pimpl00000DO0O0O0OO0D0OO0O0O0OODO0OOODODOOOOODODODOOOODODOOOO
scoped ptr UOOUODOODOOOOO scoped ptr DUOO shared ptr U

shared ptr 100000

0000000000000 00oooooooooobobb000d00ooooooooooon
0000000000000 0000000000000000000000 std::vector, DOOOOOO0O
oJoooooooooooooodddooooooooooooboooD0dooooooooOooooooDD
0Jo0oooooooo00 boodoo0oooooooooooooOooD00o0o0ooooooOoOoooDoDoDO
oJoooooooooooooDddd0ooooooooOooboobooDDD0d00o0ooOoOoOooO0oO0oDoooDoDD
OO0 shared ptr OO OO

gogbobobooobbobooobboooon

#include "boost/shared ptr.hpp"
#include <vector>
#include <iostream>
class A {
public:
virtual void sing()=0;
protected:
virtual ~A() {};
}s
class B : public A {
public:
virtual void sing () {
std::cout << "Do re mi fa so la";
}
bi
boost::shared ptr<A> createA() {
boost::shared ptr<A> p(new B());
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return p;
}
int main () {
typedef std::vector<boost::shared ptr<A> > container type;
typedef container type::iterator iterator;
container type container;
for (int i=0;i<10;++1) {
container.push back(createA());
}
std::cout << "The choir is gathered: \n";
iterator end=container.end();
for (iterator it=container.begin();it!=end;++it) {
(*it)->sing () ;

gooooo,ad s, 0000000000 sing. 30 A 0000000000 0ODO0O0O0O0O0O0 createa
Udbobobodd s dddbObOdd shared ptr<a> OO0 main U, OODOO shared ptr<a> [ std::
vector O O1000000000OODODODO sing DOO0OO0OODODO0OOOOOOOOOOOODOODODODOO
U0ooboboobobo0bOobDn vector DOUODOOODOO shared ptr DUOOOODOODOO100
vector O OOO0O0O0OOOOOOODODOOOODODOOOOOOOOOOODODO a00O0DOODODOOOO
virtual, shared ptr JOO0O0O0O B ODOOOOO

000000000 DOO000O0DO000n0 AOd0OOprotected0 00000000 createa 0O0OO
shared ptr<a>, JOOOUOO shared ptr::get UOODODOOO delete DO DOOO0OO0DODOOO0OO0OOO0O
000000000 shared ptr DO OOOO0OOO0OO0DODOOO0ODODOOOOOODOOOODODOOOOO
O shared ptr U O0O00O0OOO0OOODOOOOOOOOOOD ;0 s O0O0OOOOO protected OO O
Udb0b0b0o00bibn shared ptr DUOOOO0OO0OO0OOO0O0OOOO

shared ptr1 0000

000000000 shared ptr 0000000000000 00O0D0O0D0OO0DOD delete.
shared ptr U0 UO0O0O0OO0O0O0O0O0OO0O0ODOODOO0ODODODO rrzex JO0O0ODOOOOODOOOODOOO
U fclose DOOO0O0ODODOOOO shared ptr OO0 r1zex J00O000O00O0O0DOO0ODODOOOOO0

class FileCloser {
public:
void operator () (FILE* file) {
std::cout << "The FileCloser has been called with a FILE*, "
"which will now be closed.\n";
if (file!=0)
fclose(file);
}
}i

gdbbobooogbbtboabibobuodibibibudn feclese DUOUOOODO Filecloser DOUOOOON

int main () {
std::cout <<
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"shared ptr example with a custom deallocator.\n";
{
FILE* f=fopen("test.txt","xr");
if (f==0) {
std::cout << "Unable to open file\n";
throw "Unable to open file";
}
boost::shared ptr<FILE>
my shared file(f, FileCloser());
// 000o0on
fseek (my shared file.get(),42,SEEK SET);
}
std::cout << "By now, the FILE has been closed!\n";

}

O000D00OO000DOO0O00D0 shared ptr OO s*x 00, get, O get pointer O(@OOO0O000O &x. 00
odooooOo)boooooobooooooobooooooooooobooooobooooooboooooooao
Jodooooooobooooo0ooooOoooooon

FILE* f=fopen("test.txt","xr");

if (£==0) {
std::cout << "Unable to open file\n";
throw file exception();

}

boost::shared ptr<FILE> my shared file(f, &fclose);
// oooooao
fseek (&*my shared file,42,SEEK SET);

}
std::cout << "By now, the FILE* has been closed!\n";

Uooobobobobobooboboobobb0ob0obbOobOn shared per U000 OO0OOOOO
goooobooooooboooooooooDoboo@oobooboobO)YyOboooDUobOoUoDUoboooDouDo
00000000000 00000000 singleton 0000000000 O0ODOOODOODOO

guooouobogogd

O000D000O00DO protected D000O0OO0O00D00ODO shared ptr 0 OO0O00O0O0O0O0DOOOODODO

Uo0oobooouobOoiood protected (O private) DD OO OOOOOOOOODOOOOODOOOODO
goooboboobobooboobooboobooboooobooboboooboboobobbO0 Doo
oo

#include "boost/shared ptr.hpp"
#include <iostream>
class A {
class deleter {
public:
void operator () (A* p) {
delete p;
}
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i
friend class deleter;
public:

virtual void sing () {
std::cout << "Lalalalalalalalalalala";

}

static boost::shared ptr<A> createA() {
boost::shared ptr<A> p(new A(),A::deleter());
return p;

}
protected:
virtual ~A() {};
s
int main () {
boost::shared ptr<A> p=A::createA();
}

U000b0b00b0b00bOobOn shared ptr<a> 00000000000 O00O0 a2 0000000
gdbbobooobbbodd agobbbuoodnD ~00000 deletelU

0 thisll (1 shared_ptr

000000 this OO shared ptr DO0OO000O00O00OD0DO shared ptr DOOO0OO0D0OO*ODOOO0
U shared ptr DUO0O0O0O0O0O00O00O0O0O0DOODOO0DODOO0ODODODO0ODOO00O0O0 poost::

weak ptr. weak ptr U shared ptr U0 000000000000 O0O0O0O0ODOOO0O0OODOOO0O0OODOOO

0000 this 0 weak pexr OO OO0O00D0O00O00D0O00O00O00OO0OO0 this U shared ptr UODOUO
Uobooooo0obboooOnO this O weak ptr DO OO0 weak ptr [0 shared ptr U0 Boost.
Smart_ptr U0 0000000000 O00DOO enable shared from this. UOO0OO0O0OO00O0OO0OO0OOOO
enable shared from this UUOOOUOUOOODONO this U shared ptr UUOUODODOO shared from this U
U0b000000bbO0000D enable shared from this [

#include "boost/shared ptr.hpp"

#include "boost/enable shared from this.hpp"
class A;

void do_stuff (boost::shared ptr<A> p) {

}
class A : public boost::enable shared from this<A> {
public:
void call do stuff () {
do stuff (shared from this());
}
bi
int main () {
boost::shared ptr<A> p(new A());
p->call do stuff();
}

00000000000 shared ptr OO this UOO0OD0 20000000 call do stuff DODOOOOO
U000 do stuff, UO0UOO0OOO0O0O0ODOO boost:: shared ptr<a> JOOOOOOO a::
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call do_ stuff O,this00000 A 00,000 2000 enable shared from this, o0

shared from this DO OUOOOOO shared ptr U enable shared from this OOOOO

shared from this ODUOOUOODOO weak ptr UO OO shared ptr, UOUOO0OO00O0O00O0OO0OOO0DOODOOO
oooooooao

g

gdbboboooobbuoodgbibbdBoost U shared ptr UUUODOODOOO0OODOOO0OO0OOOOO0OOOO
ggboooooobobooobbobuooobboooobobooooboboooboboboooooboboo

shared ptr OO O00OO0000DO0OD0OO0O0DODOO0ODOOOOODOO bOoOOO0bOOOobOOobLOoO0DbOobDOn
U00OBoostD UUODOUOODOODUOODODOODLOO Boost.Smart_ptr 000 OO0DOODOOOOO OOOO
gobooooobbooonobobuooobbboodbbibdnd shared ptr UOODO shared ptr 0O 00
Uoooboboobobuooboboobobbo0obobibOO0D shared ptr UOO0OO0ODOO0O0OOOOO
gobooobobooobobooobooboobooboboobobooboboobobboobobbobooon
OO0 shared ptr DO OOOO0O0OO

0000000 shared ptr [

 UJOOOO0OLOOObOO0ODOODbDOODbObDO0ODbObDOOD
« UJOOOOO0ODODDOODOO
 UJOOOO0obObOOObObODbDObLOO0DbODbLOODbO

. DDDDDDDDDDDDDDDDD[Q:l

PBlopooooooooo

e Py NEXT
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e Py EXT

shared_array

OO : "boost/shared array.hpp"

shared array U0 000000000 00O0D0O00 shared ptr DOUOUOO scoped array U

scoped ptr UUODO O shared array [0 shared ptr U0 OO0 O0O0OO0O0O0ODO0OOO0DOOOODOOOOODO
0000000 scoped arrayd 0000000 std::vector DOOOODODOODODO shared array [
vector 0OO0O0O0O0O0O0DO0OO0D0O00O0O0O00 shared array UOOO shared ptr JOOO0OOO
dddddddddddddoddooUoUooUoooa

OO00000 std::vector O shared ptr DO O0Oshared array0 00 00000000O00OO
shared arrayll 0000000000 0O0O00DO0O boost::shared array, JOOOOODOOOOO

e Py EXT
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e Py EXT

intrusive_ptr

OODO: "boost/intrusive ptr.hpp"

intrusive ptr [0 shared ptr UUO0O0O0O00D0O00D00O000O00O0ODOO0O0DOOO0ODOOO0O0ODOO
gooboooboboboooobooboogoooobobooDoo@oooboboboDobooOo)yoooboo
obboobbuodgbobooobboobbOo0bibO shared ptr JOOOOOOOOODOOODODODOO
g@uoboooooooobooo)yYooooooboobooooooboooooobobooooooo
0000000 whis J0OO0DO0OODODODOO0ODOO@OUDODODOODOODODODODOODOODODO
O0D00D0O0000000D)D intrusive ptxr 00000000 D0OOO0OCOOOOCODOODOODOOO
ogn

U intrusive ptr JUOOO0O0O0ODO0O00O0O000DO00D0O00O0O00O0DO intrusive ptr add ref
0 intrusive ptr release O OUO0OOOO0ODOOO0ODODOOOODDOOODOOOODODOODDOOOOO
Jdddddddddd00o0oooooooooooooooooOon

00 intrusive ptr UDOOUOODOOO0O0OOO0O0OO0

namespace boost {

template<class T> class intrusive ptr ({

public:
intrusive ptr(T* p,bool add ref=true);
intrusive ptr(const intrusive ptré& r);
~intrusive ptr();
T& operator* () const;
T* operator->() const;
T* get () const;
operator unspecified-bool-type () const;

i

template <class T> T* get pointer (const intrusive ptr<T>& p);

template <class T,class U> intrusive ptr<T>
static pointer cast (const intrusive ptr<U>& r);

godad

intrusive ptr(T* p,bool add ref=true);

UoboboobiDd p 000 *this DOUOO0 pUOO0O00O0 add ref U true, DOOODOO0O
intrusive ptr add ref (p). 0o add_ref O false, HOOODOOOO intrusive ptr add ref. 0o
intrusive ptr add ref dooooooooooooo

intrusive ptr(const intrusive ptré& r);
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gobboobbudl r.get() UODDOODDOOO0DOO0OOOUO intrusive ptr add ref 0O UOOD
ooooooooad

~intrusive ptr();

UobobDooboDoogdn intrusive pexr DO 000000000000 OO0O0OO
intrusive ptr release U intrusive ptr release U UOUOOOUOOODOOOODDOOO0OODOOOODOOO
ogooooo

T& operator* () const;

ggboboobobooobbooobbooobooobboobboobDbooobbO intrusive ptr OO
O0D00000000000 get0O0000O0OBooleand 00000 intrusive ptr 0O OOOOOOODO0O
ogn

T* operator->() const;
goooooooooooooobooooooooooooo oo oooooooooooooo
T* get () const;

gogbboobobdogoboooboooboboobooboooboboobboobbooobboobboon
gogbooboo

operator unspecified-bool-type () const;

gobbooobbooobooobboobboobobooO0bD operator bool, UOODOOOODDOOOMN
oboboobobodiD intrusive ptr DOOOODDOOOODOOOODOOO if (p), pOOO
intrusive ptr. oooooon intrusive ptr 00000000000 Ttrue ;0000 false.OOOO
goboooobog

oo

template <class T> T* get pointer (const intrusive ptr<T>& p);

gobbDod p.get(), U00OOO0OOOOOO D'ng] goboooobbouooibD get, UOO0DOOOOOOO
gogbboobbuoobobooobboobbooboooobboobb D[][lll[][][]ﬂ[][]D goog

M ogooooo shims. 000000 [12] 0

MppopoooooooOoOODO0OO0OOO0C0O00000O0000000000000000n
D0000000000 p.get() O p->get () 00D O0DOOOO0OODOOOOODOOO
get_pointer (p) 0 p->get ) 00 0000000000000 00O000000000000
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goodgduo

template <class T,class U>
intrusive ptr<T> static pointer cast(const intrusive ptr<U>& r);

UODODOOUO intrusive ptr<T>(static cast<T*>(r.get())). [ shared ptr JUOOOOOOOOOMO
intrusive ptr DO O0O0O0O00O0O00 static cast DOOO0O0DO0OO0O0ODOO0O00OOO0O0DOOO0O0OO0O
0000000 static pointer cast DO OODOOO

0d

00 intrusive ptr 0on shared ptr Ooodoooooooooooooooooooooooon

0000000 this DDDDDDDDDD[:L_ZIDDDDDDDDDDDDDDDDDDDDDDDDDDD
gobboobbooddl shared ptr.

M2 0000 shared per00000000000000000O0000

enable shared from this.

UUODO boost::intrusive ptr, UUDO "boost/intrusive ptr.hpp" DU UOOO0OOOOO
intrusive ptr add ref U intrusive ptr release. O UODD0O0O0O0OOO0OODOOOO
intrusive ptr DO O000000000O0O00OO00OOO0O0DOOO0DOOO0OO0DOOOODOOOOODDOO
0000000000000 @ObOO00 add ref 0 release)J000O00OO0OOO0O

intrusive ptr release U O UOUO0OO0OO0O0O0ODOO0D0ODOODODOOOO0ODOOOOODOO

template <typename T> void intrusive ptr add ref (T* t) {
t->add ref();
}
template <typename T> void intrusive ptr release(T* t) {
if (t->release ()<=0)
delete t;

goboobooooobooobooobooobobooobooobboobboobbooobboobLDb oo
gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
gogboboobobooobooobbooob ogooboooboboobboobobooobboobbuoon
gogboboobobooobboobboooboooooboo

ooooobod

go00oooo0ooo0ooooooooooooooooooooooooooobOooooobooooooooao
UoboDOo0bDbDO0O000D add ref O release DOUOOO0OOOO add rest JOOOOODO release 00U

D'ngl[] U0D0000oboo0booobbO0bbOOiD release DOUOOODOOODOOOODODO
reference counter, OO OUOOOOON add ref U release U0 OOOODOOOODDOOOOODOOODODO
gooboooo
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MBlgppooooooDooooOOOO0OOOO0OO0O0O0O0O0O00O0O0O0O0Od

class reference counter ({
int ref count ;

public:
reference counter() : ref count (0) {}
virtual ~reference counter () {}

void add ref () {
++ref count ;
}
int release () {
return --ref count ;
}
protected:
reference counteré& operator=(const reference counteré&) {

// 000
return *this;
}
private:
// 000o0o0daon
reference counter (const reference counteré&);

b

0 reference counter UOODOUOODOOOODOOOOO0DOODOODOODOOODOODLDODOOOO

reference counter UO D delete UOOO0OODOOO0ODOO0ODOOO0OODOODODOOODOOOOODO
U0 add reft UODOOOODO release DOO0OODOOODOOO0ODOOO0ODODOOODODOODODOOOO
obDDOo0b0 some class UOOO0OO0ODOUOODO0DOO0O0OO intrusive ptr U

#include <iostream>
#include "boost/intrusive ptr.hpp"
class some class : public reference counter {
public:
some class () {
std::cout << "some class::some class()\n";
}
some class (const some classé& other) {
std::cout << "some class(const some classé& other)\n";
}
~some class () {
std::cout << "some class::~some class()\n";
}
}i
int main () {
std::cout << "Before start of scope\n";
{
boost::intrusive ptr<some class> pl(new some class());
boost::intrusive ptr<some class> p2(pl);
}

std::cout << "After end of scope \n";
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U0OO0DO intrusive ptr ODUOUODO intrusive ptr add ref U intrusive ptr release U0 UOUODOOOOMN
ogooooooooo

Before start of scope
some class::some class()
some class::~some class ()
After end of scope

intrusive ptr DO OO0 O00O0O0DUOO intrusive ptr p1 DUOUOO0D0OOO0OOO some class OO0
U0 intrusive ptr JODOO0O0O0O0O00D00O0O0D00O00 ool DOODODOOMO

intrusive ptr add ref O0O00000000oon true, 0OOOO p1 OO some class oooooon
U010000000 intrusive ptr, p2 UUOUOODUO0O p1 U0DOO00 p200 p1 0000OO0O0O0ODO
OO0ODOO intrusive ptr add ref. DO O0OOO02000000 intrusive ptr DOOOODOODOOOO
p2 UOODOOO0ODODOO intrusive ptr release. O O0ODOO0O1I0000 p1 O00OO0OO0DOOOO
0 intrusive ptr release goodoooooooooooon intrusive ptr release [0 delete OO
UO00D00D0D0 reference counter JOUOOOD0DO0O0O0OO0O0ODOOOD0ODOOO0OODOO0OODOOOO

OODODOO intrusive ptr add ref [ intrusive ptr release UODOOOOOODOOOODDOOOODOOO
(OOO0D0 reference counter) 000000000 OOOODODO reference counter DOODOOODOOO
O0D00O0DO0 intrusive ptr add ref [0 intrusive ptr release DOOOODOADL(DODOOOOO)ODO
UOO0OD0OO reference counter 0O OODOONO

class reference counter ({
int ref count ;

public:
reference counter() : ref count (0) {}
virtual ~reference counter () {}

friend void intrusive ptr add ref (reference counter* p) {
++p->ref count ;
}
friend void intrusive ptr release(reference counter* p) {
if (--p->ref count ==0)
delete p;
}
protected:
reference counteré& operator=(const reference counteré&) {
// 000
return *this;
}
private:
// 00o00ooon
reference counter (const reference counteré&);

b

O thisOOooognd

ggbboobobuogoboooboooboboobobooobboobbuoobbooobboobbuoon
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ggbboobbuogobooobooobboobobooobooobboobbuoobbooobobo
this DO 0O00UO0O000000000000000000000O0000O000 this U0 ODOO0OODOO
gobboobbuoogobooobbuooobooobooobbuoobobooobbuoobboooboo
gogbboobbuooobooob oobbuogoobooobboobbuoobbooobboobbuon
ooboooooooobooob(@uOoyy ooobDoUobo intrusive ptrd000000D00O0ODOO0OCOODODO
gobbooboboooboboobbuooobooobboobbooobooobboon

00000000000 poost::shared ptr UOODOOOOOOODOOOOO0OODOODOOOOODOODO
enable shared from thisO1O OO0

#include "boost/shared ptr.hpp"

class A;
void do stuff (boost::shared ptr<A> p) {
//

}

class A {

public:
call do stuff() {

shared ptr<A> p(??7?);
do stuff (p);

}

}i

int main () {
boost::shared ptr<A> p(new A());
p->call do stuff();

}

O a00000 doistuff,DDDD doistuffDDD sharediptr<A>,|:||:||:||:]D[|D|:| A 0OOOOOOO
A::call do stuff UODOUOUOODODO shared ptr JODOUOO0O0OUOO 2000000 intrusive ptr, U0
U reference counter U UODODOUOODODOOON do stuff DOUOOODOOOOD intrusive ptr<a> U0
good

#include "boost/intrusive ptr.hpp"

class A;
void do_ stuff (boost::intrusive ptr<A> p) {
//

}
void do_stuff (boost::shared ptr<A> p) {
//
}
class A : public reference counter {
public:
void call do stuff () ({
do stuff (this);
}
i
int main () {
boost::intrusive ptr<A> p(new A());
p->call do stuff();
}
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O0000000000 aA::call do stuff DOOOOO0D0OOO thisOODOOODO intrusive ptr<a> OO
00000 intrusive ptr UO00OOO0O0OO0O

obobooobooobbOoUub a0b0DO intrusive ptr JUOOOO0OODOOODODO
intrusive ptr 0 shared ptr JUDODO0O000O000O000 do_stuff, UOUOUOO shared ptr<a> [
Uobboobbodn go stufs UOOOODOOO0OODOODODOOOODOOO0ODLODOODDOOODOO
U0D0DbO00b0bDO0O0000 intrusive ptr release. UOOUOODODOON A::call do stuff.

void call do stuff () {
intrusive ptr add ref (this);
boost::shared ptr<A> p(this, &intrusive ptr release<A>);
do stuff(p);

}

JO0bDDbOo0bobDO0d0bDO shared ptr JODOOOO0DOOO0D0OO0ODOO intrusive ptr release, [
O r000000000O00000 intrusive ptr add ref 0 intrusive ptr release ooooooon
reference counter, U0 UOUOOOOO shared ptr U

boost::shared ptr<A> p(this, &intrusive ptr release);

oooobobooon

O0000oo0ob0o0o0ooooooooooobdoooboooobo0o0ooboooooooobOboDoOooon

(000000 ooooDboooboooooO)YooDooooDbhooobooooooooDOd delete O

gobboudbbudbbO0 intrusive ptr add ref [ intrusive ptr release UUDODOUOUODDUOON
ddooooooooooboo@oooo)yYbooooooooooooboooboooooooooooo
UobDbOo0bbDO00000 intrusive ptr add ref U intrusive ptr release UUUDODOOODODOOON
Ooddooodooooooooooooooooooooooooooooboooooooooooa
Oo0doooodoo oooooooooobooooooooooooooOoooooooooooooon
goddooodoooooooooooooooon

O0D0O0OD00O0QO reference counter 000000 DO0OO0DOOODOOOOODOOODOODOO
reference counter* O OO0O0O0ODOOD0OODOO0OOODOOOODOOODOODOODOOLOODODODOO
oboboobobodubibOUdl my namespace UOOOODODOOO another class U derived class [

namespace my namespace {

class another class : public reference counter {
public:

void call before destruction() const {

std::cout <<
"Yes, I'm ready before destruction\n";

}

i

class derived class : public another class {};
template <typename T> void intrusive ptr add ref (T* t) {
t->add ref ();

}
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template <typename T> void intrusive ptr release(T* t) {
if (t->release()<=0) {
t->call before destruction();
delete t;

OO0D0D0O0DODO intrusive ptr add ref U intrusive ptr release U UOUODODOUOOODOOOODOOO
000000000000 0000b0ODbDO reference counter UOUODOOOOODOODOOOOODOODO
goboboobbooobbooobboobbooobbOo0bbUd my namespace: :another class [
my namespace::derived class, U0 0OUODO0O0O0OOWUOOODOOOO0OOODOODO

call before destruction 0O 0)JOO000OO00OO0OOOOOODOOODOOODOOOOOOOODOOD
gofdoooodoooooooooooooooooooo

int main () {
boost::intrusive ptr<my namespace::another class>
pl (new my namespace::another class());
boost::intrusive ptr<aA>
p2 (new good class());
boost::intrusive ptr<my namespace::derived class>
p3 (new my namespace::derived class());

OO intrusive ptr pl UUOODOUOUOD my namespace::another class UUODOOOO0O
intrusive ptr add ref DUOOUOO000O00O0U0 my namespace DU DO OO my namespace::

another class* U UDOUOODOOO0OOODOOOOOODOODODOOOOLODOODODOODLDODODO
O intrusive ptr release UODOOODOOODO intrusive ptr p2 DO0OOODOOODOOO a(@DOOODO

ddooodO)yYOooooooooooooooooobooooooooooooo
intrusive ptr add ref JOO0O0000000D00O0D0D0O0OO0NO reference counter JOOOOODOO

J@Ub0obobooboboUobobobouobOb0bUobO)YDUOD o~ ODUODOO reference counter, UO OO
gobboobbuooobibodbibU my namespace DU UODODOUOUOUOOD my namespace::
derived class; U0 another class DO UOO0ODOOOOO

ogooooooooooooon intrusive ptr add ref 0 intrusive ptr release oooooooon

gogbobooobooobooobboobobooobooobboobDbooobboobboobbooo
gobboobobogobboobbooobbooobbooobd

0d

gobboodbbudbDO boost::intrusive ptr, UOOUOUODODOUOOODO boost::shared ptr U
oo oooooon
gobboobbuooobooobbuoobbuooboboodbD intrusive ptr DO OO0 0O OO Boostd [
gdodoboboooououdgibBoost OO0 OOOOUOOUOODOOOOUOOUOOODODOO
0000 intrusive ptr UUOOO0OO0O0O00O0OO0DO ntrusive ptr JOOOO0DOOON
intrusive ptr add ref U intrusive ptr release O UOUOOOUOOODOOOODDOOO0OODOOOODOOO
JO0bODb000D0 intrusive ptr DOUOUOODOOO intrusive ptr UUOOOO0OO0DOOO0DOOO0O0OOO
U intrusive ptr JUODOO0O0D0O0O0O00O0OO00OO0DO0ODODOO0O0OOO0O0OODOODODOOOODOOOO0
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gogboboooboooboooboboobobooobooobboobboobboobboobb oo
ggoo

ooooooon intrusiveiptrD
« UUOOD thisUOUUOUOUOOUOOGQUGQUG

 Ooobooobboobboobboo

 Oobooobboobboobboo

e prcy NEXT
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e Py EXT

weak_ptr

O ODO: "boost/weak_ptr.hpp"

weak ptr U shared ptr U0 UOUOOOOOOO shared ptr UOOOO0O00O000O weak ptr 0O OO
sharedﬁptrDDDDDDDDDDDDDDD weak ptr ogooooooooon weakiptrDDDDDDDD
000000 weak pte?2 00 000D0O0OO0OOOOOODOOOOOOODOODOOOOOODOODODODODO
gogbboobbooobbooobbuooobooobboobbuooobooobbOd weak ptr OO
U shared ptr DO OO00O0O00O0D0OO0O0OO

U000 weak ptr DO OO0 OO0OODODOOODOOOODOOO

namespace boost {
template<typename T> class weak ptr {
public:
template <typename Y>
weak ptr(const shared ptr<¥>& r);
weak ptr(const weak ptré& r);
~weak ptr();
T* get () const;
bool expired() const;
shared ptr<T> lock() const;
ti

Ooon

template <typename Y> weak ptr(const shared ptr<¥>& r);

ogoooooooad shared ptr 00 weakiptrDDDDDD y-Odoood .00 weakiptrDDDDD
U 0ggbbod c gobboobbooobboob c obbuoobbooobboobboo
weak ptr OO DO0OO0D0DOO0OOOO0OOO

weak ptr(const weak ptré& r);

ooooooooooon weak ptr 0o weak ptr r(0O0O000Oshared_ptr r000)0 000000 weak ptr
(@ooodoshared_pr00) DU OO0 O0DO0O0O0DOUOOO0DOOO00OOO000ODO

~weak ptr();

weak ptr UUOODUOO00O0O000O0000DO0O0O00O0O000O00O000O00O00O000 »thisOOD0DOO0OO
gobboooboobogooood
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bool expired() const;

gogbboobbuog"oo*™oobooobbidl rrue D000 D0DOO0O0D0DO0O0 expired UO
false. UODOOOODOODOO

shared ptr<T> lock() const

ogoooon weak ptr oooooon sharediptrDDDDDDDDDDDDDDDD(D weakiptrDDD
O0D00)0 shared ptr 00000000000 shared ptr OOO0OOO00OOO0OOCOOCODOOODOO
gogbooooboog

HEN

0000000 weak ptr UO0OD0OOD0OO0OODOODOODOOOOOOODOODOODOOLOODODODOOO
U shared ptr OO0 weak ptr HOO OO shared ptr DO OOOOOO weak ptr OO OO0 "boost/
weak ptr.hpp".

#include "boost/shared ptr.hpp"
#include "boost/weak ptr.hpp"
#include <iostream>

#include <cassert>

class A {};

int main () {
boost::weak ptr<A> w;
assert (w.expired());

{
boost::shared ptr<A> p(new A());

assert (p.use count ()==1);
W=p,‘
assert (p.use count ()==w.use count());

assert (p.use count ()==1);

// Oweak ptr00shared ptr
boost::shared ptr<A> p2(w);
assert (p2==p) ;
}
assert (w.expired());
boost::shared ptr<A> p3=w.lock();
assert (!'p3);

weak ptr w O OO0O0D0000D00O00D000000000D000 weak ptxr JO0O0O0O0DOOO0ODOO0O
00000 expired. UODOUOUOO weak pcr 0O OOO0DOOO shared ptr. DU OO shared ptr p U0
U0 weak ptr w, UUU0 p U wUOOODOOOODODOODDUOOOOO weak ptr UUUODO shared ptr U
UodbD0d weak ptr JUOODDOOD0D0DO0O00O0OO00D0DO0DO0O0O shared ptr OO weak ptr OO0
OOODO shared ptr UO0DOOO0D0O0ON boost::bad weak ptr H OO UOO0OOOOOMO shared ptr p
obbid wOOODUOOODDOOOUObDOOUODD 10ck00O0DOO shared ptr DOOOOOOOOODO
UO0O0000b0bO0b00000Od shared ptr UOOOO0O0O0ODOOO0OOO0O00O weak ptr O OO0
ddddooooooooao
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UobobDoobobDoOiD weak pexr DOODOO0OO00O0O0O0DOD operator* U operator->. 0O OO
weak ptr UOODOO0OD0OOO0OODOOOOOOOO0DOOO0OOLOOOOODDLDOOODLOOO0LDDbDOOLDDbOO
gbobooooboboboooobobobuobboobobobobobOobOn weak ptr U

shared ptr JUODOO0O0O0O0D00O0O0DO0 weak ptr::lock DUOUODOD shared ptx U0 O0DO0OO0O0OO0OOO
UO00D000D0 shared ptr U weak ptr OO0 0OO0O0OD0DOO00OO0DOO0OO0DOOO0OOOO0OODOODOO
ooooooon

ooon

gogoboboobbooobooobobooobooobooobboobbooobboobboobboon
gogbobooobobogobooobobooobooobooobboobboobobboobboobboon
U std::sort O OO0OODOOO0ODOOO0OOOO0ODODOOODOO0ODODOOOODDOOODDOOODbDDO
oo@obooooooooboboooDoobooD)yYObobo DobobooDooDoobobooooooo

gogoboboobobooobooobobooobooobooobboobboobobboobboobboon
U oboobobbooobboobbooobboobb weak ptr O

#include <functional>
#include "boost/shared ptr.hpp"
#include "boost/weak ptr.hpp"
template <typename Func, typename T>
struct weak ptr unary t
public std::unary function<boost::weak ptr<T>,bool> ({
T t ;
Func func ;
weak ptr unary t(const Funcé& func,const T& t)
t (t),func_ (func) {}
bool operator () (boost::weak ptr<T> arg) const {
boost::shared ptr<T> sp=arg.lock();
if (!sp) {
return false;
}
return func (*sp,t );
}
bi
template <typename Func, typename T> weak ptr unary t<Func,T>
weak ptr unary(const Funcé& func, const T& value) {
return weak ptr unary t<Func,T>(func,value);

weak ptr unary t 0000000000000 O0DO0OO0OO0OOO0OOOODOO0ODOOODODOODOOOOOOO
Jddddddfddddd0000d00d000o000o00o00D00D0D0D0DoDooDoDooDoooooOoOn
weak ptr unary t 00 std::unary function DOOOOOOOOODOOO typedefs OOOO@ODODOO
ooooooboobobooooobooboooOo)yoooboboboooobuobOoOoO weak ptr 0O O
O shared ptr 0000000000000 O0OCOOOODOOODOODOODOO@OLOOOOD)YYOODODOO
OO00OO0O@UOoOO0bObOO0b0o0DO0)OO00OOO0DOO0ODO0ODO0ODOO0 weak ptr unary t OOODOOO
Jddddddddd0oooooooooooooooooooooooooooooon

weak ptr unary, UOO00O0O00D0O0000O0O00O0OO0O0OO D'LL&ID gbooooooboooo
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MoppoooooooooDooooOoOO0d

#include <iostream>
#include <string>
#include <vector>
#include <algorithm>
#include "boost/shared ptr.hpp"
#include "boost/weak ptr.hpp"
int main () {
using std::string;
using std::vector;
using boost::shared ptr;
using boost::weak ptr;
vector<weak ptr<string> > vec;
shared ptr<string> spl(
new string("An example"));
shared ptr<string> sp2(
new string("of using"));
shared ptr<string> sp3(
new string("smart pointers and predicates"));
vec.push back(weak ptr<string>(spl));
vec.push back(weak ptr<string>(sp2));
vec.push back(weak ptr<string>(sp3));
vector<weak ptr<string> >::iterator
it=std::find if (vec.begin(),vec.end(),
weak ptr unary(std::equal to<string>(),string("of using")));
if (it!=vec.end()) {
shared ptr<string> sp(*++it);
std::cout << *sp << '\n';

O0000000000 weak ptr O vector DOOOODOOO0D0O@UOOCOOO)YOODOODOO
find if OO0OOU0ODO weak ptr unary t U000

vector<weak ptr<string> >::iterator it=std::find 1if(
vec.begin (),
vec.end (),
weak ptr unary (
std::equal to<string>(),string("of using")));

ogooooooooon std::equal_to,DDDDDDDD string JOO0OOO0O00O0 weak_ptr_unaryD
O0D0000000000D weak ptr unary t 0OO00O0OO0OOODOO@ODOOO std::unary function
0000O0)YOooDooDoooOOooOooDoDo00Db0o0O00D000000000D0000000 "of using™ O
gd

vector<weak ptr<string> >::iterator it=std::find if(
vec.begin (),
vec.end (),

std::notl (
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weak ptr unary(
std::equal to<string>(),string("of using"))));

BoostUUUDDUOUOUOODOOUOOOUOODLOOODbooobooobobooobooobboobboon
ObDD000b000 weak ptr vnary U0 0000 O0O0O0OOOO0OOOO0OODOODO weak ptr unary

oooooooooB®opooooooooooooooOoOOO0OOO0OO0O0n
(1 5 Boost.Bind( O
[0 0 O weak_ptrl] [1 shared_ptr(1 1 [ [J

UobobDoobDbDooobooubiDd weak per JUODODOO0O0D0OO0OO0O0DOO0O0D0DOOO0 weak ptr 00O
UOO0ODO shared ptr, U0 weak per DO OOD0DOO0O0DOO0OO0O0O0OO0DO weak ptr OO shared ptr

U0 weak ptr UOU shared ptr UOUOUOO0O0O0O0O0ODO weak ptr DU UOUODO lock, UUDO shared ptr. U
UobbDoobDDooobDiod weak pexr UODODO0O0OO0OO shared ptr JOOO0O0OO0OOO

weak ptr UODODOUOODOD bad weak ptr DO OO0 DOO0O0D0O0O00O0O0O0 weak pexr JO0O0OO0OOO

ogoooon weakiptrDDD lock, O OO weak ptr ogoooooooad shared ptr oooooooon
gobboobbDuooobibooUb weak ptr DUOOO0DO0OOO0O0D0O0O0O0DO 10ck, UOODDODOO0OODOOOO
godoooogooooooo

#include <iostream>
#include <string>
#include "boost/shared ptr.hpp"
#include "boost/weak ptr.hpp"
int main () {
boost::shared ptr<std::string>
sp (new std::string("Some resource"));
boost::weak ptr<std::string> wp (sp);

//

if (boost::shared ptr<std::string> p=wp.lock())
std::cout << "Got it: " << *p << '"\n';

else

std::cout << "Nah, the shared ptr is empty\n";

OO0D00OOshared ptrp 0 weak ptr wp 0 lock OO0ODOO0OOOODOO pO00O00D0OO0OOOOCODODO
UO0b0D0O0D0 shared ptr OO0 O0OO0O0DOOO0ODOOO0ODOOO0ODODODOOODOO0ODODOODDOO
0000 weak ptr J0OOD0OOO0O0O00O0OD0O0ODOO0OO0O00DOODO shared per DO OOOO0O

shared ptr JOO0O0000000O0DO0 weak ptr OOOODOOOOO

#include <iostream>
#include <string>
#include "boost/shared ptr.hpp"
#include "boost/weak ptr.hpp"
void access the resource (boost::weak ptr<std::string> wp) {

boost::shared ptr<std::string> sp (wp);

std::cout << *sp << '\n';
}
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int main () {
boost::shared ptr<std::string>
sp (new std::string("Some resource"));
boost::weak ptr<std::string> wp (sp);
//

access_the resource (wp);

}

JOb0D00O0D0D0U0 access _the resource UUD weak ptr OO shared ptr sp UODODOOOODO
shared ptr JOOOO0OO0O00 weak ptr JODODOOOO0DOO bad weak prr DO OODODOO0O0DOOOO
oboboobbooobooobbo0obDbOo0obDbOn shared per JOOOO0OOOO0DOOODODOOO
weak ptr U0 shared ptr DO QODOOO

HEN

weak ptr UBoostU OO D OOODODOOON weak ptr DOU shared ptr UOOO0OO0OO0OOOO0OOO0
JdddddddddddooooodoooooooooooooooooooooDooooooOoOn
UobboobbooobboobbooobbOoobD shared per U000 DOOO0OO0OOOOODDOOO

goboboobobooobooobbooobooobboopboobbooobboobDbooobbo
weak ptr, UOODOO0OO0000D000O000000D0DO0 weak prrs 00000000 OOODOOOOO

OO0D000O000O00b0O0DO@bserver pattern) D 000000000 OOOCOOOOOOODOODOO
goooog

gobbodnbl weak ptr O
. LOUoooooooo
. LOUOUOO0OOOUOODLODOOOOOOO

 LOoOoooon

e prcy NEXT
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. preV_
Smart _ptr ] [

00000 Boost OO OOODDODOOD C++0000000O0DO0O0ODDODOODDOOOODOOOO DOODO
00o0000o00bOO0oDoDO0ooo00b0oD0oDo0O0DoDo0oDo00obOoDOoDoOooOOooDODoDOooDoOOn
0000000000000 0o000D0 DO0DO00DLO0OD0DO0D0D0000DbO0D0D0D00000DbOO000 Boost.
Smart ptr0000odoooad

gobboobbuogbbooibBoost DD UOOODODOOOODOO0ODODOODDOODDOOODLOOOO
ggbboobbuooobooobooobobuoobobooobooobboobbuooboboooboDo

o Greg Colvin, auto ptr 00,0000 counted ptr, OOOOOOO shared ptr.
e« BemanDawes U0 UD0O0ODOUODOOOOOOODOODO GregColvinOODOOOODOO
e PeterDimovUIOOOO0OODOOOOOODOODODOOintrusive ptr, OO weak ptr.

000000000000 0oo0oo0oDo0o0o0o0oo0oo0DooDoooooooooooog
000000000000 0000000000000000000000000 Smart_ptr 000 O Boost
0000000000000 o0oooo0oDoooooooooooo(@UoooD)Y Doooooooooog
JdooodDo Cc++ 000000000000 OO00nO Library Technical Reportld

e prcy | NEXT
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=2 NEXT

Library 2. Conversion

e Py NEXT B

68



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Conversion 00O g0dnQd

 UOoobogobboobbuoobboo

« UOODODOO0ODOD static cast U OOODODO
 Oobbuoobbbooobboobboobobbooobobg
 HOoobbooobbOoobbboooboboon

c++QoOogoobooobboobboobooobobooobDbo0b boobbooobboobbooo

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDMD
U O strings O ints, doubles U stringsU U 0000000000 DOO0O0O00O0OO0OOOO0OODOOOO
00dbogd Conversion U0 O00O0O0OO0O0ODO0ODOODOODODOODDOODODODODOODOOD

Moooo spriner 0000000

Conversion 000000000 ODOOCODOOODOODOOOQOO (polymorphic cast), OOODOODOOODO
O (polymorphic downcast), DO OO OOOOO (numeric cast), DO DO OO0 (lexical cast)d O OO cast
Jodooc++000000ooooc++000 000000000000 noooooooooooooooo

DDDCDDDDDDDDDDDDDDDDDDDDDDDDQDDDDDDDDDDDDDDDDDDD U
gogboboobbooobooobboobobooobooobboobbooobbooobe++pogn

Ploppoooooooooooooc+000000000

=2 EXT
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e Py EXT

polymorphic_cast
O ODO: "boost/cast.hpp"

C++0 0000000 dynamic cast DUOUODODO dynamic cast DOUO0OODOOODODOO0OO0ODOO0OOO
gobboobobooobboobboopnbooobboobboobnboO0l dynamic cast OO OO
std::bad cast U0 UOO0OO0OO0O0O0OO0OODOOOC++000DO0ODOOOO0O0OODOODOOOODODODO
UobobDoobbooooibD aynamic cast 0O O0O0OOOO0ODOOO0O0OOOOODOO

dynamic cast UOODOOO0ODOO0OODOOOODOOOODOOOODOO ObODbOoOoboboooboooooD
ggbbodobbuooobooobboobboobbooobboobbuoobbooobboobbuoab
gboboboo gbgobooooobooboxobosbobobobobooboboboobobooboboobog
goboboobobooobbooobbooobboo0 booobooobboobbuooUBoostd O O

polymorphic cast. DO OUOOD0OUOO0OD0OON std::bad cast UOO

0 0 The C++ Programming Language 39 Edition0 O O Stroustrupd 000000 dynamic cast 00
dddddddddddgdoouogoo

"Dogobooobbooboboooboboobbuooboboooboboobbuooooboooboboogn

polymorphic cast DO O0ODODOOOOOO

HEN

polymorphicicastDDDDDD dynamic cast, 0o (DDDDDD)DDDDDDDDDDDD std::
bad cast UO U polymorphic cast DUODOUOOUOOO0OOOOOOOOOOOODOOOO0ODOODOC++U
iU UUOUUUUOUOO "poost/cast.
hpp". 0000000000000 0O0O0O0O0O0UOUOOUOUUUUOUUOO

template <class Target, class Source>
polymorphic cast (Source* p);

ogoooon polymorphic_castDDDDDDDDDDDDDDDDD dynamic cast ogooooooooo
U0 polymorphic cast UOC++0 000000000 OOOODOONO dynamic cast UOODOOO

ooogoogd

O 0Odynamic_cast 0 polymorphic cast0 0 0000000000000 0O00O0OO0OO0OOO00O0ODOn

Uoboboobboooboo0bbOodnbiDd polymorphic cast DOUOODOODOOODOOOODN basel
Orpese2, OO0ODODOO0ODOOOOODDOODO derived O
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#include <iostream>
#include <string>
#include "boost/cast.hpp"
class basel {
public:
virtual void print () {
std::cout << "basel::print()\n";
}
virtual ~basel () {}
i
class base2 {
public:
void only base2 () {
std::cout << "only base2()\n";
}
virtual ~base2() {}
}:
class derived : public basel, public base2 {
public:
void print () {
std::cout << "derived::print ()\n";
}
void only here() {
std::cout << "derived::only here()\n";

}
void only base2 () {
std::cout << "Oops, here too!\n";
}
i
int main () {
basel* pl=new derived;

pl->print();

try |
derived* pD=boost::polymorphic cast<derived*>(pl) ;

pD->only here();

pD->only base2();

base2* pB=boost::polymorphic cast<base2*>(pl);
pB->only base2();

}
catch(std::bad cast& e) |
std::cout << e.what() << '\n';

}
delete pl;

0000 polymorphic cast DO OODOOOOODOOODONO cerived DO ODDOOODDOOOODOOO
000000000000 p1 DOOOO0OOO0O00O0 print, OO basel O derived DOOOOOOOOOO
gobboobbudbDbDO0 only here, DOU derived UUDOD

derived* pD=boost::polymorphic cast<derived*>(pl);
pD->only here();
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00000 polymorphic cast DOUODODOUODOODO std::bad cast DOODOOO000O00OOODOO0O try/
catch DOOOOO0ODOODOODOODOO dynamic cast DOOO0OO0OOO0O ppO0OO00OO0OOOOO

only base2. UUDODOU base2 JOUOOODOOOOODO derived DOOODOOOOODOO base2 OOU
UbobooboboboboobO0bUbd pese2 DOO0DOUODOODOU base2::only base2 JO U

derived::only baseZ2.

base2* pB=boost::polymorphic cast<base2*>(pl);
pB->only base2();

gogbboobooooboobooobbooobooobbooboboooboboooobboon
polymorphic cast DO UOUO0OD0DOO0OODOO0ODOOO0OODOO0ODOOOO0ODOOO0ODOOOODDOOOO0
O0b000OU0Ogynamic cast UOOODOO0OODOOOOOOO0ODOOO0OODOOOODOOOOO

dynamic_cast [1 polymorphic_cast

gooboobobogooboooo D[]Igl gobogobooobboobboooboooboboooo

U basel, base2, U derived O UODOOOODOOOODO dynamic cast DOUOOOOOOOODOOOODO
gobbooobobooboboooboooboboobboon

B]E}[]D J dynamic cast U U U UOUOUOL polymorphic cast U U UL

void polymorphic cast example (basel* p) {
derived* pD=boost::polymorphic cast<derived*>(p);
pD->print () ;
base2* pB=boost::polymorphic cast<base2*>(p);
pB->only base2();

}

void dynamic cast example (basel* p) {
derived* pD=dynamic_ cast<derived*>(p);

if (!pD)

throw std::bad cast();
pD->print () ;
base2* pB=dynamic cast<base2*>(p);
if (!pB)

throw std::bad cast():;
pB->only base2();
}

int main () {
basel* p=new derived;
try |

polymorphic cast example (p);
dynamic cast example (p);

}

catch(std::bad cast& e) |
std::cout << e.what () << '\n';

}

delete p;

}
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UO0O0D00O0 polymorphic cast example [ dynamic cast example, DO OO0 DO0OODO0OOO0ODOOO0N
00000000bOD aynamic cast UOOOOOD0O0OOODODODOOOODOODODODODODODODODO

gobooooboboonboobbid pvad cast OO0 D'Eél UODOO polymorphic cast, DO OOOOO
U0 std::bad cast UODOUOO0OOO0O ODOO0OO0ODOOODOOOOOOOO0OODOOODOOOOOOOO0
gobboobbuooobbooubbuobbidodl polymorphic cast UUDODOUODDOOOODOOO
gogbboobobooobooobboooboooboooobobuoobobooobbooboboo

M OoppoooooooDODOOOOOO0O0O0DOOOOO0C0O0OO0OnO
polymorphic_cast 100 00000

gogbboobbuoobbooobbodobDbddl dynamic cast OO polymorphic cast. DO UOUOODO
Uobbo0db aynamic cast UOOO0O0DO0O0O0DOOO0ODOOO0OOOO0OODO0ODODOOOODOOOO0
U0b0DbO00b0D000 dynamic cast UODODOOUOODOOOODOO polymorphic cast [J dynamic cast U0
ogooooooooooooooooad polymorphicicast,DDDDDDDD dynamic cast ogooooo
goooooobooooooooodo

void failure is error (basel* p) {
try {
some other classé& soc=dynamic cast<some other classé&>(*p);
// 00 soc
}
catch(std::bad cast& e) {
std::cout << e.what() << '"\n';
}
}
void failure is ok (basel* p) {
if (some other class* psoc=
dynamic cast<some other class*>(p)) {
// 00O psoc
}

ogoooooooad pDDDD[élDDDDD some other class ooooooon dynamic cast 000
ggbboobbuogoboooboooboboobbooobboobbuoobbooobboobbuoon
gobobooboboooboooc++pbooobooooboobobbooobboobDbooobboon

dynamic cast UOO0O0OO0O0O dynamic cast 0 U000 0O000OO000D0OO0O0O0DOO0O0O0OOO0O0OO

JdddddddddddddddooooooODODOoUoODOoOoOOoODOooUoOoooooOoOoO oo
dddddddddddooooodooooooooooooooooo oo ooooooooOon
UO0b0Db00b0b0000 polymorphic cast OO dynamic cast UODOUOOD0OUOO0OOOO0OODOOOO
ddddddddddooooooooooooooooooon

PlopgpopoooDoooooODOO0OOOO0OOOOOOOOOOOO0

gobboobbOodbDO polymorphic cast DO UOUODOODUOOO0OOO0OO0OOO0O0ODOOOODOOO0OO
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ooboooboooooboboobooboobooooo/oibd (handle/body-classes), OO0 OO0OOO
gogbobooobooobobooon

0d

Oodoooodooooooooooooooooooooobooooooooboooooooooooa
gdooooooboooooooobooobooooOooooDboooDoOoo@boDHyooooboooooao
U0 polymorphic cast U dynamic cast DUUOOD0OO00ODOOO0OOO00OOO0OOOO0OODOOOO0

JobobDoobbooobibOd dynamic cast OO OO dynamic cast UOODOO0OO0DOOO0OOO
dynamic cast UODOOUOOOODOOOODDOOOO0ODODOOODOOO0ODODOODODOOOOLODOODLbDOOOn
Oo000oo0ooooooon

UO0OU0ODO polymorphic cast I dynamic cast:
. UDOODOOLDUODOODLUODLUODOOLNO dynamic cast<T*>. UOODOOOOOOODOOOOOOO

 UUOODDOUOUODDOUODDOOUDLDOUDDUOO polymorphic cast<T*>. JOUOOODODOOOONO
gooogd

 UO0ODDOUOODDOO0ODDOUO dynamic cast.

e prcy NEXT
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polymorphic_downcast

OO0 : "boost/cast.hpp"

00 dynamic cast DO0OO0O0OO@DOO)IDOO dynamic cast OOO0OOOOODOOODOODOO
UO00DbO00boDOO static cast, HOODOOOOODOO static cast 0O O0OO0OOOODDOOOODOO0O
Uboobo0obOdb gynamic cast UOOOOO0OOO0O0OO0OOODOOOOO0OODODOOOOOOODO
dynamic cast UUDOODUOOOO0OOO0O0ODOOO0DOOO0O00O0O0O00O0D0O0O0 static cast DOOODOOOMO
goboboobobooobboobbooobbooobibOn static cast UOOODOOOODDOOOODOOO
ogooooooooooooon polymorphicidowncastD dynamic cast ogooooooooooooo
JobbDo0bDbDO0n static cast UUODUOODODDOO0OO0O0O0O0DO static cast UOOOOOO0OO
gogbboobobogobooobboooboooooooobuooobooooboobg

polymorphic downcast U O UOODODOO0OOOOO0ODOOO0O0OOO0OO0ODOO0ODODOO0OO0O0OOO0O0ODO
gobboobobogobooobboobboobboo0obbOUl polymorphic downcast DO OOO
00000000 dynamic cast JOOOOO0OOD0OOO@EOO)O

UOO0DO polymorphic downcast UU dynamic cast UUODOO0OD0DDOO0OO0OOO0OOOO0OOOOOO

goddoooddoooooobooooooooooOoooooooooDooooooOoo

polymorphic downcast OO0 UODOU00O0O0ODOOOO0OO0ODOODOOODO0OO0ODODOO@UubDOoODO)DOoO
O0000oOboO0o0oo0ooooooo0oooooooooooOobooooooooOboooooooooonoa
Oo000oo0ooo0oooooobboo0oooooobooooooobOb0o0ooooooon

polymorphic downcast O O OOOMO

HEN

polymorphic downcast OO UOOODOOOOOOO dynamic cast DOOODDODOO0ODODOO0OODOO0OOO
goboboobobogobooobbo0obbo0bb0OobbO polymorphic downcast UODOOOOON
gobboobbuooobibO0dibl polymorphic downcast; U dynamic cast UUDDOUOOOOOOOO
polymorphic downcast, UO O OO "boost/cast.hpp".

#include <iostream>
#include "boost/cast.hpp"
struct base {
virtual ~base() {};
}i
struct derivedl : public base {
void foo () {
std::cout << "derivedl::foo()\n";
}
}i
struct derived2 : public base {
void foo () {
std::cout << "derived2::foo()\n";
}
i
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void older (base* p) {
// Logic that suggests that p points to derivedl omitted
derivedl* pd=static cast<derivedl*>(p);
pd->foo(); // <-- What will happen here?
}
void newer (base* p) {
// Logic that suggests that p points to derivedl omitted
derivedl* pd=boost::polymorphic downcast<derivedl*>(p);
// ~-- The above cast will cause an assertion in debug builds
pd->foo () ;
}
int main () {
derived2* p=new derived2;
older(p); // <-- Undefined
newer (p); // <-- Well defined in debug build

U0 older OO static cast O UOOMO [][§1 00000o0o0obOonbOonD feo DOODOODO@UOUDO
ooboOo)y ooooooobooobooooooooboobooboooDOoooUObDbOODDO static cast O
UO0b0D000 derived1*, DO0O0DDO0OD0D00O0O0O0DOO00OD0OO0O0DO0O0O00O00O0O0O00O0 older OO
00000 gerived2 UODOOOODO older UODO pa 000D OOODOOOODOOOODLODOOODO
gobboobD static cast JUOOOOO0ODOOODDOOOO"OO""WIDODOO0OOOOOOO

Blopoooooo

U000 newer UODOOO"D OO static cast,” polymorphic downcast OO OODOOOOOOOOONO
gobboobobooobboobbooobboobbOon gaynamic cast UOODODOOODDOOOODODOO

ggbbodobbuogoobooobboobboobbooobboobbuoobbooobboobboab
gobooooboooooo

0d

U0 static cast UUDOODUOO0OO0OOO0OO0DOUOOO0ODOOO0OOOO0ODODOODODO
polymorphic downcast U OUOO00OO0O0DDOO0O0OOO0O0ODOO0ODODOO0O0O0OOO0OOLODOODO
goboooboboooboooboooooo

 UO0O0DOO0ODDOUODDOOD0DOO0ODDO static cast UOOOODO
polymorphic downcast;, U0 O O0OOOOOODDOOOODDOOOODODOO

 U0O0O0DOO0ODDO0OD0ODO0O0DDU polymorphic downcast.

goboboobboooboboobbooobobooooboo

e prcy NEXT
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numeric_cast

OO0 : "boost/cast.hpp"

gobbooboboooobooubboobibd 1ong 00000 short DOO0ODOOODODOO 1long OO
O short 00 1long DOUODOODO short U ODODOODODODODOODODODOOODOD@W™TOODLOODO

oo"oooooooO)yooobooobooooooooboooobooboobooooooo oboboboobooo
gobobooobooobooobboobobooobooobboobbooobboobboobbooo
U000 numeric cast UOOO0OO0DOODOODOOO0OODODOODOOOOODODODOOOO

UO0b0D000D0 numeric cast U0 0OO0O00O0O0O00O0O0O0OO0O0O0DOOO0O0OOO0O0ODOOOOOOO

0000000000000 0000000o00oooooooooldooooooooooooooon
gobboobbogbbooobooobboobbooobooobboon

[7]. C++0 0084549000 00000000 DLOODO

gogboboooobogobooobboobobooobbooobboob bbb boobboOoO
gobboobobooobooobbooboboobbin char 000D inte OO DOODO

int 0 char UO0OOO000D000D0 int 0DO0O00O000 char. DUOO0D0DO0O0O00O0OO0O0DOODOO
gogbboobobogooboooboboooobooooboooboboobboobbooobboobboon

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD@DDDDDDDDDDDDDDD
gobboobbuooobooobbuoobbioobbi0 numeric cast UOOOOOODODOOODODOOO
goboogbog

BlopoooooooooooDOoODOOOO

HEN

numeric cast HOOOOOOC++0 0000 DOO0O0ODOOO0OODODOOODDOOO0ODLOO0bOObOOoOobDDOg
ooooooooooon numeric_cast,DDDDDD "boost/cast.hpp" OO OOOOOOM
numeric cast UUOODO int OOO char, OO0 double UODO float.

char c=boost::numeric cast<char>(12);
float f=boost::numeric cast<float>(3.001);

000000000000 0DO0DOO00DO00OCO0b0O0DO0DOO0ODO0O00OOnOnumeric casti 00
EEN

oogoobooboooon

00000000 1ong)O0D00O00O0@O short)DOODODODDODOOODODODODODOODODOODOODO
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ooboooboooo@uoooboooboooo)yoooooooooobooboboobooobooboooooobOobooboo
gobobooc++gooooboboooboo

e signed char
e short int (short)
. int

e long int (long)

ggboboobooooobobooobo D'EQID gobobooobbooobooobbddl int 0 longOOO
gogoboboobbogobooobbooobooobooobboobobooobboobboobo

sizeof (T) U std::numeric limits<T>::max() [0 std::numeric limits<T>::min().

PlpppooooooooOoOoOOO0O0OO0O0OO0O0O00OO0O0O0O0O0O0O0O0
O00000000000000000C++0000

‘0000000000000000000000000000DOOCOCOOOOOODOO
BT

N5 c++00 §4.7.3

gobboobobooobooobbooobooobboobbuoobbo0odbl numeric cast OO
gooog

#include <iostream>

#include "boost/cast.hpp"

#include "boost/limits.hpp"

int main () {
std::cout << "larger to smaller example\n";
// 0000numeric_castO OO
long l=std::numeric limits<short>::max();

short s=1;

std::cout << "s is: " << s << '\n';
s=++1;

std::cout << "s is: " << s << "\n\n";
// O0numeric castO OO

try {

l=std::numeric limits<short>::max();
s=boost::numeric cast<short>(1l);

std::cout << "s is: " << s << '\n';
s=boost::numeric cast<short>(++1);
std::cout << "s is: " << s << '"\n';

}
catch (boost::bad numeric cast& e) |
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std::cout << e.what() << '\n';

UOO0DO std::numeric limits, long 10000 short DOODODOODDOOODODO short sDOOMO
000 1 000000000000000 short UOOODOOOO shert DOOODOOOOO 10000
Os,sO0000000O00O00O0O0OOOOOOOODODOODODODOOOODODODOO0O000O0000000O0O0OO0Og
oD oo ooOoOoooOoOn

ggbboooobog D'Llll[]D UbboobboobboodbiU numeric cast. UUODODOUOOODOOO
goboooobbuoobbooobboobbddbibDOl pad numeric cast DOOO0DOOOO0ODOO0O

Mopoooooos2oo0ocoo0o0o0n0n

larger to smaller example

s is: 32767

s 1s: -32768

s is: 32767

bad numeric cast: loss of range in numeric cast

UoboboooboboooboOoUdl numeric cast JOOO0O0OO0OOO0DOOO0OO0OOO0O0ODOOODODOOO

gobooboooobooobooobooobobooobooobboobboobbooobboob Uoo
gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
gogbooobobooboboooboooboood

gobboobbooobooobboopobooobooobbuoobbiO0odl numeric cast OOOO
oboboobobooobooobbOoubD numeric cast HOOOODOO0ODODOODODOOODOOOO
gogbobooobooobboobboooboooboboooboboooboo

Jobodobougobooogd

ggbboobobuogoboooboooboboobobooobboobbuoobbooobboobbuoon
ggbboobbuoobobooobooobbuoobbooobboobboobboon

#include <iostream>
#include "boost/limits.hpp"
int main () {
unsigned char c;
long l=std::numeric limits<unsigned char>::max()+14;

c=1;

std::cout << "c is: " << (int)c << '"\n';

long reduced=1% (std::numeric limits<unsigned char>::max()+1);
std::cout << "reduced is: " << reduced << '\n';

goboooboooooo

c is: 13
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reduced is: 13

U0b0Db00b0b000 uwnsigned char DO OOOODOOOO0DOOO0ODOOO0OODOOODDOOOODLDOOO
gogbbooooog

long reduced=1% (std::numeric limits<unsigned char>::max()+1);

0000oO00ooooOoogo(valuewrapping)D 00000000000 DO0ODODOOOOODOOO
numeric cast UUOODO numeric cast DOUOUODOD numeric cast DO UOODO0OOO0OO0OO0OO0OOOOO

gobbooobboobobooobboobbo0bb0OobbOd pvad numeric cast DOOODOOOOO
gogboboobobogobooboobbooooo D'LLZID U0 numeric cast, DO O0O0OO0DOO0OO0DOOOO

M oppooo0Do0D0ODDDDO0O000O0O000 numeric cast.

oodooobobogogoad

ggboboooboobooobooboo D[][l§1D uobogoboooboooobbuoobboooboooood

gogbbodoboobooobooobbooobobuooboobooobboobbuoobbooob oobbuoo

ggbbodobbuoooboooboboobboobbooobboobbuoobbooobboobboon
gogbboobbuoobboog boobbuoobbboobbodbD numeric cast DOOOD0ODOOOO
g

BloppopoooDoooooooOoODODOOOOOO0

#include <iostream>
#include "boost/limits.hpp"
#include "boost/cast.hpp"

int main () {
unsigned int ui=std::numeric limits<unsigned int>::max();
int 1i;
try {

std::cout << "Assignment from unsigned int to signed int\n";
i=boost::numeric cast<int>(ui);

}

catch (boost::bad numeric cast& e) {
std::cout << e.what () << "\n\n";

}

try {
std::cout << "Assignment from signed int to unsigned int\n";
i=-12;

ui=boost::numeric_ cast<unsigned int>(1);

}

catch (boost::bad numeric casté& e) |
std::cout << e.what () << "\n\n";
}

80



Beyond the C++ Standard Library : An Introduction to Boost

gobobooobooobon

Assignment from unsigned int to signed int
bad numeric cast: loss of range in numeric cast
Assignment from signed int to unsigned int
bad numeric cast: loss of range in numeric cast

goboboobbogbobooobbooobboobboobbibOl numeric cast UOOOOODOOO

googd

numeric cast UOOODUOO0OD0DOO0O0ODOO0O0DOOO00O0O0ODO float, double, b long double [
oo00o0oo0oooo0ooooooooooooooooooooooooooooooooooobooo

double d=0.123456789123456;
float £=0.123456;
try {
f=boost::numeric cast<float>(d);

}
catch (boost::bad numeric casté& e) |
std::cout << e.what():;

gobbooboboooobooobiboonbiDd douple O fleat UOODOOODODOO0OO0DOOODOC++0ODO
oboboobobooobboOoubibd douple DOODO float OODODO

ggbbodobbuogoobooobooobboobbooobboobbuoobbooobboobboon
U0 numeric cast UOODUOO0O0OO0OO0ODDUOODDOOOOOO0ODODOODODOOODODOOOO

double d=127.123456789123456;

char c;
std::cout << "char type maximum: ";
std::cout << (int)std::numeric limits<char>::max() << "\n\n";
c=d;
std::cout << "Assignment from double to char: \n";
std::cout << "double: " << d << "\n";
std: :cout << "char: " << (int)c << "\n";
std::cout << "Trying the same thing with numeric cast:\n";
try {

c=boost::numeric cast<char>(d);

std::cout << "double: " << d;

std: :cout << "char: " << (int)c;

catch (boost::bad numeric cast& e) {
std::cout << e.what();

gobobooobooobooobboobobooobooobboobbooobboobboobbooo

gogbboobbooobbooobbooobbooobboon
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template <typename INT, typename FLOAT>
bool is valid assignment (FLOAT f) ({
return std::numeric 1limits<INT>::max() >=
static cast<INT>(f);

go0ooooooo0oooooooooooooooooooooooooooboooooobooooooooa
gobooobbuoobboo0bid static cast DOOO0ODUO0OO0D0O0O00DO numeric 1imits<INT>::

maxDDDDDDDDDDDDDMDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goboooooooooo

Moppooooooooo

HEN

numeric cast UOODOOOOODOO0OOOO0OODOO0ODODOOOO0DDbOOOO0bDOOoOobDbOooDD
numeric cast JUOO0O0O0OOOO0OOO0OOOOOOO0OO0OOODbLOOLODOOOOOODODOOOO
numeric cast UOODOUOO bad numeric cast DO 000000000000 0O0000O0O00ODOO0O0OO
gooooooooooooao

UO0O0000QO numeric cast:
. OObOoOoobbOoobbboobboo
 Uoobooobboobbuoobboo
 Uoobbodobbuooobooobbuoobbooobboobb

goddooobodooooooobooooooooo oo oo oooobuoono oo
godooooc++o0ooooboboooooooobooooooobob0 oo oDooboooooon
goddooobodooooooooooobo oo oo oo ooooooooon
gogbbDo0bbDO00 numeric cast UODO static cast, dynamic cast, [0 reinterpret cast OO
goddoobooooooooboooooooooooooboboooooboooooooooo

e prcy | NEXT
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e Py EXT

lexical_cast

O ODO: "boost/lexical cast.hpp"

Joddoobodoooooooooooooooooooooooooooboboooooooooooa
godooooodoooooobobooooooooooooooooooooooooooooooo
lexical cast DOOOO0D0OO0OOO lexical cast UOOOODOD std::stringstream JO0OO0O0O0O0NO
0000000 0odouoUoUO0nodn operator<< DOODOOOOOOOMO operator<< UOOOO
JoooooooboooooooooooobooooDooooEDTs) boboooo

0d

lexical cast UOUOUODODOO0OO0DDOO0ODODODOODODOOO0OOOOODODOOODDOOOObOOOODDO
ggbboobbuooobooobooobobuoobobooobooobboobbuooboboooboDo
lexical cast UOOODODOOO0OODOO0ODODOOOODOOO0OOOO0OODOOOODDOOODOO

(OutputStreamable) D 00000000000 OO (InputStreamable)J 0000000 0O0OODOOO0OO
0 0O (CopyConstructible) D 00000000 D0DO0OOOOOO (DefaultConstructible)ll 0000
(Assignable)] O 0O O O (OutputStreamable) D 000000000 OOOO operator<< OOO OO

(InputStreamable)J D0 D000 operator>>. OOOO000O00O0000O0O0OOOO0O0DOOOOOODODO
000000000 1lexical cast, HOOODOODO "boost/lexical cast.hpp".

[ lexical_cast [1[]

0000000000000000000000 lexical cast 000000000000000D0O0000
0000000000000000000000000000000000000 lexical cast 00000
0D(@Oo0D0)oD0o0oo

#include <iostream>
#include <string>
#include "boost/lexical cast.hpp"
int main () {
// string to int
std::string s="42";
int i=boost::lexical cast<int>(s);
// float to string
float f=3.14151;
s=boost::lexical cast<std::string>(f);
// literal to double
double d=boost::lexical cast<double>("2.52");
// 00000
s="Not an int";
try {
i=boost::lexical cast<int>(s);
}
catch (boost::bad lexical cast& e) {
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// O01lexical castODOOOOOOOOOOO
}

gogbobooobobogobooobobooobooobooobboobboobobboobboobboon
Uboboobooboboboooobdn try/catch UOOD lexical cast UOOOOOOOOOOODO

ggbbodobbuogoobooobboobbuoobbooobboobbudbbd std::stringstream U

gogbboobobdogoboooboooboboobooboooboboobboobbooobboobboon
oo0bOo0ooO0o0oo0oobOoboO0bOo0bDOo0ooO0o0ooO0obOoO0bDbO0DbDOOoDOoOoDOOn lexical cast
goboboooboogon

gobboobboobobooobooobboobbooobbooobbOoonbD 1exical cast OO0
obDDOo0bDbOoOgObDoOd 1exical cast UOOODDOOOODDOOOODOOOOODDOODDOOODDOO

goboboobobogobooobbooobboobbooobbOoubl stringstream OO0 D'LL@ID g
0000 lexical cast 0000000000 DOOOODOOO0OOC++000000O0OOOO

e DD ODDODDODUDOD0ODO000OO0ON std: :stringstream 000000
O000000000000000000000000000

[ lexical cast (1[0 0[O

UOD0OD 1lexical cast UOOUOODOUOOOOO0ODDOOOODOOOODOD to string0OOoononOg
ddooooo@oooboooD)HyboooboooDo string0000O0O0OO00OO0DOOODO std::
stringstream D0 0000000000000 0000000DO00 1lexical cast JOOODODOOOOOO
dddodooooooooo

#include <iostream>
#include <string>
#include "boost/lexical cast.hpp"
template <typename T> std::string to string(const T& arg) {
try {
return boost::lexical cast<std::string>(arg);
}
catch (boost::bad lexical casté& e) {
return "";
}
}
int main () {
std::string s=to string(412);
s=to string(2.357);
}

UobobDoobDbOo0bDDbO00n 1exical cast DOOOOODO

000000 lexical _cast
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U0 lexical cast UOODOOODODOOODOOON operator<< [ operator>> 0000000 OO0OONO
UobboobbogpoDboo0obibOoUn 1exical cast UOOOOODOOUDTODOOOODOOO

class lexical castable {

public:
lexical castable() {};
lexical castable(const std::string s) : s (s) {};

friend std::ostream operator<<
(std::ostream& o, const lexical castableé& le);
friend std::istream operator>>
(std::istreamé& 1, lexical castables& le);
private:
virtual void print (std::ostream& o) const {
o << s <<"\n";
}
virtual void read (std::istream& i) const ({
i > s ;
}
std::string s ;
}i
std::ostream operator<<(std::ostreamé& o,
const lexical castable& le) {
le.print (o);
return o;
}
std::istream operator>>(std::istream& i, lexical castable& le) {
le.read (1i);
return i;

lexical castable UODOOODODOO

int main(int argc, char* argv[]) {
lexical castable le;
std::cin >> le;
try {
int 1 = boost::lexical cast<int>(le);
}
catch (boost::bad lexical casté&) {
std::cout << "You were supposed to enter a number!\n";

}

goddooboddooodoooooooodoooooobobooooooIoSstreams Ddoonn
operator<< [ operator>> UUDOUOODDOO0OO0OOON lexical cast UODODOUODDOOOODOOON
ogooooooooooooo

HEN
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lexical cast UOUUODOODOOOODDOODDODOOOOOO0ODDOOODDODOOOODOObLDbOOOOODO

DDDDDDDDDDDDD[:L_G:[D gobboobbuoobobooobooobbuooobooobbuoon

UOO0OD00 lexical cast UUUODOOOODDOODDODUOOODDOOO0OOOOODODOODDODOOOOO

M8l o pppooDoooOOO0O0OODO0OO0O00O00000O00O0O0O0000O0ODOndO
O0000000000000000000000000000

ob0D0O00 1lexical cast:
. UDOODbOODOODDbUODbODO
. UDOODbODOODDbOUODbODO

. OUObbOoobbboobboon

e prcy wExT
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e Py EXT

Conversion [ []

0000000000 Boost.Conversion 000 polymorphic cast OO0 polymorphic cast DO OOMO

gogoobooboboooboooboooboboobbooobbooobboobboobboo
dynamic cast<T*> DU 00000000000 DO0O0O0O0DOO0O0O0OOO

ogodooooooooooon polymorphic_downcast,DDDDDDDDDDDDD dynamic cast 0o
0000000 static cast JOOO0OO0O0OO00O0DOOO static cast UOODO

numeric cast UOOOOO0OODOOOODDOOOO0DOOOO0ODOOO0OODDODOODODODOOOOOOoO0DbOoOnon
goooooboog

UO0O00 1exical cast. DOOODOO0OOODOODOOOOOOODODOODOODLOODCHOOODOODO
ggbboobbuooobooobbuoobobuoobooo

ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
gogbboobbuoobbooobbodgbboobbbooobbodbl dynamic cast DOOODODOU

gobboobbuogpoobooobooobboobbBoost 00O DOODDODOOO0DDOOO0ODDOOOO
gogbboobobuogoobooobboon

e Py EXT
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K==
Library 3. Utility

=1 NEXT

88



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Utility D D00 0oooggg

« [UUOODOD BOOST STATIC ASSERT

« 0OO0O0DODO checked delete O checked array delete
« 000D noncopyable

e operators UOOODO addressof DO DOOOO

o« [ enable if 0 disable if OOOOOOO

ogobooobobobooooobobuobouoobobobooDobobOobUong Boost.Utilityd OO OO
gobboobobogoboooboooboboobbooubBoost 00D boobboon
O O0D0Boost.UtilityD OO OOOOOOOOOOOODO

U000 soosT sTATIC ASSERT UOUDOO0OOO0OOLOOOOO0OO0OODLOOOOOOOODLOOLOOOOOD
U00D00b0bOobOn delete UOUODOOOOOODODOODDOODODODOOODOOD
checked delete U UUDDOOOODOUODODOON noncopyable UUDODOUOODODUOODDOOOOOO

JobobooobDOoOdbD addressof, JUDODOOUOODOUO operators DDDDDDDMDDDDDDD
UO00D00O0D0 enable if, DOOODOOODODOOO0OOOO0OODOOOO0DOOODOOOOODO

N OopopooDoDo0DO0o0D00D00000000000 operators DOOOOODN

e Py EXT

89



Beyond the C++ Standard Library : An Introduction to Boost

e prcy |
BOOST _STATIC_ASSERT

OODO: "boost/static_assert.hpp"

toboooooooooobooboobooboooooooobooobooboobOOoooOoOobooOoboOoOo oo
toboooboooooobooboobooboobooobooooOoobooobooboobOoooOoOooboboOoboboOooboboog
ooooooboo0oo@uooooooo0 ooo)y—oooooooooooobooooooboooooDboo
tobobooooobooobooobooboOoooobooobooboobOobooOoboobOoboo

BOOST STATIC ASSERT UUDDUOUODDUOO0O0DOO0ODLDDOODDOOOODOOO

0

goboboobbooobboOoUbl "woost/static assert.hpp". UUDODOOOMO [][21

BOOST_STATIC ASSERT. UUDOUOO0OUODOOO0O0OODLODOODOOOODLODLODOOOOObOODbLOObOOObOODn

ggbboobbuoobbooobboobbuoobbooobboob oobbooobboobbuon
gogbbodbbuogoobooobooobboobbuooobboobbuogbboost oo gn
0 Boost.Type_traits. DO OOOOODO is integral OO0 OD0OO000O000OO0O0O0OOOOOOOODOOOO
gogbboobbuogooobooobooobboobbuooooboon

Ploppoooooooooooooooooon

#include <iostream>

#include "boost/type traits.hpp"

#include "boost/static assert.hpp"

template <typename T> class only compatible with integral types {
BOOST STATIC ASSERT (boost::1is integral<T>::value);

i

ooooooooooon only compatible with integral types doooooooooooooooon
ggbboobbuoobobooobooobbuoobbooobboobboobboon

gogboooobooogbo

only compatible with integral types<double> test2;

ggboboobbuoooobod

Error: use of undefined type
'boost::STATIC ASSERTION FAILURE<false>'

gogboboooobogobooobboobobooobbooobboob bbb boobboOoO
gogbboobobooobbooobbooonbooobooo
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ODDOO0000OLD BOOST_STATIC_ASSERT

BOOST STATIC AsserT U DUOO0ODOO0OO0ODOOOD0DDOOOO0OOOO0ODODOODDOO0OObOOOOnDDOd
gogbbodbioilobogoboooboboobbuooobooobooooobooDa

template <int i> void accepts values between 1 and 10() {
BOOST STATIC ASSERT (i>=1 && 1<=10);
}

gogbboobobuogoboooboboobbuoobobooobboobbuoobbooobboobbuoon
gobboobbuooobboobbuoobboo0obboobD soost sTAaTICc ASSERT DO UODDOON

gogbbodobobogooboooboboooboboooobooobboobboobobooobboobboon
goooooo

void expects ints to be 4 bytes() {
BOOST STATIC ASSERT (sizeof (int)==4);
}

0

boobooobobobooc++00b0obuonbounon assert DOOOOoOoOooobobooooo™®oOoO

gTooboooboboobobooobooboobbooobooobboopboobobooobobuooboboo
ooboooOOoooOoOooOoboO0bDOo0obDOo0ooDOoO0oO0bOoO0bDOo@UDOoOoDOoooOoOo)YDooo
BOOST STATIC aASSerT U DUOO0ODUOO0OOOO0OO0ODOODODOOODOO0OOLODOODODOOOOnOO
gooboooood

0000000 BOOST STATIC ASSERT [J
« OOUODOOODLOOODOODO
« OUOOOOOOODOODOO

 UOobboobboobobbooobboobo

e Py EXT
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e prey NEXT

checked_delete

U0 D0 : "boost/checked delete.hpp"

gboobooboooboboobooooboobobooboboobobooboobooboobobooDbo
delete O OO0OO0ODODODOOOODDODDOOODODDODDODOOODODDDOOOODDDOOOUODDDODOODODDDOOOOO
U0000000 checked delete HOOOOOO00OD0DOOOODOOO0DOODOOODOODOOODOODOODOOO

gd

checked delete D00 boost DOOUOOOODOOOOODOOODOODOOODOOOOODOOOODOODOODOO
OODO checked array delete DOOOO00O0O0OO00OD0O0OO0OODOOO0OODOOOOODOOOOODOOODOODOO
gooobooooOOo@booooboo)y OoobhooooboooOOboooOobOoOooDUoooOooOgO "poost/
checked delete.hpp". UOUOOOOO0OO0O0OO0O delete DOOOOOOOOODOOOOODOOODOODOO
some class, DO0O0O0OOO0O0O0O0ODOOODOOODOODO some class OO0OOOO@MUOOODOY)YODOOO
checked delete OO OOOODOOODOOOOODN some class UOOMO

#include "boost/checked delete.hpp"
class some class;
some class* create() {
return (some class*)0;
}
int main() {
some_ class* p=create();
boost::checked delete(p2);
}

Uob0boDbo0dobbDO0Od00 checked delete<some class> UUUOUOODODOUOUON some class UODODOOONO
gboooboooboooooboobooboobd

checked delete.hpp: In function 'void

boost::checked delete(T*) [with T = some class]':

checked sample.cpp:11: instantiated from here

boost/checked delete.hpp:34: error: invalid application of 'sizeof' to an incomplete type
boost/checked delete.hpp:34: error: creating array with

size zero ('-1")

boost/checked delete.hpp:35: error: invalid application of
'sizeof' to an incomplete type

boost/checked delete.hpp:35: error: creating array with

size zero ('-1")

boost/checked delete.hpp:32: warning: 'x' has incomplete type

U000b00000000D00000D0 checked delete UODOOO0O0OOOODOOOOODOOOOODOOOOODO
uobooboooboooooboooon

goboboood
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UO000D00O0 checked delete DUODOOOOOO0OO0OOODOOOOOOOODOODOOODOOOOODOOOOODO

uooooooboooogon D[][élﬂ ooo D[][§1D cobooboooboobooobooooboobooboooon
o

BlopoooooooooooooooooO

MoppoooooooooODOODODOOOOOOOOOO0O00000000000O000000O
g

// deleter.h
class to be deleted;
class deleter {
public:
void delete it (to be deleted* p);
}i
// deleter.cpp
#include "deleter.h"
void deleter::delete it (to be deleted* p) {
delete p;
}
// to_be deleted.h
#include <iostream>
class to _be deleted
{
public:
~to be deleted() {
std::cout <<
"I'd like to say important things here, please.";
}
bi
// Test application
#include "deleter.h"
#include "to be deleted.h"
int main () {
to be deleted* p=new to be deleted;
deleter d;
d.delete it (p);
}

O00O0OD0DO0 delete JOODODOOOODO to be deleted UOODODOUOOOODOOODOODOON to be deleted U
deleter.h JOOO0OO0OOO deleter.cpp UOD deleter.hn UOUOUOD to be deleted.h: I to be deleted.h
OO0 to be deleted DO DOUODOODODOOOOODOOOOODOOOODOOOODOOODOODOOODODOODOO
U000 delete DODOOOO0O0OO0OU0OO0OOO0DO checked delete UO OO

checked_delete 11 1[0

ooooooooooobooooobooooooo0oooobboooooobooooDbbooooboOobDOoooDboOoOgo
Ub000bdbodbOobOdnbDdl checked delete UOUOUODOUOOOODOON delete p OO checked delete

(p) -

void deleter::do it (to be deleted* p) {

boost::checked delete(p);
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}

checked delete UUODODOOO0OODDODOOO0ODDOOOOODODOOOO

template< typename T > inline void checked delete(T * x) {
typedef char type must be complete[sizeof(T)];
delete x;

U000b0o00000 char OO0O0OD0OO0O0000O00 7 OO0OO0OOOO checked delete HOOOOOO0OOO T70OO
O0O0O0O0O0OO0ODODODDD sizeot(r) OO0 O, 00000O0CO0O0O0O0(@OHYDOOOOO0OOOOOO
BOOST STATIC ASSERT U OOOOODO

BOOST STATIC ASSERT (sizeof (T));

ooooooboooooboobooooobooooobooooooboooobooooobooboUOOtchecked deleter'D O
U checked array delete, HOUOOOOO checked delete.

to be deleted* p=new to be deleted[10];
boost::checked array delete(p);

gd

Jd0oooo0oodoooo0oodooo0o0ooooo00oooOo00ooobO00o0ooobOo0o0oooooOoOoooon
Jd0oo0dodoooo0oodoooo0ooooood0oooo00oooO00o0oooOo0o0ooooooOoooo
U00000DO000 checked delete U checked array delete, DO UODOO0O0O0OO0O0O00O0O000O0O0O0O00DO0O

U00000000D000 delete, UOO checked delete DUOOOOOOOOOOOODO

UO0000000 gelete DOUOOUOOO0OO0O0O00DOO0 checked delete U

e prey NEXT
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e prcy ExT

noncopyable

O0O0O: "boost/utility.hpp"

gobooobooboooboboobobooboobooboooboboooobooboobobooboooboobooon
oooooooooobobo booboboooobobLbooboboobDob oD bobDobOOo@oo
HyooooooooooooooooboooooooooobobooLDobL b0 oo bobobooDbo
goboooboobooboboobobooboobobobooboboooboboobobbOobOobbobooD
U000 o0b0oboobob0o0ob0obb0b00bO0boOdUdl poost::noncopyable DOOOOODOOOO
ogoooboboobobobooobobooboboooobo

g

U000 boost::noncopyable, 0D U0OOODOODO0OOOOOOODOOODODO0O0O0O0O0O0O0OOOOOOOOO
Odo00oooooooooooooDols-A@uooois-A00)YdoDoDoOOOOOOIs-A noncopyable OO0
00000000 noncopyable DOODOOONO "boost/utility.hpp" U

#include "boost/utility.hpp"
class please dont make copies : boost::noncopyable {};
int main () {
please dont make copies dl;
please dont make copies d2(dl);
please dont make copies d3;
d3=di1;
}

U000b00000b0000 noncopyable DODOUOODOODOOODODOO a2 DOD0DO0ODOODOODODO
UO0O000 noncopyable UOUOOOOOOOOOOOOO g1 000 a3 O00O0OOOOOOOOOO0OOOO
gogoooo

noncopyable.hpp: In copy constructor
' please dont make copies::please dont make copies (const please dont make copies&)':
boost/noncopyable.hpp:27: error: '
boost::noncopyable: :noncopyable (const boost::noncopyable&)' is
private
noncopyable.cpp:8: error: within this context
boost/noncopyable.hpp: In member function 'please dont make copiess
please dont make copies::operator=(const please dont make copiesé&)':
boost/noncopyable.hpp:28: error: 'const boost::noncopyables
boost::noncopyable: :operator=(const boost::noncopyable&)' is private
noncopyable.cpp:10: error: within this context

U0o0b0boboboboobobOobDb noncopyable DOODOOOOODOOOODODOODODOOO
gooobobobobobuoobob obobobobooobo

guoooon
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UOU0OO0ODO please dont make copies, UOOUODOODOOODOODOO0O

class please dont make copies {
public:
void do_stuff () {
std::cout <<
"Dear client, would you please refrain from copying me?";
}
i

gogboooboooobobooobobuoooobbooobbboooobbooon

please dont make copies pl;
please dont make copies p2(pl);
please dont make copies p3;
p3=p2;

000000000000000000000000000000000000000000@O0000000
00o0o00)d

class please dont make copies {
public:
please dont make copies() {}
void do_stuff () {
std::cout <<
"Dear client, would you please refrain from copying me?";
}
private:
please dont make copies(const please dont make copiesé&);
please dont make copies& operator=
(const please dont make copiesé&);

}r

U000D0000bbO0O00b0bDUO0O0n please dont make copies DO OOOOODOOOOODODOOOON
U0 noncopyable DOOOOOOODOODOODODOODODODOODOODOODO

(1 noncopyable

[0 boost::noncopyable OO 0000 OOOOOO0OOOOOODOOOOO0OOOOOOOOOOOOO0OO
O0O0O0 noncopyable DOOOOOOOOO

#include "boost/utility.hpp"
class please dont make copies : boost::noncopyable {
public:
void do_stuff () {
std::cout << "Dear client, you just cannot copy me!";

i
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Ubo0obobobobobo0obobo0bobbOUD noncopyable DOODOOOO0DODOOODODOOO
gobooobobooobooboobobooboobbobooboobooboboobobDoobobDooDbon
Uooob0boobob0obobbo0bO0bOOD poost::noncopyable DO UODOOOODOODOODOOOO
goooobooboooboobooobooboooboobobpoobobooobobDoobobDboboobobooo
oooooboooon

class please dont make copies : private boost::noncopyable {

goooobooooboooobooboooboobobooboooobobDoobobDbooboobobnooD
Uboooboboobobooboobo0obo0ob0ob0o0obobiOO0bd noncopyable DOO"OO"ODOOO
gbooboboobobooboboobooboobooboon

0 0O the Big Three

0000000000 noncopyable HUDOODODOOOOODOOO0OOODOOODOODOODODOODODODOODO
gobobobooobboboooobbooooboboooboobooobbbooob boooobooboooooo

gboobobgoobobooboboobobbooboobobooboboooboboob D[][§1D uog
goboooboobooobobooboboobooboobooboboooobobooboboboobobobobooon
gobooobooboooboboobobooboobobooboobobooboboobobooboobobooon
gboooboboobooooon

Bloooooo000the Big Three 00 0 C++ FAQs (00000000 [2)0

class full of errors {
int* value ;
public:
full of errors() {
value =new int(13);
}
~full of errors() {
delete value ;
}
b

gogbobooboooboboooboobobooooobooooboboooobboooobboooooboooooo

full of errors f1;
full of errors f2(fl);
full of errors f3=f2;
full of errors f4;
f4=£3;

gboooboobooobobooobobooboobooboobobooooboobooboboobobooboboon
Uo0ooboboobobooboboobobibo0obobiboObO full of errors UOODO0OO0OOO0OOO
gobooboboobooboobobooboobbooboobobooboboobobooboboon

class not full of errors {
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int* value ;
public:
not full of errors() {
value =new int (13);

}

not full of errors(const not full of errorsé& other)
value (new int (*other.value )) {}

not full of errorsé& operator=
(const not full of errors& other) ({
*value =*other.value ;
return *this;

}

~not full of errors() {
delete value ;

}

bi

gooobooodbodthebigthreel DO O O0OO0O@E@OL)YOOLOOoOooooboooobooooobooOoOoo
gboobobgoobobooboboobobboboboboboob0b00b0ob00bOD poost::

noncopyable [

RN

goboobobooboboobobooboobobooboooobooobooboooboboobooboboo ooo
gboobobooobobooboboobooboboobooboboooobooboobobooboooboobooon
goboobobooboboobobo boobobooboooboobooboboobobooboobDoooD
U000b00000b0Db00O0 noncopyable O OOOOODOODOODOOODOOODOODOOODODOODO

000000000000 00D000d noncopyable. 0000000000 DOOOO0ODOOOOODOOOOO
og

0000000 noncopyable [
. OOOO0OOOOOOOO

 UOOobOOoOobOobDbOObODOD

e prcy ExT
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e Py EXT

addressof

O 0O0O: "boost/utility.hpp"

gobbooboobogobooobboobobooobooobbuoobboobobbOodn operators OO
obboobobogobbooobboobboOgbobiboOdl poost::addressof UOOODOOOODOOOMN
Jobobooobooobbo0bbo0oobb0o0bbOo0nD aadressof UOODODOOO0DOOOOODDOO
g

0

O00000oodooouoonooddd boost::addressof. O OO "boost/utility.hpp". DO O OON
000 operators OO0 OO0O0D00000O0O0O0O0O0O0O0O0OO0OOOOOOOOOOO

#include "boost/utility.hpp"
class some class {};
int main () {
some class s;
some class* p=boost::addressof (s);

}

000000000 addressof JOOO0OD0OOO operators UOUOOODDOOODOO0OODOODODO
gooog

oogoooooogd

U0b0DbO00bob0oOgobbOnU operatorsg, HOOODODODO0OODDOOOODDOOODDLOOODDOODDOO
OO0 operators U0 OO00OO00OOO0OODOO@ODOOOYYWOOOOODOODOODOOOODOOOD
000000000000 0DO0ODOO0O0ODOO0COOnc code-breaker 00O

class codebreaker {
public:
int operatoré& () const {
return 13;
}
}i

UO00D000Db0O00Db0DOO codebreaker JOOODODOUOODODOOOODODOOODOI3.

template <typename T> void print address(const T& t) {
std::cout << "Address: " << (&t) << '"\n';

}

int main () {

99



Beyond the C++ Standard Library : An Introduction to Boost

codebreaker c;
print address(c);

}

gogobobooboboooboooboboobobooobooobboobboobobboobboobboon
gobbooboobooobooobboobbooobooobbuoobboobobbO0odn operators OO

gogbboobobooobboobbooobooobboobobooobbOoubibdg operators.

goougon

00000 operators DO OUODDUOO0OOODO0OO0DDOOO0ODOO0OODOO addressof UODOOODODO

DDDDD@DDDDDDDDDDDDDDD operators O O0OD0OOO0DOOO (print_address)0 OO O
addressof, DO OOOOOOODOO

Blogpoooo ingenious hack.

template <typename T> void print address(const T& t) {
std::cout << "&t: " << (&t) << '\n';
std::cout << "addressof (t): " << boost::addressof (t) << '\n';

gooooobooboooboo@uooooboboooooobobooooooog).

&t: 13
addressof (t): 0012FECB13

iU Ugg operators OO UUOUOUOUOUOUOUUOUOO
O0(@0O operators OO0 DO OOOODOOO), 000O0O0O addressof.

0

gogboboobooooooo operator&,[ZJ goboooobooooboboobobooobooooboboono
UobobOo0bDbOodibDbO addressof UODODOOOODDOODODOOOODOOOODODOOODODDOODODOO
gogbboobbuoobbooobbooobbuodbbudbibO addressof.

Mopoooooooooooo

O0000o0oodoooodobooddd addressof OO OO operators OO OO

e prcy wExT
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e Py EXT

enable _if

OODO: "boost/utility/enable if.hpp"

gogbboobobogoboooboboobobooooboooobboobboobobooobboobboon
gobboobboooobooobbon ine O0OOO0O0OO0OOOO0ODDOODODOOO0ODODOODODbO0OO0On
TUO00000 type DOOODOOO0OOOOODODOOOO

void some func (int i) {
std::cout << "void some func(" << 1 << ")\n";
}
template <typename T> void some func(T t) {
typename T::type variable of nested type;
std::cout <<
"template <typename T> void some func(" << t << ")\n";

gogbboobbuooobiboU seme func UOO0OD0D0OUOO0OO0O0O0D0 int, DOODDOOOOOOOO
000000 int OOOODOODOODOO@OHY ODOODOOD

goboboobbooobboUlb wyee DO bOooobOoOoobbOoobbO0oOooDbbOo0obbOoOn
O0odooobodoooooooodooooooonod short, O char, 0 unsigned long DOOOOO0O
uggn

#include <iostream>
void some func (int i) {

std::cout << "void some func(" << 1 << ")\n";
}
template <typename T> void some func(T t) {

typename T::type variable of nested type;

std::cout <<

"template <typename T> void some func(" << t << ")\n";

}

int main () {
int 1=12;
short s=12;

some_ func (i) ;
some func(s);

ggbooobbodobboobobooobboobboob

enable if samplel.cpp: In function 'void some func (T)
[with T = short int]':

enable if samplel.cpp:17: instantiated from here

enable if samplel.cpp:8: error:
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'short int' is not a class, struct, or union type
Compilation exited abnormally with code 1 at Sat Mar 06 14:30:08

0000 some func U0 OO0O0ODOOO0OOOO0ODODOOODODOOO0ODODOO0O short DOODODOOODO
gobboobbuooobooubboobbdfwpel 0000000000000 some func UOOOO

gogbbooboboooboooboooobooooboooobboobboobbooobboobboon
gobooobooogbn

template <typename T> typename T::type* some func(T t) {
typename T::type variable of nested type;
std::cout <<
"template <typename T> void some func(" << t << ")\n";
return 0;

ooooooo SFHVAE(D[]D[]D[]D[])}gl[]D[]D[]D[]D[]D[]D[]D[]D[]D[]D[]D[]D[][]D
0000000000 short 0000 int, 0000000000000 DOO0OO0O0DOOOODODOOODODOOO

some func 000000000 OOOCOOOODOOODOOODOOOOODODOODOOODOODOODOODODOO

00 00000000 type 00000 short OOOODODODOOOOOOODOOOOOOOOOOOOOO
000000 Daveed Vandevorde O Nicolai Josuttis 00000 SFINAE, 000000000 O0O00O0OO
00o0o0o0ddoo00dooOo0o00ooo0o0oO00o0oOo0o0o0oDoo0o0bO00oo0oooooooooDoDOoOon
oooo

BlooooopEo

class some class {
public:
typedef int type;
}i
int main () {
int i=12;
short s=12;
some_ func (i) ;
some func(s);
some func(some class());

gobooboooobooogn

void some func(12)
void some func (12)
template <typename T> void some func(T t)

gobboobobogobooobboobobooobooobbdg veida OO boooboooobO
gogbboobobogobooobboobbooobooooboboooboboo

template <typename T>
void some func (T t,typename T::type* p=0) {
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typename T::type variable of nested type;
std::cout << "template <typename T> void some func (T t)\n";

}

goboboobob SFINAEOODDOogobogobbooboboobobooobboobboooboon
gobboobobooobooobboooboboobbooobboeoost oo booO
gobboobobooobooobboobobooobooooboobg

HEN

OO0 enable if [0 disable if, HOOOOOO "boost/utility/enable if.hpp". DOOOOO0O0O0O0O
000000000 some_ func 0000000 ODOOODOOODOODOOOOOOOODDOODOOODOODO
U Boostl] Boost.Type traits OUOUODO enable if [0 disable it UU0DOOO0O0OOOO0ODOOO0OOO0O
oooooooo

#include <iostream>
#include "boost/utility/enable if.hpp"
#include "boost/type traits.hpp"
void some func (int i) {
std::cout << "void some func(" << 1 << ")\n";
}
template <typename T> void some func (
T t,typename boost::disable if<
boost::is integral<T> >::type* p=0) {
typename T::type variable of nested type;
std::cout << "template <typename T> void some func(T t)\n";

gobobooobooobooobboobobooobooobboobbooobboobboobbooo
gobbooobbooobbooobboooboooboooboboobbooobbo rboobbooo

0000000000000 000 type 000000000 OO0OODOODOODOOODOOOOOOOOOO
a Boost.Mpl[g1 ooooon

Bl Boost.Mpl 00000000000 http://www.boost.org [ [ 010 0 0 Mpl 0 010 0 0 01 0
0 O 0O O O David Abrahams [0 Aleksey Gurtovoy [0 [0, C++ Template Metaprogramming!

#include <iostream>
#include "boost/utility/enable if.hpp"
#include "boost/type traits.hpp"
#include "boost/mpl/has xxx.hpp"
BOOST MPL HAS XXX TRAIT DEF (type)
void some func (int 1) |
std::cout << "void some func (" << i << ")\n";
}
template <typename T> void some func(T t,
typename boost::enable if<has type<T> >::type* p=0) {
typename T::type variable of nested type;
std::cout << "template <typename T> void some func(T t)\n";
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UbobooboobobobobobobO type O 700 some_func UOO0OD0OOO0OOD0OOO0OODODOO
OoooobooOooobooooobOBoost.MplDODOOOOOOOOOODOOOOODDO rODOODOO
U0b0DO00D000000 BooST MPL HAS XXX TRAIT DEF (type), UOOUOUODODOUOO has type OO0
trait0 0000000 some func OOOOOO enable if JOOO0O00O00O True, DOOO0ODOOODO
UbOobo0oboobOobOoD false, UOOOOOOODOO

OO0bO0oO0O0o0oOo0oOoOo0oboobOOoOobD(@O)y O ooOOobObOUObOODbO0ODOO some fune, HOOODO
0000 enable it 0OOO0

template <typename T> typename
boost::enable if<has type<T>,void>::type
some func(T t) {
typename T::type variable of nested type;
std::cout << "template <typename T> void some func(T t)\n";

Uobobooobooooobooobibo0obobO00bbDO00 enable if O disable i£ 000000000
gogboboobobogoboooboooobooooboooboboobboobobooobboobboon
O0DO0O0OD0O0O00O0OD0D00ODD enable iffdisable if 000000000 DOOODOOOOOODOOOOO
gobboobobooobooobbooboboobbn inte OODDO max OO OO

template <typename T> class some class {
public:
int max () const {
std::cout << "some class::max() for the primary template\n";
return std::numeric limits<int>::max();
}
bi

ooboooooooooob(@boobooboon),Jbo0obo0b00b00 mexOOOOOODOOD
gobbooobobogobooobbod 00 std::numeric limits DOO0O0O0O0O00O0DO0O0OO
goobooobobobooooobobobooboboob0boDU0b0d voia(OUobbobboboo o
ooo)ooooooooboooo

template <typename T, typename Enable=void> class some class {
public:
int max () const {
std::cout << "some class::max() for the primary template\n";
return std::numeric limits<int>::max();
}
bi

oob0oo0ooO0oooO0oooobo0bobo0bDOooDO0o0ooOO0oboOoOobDbOO0bOO0DbDOO Boost. Type._traits [
gogbobooobbogn

template <typename T> class some class<T,
typename boost::enable if<boost::is arithmetic<T> >::type> {
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public:
T max () const {
std::cout << "some class::max() with an arithmetic type\n";
return std::numeric limits<T>::max();
}
}i

gobboobbuooobbooubbuobbbooobibudD is arithmetic O true. UOOO0DOO0OODO
U boost::enable if<false>::type U void, DO OUO0OO00O0O0OO0OO0O0OODOOOODOOOOOOO

#include <iostream>

#include <string>

#include <limits>

#include "boost/utility/enable if.hpp"

#include "boost/type traits.hpp"

// Definition of the template some class omitted

int main () {

std::cout << "Max for std::string: " <<

some class<std::string>().max() << '\n';
std::cout << "Max for void: " <<

some class<void>().max() << '\n';
std::cout << "Max for short: " <<

some_class<short>().max() << '\n';
std::cout << "Max for int: " <<

some class<int>() .max() << '\n';
std::cout << "Max for long: " <<

some class<long>().max() << '\n';
std::cout << "Max for double: " <<

some class<double>() .max () << '\n';

UdbDodb seme class UUOOOO0OO0OOOOO0DOOO0OOOO0OO0DOOODOOOOODOOOODDOOO

oo

some class::max () for the primary template
Max for std::string: 2147483647

some class::max () for the primary template

Max for void: 2147483647

some class::max() with an arithmetic type
Max for short: 32767

some class::max() with an arithmetic type
Max for int: 2147483647

some class::max () with an arithmetic type
Max for long: 2147483647

some class::max () with an arithmetic type
Max for double: 1.79769e+308

gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
OO0 enable if [ disable if, JOOO0O0DO0OO00O0O0OO00O0DO0OO0ODOOO0O0OOO0OOOO0O0OOO
UobDbO00bDbO00obbOUbD enable if, HOODDOOOODOOODOO value DOOOODOOO

gogbobooobooobboubbooobooobboobbuoobobbooobD valwve gonogoooO
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OO0 enable if cUOUOD0OOO0OUOOOODOODOODOO0OOO is arithmeticJ00O0O0O0OOOOOOO0O
000 some class UODOOOO

template <typename T> class some class<T,
typename boost::enable if c<
boost::is arithmetic<T>::value>::type> ({
public:
T max () const {
std::cout << "some class::max() with an arithmetic type\n";
return std::numeric limits<T>::max();
}
}i

enable if 0 enable if ¢c 0O0O0OO0ODOOO0DOOOOOOOODOOODOODOOvalueO

0d

OOUOSFINAEODC++0 0000000 0ODOODOODOOO0OODbOLDOObOObObDObDObObOObOoDbDODbOO
(CoooOoO)YOoobooboODbOSFINAED D ODOOOODOOooboobooooobbuobboobooo
gobbooobbuobboo0bibodbD pboost::enable if JOUOOUOODOOOODDUOOODOOOO

O00000000000000 disable if, DOO0O000000000O0O0O000O00OOSFINAEOODO
O0ooooooooobOo0oO00o0ob0O00dO00 enable if O disable if OlazyO O (00O

lazy enable if [J lazy_disable_if),DDDDDDDDDDDDDD|a2yDDDDDDDDDDDDDDD
oooo@oooooon).

Job0D000 enable if 0
o OO O0OU0OOODODDOOUOO0OODDOOUOOODODOOOOOOn

 Oobboobbbooobboobbuoobbbooobboobboo

e prcy NEXT
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e Py
Utility O O

0oo0oo0ob0ob0obo0ooob0obuoboOo0oboOobOD soost sTaTIc AsSerTUOODOOOOOOODO
Uobboobbo0obio0o0bbO0bDbO0OD checked delete HOUOOODDOOODODOOODOOOO
O0000000o0o0o0ooobo0o0ooodoOOoOOn addressof, JOOOOOOOOOOOOO
JO0O0D0O0 operators DO UOUODODOUOOOOOO enable if U disable if UUOODDOOO0O0OOOO0OOO
000000 SFINAEODOODOO

UO0D0D0O0D0D0 noncopyable. O OOOOOOOODDOOOODDOOOODODODOOODDOOODOOODODDOO

gogoboboobobooobooobobooobooobooobboobboobobboobboobboon
gobboobbooobooobbooobobooboboooboon

gooboobbogobooobbooobooobbooonbooobooobboobnbooobobo
OO00OBoost.UtilityU D D OO ODDOUOODOO0DOODLOODOOODOO0DOODLOODLOBoost OO OODOODOOOOO
gooboooboboooooooo

e prcy wExT
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@ prEv
Library 4. Operators

Operatorst 00000000

Operators

g0

Operators 0 [

e Py EXT
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e Py EXT

Operators I L 0 OO0 OO0OOO

 UOObbuogoobood
 UOObODbUOOonDbDOO0
 UOObOobOoobDbOoOonDn

C++J000000000000oooooooooboooooooooooooooooooooooon
0000000000000 operator==, 000000 operator!=00000 operator<, operator<=,

operator>, I operator>=. DO OO0OO0OO0O0O operator< U0 O0OO0O0OO0OO0OOOOOOOOOOONO
0000000000000 oooooooooooDoUOob0gn operator+ OO
operator+= 0 operator- U0 O00O0O0O0OO0OOO0OOODOO0OOOO0OOODOOOOOOOODOOOOOOO

gobboobooboooboooboooboboobobooobboobbo bbooobboobbooo
gogbboobobooobooobbooobooobooobobuoobobooobboobooboo

gogbboobobogoboooboboobobooooboooobboobboobobooobboobboon
gogbboobbuogpobooobooooboboobboobobooobboobbu0obbOU operator+

0000 operator+= DO OO0OO0OOO0OODOOOODOOOO0DOOO0ONODOOBoost.Operatorst] 0000

goboboobbooobbooobboonbooobboobboobbooobbOo0obbUdUBoost.
OperatorsU U0 D00O0O0OO0OOOODODDOOODODDOOOODODOO

Operators0 00 0000000000000 00O0O0O0O0O0O0O0O0O0O0OOO operator+ U operator+= 00
O 0O addableC 00O operator<< O operator>> U0 UODOshiftable0 000000000000 0O0O0OOOO
gdodouoboobooooodouooooooooououooDobDobO oo ooooLooo

Operators 0 00O 00O

000000ob0boooooobo0bobD0ooo0bOobD@bOong operator<) OO ODODODODODOO
ggbbodobbuooobooobooobboobbooobboobbuoobbooobboobboon
goobooboobob oboboboboobobobooobobobobOoboUoperatorsidgog
gogbboobbuoobbooobboobbuoobbooobb obboobbooobboobbuon
gboboobobobobddBoost.Operators 00000000

e prcy wExT
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e Py EXT

Operators

000 : "boost/operators.hpp"

OperatorsO OO0 0000000000000 00000000000O0O0O0O0OUOUOUUOUOOOD DOOOOO
dddddddddddooooooooooogoddoperators D OOOOoooooooooooOO
Jddddddddoo0 oo tdoperatorl D0 OO 0ODODODODOOOOOOOOOOOOO
0000000000 OOperatorsD 0000000000 DOODODOOODODOOODOOODOO addable
00000000 T operator+(const T& lhs,const T& rhs) 0O OO O Operatorst] [0 addable O OO
00000000 T operator+=(const T& other). HOUOOOOOOOODN addable DOOOOOOONO

operator+. OO O0O0OOODOOOODOOOODOOOODOOOOOOOOODOOOOODOOOOOOOOOO
Jdddddd0fdd00ooOoooooOod www.boost.org DO O O0O0OOO0OO0O

less_than_comparable

less than comparable UUO0OO T OOOOOOO

bool operator<(const T&,const T&);
bool operator>(const T&,const T&);
bool operator<=(const T&,const T&);
bool operator>=(const T&,const T&)

’

O0D0O0O boost::less than comparable, 00O (T)DOODODO

bool operator<(const T&, const T&);

O000000000000000 bool, OOOOOOODOO bool. CH+000OOMNO
LessThanComparable 0 000 operator< OO OO less than comparable JO0OO0OOOOO0OOCOO
UODODO less than comparable U0 operator< UUDODOOOOOOON

equality_comparable

equality comparable OO0 T OOOOOOO

bool operator==(const T&,const T&);
bool operator!=(const T&,const T&);

0000 boost::equality comparable, OO (T) DO OODO

bool operator==(const T&,const T&);
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OD0000000000D0 bool, 00OIODOODOOOD bool. C++0 000 OO EqualityComparable 00O
U000 operator==U0000 equality comparable JODODUOODODOOOON equality comparable [J
0 70O bool operator!=(const T&,const T&).

addable

addable JOOOOO T OOOOODODO

T operator+ (const T&,const Té&);
T operator+=(const T&);

0000 boost::addable, OO ()OO O OO

T operator+=(const T&);

Od0odooobo0oooodod r. 0 addable d TOO T operator+ (const T&,const T&)

subtractable

subtractable DOOOOO T OOOOOOO

T operator-(const T&,const Té&);
T operator+=(const T&);

0000 boost::subtractable, OO (T)D OO OO

T operator-=(const Té&,const Té&);

O0o00d0o00bo0oouoodod r. 0 addable d TOO T operator-(const T&,const T&)

orable

orable UOOOOO T OOOOODODO

T operator| (const T&,const Té&);
T operator|=(const T&,const T&);

0000 ©bvoost::orable, OO (r)DOOOO

T operator|=(const T&,const Té&);

O0000o0o0obo0ooOodod r. 0 addable d TOO T operator] (const T&,const T&).
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andable

andable UOUOO0O0O T OOOOOOO

T operatoré& (const T&,const Té&);
T operator&=(const T&,const T&);

0000 bpoost::andable, 00O ()OO OO0

T operator&=(const T&,const T&);

Jddddd0dooUuuugg 1.0 addable U TODO T operators (const T&,const T&).
incrementable

incrementable UO0O0O0O0O0O T OOOOOOO

T& operator++ (T&) ;
T operator++ (T&,int) ;

0000 bpoost::incrementable, 0O (T) DD OONO

T& operator++ (Té&) ;
000000000000000 1.0 addable D TO0O T operator++(Ts,int).
decrementable

decrementable UUOOOOO T OOOOOOO

T& operator—--(T&) ;
T operator--(T&,int);

0000 boost::decrementable, 000 (T) 00000

T& operator—--(T&) ;

Jdddd00o0doouUgg 1.0 addabled 7TOO T operator--(Ts, int).
equivalent

equivalent UO0OOO0O T OOOOOOO
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bool operator<(const T&,const T&);
bool operator==(const T&,const T&);

0000 bpoost::equivalent, 10 0(T) DO OONO

bool operator<(const T&,const T&);

00000000000 0000  bool. O equivalent d TOO T operator==(const T&,const T&). [

0000 (equivalence)J OO (equality) DD 000000000000 (equivalentyDOOODODOOOOOOO
(equaD0D DO OODODO equivalent DO OOOO0DOOOOODO

gooodo

O000000000000000 dereferenceable O indexable, OO0 O0OOOOO0OOOOOOOOOO
*, +t 0000000000 O0O@OOO000DO00)YODOOODOIndexing, tix], t OO0O0O0O0OO0O0OO
0ooooood x Doooooooooooodooooooodoooooooooooooooon
goooooodooooooooooooog

dereferenceable

dereferenceable O0OO0OO0O T OOOODOOOOO rOO0000 rODODOOO pO0O0DO(
00 rgooooooono rOOOOOO value type doodo p0o0oooon value type 0o

0)Hd
P operator->() const;
R operator* () const;

0000 boost::dereferenceable, DO O(T) DO OOMO

R operator* () const;

000 rOODO operators OO OO0OOOOO p.O000O RODOOODODOOODOOOOODDODOOODOOO
(proxy class)(] [l dereferenceable [ T O[O P operator->() const.

indexable

indexable O 0O0O0O0O T 000000000 TUOOOODO rOOOODOD pOO0OOOOO pO
difference type (OO0 TODOODOOODOOO rOOODDOO value type OO0OO »p ODOODOOO
value type DODOUODO p OO difference type)l

R operator[] (D) const;
R operator+(const Té&,D);
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0000 boost::indexable, 00O (MO OOOO

R operator+(const Té&,D);

[0 indexable O T OO R operator[] (D) const.

ooogon

Ogodooobodooooooooooooooooooooboooooooob0ooooooooooa
gbooboobooboboboobobobobuoob0obOob0bO0l totally ordered U0 ODOOOO
U less than comparable 0 equality comparable DO UODODOO0OOOO0OOOO0OODOOOODOO0O
Ooddooodooooooooooooooooooooooooooooooooooooooooa
Uobobooobobooooboo0bibOUdl totally ordered, UUOODOO less than comparable OO QI

000 (bool operator<(const T&,const Ts&)) U equality comparable DO O ODOOO (bool operator==
(const T&,const Te&) )0

gooo goooooo

totally _ordered less_than_comparable

equality_comparable

additive addable

subtractable

multiplicative multipliable
dividable

integer_multiplicative multiplicative
modable

arithmetic additive

multiplicative
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integer_arithmetic

additive

integer_multiplicative

bitwise

andable

orable

xorable

unit_steppable

incrementable

decrementable

shiftable

left_shiftable

right_shiftable

ring_operators

additive

multipliable

ordered_ring_operators

ring_operators

totally ordered

field_operators

ring_operators

dividable

ordered_field_operators

field_operators

totally _ordered
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euclidian_ring_operators

ring_operators

dividable

modable

ordered__ euclidian_ring_operators

euclidean_ring_operators

totally ordered

MNEXT B
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e Py EXT

0O

gobbDd0Operatorsl 0D OUOOODDOOO0ODOOO0ODODOOOODO "poost/operators.hpp", U0 OO
O0O0Operatord (OO0 DOO0OOOOODOODO)YODOOO0OODDOODOODO pbeost DOODOO

gooooobooboboboooooboboooooobobooDooooboboboDooboobUobce+
+00o0ougoobooooboboobboonobooobbodbbuooboouobbUdn some class,

U000 operator<. DO OO0 operator< UOOOOOOOOOO operator==. JOOOOO0OO0O
boost::equivalent DO OOOMO

#include <iostream>
#include "boost/operators.hpp"

class some class : boost::equivalent<some class> ({
int value ;

public:
some class (int value) : value (value) ({}

bool less than(const some class& other) const {
return value <other.value ;
}
}i
bool operator<(const some class& lhs, const some classé& rhs) {
return lhs.less than(rhs);

1
int main () {
some class sl1(12);
some class s2(11);
if (sl==s2)
std::cout << "sl==s2\n";
else
std::cout << "sl!=s2\n";

operator< DO UOODODO less than UUOO equivalent UOODOOO00O0OO0O0DOO operator< 0
equivalent DO O0OO0D0OOO0DOO some class UOOOOO0DOUOON main O0OOO DO Operatorst] O 0
0000 operator==00000000000 operator< DO O0OO00OOO0OOOOONONO less than O O 0O

ooooobod

O0DO0O0OD0O0O0O0O00O0OOlessthanOD OO0 operator<. OO0 ODOOODOOODOOODOOOOODODOO
goobooboobooobooobbooobooobboobobooobooobboobbbooobbo

operator< UOOOOOOOO operator>:.[ll Lessthan OO OOO0O0O greaterthan, DOOOOOOO

O0lessthanO OO OO0 0O0O0O0ODOODOODO0OO@OLOODOOOD)YODbOooooooobobooooo
J0b0D00b0b00obbOoUub operator< O OODOOO0ODOOO0ODODDODOOODDOOODDOOODLDDO

gogbboobbuooobooobboobbuoobboo

M opooDoD0D00O0 operators!
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class thing {
std::string name ;
public:
thing () {}
explicit thing(const std::stringé& name) :name (name) {}
friend bool operator<(const thing& 1lhs, const thing& rhs) {
return lhs.name <rhs.name ;
}
bi

ddddddddddddddddd DD oo oOoOoOnd
thing a OO0 thing b, 0O0OOO0OO

// 1s a greater than Db?
if (b<a) {}

goboboobbogobooobbooobooobboooonbuooobooobboobDboooboo
200000000, 00000O0DOO

// 1s a less than, or equal to, b?
if (! (b<a)) {1}

gogbobooobobogobooobobooobooobooobboobboobobboobboobboon
goobooobobobobooobobobooooobobo@uboboooboboboooo)Ho

// is a equivalent to b?
if (! (a<b) && !(b<a)) {}

goboobooboboooobooobooobobooobobooobooec++gobooobbooobboonbo
goooooboboboobooobobobooooobobobDooLoboboDg(@UuoooboDb o
oooooooobooo)o

if (a>b) {}
if (a<=b) ({}
if (a==b) {}

gdodouoobooooodouobooooooiouonooooooUoUo0bDUOn thingooo
operator>, operator<=, [l operator==. DO UOOOOO less than comparable OO OOODOOOON
(00 operator==)000000Operators0 000000000 O00OO0OOO0O0OO thingO OO
boost::less than comparable, [J [0

class thing : boost::less than comparable<thing> {

O0000000000000000 operator< OOOOO0OOO0OOO thingODUOOOOODOOODOOOOON
JdddddddddOperatorsd 000000 thingOOOOOO thingOOODOODOOODOOOOOOOO
UobbOo0bbOogobDOO0 operator==0000 less than comparable DO OODOOOOODOOONO
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OO00000 equivalent. I boost::equivalent DO OOOOO operator==, JO0O0OO0O0O0O

[21

operator==U 000000000000 0O000O00O0O00O00O0O00O00O0O00 Uoboogdibid thing U

gogboooobog

PloppoooooooooODOOOOOOO0ODODOOOOO0OOoOnd

class thing :
boost::less than comparable<thing>,
boost::equivalent<thing> {
std::string name_ ;
public:
thing () {}
explicit thing(const std::string& name) :name (name) {}
friend bool operator<(const thing& lhs,const thing& rhs) {
return lhs.name <rhs.name ;
}
bi

UodbD0 thing UD0OUO0O0D0DU0OO0O000O000DO0O0D0DOO0O00O0O00DOD less than comparable UJ
equivalent, O O0O0O0OOO0OOOOOO0O

bool operator<(const thingé&,const thing&);
bool operator>(const thingé&,const thingé&);
bool operator<=(const thingé&,const thingé&) ;
bool operator>=(const thingé&,const thingé&) ;
bool operator==(const thingé&,const thingé&) ;

’

ddoooooobooooooobooboooobooooboooooobOoooDbooooooooo/00o0oOon
operators O OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOON
UODODO 1less than comparable U equivalent DO UOO0ODOOO0OODOOOODOOOODOOO

Barton-Nackman(l [J

gobboobbogibbbO0operatord D 00000 OO0OO0DOOO0ODOOO0ODOOO0OODOODODODOO

31

J0o0ooooboooboooonbnO Barton-Nackmann O 0O 0 Curiously Recurring Template

Pattern[élDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD operator<
0000 operator==0000000000000@0ODOOmMathematics )OO0 equivalent 0O 00O

godooobodoooooooooooooooooooobooooooooboooooooooooa
000000 equivalent OO0 OO00O000O0O00O0 equivalent DO0OO0O0OO0O0O0OO operator== [
o000 ouoooouoouoUn equivalent OO0 ooog
OO000000D0 operator== 0O00O0O0OO0OO0OOOOOO0OOOOOO0OO0OO0OO0OOOOOOOOOO
OO0 equivalent 0000000000 0OO00O0O0OOOOOOO0OO

3] 00 John Barton 0 Lee Nackmann "0 O "
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40 James Coplien"OI O "0

#include <iostream>
template <typename Derived> class equivalent {
public:
friend bool operator==(const Derived& lhs,const Derivedé& rhs) {
return ! (lhs<rhs) && ! (rhs<lhs);
}
}i

class some class : equivalent<some class> {
int value ;

public:
some class (int value) : value (value) ({}

friend bool operator<(const some classé& lhs,
const some classé& rhs) {
return lhs.value <rhs.value ;
}
}i
int main () {
some class sl (4);
some class s2(4);
if (sl==s2)
std: :cout << "sl==s2\n";

U0 equivalent DO UOOO0OOOOMO operator== JO0OO00O000O00O0MO operator< UOOOOO
JO0b0D0D0000 operator== JOOOO some class U000 equivalent DOODOD0DO0O0OO0OO0OOO
0000000 equivalent UOOOO0OO0OOOOO some class OO operator==0000

some class [ operator< 0000 OOOBarton-NackmannO O OO OO OO0 O00O0O00O0OOOOOOO
oooooon

00O 0O (Strick Weak Ordering)

0000000000000 O0O000((strict weak orderings)0 00 000000D0COCO00O0OO0ODOODOOOO
gobboobbuooobooobboopobooobooobobuoobboooboboobboonn £,

by DO0O0OO00O0O0OO0O0OD00OO0O00O0 a0 p0000000O00O0O0O0OO0 a0ppO0OO0O0OoO0OO0O f(a,
by O false 00O f(b,a) 00 falseO0O0O0O0 a 00 b O0O00O0D0 p0O0O0 a O00O0O0O0O0OO0OOOOO

gopoodoono f@a,a) OOO0O false[gl[]DDDD f(a,b) U true, U f(b,a) UOO false.[ﬂ[l

71

OO0 f(a,b) U f(b,c) UU true, 00 f(a,c). 0000 f(a,b) O false  f(b,a) UU false,

81

OO0 f(b,c) U false U f(c,b) UUO false,  f(a,c) U false l f(c,a) U false.
Blogooo
Blogpgoo

Mpooooo
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Bloooooooooo

O0D0O000O@ thing)DODODOODOOODOOODO thing OOOOD0OO0OQO std::string OOOOODO0O
O0D000O000O000O0DOO0DOOoDOoOooOooOogDOtrirst'd thing a OO0OO0OODOOO
O"Second"U thing b OO ODOOOOOOO"Third"d thing c O00O0DO assert DOOOOOOOOOO

#include <cassert>
#include <string>
#include "boost/operators.hpp"
// Definition of class thing omitted
int main () {

thing a("First");

thing b ("Second") ;

thing c("Third");

// assert that a<b<c

assert (a<b && a<c && ! (b<a) && b<c && ! (c<a) && ! (c<b));

// 0000

thing x=a;

assert (! (x<a) && ! (a<x));

// 000

assert (! (a<a));

// 0000

assert ( (a<b)==! (b<a)) ;

// 000

assert (a<b && b<c && a<c);

// O0O000oooa

thing y=x;

assert ( (! (x<a) && ! (a<x)) &&

(! (y<x) && ! (x<y)) &&
(I (y<a) && !(a<y)));

0000000 asserts 000 std::stringDDDDDDD[ngDD operator<|]|:|DD|:||:||:||:|
000 operator> 0OODOO0OO0ODOO0OOOOOODOODOODOOOOOOODOODOO@OOODOO
oooooo)yooo(@ooboooboooo)yooobooobooboo

PBlogon star:string00000000000000000000000O000000O

gooodo

Jobbo0bboo0obb0oUbbU0l less than comparable<thing> U equivalent<thing>. 000
gdodouoooobooouoiouoooooouod sning oo oooooogooa
Oo0d0ooobodoooooooooooooooooooooboooooooooooooooooooa
00 0oooboooooooooboooobooooonoddoperatorsi D0 0000000 OOOO0OOON
Ooooooodooboooooooooon dooooooobodddoOperatorsti D O0O0O0OO0O0OO

(base class chaining) D0 0000000 0DODOODO0OO0O0OO0D0DODOODOOOO0OOODODOODOOOOOOD
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ooboooooooooooooooboboobooooooobobooobO0 obo..(bbobboooD)YY bhooDoo
ggbboobbuoobobooobboobbuoobbooobboobbuoobbuooobooobDb oo
goood

// Before
boost::less than comparable<thing>,boost::equivalent<thing>
// After
boost::less than comparable<thing,boost::equivalent<thing> >

goboboobobogoobooobooooboooboooboboobboobbooobobooobDb oo
gogbboobobogoboooboobooobooboobooooboboobboobobooobboobboon
gogboboobbooobooobbooo bogoooooboboobboobobooobboobboon
gobboobbooobooobboobobogbbbdloperatorD 000000000 bOoonoOOnO
ooobooobodbobodgodOperatorsiOdooooon

ggboboooboboobbooobooooboboobboon D[][lQlD goooooooogboooobo

ggbbodobbuoooboooboboobbuoobobooobboobbuoobbooobboobboon
oob0oo0o0 oooogosgoo@uouoboosgboooooooooooboobooo)yYoooobogo

gogbboobbuoobbooobbooobbuoobboo bboobboobbooobboobbuon

gooooon

MOl oopppoooooooooDO0oO0OOO0O0OCO0O0O0O0O0DO00OO0O0O0OO0OOO0OOn
Microsoft0 0 000 (0000000000 0)D

Operators 0 0 OO0

goboboobbogobobooobbooobooobbuoobbuogobibOd operator+ [ operator+=

gobboobobogobooobbddoperatorsl 0D ODOOODODOOO0DDOOODOOODDOODO
goboboobibd charx JOOO0OO0OOOO0OO0ODOODODOOOOOOODODOOODOOODODOODOO
gooboooo

class simple string ({
public:
simple string();
explicit simple string(const char* s);
simple string(const simple stringé& s);
~simple string();
simple stringé& operator=(const simple string& s);
simple stringé& operator+=(const simple stringé& s);
simple string& operator+=(const char* s);
friend std::ostreamé&
operator<<(std::ostream& os,const simple string& s);

b

gobbDodb0 simple string DUOUOOOOO operator+= OO UOUODO const simple strings, JUO OO
0 const char*. DO OO O0OO0OOOOOoOGQ

simple string sl ("Hello there");
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simple string s2 (", do you like the concatenation support?");
sl+=s2;
sl+=" This works, too";

gobbooobbooobooobooobDbOl operator+ DDOUOOODDODOOO0ODOO0OOOOOODOO
UobDbOo0db simple string UOOO0O0O0OO00O0DO0OD0ODOOO0OOOO0OODOODODOOOODOOOO
gooboooboobob@obo)yy obooooooboboooobooo

// 0O0ooon
simple string s3=sl+s2;
simple string s4=s3+" Why does this class behave so strangely?";

gobbdodboperatorsi 000000 DOO0O0ODODOO0ODOO0ODODDOODDOOOO

simple string operator+(const simple stringé&,const simple stringé&);
simple string operator+ (const simple stringé& lhs, const char* rhs);
simple string operator+(const char* lhs, const simple stringé& rhs);

obboobbuooobbo0bbuo0obbO0dbl const simple strings UUODO const char* U0

O0d0O00OOperators0 00000000 DOOO0ODOOOOODOOODODOODODOOOODODOO
simple string 000000 addable 0000000000000 boost::addable<simple string> [

U simple string U0 OU

class simple string : boost::addable<simple string> {

gobboobbogobooobbOdd simple string U const char UOODODO0O0ODOOO0OOOO0O
gogbboobbuodbil simple string, UUODODOUOOOODN const char*. DOUOOO0DODUOOOO0O0O
ogoooood

class simple string :
boost::addable<simple string,
boost::addable2<simple string,const char*> > {

ggboboobbuooobbooobbuoobbooobbooobbuoobboodobibUoperatord
addable2. DO O0O0DDOODDOO0O0DOO0D0ODO0OD0DOO0O0O0O00DOO addable OO addable2. U

dddddddddoooooooo"MM™ oo oooooooooon
U0 simple string UOOOOO

class simple string :
boost::addablel<simple string,
boost::addable2<simple string,const char*> > {

gogbooobbogoboooboooboboobbooobooobooobobuoobbooon

class simple string :
boost::addable<simple string,
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boost::addable<simple string,const char*> > {

goougoon

gogbboobbuogoobooobbuooboboooboboobbuoobbooobbuoobboooboo

LessThanComparable[ulDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gogobobooobboooboooboboobobooobooobboobboobobboobboobboon
O0000D0OLessThanComparable, 000 0000000000000 0ODOOOOO0OODOOOOOOD
O00O000O000C00OO0DOO0ODO0O0ObOO0O0oO0obOOOoDbDOoOoDOoODOglessthanD b OO0OO0OOOOODO

gobooooboooooo D'LLZID goboboobbooobboubibd animel, DOO0O0O0O0O0OO0DOO
gooo

Mpoogooooo LessThanComparable 0 0 0 0O 0O C++0 0 0 OO Boost.Operators O O O
ooooooog

MlopppoooooooooooooOon

class animal : boost::less than comparable<animal,
boost::equality comparable<animal> > {
std::string name ;
int age ;
public:
animal (const std::string& name, int age)
:name (name),age (age) {}
void print () const {
std::cout << name << " with the age " << age << '\n';
}
friend bool operator<(const animal& lhs, const animalé& rhs) {
return lhs.name <rhs.name ;
}
friend bool operator==(const animal& lhs, const animalé& rhs) {
return lhs.name ==rhs.name && lhs.age ==rhs.age ;
}
bi

000 operator< O operator== 00 00000OOlessthanO0 00000000 ODO0OOODOOOOOOO

ooooooooobooooooooooooooooooooooonooooooooooooooooa
O std::set. 00000 0D000O set 000000 LessThanComparable. 0000000000 ODO0O
O000oo0oodooooooonodd set, OO0 O0O0ODOO0OO0ODODOOODOOOOOO

#include <iostream>
#include <string>
#include <set>
#include <algorithm>
#include "boost/operators.hpp"
#include "boost/bind.hpp"
int main () {
animal al ("Monkey", 3);
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animal a2 ("Bear", 8);
animal a3 ("Turtle"™, 56);
animal a4 ("Monkey", 5);
std::set<animal> s;
s.insert (al);
s.insert (a2);
s.insert (a3);
s.insert (a4);
std::cout << "Number of animals: " << s.size() << '\n';
std::for each(s.begin(),s.end(),boost::bind(&animal::print, 1));
std::cout << '\n';
std::set<animal>::iterator it(s.find(animal ("Monkey",200)));
if (it!=s.end()) {
std::cout << "Amazingly, there's a 200 year old monkey "
"in this set!\n";
it->print();
}
it=std::find(s.begin(),s.end(),animal ("Monkey",200)) ;
if (it==s.end()) {
std::cout << "Of course there's no 200 year old monkey "
"in this set!\n";

gobooobobooboboooboooooo

Number of animals: 3

Bear with the age 8

Monkey with the age 3

Turtle with the age 56

Amazingly, there's a 200 year old monkey in this set!
Monkey with the age 3

Of course there's no 200 year old monkey in this set!

gogoobooobbodl—ooobb0—>ohoobbooobboobboobbuoobbbOdd animals
(a1, a2, a3, 24)0 000 set, 000000 a4, 00000000000 a1 0 a4 0000O00OOODO
std::set DOUOODO !(al<ad) && !(ad<al) UOO0DOO000O00O0O0D0O000O00O00O0DO0O00 true

(oo operator<DDDDD),DDDDDDD@DDDDDDDDDDDSGtDDD find 00O 0O 02000
goboboobobooobboubbogubid animal DOOO0DOOOO0ODOO animal O operator< [
0000000000000 0000D0 find 0 set 0000000 (21), U0DODO0ODOO operator==000

ggbbodobobuogobooobooobobuooboobooobboobbuoobbooobboobboon
goboboooboooboooboo

Blopset 000D, 000000000

godad

gobbodbbDoperators 00000 O0DO0O0ODOOO0OOOO0OODOOODODOOOODOOO ODDOODOO
gobboobbogoboooboooboboobbdoperators 00000 OO0OOOO0OODOODOO
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ggbbodobbuodobb ogbobodobbuoooobooobboobbuoobbooobboobbuon
gogbboobbuoobobooobboobbuoobbooobboobbo bbooobboobbuon
ooboooooooooobooz0ogooooboooooooobooboboo@oooo)yYOooboooo

addable O subtractable 0O O0O0OODOOOO0DOOO0OOOOODODOOOODOOOODODOOODODOI000O
Jobobo0bobDogpobO0O00bibOU less than comparable [ equality comparable. DO OO O OO

gdozz200d00dooooOosd00oo0ooooooooooobo0ooooooooooooooooon
obobo0boboOoubbOUl additive O totally ordered.

Joboboo0bbuoOo0bO0O0dl addable, subtractable, less than comparable, U
equality comparable. [J limited type, UOOOOODOO0ODOOO0OOOOODODOOOODOOODOOO
O0o0oooobo0ooooooooboooboon

#include "boost/operators.hpp"
template <typename T> class limited type
boost::addable<limited type<T>,
boost::addable<limited type<T>,T,
boost::subtractable<limited type<T>,
boost::subtractable<limited type<T>,T,
boost::less than comparable<limited type<T>,
boost::less than comparable<limited type<T>,T,
boost::equality comparable<limited type<T>,
boost::equality comparable<limited type<T>,T >
> > > > > > >
T t ;
public:
limited type():t () {}
limited type(T t):t (t) {}
T get() |
return t ;
}
// O less than comparablel [
friend bool operator<(
const limited type<T>& lhs,
const limited type<T>& rhs) {
return lhs.t <rhs.t ;

}

// Oequality comparableld [
friend bool operator==(
const limited type<T>& lhs,
const limited type<T>& rhs) {
return lhs.t ==rhs.t ;
}
// O addablel O
limited type<T>& operator+=(const limited type<T>& other) {
t +=other.t ;
return *this;
}
// O subtractablel [
limited type<T>& operator-=(const limited type<T>& other) {
t -=other.t ;
return *this;
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}
b

gobbooboboobobodiUboperatorsi oo booobooobboo bbboobo o
gooooobooboboooooboobobnoooobobo@UubobDboobobobobDoobUubOoo
goooooboboo)ybob obhobobouoobobuoboobobUbUdoperator 0D oogooon
goboboooboooboooboboooboboobobooobboobbo bbooo

template <typename T> class limited type
boost::additive<limited type<T>,
boost::additive<limited type<T>, T,
boost::totally ordered<limited type<T>,
boost::totally ordered<limited type<T>,T > > > > {

D0000000000000000
000000 Operators] [ 0 O

UOOoperatorsU U0 0OO0O0OO0OO0OODOO0OODOOOOoperators 0000 OOO"OOODOOOO
ggbboobbogooboooboooboboooobooooboboobboobobooobboobboon
gogbobooboboo booobobooobogoobooobobooboboobobooobboobboon
goboooobooogoo

O0D00OOOCperators0O000000OC0OOOODOOODOOODOOOOOOOODODOODOODOODONODO
gobboobbooobooobbuoobobooobboobbuoonbooonbD stdrrmap DOODODO

oobo0obO0o0oo0oOo(@ oboobooboOobDOoOooOoOoOoOoD)YDObOOoDbooDOoobOoobOoboobooo

gogboboobooboooboooboooobooobobooobboobbo bbooobboobboon

gogbboobobogobooobooboobobooboobooooboboobboobobooobboobboon
OO0 1IostreamI 0000000 0OOCOCNKVOODOOOOOOOODOODODOODOOOODODOODOODOO
gobboobbooobooobbuo0obb o0obboobobuoonDiDO operator-=000000000

gogboboobobogoboooboooobooooboooboboobboobobooobboobboon
ooboooo@oboob obooo)yYboooboooooooooooOoboboobooobooboooobooo

gogoboboobobooooboooboooobobooobooboo"™boobb oobboobbooobboon

goboboobbooobboobbdoobDbUdBoost.Operatorsi [

ooggbobooon

oD b0 000D DD Boost.Operators, U
JO00DO000DbO000DbO0 1ess than comparable JOOOOOOOOODOOOODDOOOODOOOODO
Uboboooboboboboob0obuobobo00b0bO0obOdn less than comparable UOODOOO
operator<, operator>, operator<=, [l operator>=. JOO0O0O0O0O0O00O00O0 operator< OOO
operator>, operator<=, and operator>= 0 0000000000000

template <class T>
class less thanl
{
public:
friend bool operator>(const T& lhs,const T& rhs) {
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return rhs<lhs;

}

friend bool operator<=(const T& lhs,const T& rhs) {
return ! (rhs<lhs);

}

friend bool operator>=(const T& lhs,const T& rhs) {
return ! (lhs<rhs);

}

}i

00 operator>, UOUOOO0OOOO0O0OO0O0OO0MO operator<=, U000 a<=p 0000 o000 a. 00000
O0000U00nD0o0oUuoUg operator< OOOO0OO0OO0OOOO operator>=, JOOO a>=p 000 a OO
Opr. 000000000000 operator< 000000000 O0OO0OO0OO0OOODOOOOOOOOOO

O00000oo0o0oo0ooooooooooOb0 00000000000 bo0oooO0b00o0ob0ooooon

ooobooooooooobooobooobooobooooOobooobOooboobDoobo@UubobobDboDbooo
gobboobbuooobboobbuobbooobbo0obbuobbibo0dl 1ess than ODOOOOO

oopoooooo)

template <class T,class U>
class less than2
{
public:
friend bool operator<=(const T& lhs,const U& rhs) {
return ! (lhs>rhs);
}
friend bool operator>=(const T& lhs,const U& rhs) {
return ! (lhs<rhs);
}
friend bool operator>(const U& lhs,const T& rhs) {
return rhs<lhs;
}
friend bool operator<(const U& lhs,const T& rhs) {
return rhs>1lhs;
}
friend bool operator<=(const U& lhs,const T& rhs) {
return ! (rhs<lhs);
}
friend bool operator>=(const U& lhs,const T& rhs) {
return ! (rhs>1lhs);
}
}:

00000000000 1ess than DOOODOOOOperatorstd 0 U less than comparable U O OOO
goobooobooobooooobooobooobooooobooDbdooobooooDbooobogn
goooooobooooooub bbb obooooboon
gooobooobooobooooboboooobooobobooooboooDbooobLD0 oo obooo
U less than, JO0O0O0O0O0OO0O0O0DOO0OD0DOOO0O0OOO0OODOOOO0DOOODOOO0OODOODODODOO
gooboooboooooooooooobogoooo

struct dummy {};
template <typename T, typename U=dummy> class less than {};
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O0DO0O0OD0O0O0O0O0O0O00OD0DOO 1ess_than (less thanl 0 less than2)DOOOO00OO0OOOODOO
gD UUUO0O0O0OO0 struet O
goobooobobobobooobd vl dummy OO less thanl DOOOO

template <typename T> struct selector {
template <typename U> struct type {
typedef less than 2<U,T> value;
bi
bi

gogbboobbuooibibt vearwe JOOogooooobbooobooob Oobbhooobboobb

template<> struct selector<dummy> {
template <typename U> struct type {
typedef less thanl<U> value;
bi
bi

0000 selector OO OOOOMO less thanl O typedef DO O0O0D0O0OO0OO00OO0ODOOOOOOO0O
O0D000O0o0o0b0bo0obOoO0bO0OO0DbDOOn typedef type.

template <typename T, typename U> struct select implementation {
typedef typename selector<U>::template type<T>::value type;
bi

000000000000000 selector 0000000 struet OOOOOOOOOOOOODOOOOO
Jdddddddfddoooooooooooooo0oooooooooooooDoooon

select implementation<T,U>::type U0 less than DO UOOOO less thanl [ less than2, JOOO
dddooooooooooao

template <typename T, typename U=dummy> class less than
select implementation<T,U>::type {};

UbOobo0obo0obOobOobOo0nooDb 1ess_ than, DOODO0OO0OOOODOODOODOOODODOOODODOOD
gobboobbuooobboubbuoobbbooobboobbOooil operator< U000
less than comparable UOOOOO0O0DOO0OO0ODO0ODDOOO0ODOOO0ODOOO0OODOO0OODOOOOO
ggboboobooooobobooboboo

googd

gobbddboperatorsi 0000000 ooobboobboobobooobboo bboooo
gogbobooobobogobooobobooobooobooobboobboobobboobboobboon
gobboobobogobod Boost.lteratorsU DD D UOOODODOO0OODOO0OODOOODDOOODOOO
gogbooooboooboooboooboboobbooob oobboobbooobbooobobo

operator-> ] operator*. U O UOUOOODOO0OODOODODOOOODOOO0ODODOOOODDOOODLOOOOO
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UUODODU bidirectional iterable, totally ordered, additive, [J indexable DU UODDOUOODODOONI
000000000000 Boost.Iteratord OO O Operatorsd 000 ddd

e prcy | NEXT
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e Py EXT

Operators [ [

0000000000 DO0DO0000bO0DO0D0000DbOO0OD00DO0D000DOO0DO0DOO00DO0ODO0O0nD OO
J00000OOperators0 000000000000 O0OD0O0OODODODODOOODOODOODOOODOODOOOO
00oo0o00o0oO0oobO0oD0o00 OboDooo0bOOooDOoDo0oDo0obOoDOOoDOo0oO0obOoO@DOoOn
Operators0 D)0 0000000 DOODODODOOODOODOODOODOOD DOODODODOODOOOODOO
00o00o0oo0obOooDooDooo0obooDoooobOO0oDOoDo0ooDoOobOoDOooDoobOOoDOOooDOoooOOon
0000000 0000000 bOoo0O0oD00o0bO0bO0oD00o0D00bO00DO0D0000Db0ODbOO0ODOBooSt.
Operatorsl]

00000o00o0bO0oobO0oDO0o0o00bO0oO0oD0oDo00bOOoD00oDO00o00DOOoDOoDOO0o0bO0ODOOnD oo
000000o00bOOooDoDo0o0o00obOooD0ooo0bOO0ooOoDo0ooDo00obOooOOoDooDOOoDOooDOoooOOon
000o0o000o0bO0ooO0oDO0o0o00bO0OD0 DOobhOooDOooDoobOOooDOoDOoDoOobOoDOOoDOoooOOon
0000000000000 0o0o00b0D00oD0o0b00bOoDO0n Boost.OperatorsJ 0O 0OO0OOOO
0oooDooooboooooDoooooooOooDooDoobobO0ooDooDoOobobODooDoDoOoDOon
Operators(] [

Operators0 000 O000ODOOO0ODOODavid Abrahams O O 0O O O O Jeremy Siek, Aleksey
Gurtovoy, Beman Dawes, 0 Daryle WalkerO OO OO OOOOOOOOOBoostO O OOOOOOOOO
O0DoDo0ooooogo

e prcy wExT
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KI=a
Library 5. Regex

=1 NEXT
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e Py EXT

RegexUU OO ooon

. UC++UOU000O0OUooboogon
 UOO0OO0OOOonoDbDO0O

goboboobobogobooobbooobooobooobobuoobobooobboobboonob o
gogbboobobdogoboooboooboboobooboooboboobboobbooobboobboon
gogbobooboboooobooobooobob ooboooboboobboobobooobboobbuoon
gogbbooobbooobooobooobobuooboobooobboobboobboooboo bbooo
O00O00Ocolour00O0 color00000000DOODO0O0O0DODODOOO0OODOOOOODOO Colourd
COLOUR, 0 ODOOOODO colours, 00 colourize, 000000000000 O0ODOOOOODOODOOOO
ggn

oobOoOobOOooodPeribO0dDbOODOOODOODOOOOOOOODC+H+O0ODOOC+H+DO DOODOO
gbogboobdbgboBoost.Regex DD OO OOOODODOODOOOODODOODOOOC+H+UOUOOOOD
OOPerl,grepUEmacs0 000000000 O0OOOODOOODOOOOC++0DO000DO0OO0OODOODOO
gobooboo

e prcy NEXT
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Regex OO ooon

oooCc++0000000D00000000D0O0D000D0000000O0000DO00DOD0O00O00 ODoO
0000000000000 000odDoOooC++0Boost.RegexD 0O ODODOO0ODODOOOODOOOO
Jd0O0DOO00D0DO00C++0 O0O0OBoost.Regexl 0000 OO0OLibrary Technical Reportd O O O

e prcy | NEXT
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@ prEv
Regex

U000 : "boost/regex.hpp"

UO0b0DOo0bDbDOoO00bO vasic regex DOOO0O0OO0O0O0OOOO0OO0DOOO0ODOOO0OODOOOODOO
UO00DO00b0DbO0dbDbDO rvasic regex O OOODOOOODOOOODOOO

namespace boost {
template <class charT,
class traits=regex traits<charT> >
class basic regex {
public:
explicit basic regex(
const charT* p,
flag type f=regex constants::normal) ;
bool empty() const;
unsigned mark count () const;

flag type flags() const;
bi
typedef basic regex<char> regex;
typedef basic regex<wchar t> wregex;

}

oo

explicit basic regex (
const charT* p,
flag type f=regex constants::normal);

Jdddddddddddoooooo0ooooooooooooooooooDoDoooDooooooOoOn
obDbOodobD p00D00O0O0D0O0O0DODO0ODO pad expression [ regex error JOOOOODOOOMN

gbooboobobobobobob0obU0obbb0bb0bOD pad expression UUODOOO OO L Boost.
RegexU 0 U0 regex error.

bool empty () const;

00D O00b0DbOodbDbDO vasic regex U UJUOOODOO0OODOOODODOOO0ODOO truve 0 ooonO
gobooooboog

unsigned mark count () const;

mark _count U0 regex UUODO0O0OODDO0ODODOOO0OO0OOO0ODOODDOOO0OOOO0ODODOUOOO
gogboboobboobobooboboooboobooobboonog
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flag type flags() const;

ob0Do0bobDoOgiDbDO0 pasic regex DOOO0O0O0O000O000DO icase, UODOOOODDOOOO
0000 gavascript, OO regexd U JavaScriptd O 0O O

typedef basic regex<char> regex;
typedef basic regex<wchar t> wregex;

JO0O0D00OO pbasic regex UUODODOOO0ODOOOO0OO typedet DUUODODUOOO0DOUOO regex U
wregex, JOUOD000000O000DO string U wstring U basic string<char> UJ

basic string<wchar t> U0 0O0O000O0O0O0D00O0O00O00O000O0O0D0 regexonooonoogn
oooo

oo

template <class charT,class Allocator,class traits >
bool regex match (
const charT* str,
match results<const charT*,Allocator>& m,
const basic regex<charT,traits >& e,
match flag type flags = match default);

regex match D0 O0O000D0O0O@O o)DO0O0DOOODOOODO stre. OO0DOODOOOOODOOODOODO
UobboobbodobboUdbibUOdnl false. UUODDOODODOOODO regex match U0 True.

template <class charT,class Allocator, class traits>
bool regex search(
const charT* str,
match results<const charT*,Allocator>& m,
const basic regex<charT, traits >& e,
match flag type flags = match default);

regex search O U regex match, 0O UO0OD00O0O00DO0O0D00O0O0O0OO regex search JOODOOO
gdoooooooooooooood e.

template <class traits,class charT>
basic string<charT> regex replace (
const basic string<charT>& s,
const basic regex<charT,traits >& e,
const basic string<charT>& fmt,
match flag type flags = match default);

regex replace DO UO0ODOO0OODOOOD0ODOO ¢ 000000000 DO0ODODOODDOO0O0ONO fmt
gogbobooboobogobooobooooboooboooboboobobooobobooooboD

000000b0b0obU0bO00obU0bUnd const charT* (chart JUOOO0O), 00000 const
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basic string<charT>s, UO U000 OO0OO0ODOODOOOO0ODOOOO0

=2 EXT
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e Py EXT

0O

OO0 0OBoost.Regex, 0O DOOOOOO "boost/regex.hpp". RegexU O OODOODODODOOOODOOO@MO

O0Boost.Signals)D D0 0000000000 O0OOOBoost——0OO0O00000O0O00ODOOODOO0——00
ooboooo@OwindowsD OO O O)dDOOOODOOOOOoOOO oooobooOooo

UO0b0bD0o0bDbuO0bbD00Udl vasic regex UOODUOO0O0OO0OO0OODOO0OODOOOO0ODOO0OOOO
gogboboobobooobooobbooooboooboooobobooobooobobooobooboo

boost::regex reg("(A.*)");

gogbboobobogoboooboobooobooboobooooboboobboobobooobboobboon
gogbboobobogobooobbooobobooboobooooboboobboobobooobboobboon
OoooooOoWildeard) DD OOODOODOOOO0O0OODOOOO0OODOOOOODOOOOOODODOOOOO
oobOoooOOoooooboobooDono ~», 00Kleenestar, OO O0O0DOOODOOODOOOOODOOODOO

ggboboobobogooooobobooon

bool b=boost::regex match (
"This expression could match from A and beyond.",

reg);

U0oboo0ob0b0obo0o00bO0bU0obO0bUD regex match. UOOOOOOOOOOOOOODODO
UobobDodbD true 000000 false. UOODODOOO0OO0OO false, 00 regex match DO OOOOO
O000oooodoonoooonD trveed000000o0oooooooooooooooooooooonon
O 0000000000 00O00O00O0O0O0O0O0O0O0O000O00O0O00O00O00O0 "a and beyond." DOOOOOOO
ddddddddddddddddddddUoUuUuuoo o

bool b=boost::regex match (
"As this string starts with A, does it match? ",

reg);

UOODO regex match U0 true. UODODOO0OO0ODOOO0 A, 00000000000 0O0O0regextddon
A0000D0OD0O0ODOOOKIeenestar, 000000000 0OODOODOOODOODOOOOOODOODOODO
ggbobooobooobboobboo

UobboobobOoddlregexes U regex match OO OOOONO

oo

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
gooooooogoooot3cog, o000, 0D00,200000D00N/A,"OODOO, DODOO0OOO
g.roogoboooobboobbuoobobooobooobboobbooobooobboobboon
gogbboobbuooboboooboboobbuoobb oobboobboobbooobboobbuon
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gboboooboobobgoboooosogooobobobooboooboboboobooobobug xa bbb O

O00030000000O0bounds operator0 000000000 COOO0O0ODOOOOOODODODOOOOODO
gogbboooboogn

boost::regex reg ("\\d{3}l");

oobooooooobooooDOoooobobooboobooboooboOobooabOOO0O aOODOODO
goobooo\oboobobuoooooobo\ooobobo\N\boboooobobobnuoooo

gobooboobobogobooobbooobooobooobboobboobobboobboobboon
gooooobooboooog@uoooobL)yoooboboooobobobDooooboboboDooboD
gobboobbogoboodlb &b, 0 c0000D0O0O0O0OOOO0ODO [epbel.dbboobboOonO

O0o0o0oon [a-c]. 000000000 O00O00O00O00O0O0OO0O0ODO0OODOOOOO0O0O0
[abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ], DO U0 D00 OO0OOOOOOOOO [a-
za-z]1. 0000000000 DOOODO0O0OO0O0OCOOOlocaleD00D0OOO0DOOO pasic regex::collate U
O0o000oooooooooooonD +, 0000000000000 000O0b000oO0o00o0oo0oOb0o0oon
oooo

boost::regex reg("[a-zA-Z]1+");

gogbboobbuooobooobboobbuoobooooobboobbuoob w.ODDbOooobooo

gogoooAsciicoogooobooobgooooooboboooobobobooooobobooooboD
gobobooobooon

boost::regex reg(".");

O0O00o0o z20000ooon "NA"OOOooDooooooooooooooooooooooooooooo
gogbooboobobogoobooobooo yooooooooboo

boost::regex reg (" (\\d{2} IN/A)");

gogoboooboobogobooobbooobooobooobboobbooobboobboobb oo
gobobod \s.gbbooobooobbooboboooboon

boost::regex reg ("\\d{3}[a-zA-Z]+. (\\d{2}|N/A)\\s");

oooboooooooobooooobooobooooobooooboOooboobDoooooboobobDoD(@ooo
00000 (a-za-z]+ O00O0O0O0O)DOOOOOOODODODO (back reference)000000O0O0O0OODODO

goboboobbogn re-za-z1+, 0000000000 0O00O00O0O0O0O0OO0O0O (ra-za-z1+) OOOOO
gogboboobbooobooobbooobooilpbboobbooobo

0000ooooo00oOooDooo0OoOooooOo"3000, 0000, 0000,20000000°"N/A,"00O0O
g, b0oooobooo.o

boost::regex reg ("\\d{3} ([a-zA-Z]+). (\\d{2} IN/A)\\s\\1");
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gobbooboooobboubibuobbibOdl regex match, UODDOOO0DOOOO

#include <iostream>
#include <cassert>
#include <string>
#include "boost/regex.hpp"
int main () {
// 3 digits, a word, any character, 2 digits or "N/A",
// a space, then the first word again
boost::regex reg ("\\d{3} ([a-zA-Z]+) . (\\d{2}IN/A)\\s\\1");

std::string correct="123Hello N/A Hello";
std::string incorrect="123Hello 12 hello";

assert (boost::regex match (correct, reg)==true);
assert (boost::regex match (incorrect, reg)==false);

O0DOO0OO0OD0O0O 123Hello N/A Hello, JOOODO 123030000 rHelloOOOODOOOOO@ODOO)O
U000 ODOONAODODO0O0D0OD0OD00OD HelloUOODODODUOODOODOODODOO Hel10ODOODO
gobobooobooobooobbooboboooboooboboobo

gogboboooboooboooboboobobooobooobboobboobboobboobb oo
gogbboobobooobooobboobobooobooobobooobb

0d

UodbbO00dbDbUO0U0Boost.Regexd U, regex search. U regex match UU OO regex search O U
goddooobooooooooooooooooooooooboooooooo L0 ooooooooooa
0000000000 deleteJO0DOO0D0O0OOO0O0OOODOO0OOOOOOODOO0OOOOOONew O
delete0 000000000 DO0O0DOO0OO0OOO0OO0DOOOO0OOOO0ODOOOnNew O delete.

boost::regex reg (" (new) | (delete)");

0odddooboddoooooooooooodooooooobo0o0oooooooooobOoDoooon
regex search U0 000000000 DOO0OODOOO0ODOOO0OODOO0OO0DOODODOO regex search [
U0b0DbDO00b0000 match results UOOOUOODO regex search UOUOUOODODOOOOO

match results DUOO0O00000D00000000O0 match results DOO00O00O0O00DOOO0O0OO0O
ooooo

template <class Iterator,
class Allocator=std::allocator<sub match<Iterator> >
class match results;
typedef match results<const char*> cmatch;
typedef match results<const wchar t> wcmatch;
typedef match results<std::string::const iterator> smatch;
typedef match results<std::wstring::const iterator> wsmatch;
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0000 std::string, DUOUOODO typedef smatch, U U match results<std::string::

const iterator> DUOUODODOO regex search OO true, DOOUOOOO match results DOOO0O0OOOMO
0000000 match results DOOODOOO sub match JOOOOODOO0O0ODOOO0ODOOOOODOO
000000000 00000000000 new O delete ODOOO

boost::regex reg (" (new) | (delete)");
boost::smatch m;
std::string s=
"Calls to new must be followed by delete. \
Calling simply new results in a leak!";
if (boost::regex search(s,m,reg)) {
// Did new match?
if (m[1l] .matched)
std::cout << "The expression (new) matched!\n";
if (m[2] .matched)
std::cout << "The expression (delete) matched!\n";

0000000000000 newd delete, HOOOOOOOOODOOOOODOOOO smatech OO0
regex search, UOOUOOOO0OOO0OO0OODOOOODOOOOODOODOODOOOOODLODOOOOOOD
match results JOO01000000 new . 0O00OODO0ODODO sub match OO0 O0O0DOOBoolean OO
matched, 0000000000000 DO0OO0O0OOO0O0ODOOOOD0DOOOODODOOODOO"The expression
(new) matched\n". 000000000000 O0O0OODDOOOODOOO0ODODOO0OODODOOOOOOOOO
UO0D0OD0O0ODO regex search U0 OUOO0ODODOO0OODDOO0ODODODOOO0DOOO0ODLDDOOO std::string OO
gooooobdooooooooooooooooooooboooobooooooooobooooon
O00000000000000 newd delete DOODOOOOOOOOOO

#include <iostream>
#include <string>
#include "boost/regex.hpp"

int main () {
// "new" and "delete" OO0O0OOOO0OOOO
boost::regex reg (" (new) | (delete)™);

boost::smatch m;
std::string s=
"Calls to new must be followed by delete. \
Calling simply new results in a leak!"™;
int new counter=0;
int delete counter=0;
std::string::const iterator it=s.begin();
std::string::const iterator end=s.end();

while (boost::regex search(it,end,m,reg)) {
// 0 new OO delete?
m[1l].matched ? ++new counter : ++delete counter;

it=m[0] .second;
}
if (new counter!=delete counter)
std::cout << "Leak detected!\n";
else
std::cout << "Seems ok...\n";
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goboboobbooobn it 000 m[0].second U match results[0] UDOUOOO0O0DO0OO0OO0OOOO0
Jobobooobbuooobooobbo0obobO0bDbDOOl regex search UOOOO0OO0OOOOODOO
O"Leak detected!", OO0 OOO0OOO new, 00000 delete. OO0O0O0O0O0O0O0O0O0O0O0OOOOOOOOO
gono new/[ ] O delete[],DDD

gobboobobooobooobboonobuoobobooobboobbdobbUBoost.Regext] 000
gobobooboogon

HEN

RegexU D UOOUOODOOODODO regex replace. UUDDOUOOODDODOOOODOO0ODODOODDOOOODOO
gooooooooooobooboooooooooooooooooooooo matchfresults::formatDDD
goddoooooodooooo

0000000000000 00000000000 colour00000O0OO color.00000000000O
gobooboooboboooboooboooboboobobooobboboobboobDboobobboooo
colourize. 00 0DOOOODOOOODODODOOODDOODOODODODOODO

boost::regex reg(" (Colo) (u) (r)",
boost::regex::icase|boost::regex: :perl);

gobbooobtbuwdbboobbooobooobboobbooobboobboobobooobbOon
0000000000 poost::regex::icase U0 regex U O OO0 DOOOODDOOO0OODOOODODOOO
UobboobbuooobioouibD regex UODOOOO0ODOO0OOOO0ODODOODODOOOOODOODODDO
gobobooobobooooood

U0 regex replace U0 OOUOODDODOO0ODDOO0OO0OOO0ODODOODDOOODOOO0ODODODOODDOOO
gogbooboobobogoboooboooobobooobooobboobbooobooobboobboon
gogood () O0OD0O sy DOO0O0OO0OO0D, nOOOODOODODOODODDOOODOOOO ms1s3", U
gogboboobbogobooobobooobooobooobboobDboobobbooobboobboon
gogboboobobogobooobooooboboobobooobooboobboon

#include <iostream>
#include <string>
#include "boost/regex.hpp"
int main () {
boost::regex reg(" (Colo) (u) (r)",
boost::regex::icase|boost::regex: :perl);

std::string s="Colour, colours, color, colourize";
s=boost::regex replace(s,reqg,"$183");
std::cout << s;

goobDbOdd "color, colors, color, colorize". regex replace UOUOOUDDOOODDOON
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goougon

godbbOd0dBoost.RegexUJUDDUOUODDOL regex match DO OUOD0DOOOO0DOOO0OOOO
regex match JUOODO0O000O0000O0O00ODOO0O0DOO0O0O00O00O0O000OU true.

boost::regex reg ("\\d*");
bool b=boost::regex match("1l7 is prime", reqg);

Jobbooobooobbooubbo0obob0OlD regex match JODOOOODO true JOODOOOODO
00000 regex search OO OO regex match 00U

boost::regex reg ("\\d*");
bool b=boost::regex search("l7 is prime", req);

00000 true. OOO0D0OO0OO000O0O000DO0DO0DO0DO0DOO regex search b regex match OO U
OO0 0000000000 N\z2000000O0O0000O000O0NO0O000O0OQ0000O0O00Nz0D0O
JO0O0D0D0O0D regex search U regex match UU D DODUOODDUOOOO0DOO0OO0ODO0OODOOOODOOOO0
Job0bDOo0bbDO00000 regex match U0 regex search.

boost::regex reg ("\\A\\d*\\z");

J0b0DbO00b0DbO00bDbO0OOl regex match UOOOOO0ODOOO0OODOOODODOOODOOODOOOO
gooo

goougon

gooobooobooobooobbooooboooD +0 00 bO000bO0OooDbObOoUobObOoooDbg
gogbboobboooboooboboooboboobooooboboooobon

boost::regex reg (" (.*) (\\d{2})");

gogoobooobobogoboooboooooboooboooobbo ~gobbooobobooobbooobo
ggobooboboooobbooboboo

int main () {
boost::regex reg (" (.*) (\\d{2})");
boost::cmatch m;
const char* text = "Note that I'm 31 years old, not 32.";
if (boost::regex search(text,m, reg)) {
if (m[1l] .matched)
std::cout << " (.*) matched: " << m[l].str() << '\n';
if (m[2] .matched)
std::cout << "Found the age: " << m[2] << '\n';

143



Beyond the C++ Standard Library : An Introduction to Boost

Uob0DOo0b0D000d0n0 match results DOO0O0OD00O0O000OO0 cmatch. OO

match results<const char*> [ typedef, UUDDOUOOOOOO0OODOOOODOO smatch DOOOOOO
0000000000 regex search UOUODOODO std::string UOO0UODOO00O0ODOOOOOO0OOO
0000000000000 doooodO0Ol mi1] .matched 0 m[2] .matched OO  true, OO OO
gdooouoooo ";1". oo oooooodouoooooooououoooon
O0o0o0o0dodnD true 00 00000000000 O00O0OO0OOOO0OOO0OOO0OOOOOOOODOOO
O00doooboddooooobobooo0oodoo0ooo0obDOddO0nOd "Note that I'm 31 years
old, not" OO OO "32".

gogoboooboobogobooobbooobooobooobboobbooobboobboobb oo
g-0oobboobbooobboooboboobobooobboobbooobbooobboobDboon
goboboobobooobooobboobobooboboooboon

boost::regex reg (" (.*2) (\\d{2})");

gopooodopooogbooggbooodtdidl mr1y.matched U m[2] .matched OO0 true. OO .x2 000
Oo00ooo0oooo0ooooooo0 s O00ooooooo0oboooooooboo0ooobOooooobooooo
000 "Note that I'm" 000000 "31".

00O regex_iterator

U00D0000000 regex search U0 DOO0O00D0OO0OO0OOO0OO0ODOOODODOOODOOO

regex iterator. O UOOOOOOODOUOOODDOO0ODODOO0ODODOOODDOOODN regex iterator U
UUOOD match results UOUDODUOUODOOU regex iterator U O UOUOOODOOOODDOODDOOOO
godoooodoooooobobodooooooobooooooobob oo oooobDoooon

boost::regex reg (" (\\d+),?");

000o0o0oo0o0bOOooOOo - (OoDb0000)dooOoDOo0ooOO0oDbOOoDOOoDO0O0OO0ODOOoODOOoDOoO0OO0OO
g gg +.bbbobbobbobobbobobbobbobbobooboobooboooo

regex search, oooOoon regex iterator, ooooo for each, O0o0o0o0oooooooooon

gogbboobbuooobboodbibuodbbO0 mateh results UOODOO0OO0ODOOODDOOO0OOOOO0
000o0o0o00o00O0ooOooDo0oOooOOo@UobDOoDooDo00oDOO0ODOoDoDOoDooDOOoDbOonDOg)o

class regex callback {
int sum ;
public:
regex callback() : sum_ (0) {}
template <typename T> void operator () (const T& what) {
sum +=atoi(what[1l].str().c str());
}
int sum() const {
return sum ;
}
}i
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UogbboobbuooobboubD std::for each, UOUODODDODUOOD0ODOO it ODO00OO0DDOOODODOOOO0
gogbbooboooobboobo

int main () {
boost::regex reg (" (\\d+),?");
std::string s="1,1,2,3,5,8,13,21";
boost::sregex iterator it (s.begin(),s.end(),reqg);
boost::sregex iterator end;
regex callback c;
int sum=for each(it,end,c) .sum();

OO0D00O0D00O0 for each Dendd OO0 regex iterator HODOODOOODODO it0 endaO0OOODO
boost::sregex iterator, J[ regex iterator<std::string::const iterator> [J typedef. 00O
regex iterator O UOUOODOOOODDOOO0ODOOO0ODODODOOODDODUOODODDOO0ODDOODDOOODOO
gobboobbuoo0bibOU regex search U

[ regex_token_iterator [1 1 [ [ []

gboboobooboboboob0ob0obbbO0bb0OD poost::regex token iterator. U0
regex iterator U0 UDOO0ODODOO0ODOOO0O0OOO0OO0ODOOODOOOODOOO0ODLDOOODDOOOO
UobbooboboooobooubibOo0bDbDOO0n regex token iterator DUOUOODOOOODOOONO

gogbboobbogobooobobooobooobooobboobboobobboobboobboOon
UO0D0D00O0D0D regex token iterator UUODDOOODODOOODOOODOOOODODOO

boost::regex reg("/");

U0 regex D000 oobobobooobobobobooobobonoon 2 bOoo
regex_token iterator DO UODODOUOODODOOOODOOO

int main () {
boost::regex reg("/");
std::string s="Split/Values/Separated/By/Slashes,";
std::vector<std::string> vec;
boost::sregex token iterator it (s.begin(),s.end(),reg,-1);
boost::sregex token iterator end;
while (it!=end)
vec.push back (*it++);
assert (vec.size ()==std::count (s.begin(),s.end(),"'/")+1);
assert(vec[0]=="Split");

U0 regex iterator OO regex token iterator OO UOOOODOOODODOODDOOOODDOOODODO
UdbDbDO0000000 sregex token iterator, UU regex token iterator<std::string::
const_iterator> [J typedef DU UDDO0O0ODOON0 it UODOODDO sub match, JODODOOOO
obboobobooobboubb0o0bbO0OdUdl regex iterator [ regex token iterator, U 0[O
UoboDbo0bDbO0oOo0bbOUbDD regex search DOOOODOOOO
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goougood

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
gogboboobobuogoooooboboobobuoobooboooboboobbg -+, 0000 yooobooog

gogboboobobogob -.0b00bbooobobooobbooobuooobooobbuoobobooon
ggbooboobobogobooobooobobooobbooobbooobbooboboobobbooobDbo

boost::regex regl ("\\d{5}");
boost::regex reg2 ("\\d{2,4}");
boost::regex reg3("\\d{2,}");

goboboobobogsoooobooboon 20,300,000 400000000020 000000000¢0
EEN

ggoboobobooooboooobboo ~gobobuooobooobbuoobbooobboobboon
gogbboobbooobbooobboonobooobooo

boost::regex reg("["13579]");

gobboobboooboooboooboboobbooobbooobbooobboobbooon

int main () {
boost::regex regd ("["13579]1");
std::string s="0123456789";
boost::sregex iterator it(s.begin(),s.end(),regd);
boost::sregex iterator end;
while (it!=end)
std::cout << *it++;

gooooooooon "o4es"J0 00000 oboboooobbbobooooooooooonog
0 "alfaBetaGamma"OU OO OO OOOOO

goooboooobog, ~,goboooboboobbdooobooobboobb sbbooobobooo

goougon

ggbbodbbuogobooobooobboobbooobboobbuoobbooobboobbuoon
gobboobbuoobboo0bibodbD vad expression UUDOODUOO0OO0DOO0OODOO0OODOOOO0

Od0O0000O0D0O0O0OBoost.RegexO0 O OO OOODODOOOOLibrary Technical Reportd 0O 0000 OO
U0 bad expression DO UOUODO regex error.

gooboboooboobooobooobbooobobooobobooobboobboobobbooobboobDb OO
gogobobooboboooboooboboobobooobooobboobboobobboobboobboon
goboboobobogobooobboodob ogobboooboboobbooobood
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int main () {
std::cout << "Enter a regular expression:\n";
std::string s;
std::getline(std::cin, s);
try {
boost::regex reg(s);
std::cout << "Enter a string to be matched:\n";

std::getline(std::cin,s);

if (boost::regex match (s, reqg))
std::cout << "That's right!\n";
else
std::cout << "No, sorry, that doesn't match.\n";
}
catch (const boost::bad expressioné& e) {
std::cout <<
"That's not a valid regular expression! (Error: " <<
e.what () << ") Exiting...\n";

00000000 D0OD000 tryfecatch DOOOODOODOODNO boost::regex U0 ODOOODOODOODOODO
goboboobobooobooobboobboobbuooobbooobbooo

Enter a regular expression:
\d{5}

Enter a string to be matched:
12345

That's right!

gobboobboooboooboboonoboobooo

Enter a regular expression:
(\w*))

That's not a valid regular expression! (Error: Unmatched ( or \ () Exiting...

U regex reg UOOOU0OO0ODOO0DOUOO0DOOO0O0OO000DO0ODDOO0O0O0OO0O0 catech0DOOOO
gobboobbogobooobbooobooobobooobobuooobooobboobbooooboo
obobDoobboooobbooubibu0obDOl assign 0000000000 regexD0OO0OO0DOO0O

regexU DO OO00OOO0O0OO0O0OO0ODLOOOOLODbOOOO0DLOOOoO0bLbOOoobDbDOoOn

e prcy NEXT
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e Py EXT

Regex [ []

ddooodooodoooo0oboooooboooCc++00O00oo0bOo0ooobDo0ooDbOooooo ooo
OPOSIXCAPILDODUODOOOOOOOODOOLDOOLODLOODOODOOLOObDOLDOODOObLODODOOOO
gogbboobobuooobooobbooobobuoobboo bboobboobobooobboobbuon
ggoo

Boost.RegexU D OO ODOOODDUOODDOO0OODOODODOOOO0ODLOO0ODLOOOD Doooboood
ggbboobobuogoboooboooboboobobooobboobbuoobbooobboobbuoon
O0Boost.RegexU 0 DO OOOOODOOODOO0ODOOOOO@WOLOOODODOODOOOOO)OIDOBOoS.
RegexU DU OUOOOOOOOOOOOOOLODLDODOOOO ODOOOobLObOoLOOLOObLODbODCH
+~gdobugoobooobooobboobbuooobood

Boost.RegexOU U O C++0 U000 0OOOOOOOOOLOODOLOOOOODODOOOODLODODUOOOOD
gogbboobbuooobobooobbuoobbood

Boost.Regex 0 0 00O Dr. John Maddock.

=2 EXT
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e Py
Partl: OO QOO

000000000 Boost.Any, Boost.Variant, 00 Boost.Tuple. 0O00OOO0OO0OOO0OOO0O
O0ooooooooobooooooooooooooooooooooooobooooooa
O0o00oo0ooooooooooooo0o oobooooocec++ocCc++gooooooooo
O0oooooooooooooooooooooooooooooooooooooooa
000000 0ooooo0oooooooooooooooooooooooooooonoo
O0o00o0o0ooooooooooooooooobooobooboooooonD oooooo
Odoooooooooooooooooooooooooooooooooooooooao
O0o0o0ooooooooooooooooooo0 booboooobooooooooooo
Ooo00ooooooooboooc++0ooooboooooooooooonouooonoboonoon
O0o0o0oo0oooo0o ooooooobooboooc++goooooooouoooo

=2 EXT
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K==a
Library 6. Any

=1 NEXT
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e prcy wExT

Any 000000000

 OoOobooobboobobooobn
 HOO0OOoobbOoobbOoOn
 Ooobbuogbbooobboon

AnyD OO0 Q0O0O0O, any, UODOO0ODODOOOO0ODOO0ODODOOODODOODODOOODODODOODDOODOO

ggbbodobbuoobbooobbooobbuoobbooobboobbo bbooobboobboon
gogoboboobbooobooobobooobooobooobboobbooobboobboobboon
00000000 O000ob0obOobd veiax. DODOOO0OD0ODODODODODODOODOOuwnionOoogonoO
ggbboobbuoobobooobbooobbuoobbooobboobbuoobbuooob oobbuoo
gogbobooobooobooobboobobooobooobboobbooobboobboobb oo
gobobooboboooboo0 Doobobg veidax, 00 Any U000 o0ooboooobbooobogon
gogbbodobbuoobbooobooobboobbuooobood

godoooodooooooooooooooooooooboudo0nD boooooooooooooo
O0oooooboooooooooooooooooooooobooooooooooooooooooon
00o0oOo00bO oobOooobooboooobooooooo@oOo)y o boooobhoooooooooooo
00 voiac*x UOOOOOO0OOO any O

e Py EXT
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e Py EXT

Any 00 ogoogn

AnyD D000 o0Oooooooooooooboobobooooboooobboobbooobboobboon
cC++0oooboooonoogon

e prcy | NEXT
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| 41 PREV |
Any

00O : "boost/any.hpp"

NEXT B

UanyJ0O0OOO0DOOO0ODOOO0ODODOODODOOO0ODOO0O0 .nyOOOOoOoOOoO0o0obobooonoDbDOO
gobobooobobogobooobobooonbooobooobboobboobobboobboobboon
gobboobbil eny00O00o0ooboonobOooobDO0 any U000 anyooooooooon

goboboobobooboboob anyoobboooboooo

« CopyConstructible D00 OODOOOOOO

« Non-throwing destructor U0 00000000 O0OOO

e Assignable 000000000 @UUODODOOO0ODDODOOO any, DO0O0OODOOOONO)

Ul any D000 0O0

namespace boost {
class any {
public:
any () ;
any(const anyé&);
template<typename ValueType>
any (const ValueType&) ;
~any () ;
any& swap (any &) ;
any& operator=(const anyé&);
template<typename ValueType>
any& operator=(const ValueType&) ;
bool empty () const;
const std::type info& type() const;

godad

any () ;

gobboobbogiD any OO0OO0D0OO0O0DO0 any U0D0OOO0DOOO0ODOO any OOO0OOOO0

gooboo

any (const anyé& other);

153



Beyond the C++ Standard Library : An Introduction to Boost

U0b0D0D00 any UDO0O0O00O00 other DOUOUOODDODUOOOOMO this.

template<typename ValueType> any(const ValueType&) ;

UobobooobbOo0obDDbOoOn valuetype DOO0O0O0O0O0O0DOOD const UO0O0DOOOODOOOOO
0000 any DO0ODO0ODODOO0DO0ODOOD explicit 00000000 anyODOOO0OO0O0ODOODOO
gooo

~any () ;

gobboobbuoobbooobbooobbdoubbdoiDUoperator delete [ operator delete[] U
000 any OO0D0OOO0OD0OOO0OODODOODOOODOODO shared ptr (O "Library 1: Smart ptr 1™) 00O O
gooog

any& swap (any& other);

obbod eny0Oogooo

any& operator=(const anyé& other);

U0 any D0DUOOD0D0DO0OO0O00O000O0DUOO other DUOODODO

template<typename ValueType>
any& operator=(const ValueType& value);

U0 any DD0OO0D0O0O00D0DO00D00O0 valueDOOODOO value DO0OOO0OO0DO any ODOOO
EEN

bool empty () const;

U0 any OO0O0OO0O0O0O0O0OO00OO0OO00O0ODOOO00 any OOO0OO0O0OO0OO0OO0OO0OO0OO00OO00O0O0 empty O
U0 false U

const std::type info& type() const;

goboboobbodd any 0000000 void.

oo

template<typename ValueType>
ValueType any cast (const anyé& operand) ;

any cast U0 UOUO any UOO0O0O0D0DO0O000O000DO0 any DOOO0OD0OO0 valueType UOOOOODO

any D000 bad any cast JUDOOUOOO0DO0O0O0O0O0OO dynamic cast.
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template<typename ValueType>
const ValueType* any cast (const any* operand);

any cast U0 O0O0OD0O0O0O0D00O0 anyUODOO0OD0DDOOO0DOOO0ODODOO0O0ODO anyO0OO0O0O0O0O
valueType, OO0 O0O0O0OOOOOOOOOOOOOOONO dynamic cast.

template<typename ValueType>
ValueType* any cast (any* operand);

any cast DO OUO00O0O0O0000O000O0O000DOO000O0 const JOUOOO0D0OOO const DOOOOO
gooog

HEN

bad any cast

Uobbod any DOOOO0O0OOO0OO0DOODDOO0ODOO0ODODOOD pad any cast OO std::
bad cast. DOOO0OD0O0O000O any cast DOODOODOOO@EODOOOOODO dynamic cast ODOOO0O0O
OO0D0)DOOO0OO0OODDOODDO aynamic cast OOOOODOOODOOO

e prcy NEXT
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e Py EXT

0O

AnyDDOU0OO0D00OO boost DOODODODO any UODODOOODOOO any cast U0 DODOOOOOOOODO
any, O OOOO "boost/any.hpp". UOODOOO00OO00O0O00O00OO0OO0O

boost::any a;

gobbooobbogoooon

a=std::string ("A string");
a=42;
a=3.1415;

any U0 O0O0O0D0D0O00DOO0O00OO0O0O00O00O0O000O0 any UO0OO0OO0O0OOOO0bDOOODDOOOOO
gobobooooog

std::string s=boost::any cast<std::string>(a);
// 00 boost::bad any cast.

obboobbodd a 000000 double, any cast HUOUOMO bad any cast JOOO0OO0DOOONO

double d=boost::any cast<double>(a);

any 0O O00O0O00ooobooooboboooobooobooobboonbooobbooobbooboboo
any, 0OO000000O0D000 any cast, JOOOOO

ooogao

gobobod a,8,0c¢c,0000O0DOO0OODOO0ODODOODODOO0O std::vector. HOOODOOOODO
OO00D00D0O0o0o0oboboonD veiax DOODOOODOOONotany more (UOOOOOODOO)Y)IDOOO
Uany 000000 DOOO0ODOOO0OODOODODOODODOOODLODOOO

#include <iostream>
#include <string>
finclude <utility>
#include <vector>
#include "boost/any.hpp"
class A {
public:

void some function() { std::cout << "A::some function()\n"; }
i
class B {
public:
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void some function() { std::cout << "B::some_function()\n"; }
}i
class C {
public:

void some function() { std::cout << "C::some_function()\n"; }
}i
int main() {

std::cout << "Example of using any.\n\n";
std::vector<boost::any> store anything;

store anything.push back (A());

store anything.push back(B());

store anything.push back(C());

// 0000ooooooodgao

store anything.push back(std::string("This is fantastic! "));
store anything.push back(3);

store anything.push back(std::make pair(true, 7.92));
void print any(boost::anyé& a);

// 0000000000

std::for each(

store anything.begin(),

store anything.end(),

print any);

goboobooboboooboo

Example of using any.
A::some function|()

B::some function ()
C::some_ function|()

string: This is fantastic!
Oops'!

Oops'!

JoooooobooooooooooooooooooOooOO vector DOOOODODDODOOOOOOOO
for each U vector DUOUODODOUOUON print any() U

void print any(boost::anyé& a) {

if (A* pA=boost::any cast<A>(&a)) {
pA->some function();

}

else if (B* pB=boost::any cast<B>(&a)) {
pB->some function() ;

}

else if (C* pC=boost::any cast<C>(&a)) {
pC->some function();

}

gobDbO00 print any U0OO0OO0D00O0ODO0 a,8, 0 cO000000000D000O0DO00 any cast o0

goo"oo"ooboobbooobooobboobbooobboUl eny e 00D 0oonoD o000
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o0 agbobOobobooobobO0obobobol anyD any cast UO0OO0O0OOODODOOOODOODO
A, B, 0 cOO00O0OO anyOOOODOOOOOOOOOOOOODODDODODODDODODODODDODDODDODOOOOOOOO
UO0b0bO00dbi0d some function UUOODOUOO any cast JOOOOODOOOONO

else {
try {
std::cout << boost::any cast<std::string>(a) << '\n';
}
catch (boost::bad any casté&) |
std::cout << "Oops!\n";
t

000000b00b0obO0o0o0ob00bU0bo0000bUDbDOD any cast DODODOOODODOODOO any
O0D000D0 const OOODOOODOODO any cast DO0DOOO0ODOOO0ODOOO0OO—0000O0DOODOO
—0O00000 pbad any cast DOOOOOOOO0O0O0OOODOOOO0O0 any ODODOODOOOOODOODOO
00000 tryfcatch DOOO0ODO any cast UOOODOOOODOODOOM@MOD dynamic cast)J OO OO
00o0oDo0oobooooooobobo0ooDboO0onD any, 0OOO0OOOO0DOOODODOOOODODO const
0000000000 any cast UO0OO0oonoon

U0 anyOogoobogooboooboboobbooobooobbooobboobboobobboobo
gooboo

oo

gobboobobooobooobbooboboooboooobobuoobobooobboobboonbnD o
ggbboobobuogoboooboooboboobobooobboobbuoobbooobboobbuoon
oobooooooooooboobOoobO0 DoooboobooboobooboobDoo@oobbooboo
O0000 any 0O0)IDOOODOOODOOOD any0O0OO0O0OO0OOO0ODOODOOOOOOOODOODOODOO
gogoo

#include <iostream>
#include <string>
#include <vector>
#include <algorithm>
#include "boost/any.hpp"
class property {

boost::any value ;

std::string name ;
public:

property (

const std::stringé& name,

const boost::any& value)

: name (name),value (value) {}
std::string name() const { return name ; }
boost::any& value() { return value ; }
friend bool operator<

(const propertyé& lhs, const propertyé& rhs) |
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return lhs.name <rhs.name ;
}
}r

000000 property 0000000 std::string 00000000000 any 0000000 any 00
0D0000000000000000000000000000000000000000000000000
00 any 0000000000000000000 any 000000000000000000 property O
00000000000 00000000000000000000000000000000000000

000000000 any 0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000000000000000
D00000000000000000000 any 00000000000000000 operator< 0000
D0000000000000000000000000 property 0000000000000

obbooboboOoubbOU property UODOOO any U property DOOOODOOON std::vector
OO00D0o0o0o@obOOoO0b0oO0D0O0n sta::map 0OOO)O

void print names (const propertyé& p) {
std::cout << p.name () << "\n";

1

int main () {
std::cout << "Example of using any for storing properties.\n";
std::vector<property> properties;
properties.push back(
property ("B", 30));
properties.push back(
property ("A", std::string("Thirty something™)));
properties.push back(property ("C", 3.1415));
std::sort (properties.begin(),properties.end()) ;
std::for each(
properties.begin (),
properties.end(),
print names);
std::cout << "\n";
std::cout <<

boost::any cast<std::string>(properties[0].value()) << "\n";
std::cout <<

boost::any cast<int>(properties[l].value()) << "\n";
std::cout <<

boost::any cast<double> (properties[2].value()) << "\n";

D0000000 property UODODOODOO0OD0 anyOO0O0O0 any OOD0OO0OD0OOO0D0OO explicit OO
gogbbooobboobobooobooobbd enyoogoobooobobooboboobbooobo

Example of using any for storing properties.
A

B

C

Thirty something

30
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3.1415

O0000oOboO0o0oo0ooooooo0oooooooooooOobooooooooOboooooooooonoa
000 try/catech OO0 O000O0000O0DO00 any 0000000000 OOOO0OOOOOOOOOOOO
const U OOOO any O

std::string s=boost::any cast<std::string>(a);
ogoooooodooooooooodd any O
std::string* ps=boost::any cast<std::string>(&a);

ggbbodobbuooobooobboobboobbooobboobbuoobbooobboobbuoan
gogbboobbuooobbodbib const 00O OO0O0OOO00OO0ODOOODODOOO

0000000000000000000000000000000
00 any 0000

any 0O O0O0D0DO0O0DOOO0ODODOO0O0 any0OOOO0O0OO0OO0ODOO anyO00O0OoooobooooooOoog
goood

#include <iostream>
#include <string>
#include "boost/any.hpp"
int main () {
std::cout << "Example of using any member functions\n\n";
boost::any al (100);
boost::any a2 (std::string("200"))
boost::any a3;
std::cout << "a3 is ";
if (la3.empty()) {
std::cout << "not ";
}
std::cout << "empty\n";
al.swap(a2);

try |
std::string s=boost::any cast<std::string>(al);
std::cout << "al contains a string: " << s << "\n";

}
catch (boost::bad any casté& e) {

std::cout << "I guess al doesn't contain a string!\n";
}
if (int* p=boost::any cast<int>(&az2)) {

std::cout << "a2 seems to have swapped contents with al: "

<< *p << "\n";

}
else {

std::cout << "Nope, no int in a2\n";
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}
if (typeid(int)==a2.type()) {

std::cout << "a2's type info equals the type info of int\n";
}

gogbobooboooooo

Example of using any member functions

a3 is empty

al contains a string: 200

a2 seems to have swapped contents with al: 100
az2's type info equals the type info of int

Ddo0doooooooooooooonoon any 00000000000 O0OO0O0 empty. DOO0OO0O
0 any a3 [

std::cout << "a3 1is ";
if (la3.empty()) {
std::cout << "not ";

}
std::cout << "empty\n";

Job0Db0o0dbobd a30000 a3.empty() U0 true. DOOODDO0OO a1 0 a2 00000O0OO0OOO
000000000000 0Db0O0Db00 any0O0O0OO0OODOODO@GwepOOOOOOOOO)YOODOOD
gobobooobobooboooooo

al.swap (a2);

UoboDboobbDogUn type, UOODOUO const std::type  infog, DOUOOO0OO0OO0OOO int O
aad

if (typeid(int)==a2.type()) {
U00D000 any DOOOODOOOODOO std::type info UOODDOOODODOOOONO

Danyd 0000

Uobbd empey DO OOODOODODOOOO0ODOO0ODOOO0ODOD any0O00ooooonobooobboon
gobbooobooobboubbooulb any 00000 0oo0obO00O0OD anyO0oobooooooog
goboobooobbooboboobo

boost::any a(static cast<std::string*>(0));
if (la.empty()) {
try {
std::string* p=boost::any cast<std::string*>(a);
if (p) {
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std::cout << *p;
}

else {
std::cout << "The any contained a null pointer!\n";

}

}
catch (boost::bad any casté&) {}

}

O000000———00 shared_ptr

UanyU0D0OO0O0DO0OO0DOOO0OO0DOODOD anyOO000OO0OO00ooDOOOo0OOOO0OO0bODOOoOnDbDOn
U0bD0O0 eny UDOO00O0OO000DO0O0DO0O00OD0DO0O0DO deletel delete1 DOOOODODOO
gogboboobobooobto0 enydobooobooobooobboobbboobbooobboob O
00000 @ "Library 1: Smart ptr 10000 any 000000000000 DOOOOOOOODOOODO

gobboobbogobooobboooobooobobooobuooobooobboobboooboo
U std::auto ptr JOODOO0O0DO0O0D00O0 aute ptxr U0 OOO0D0O0OO0D0O000 anyODDOODOO

Uobbodbbodl any0OO0OODO auto ptr OO

gooooon

#include <iostream>

#include <string>

#include <algorithm>

#include <vector>

#include "boost/any.hpp"
#include "boost/shared ptr.hpp"

gobboobbodd a0 s, 00000000 is virtwal, OO0DOO00O0D0OO0OD0ODOO0O
not virtual, DO00O0O0OO@WOODOODOOO0O0OOODOODOOOOLOOYYQY OLOOobOooooOoOoDO any O

class A {
public:
virtual ~A() {
std::cout << "A::~A()\n";
}
void not virtual() {
std::cout << "A::not virtual()\n";
}
virtual void 1is virtual () {
std::cout << "A:: is virtual ()\n";
}
}i
class B : public A {
public:
void not virtual() {
std::cout << "B::not virtual()\n";
}
virtual void is virtual () {

std::cout << "B:: is virtual ()\n";
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}
b

gobbDoobbouoodibid foo,U0DOULO any UDOOO0ODDUO any cast JOOUOO any OO OO
gobboobbooobooobboonbooobiboidl eny0D0000O000DOD shared ptr<aA>
0 shared ptr<> 000000000000 is virtual (HOUODO) O not virtual O

void foo(boost::anyé& a) {

std::cout << "\n";

// 000 boost::shared ptr<a>

try {
boost::shared ptr<A> ptr=
boost::any cast<boost::shared ptr<A> >(a);
std::cout << "This any contained a boost::shared ptr<A>\n";
ptr-> is virtual ();
ptr->not virtual ();
return;

}

catch (boost::bad any casté& e) {}

// 000 boost::shared ptr<B>

try {
boost::shared ptr<B> ptr=
boost::any cast<boost::shared ptr<B> >(a);
std::cout << "This any contained a boost::shared ptr<B>\n";
ptr-> is virtual ();
ptr->not virtual ();
return;

}

catch (boost::bad any casté& e) {}

// 0000o0o@wooooog)y, oooo

std::cout <<
"The any didn't contain anything that \
concerns this function!\n";

UmeinD0O00O0D0000 any ODO0O0O0D0O0O000O000D0DO0000 anyJO0O0O0OO0OO0DOO any U
O vector HOODODOOODOOO foo, DOOODDOODDOOODOOODDOODDOOODDOOO
ggbboobbuooobboobbudbD any cast DOUOO0OOO0OOOO0OODOOODODDOOOODOOO
Uobb00 any cast UOOO0O0ODOO0OO0DOOODODOOO

int main () {
std::cout << "Example of any and shared ptr\n";
boost::any al (boost::shared ptr<A>(new A));
boost::any a2 (std::string("Just a string"));
{
boost::any bl (boost::shared ptr<A>(new B));
boost::any b2 (boost::shared ptr<B>(new B))
std::vector<boost::any> vec;
vec.push back(al);
vec.push back(a2);

14
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vec.push back(bl);
vec.push back(b2);
std::for each(vec.begin(),vec.end(),foo);
std::cout << "\n";

}

std::cout <<
"any's bl and b2 have been destroyed which means\n"
"that the shared ptrs' reference counts became zero\n";

gogoboobooooooo

Example of any and shared ptr

This any contained a boost::shared ptr<A>

A:: is virtual ()

A::not virtual ()

The any didn't contain anything that concerns this function!
This any contained a boost::shared ptr<A>

B:: is virtual ()

A::not virtual ()

This any contained a boost::shared ptr<B>

B:: is virtual ()
B::not virtual ()
A::~A()
A::~A()

any's bl and b2 have been destroyed which means
that the shared ptrs' reference counts became zero
A::~A()

(bCOoOobOOoOobOOoobooboboobobooobooo)

00000000 foo U any O OO shared ptr<a>, JOODOOOO0 a000000DOO0O0ODOO0O
RN

000000 vector UODOUO string U any DO00OO0DOO0OO0DOODODOOO0OOOO0OODOOOODOO
godbbd any 000000000 ODO0ODDOO0ODOOO0OODOOODDOOODOO

obobooobobogpobooobbooobDbd sO000 shared ptr<a> 00000000000 any OO
obobooobooobboubbooobboobbOounDb static cast JOOOOODOOOOODOO
000000 aA::not virtual DUOUODODOO B::not virtual. UOODOO00D000O00OO0O ax, 000
B*.

0000000000 shared ptr<> 000000000 s 000000000 O0ODODOODOO any OO
gobooodb vy gonooooooogoon

gobobDooboDoooiDOd vector DOOOODDOODDOO anyO0DOO0OD0DOODODO shared ptr U
gobboobbogoboooboooboboobbooooboon
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0ooooooobobUob any DO0DO0OODOODOODOODLOUODOO@WDOY OODUOD any DOODODOD
gobobooobuooobooobboobobooobooobboobboobboobboobboOoO
gobboobobooobboobbooobooobboobnboobDb any, UO0DDOOO0OODDOODO

gobbodb eny0O0ogoooooobooon

oogobooooogd

any O O0oooooooo"™oboooobooooboo*boobbooobbooobbooboboon
gobboobbuobbooobibol string U000 any UDO0OO0OO0OO00ODDOOOD0ODOOO0OOOO
goboboobooogobooubl eny0000000oo0ooboDbO0OD0DDO0 any U0OOOO0OO0ODOOO
goboboobobogobooobbodn eny DOO00O0OO0OO0O0OD0DUOO0 anyOOOoO0ooonoooobDOO
Jobobo0bobodn any DOO0ODDOO0DDOO0ODODOO0ODODOODO operator<< DUOOOOOOMO
gogbboobbuoobobooobb enyddbbooooogooooooboboobboobbooooboo
00000 operator<<, DOUODODOUOO any U0 DOO0OO0OOO0ODOOO0OODOOODODDOOODODOOOO
goobooooooooo

gobboobobooobooobbooboboobbooobboobboob eny DOOooboboooO
UObOD0 operator<< JOOO0O0 any DOUOODO0DOO0O0ODOO0ODODOOOO0DOOO0OODOOOODOOO0
0000000000000 DOO0DOO00DO00DO00DO000OO@DOOUODOOD0O0OD0OO operator<< O

goH)yoobooooooboboooooobobooooooboboboDoobobobobDoobUobOoo
gogboboobobogoboooboboooboboooobooobboobboobobooobboobboon
UobobooobobogiD any 00000000 DO0O0 any DOOOO0DOOODODOOOODOOOODODO

operator<<. U ODOOOODDOOOODDOOOOD anyODOOO0OOO0ODOOOOODDOODODDOOOODO
ggn

Joougold-——any_out

00000000000 oOonO cperator<< oo oooooooooooooooon
any out O OOOO0DOOOOODO operator<<.

#include <iostream>
#include <vector>
#include <string>
#include <ostream>
#include "boost/any.hpp"
class any out {

O any out OOO@OO)IDOOO poost::any DO DOOODOOO0ODOOOOOOCOODOODOO
boost::any o ;

oobooobogobn streamer, OO0 any UOOO0OO0OO0DOO0O0ODOOO0OODOOOODOOO
0000 any out OO0O0O000 any cut UO0O0OO000O0OO000DOO0O0O0OO0O00O0ODOO0OODOOO0OO
gobobooboboopobooobibdd any cut gOooogooog
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struct streamer {
virtual void print(std::ostream& o,boost::anyé& a)=0;
virtual streamer* clone()=0;
virtual ~streamer () {}

b

goboboobooooobooobid streamer imp, JOO0O0O000D00O0O00O streamer. JO0ODOOO
OO0 any cut 0OO0ODO streamer 00O ODO00OO00O0OO0O0OOODOOO@@UDOOOD0ODODODOOOO
aoono)yd

template <typename T> struct streamer imp : public streamer ({

gobboobbooobio0 print 00000 DO0D0D0O0O0 streamer imp UUOUODO any cast OO0
any 0000000000 O0000O0 any U0DOO0D0OO00O0DOO0O streamer imp UOODOOODODO
oooo

virtual void print(std::ostream& o,boost::anyé& a) {
0 << *boost::any cast<T>(&a);

}

U000 any out DOOO0O0O0O0O0D0OO0O0DO0OO0O00O00 streamer UODOO0OODOO clone DOO0O
OO0 streamer O OO

virtual streamer* clone () {
return new streamer imp<T>();
}
bi
class any out {
streamer* streamer ;
boost::any o ;
public:

gobbooobbuooobid any out, UUODO streamer DO OOO

any out() : streamer (0) {}

any out JOOOOODDOUOO0ODOOODODOO0OODDOODDOO0O r OD0OO0OO streamer. DOOONO
00 any o .

template <typename T> any out (const T& value)
streamer (new streamer imp<T>),o (value) {}

gobobooobbooobboubibddil any out a U0 streamer U0 O

any out (const any outé& a)

111

streamer (a.streamer ?a.streamer ->clone():0),0 (a.o ) {}
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template<typename T> any outé& operator=(const T& r) {
any out(r) .swap (*this);
return *this;
}
any outé& operator=(const any outé& r) {
any out(r).swap(*this);
return *this;
}
~any out () {
delete streamer ;

}

MRobStewart 0000000000000 000000000000000 ():0)0000
00000000000000000....

swap UOODOOOODOOOO0ODOOOODOO

any outé& swap (any outé& r) {
std::swap(streamer , r.streamer );
std::swap(o_,r.o );
return *this;

gobboobobooobbooobbooobbooobbo0obibUnl ostream JUOO0OO any out UOOO
oon anyioutDD any DO OO0 streamer OO OO0 print O

friend std::ostream& operator<<(std::ostream& o,any out& a) {
if (a.streamer ) {
a.streamer ->print(o,a.o );
t

return o;
}
b

oooboooOOoooOoooobOoOobDOoobDOo@oOH)yY OooboobooboDoooUobObD anyoboobooo
gogboboobobogoboooboooobooooboooboboobboobobooobboobboon
goboooboboobobooboboooobooon

Uobobooobodd any out OO

int main () {
std::vector<any out> vec;
any out a(std::string("I do have operator<<"));

vec.push back(a);

vec.push back(112);

vec.push back(65.535);

// O0vector vecOOOOOO
std::cout << vec[0] << "\n";
std::cout << vec[l] << "\n";

167



Beyond the C++ Standard Library : An Introduction to Boost

std::cout << vec[2] << "\n";
a=std::string("This is great!");
std::cout << a;

00 x0O00 operator<<, JOOO0OOOO0OODOOOODDOO0ODOOO0O0DOO operator<< 0OOM
obobodbD any cut goooooboooonon

any out nope (X());
std::cout << nope;
}

gogboboooboooboooboboobobooobooobboobboobboobboobb oo
OO0O0D0 any out OOODO operator<< O OODOO0OODOOO0ODOOO0OODOOODOOODOOOODODO

Uany U00O0OO0O0OODO

0

obobodbD any00gooooooboobobooobDbD anyddbbooobooobooooDg
U0 anyOOOO0O0O0O0OO0O0O0OO0O0ODOODDODOO0OOOO0ODOOO0ODDOO0ODbOOn

gobobooobobodiD is int 0 is string, DOOO0D00O0O000 anyJOO0O0O0 int OO0
string U0 OO00OO0D0O0O0O0D0O0O0O0O0ODO0O0OLODOO0O0DO0O0O0bLDbD0O0DDbLU0OD any DOOooboboo
gobboobbuooobibodl any0DOOO0DO type OO0

bool is int (const boost::anyé& a) {
return typeid(int)==a.typel();

}

bool is string(const boost::any& a) {
return typeid(std::string)==a.type();

}

gogoboooboobogobooobbooobooobooobboobbooobboobboobb oo
goboooooog

template <typename T> bool contains (const boost::anyé& a) |
return typeid(T)==a.typel();
}

U0 contains U0 OO0OO0DO0ODODOOO0ODOO0ODODOODODOO0ODODOO0ODODOOOODOOO0

ooodo

gobboobbuooobboobbuoobbbodbibd eny 000000000 anyODOOO0OO0OOOO
gobbooobboobobooobooobbddlb eny0O0gooooobobgooboboobboooooboo

gobboobobogobboubibd anyd0boooobO00dD enyO0oooboooboooooo
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class any counter ({
int count ;
public:
any counter () : count (0) ({}
int operator () (const boost::any& a) {
return a.empty() ? count : ++count ;
}
int count () const { return count ; }

b

obbdUd any00O0O c,0bboobbooboboonon

int i=std::for each(C.begin(),C.end(),any counter()) .count();

OO0 for each 000000000 D0OO0OO00OO0O0ODOOD0ODOOO0O0ODOO for each JUOOOOOO
gobboobbogoboooboobooooog

any counter counter;
std::for each(C.begin(),C.end(),counter);
int i=counter.count () ;

Oooooobodob o, 0bUdbidd counter 00 for each UOOOODOOOOODOODOOOOODOODO
O00OO((counter 0O OO O0)OOODDOODODO

Joodgouoobgon

gogbbooobobooobooobooobobuooboobooobboobboobbooobooobDb oo

ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
gogbboobbuooobbooobbuoob ogobboobbuoobbboobiby eny U0ooogoooO
goooog

template <typename Outlt, typename Type> class extractor {
OutIt it ;
public:
extractor (OutIt it) : it (it) {}
voild operator () (boost::anyé& a) {
Type* t(boost::any cast<Type>(&a));
if (t) |
*it ++ = *t;
}
}
bi

goboboobobooobo,obooobbooboboobobooobbooboboobboooboo.

template <typename Type, typename OutIt>
extractor<OutIt, Type> make extractor (OutIt it) {
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return extractor<OutIt, Type>(it);
}

googgoon

gogbboobbuoobbooobtb anydgno

int main () {
std::cout << "Example of using predicates and the "
"function object any counter\n";
std::vector<boost::any> vec;
vec.push back (boost::any());
for(int 1=0;1<10;++1) {
vec.push back(i);
}

vec.push back(boost::any());

000120 any OO O0DODO vee, 0000000000 O0OO0OOOOOOOOOOOOOOOOOODOODODOO
gobobodbObOd any counter [

//, 000000anyd 0000

int i=std::for each(
vec.begin (),
vec.end (),

any counter ()) .count();
std::cout
<< "There are " << 1 << " non-empty any's in vec\n\n";

gobbodb any DOO00O0OO00OOOO0OO0OOO0O0ODOODODODOO0OOOO0ODLOOOObODO0OO0

// OvecOOOOOint
std::1list<int> 1st;
std::for each(vec.begin(),vec.end(),
make extractor<int>(std::back inserter(lst)));
std::cout << "Found " << lst.size() << " ints in vec\n\n";

gobbodbD veeOOOoOoooooooOooO

vec.clear () ;

vec.push back(std::string("This is a string"));
vec.push back(42);

vec.push back(3.14);

gobboobbuogobooobboobobuoobbooobibd anyU000O0ODO0 string OO0 int O

if (is_string(vec[0])) {
std::cout << "Found me a string!\n";
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}
if (is int(vec[l])) {
std::cout << "Found me an int!\n";

ggbboobbogooboooboooboboooobooooboboobboobobooobboobboon
goooooo

if (contains<double> (vec[2])) {
std::cout <<
"The generic tool is sweeter, found me a double!\n";

goobooooooooo

Example of using predicates and the function object any counter
There are 10 non-empty any's in vec

Found 10 ints in vec

Found me a string!

Found me an int!

The generic tool is sweeter, found me a double!

ggbboobbuoobbooobooobboobbuoobibt enygbbgoobboobbooobo
gobboobbognobooobl eny U000 oooboooobobooobooobooobboonbn
gooooobboobDboonD any0 oo

Joogogbougobod

U0b0D00D0 contains 0O O0O0DDOOO0ODOOO0OODOO0ODODOOO0ODOOO0OODOODODOOODOOO
gobboobbogobboubl eanyUO0D0DOO0OD0DOO0ODLDDOO contains UOOOOODOOOO

00000000bOonoOgDd@(indlst, bind2nd, notl, U not2)D 00O 0OO0ODOO0OOODOOOODOOO

gobobooobbDuodiD wypedet DOUOUOODOOODOOO0OOOO0O0ODOODODOOO

0000000000000 contains t. 00O0D00OO0DO0OO std::unary function (UOC++00000
00000000000 typeden)I DD OO0ODDOOO0ODOOO0ODODOODDOOODOOOOOOOOODOO
00 typedef OOOOOMO const boost::any& U boost::any, OO OO0 OO0OOO0OOOOOOONO
godooooooooooooooooon

template <typename T> struct contains t {
typedef boost::any argument type;
typedef bool result type;
bool operator () (boost::any a) const {
return typeid(T)==a.typel();
}
bi
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UOdb0D000 contains UOOUOO0DUOOO0O0OOO contains t DUUODODODOO0OO0DOO0OODOODODO
Uobobooobboonoboo0bboodbD contains t UODOUOOO0D0OOO0OO contains DOODOOOO
gobobooooboooooo

template <typename T> contains t<T> contains() {
return contains t<T>();

}

000000 D000D0 contains t UOO0O0O00O0O00000O00D0O0O0O0O contains t OO0
contains OO OODOOOODOOOOODOOOO

template <typename T> bool contains (const boost::anyé& a) {
return contains t<T>() (a);

}

goboboobbogboboooboooboboobbooonboooboo

int main () {
std::cout << "Example of using the improved is type\n";
std::vector<boost::any> vec;
vec.push back(std::string("This is a string"));
vec.push back(42);
vec.push back(3.14);

gogbboobbuoobboobbibid enyO0oooooooDbDO0O

if (contains<double> (vec[2])) {
std::cout << "The generic tool has become sweeter! \n";

}
vec.push back(2.52f);
vec.push back(std::string("Another string"));

0000 contains OO OO0OODOO0ODODODOOODDOOO0ODOOO0ODODOO0O float.

std::vector<boost::any>::iterator
it=std::find if (vec.begin(),vec.end(),contains<float>());

gobboodbbuooobooobboobbodnbid const DO0UOO any U any cast DO OOODOU
gobb any0gonooooooooooooon

if (it!=vec.end()) {
std::cout << "\nPrint the float twice!\n";
std::cout << boost::any cast<float>(*it) << "\n";
std::cout << *boost::any cast<float>(&*it) << "\n";
}
std::cout <<
"There are " << vec.size() << " elements in vec\n";
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gobboobbuooobbodbid contains JUODODOODDODOO0ODOOO0OODOODDOOOODOOO
gogbbodobobuogoboooboboobobuoooboooboboobbuoobbooobboobboon
gogbboobbuooobbooobbuoobbooobboobbu0obibd vee UODODOODO string U
Uobobo0bbooobibOU contains UOOOOODOO0OO0DOOO0ODOOO0OODOOODDOOODOOO
goboboobobooobboobbooobboU netr oo boobbooobboobD

OO00000 vector vec UOOOOMO string OO

vec.erase (std::remove if (vec.begin(),vec.end(),

std::notl (contains<std::string>())),vec.end());
std::cout << "Now, there are only " << vec.size()
<< " elements left in vec!\n";

gobobooobooubbdoU eny. 00000000 D anyooooooobooobooobboon
O@oooooooo)yoboobooD anyoooboOoOobbOODOODOOOOOODOODOODO
any 000000000 DOOO0ODOOO0OODOO0ODODOO0OO0bOO0o0LObOo0bOb0oooDbobooobbOoOn
bbb —=4uoobtboob—>aoboboobbbooobboobbuoooobo

e prcy | NEXT
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[ prev |
Any [ [J

000000000000 0bDOo0D0ooDOoO0o@ veiax)fOOoDOOODOODODOODOC+H+DOOODO
gogboboooboboobbooobooooboood

gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
gogbboobobdogoboooboooboboobooboooboboobboobbooobboobboon
ool any 00000 O0OO00oooOOoobbOOo0obooooboboobbooooo

goobooonD Any OO
 OObOboobbooobbo
 Oobboon
 OObbOOoOobboobobbOoobboobb

Any DO00Q00O0oobooooboooobooobooobboobbooobooobboobboon
ggoboobbooobooobooobboobbooobbooobboobboobboo

gobboobobooobooobbooboboobobooobboobboobobooobbOoUb any O

gogbboobboobobooobooobboobbuoobobooobbodlb enyO0oooooooO
gobobooobboobobooobooooboboobboobnboonooboo

U BoostAny U ODOO0OODDOO0ODOO0OODOOODODOOOO0DLOO0OODLOOODDbOOoOo0DoOOoOon
gogboooobooboooooo

Any 00 Kevlin Henney 000000 BoostJOODODO Boost 0O D ODOOOOOO

e Py EXT
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. preV_
Library 7. Variant

Variant 0000000000

Variant 000000000

Variant
0ogd

Variant 00 O

e Py EXT
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e Py EXT

Variant U 0000 odood

 Uobooobboobbuogonoboooboo
 UOObOoOOoobbOoOobbOoon
 UOO0OO0OognobDOon
 UOObbhOoOonDbDOoOOn

Variant 00 000000000000 DOO0OO0OO0OO0OO0O0OODOOODODOODOBoost.Variant 00 Boost.Any
000D0O00o00bOO0DOO0oD000o00b0oDO0oDo00oO0DOO0oDO0Do00DbOO0oDOOoDOoDoOOo@OoOoOOonD)OoDn

gobooobbuoobboobobooobo DDDDDDDDDDDDDDDDDDDDDDDDDMDD
oob0obobo0ooooboooboobooboOoooO veiex(OODOOOY)YODOODOOOODDODOO

0000 Boost.Any. 0D ODOOO Boost.VariantO OO O OOODOOODODOOODOOOOOOODODO
g

MopoooooooooooooOooOoOoO

gogboboobbogbobooobooobobooobboooboec++gooboooboooooboooo
O0D0oOooOoO@nion)OOO0OOOObOcObOOObOOOBoost.VariantDOOOO0OO0O variant OO0
gogobobooobobogobooobbooobooobooobboobboobobboobboobboon
gobboobobogobooobbooboboobbooobboobboobnibd variant DOOODOO
Jobobooobooobboobboonbbo0Ul variant DO0OO0ODODOO0ODO variant DO OOODO
oobDOo0ooOOooooboooboobDooooobooboognygisiton)DOOO0oOoOoOoOoOn variantOOO
OO0bD0oO0ooO0oooOoboog BoostAny (DDOOODOOOOODOO)YODOOoOOOoOoOODOODOODOO
gooobooc++gooobobgoooo pODOUObDOObOODbOODOODOODODODOODDLODODO
ggbboobbuooobbooobbuoobbooobooobbuoobobooobbg

e Py EXT
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e Py EXT

Variant U 00000 ogdod

Boost.Variant 0 0000000000000 OD0OODOC++0C++000000000DO0O0DODOODO
O0D000 variant OOOO0OO0OOOOOOOODOOODOOO

=2 EXT
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e Py EXT

Variant

00 : "boost/variant.hpp"

Jd0ddd0dd0oodOogogg Variant OO
"boost/variant/variant fwd.hpp"
000 variant 0O O OO0OOO0O

"boost/variant/variant.hpp"

000 variant OO O OO0O0OO

"boost/variant/apply visitor.hpp"

Uobb variant DOOODOOOOOOO

"boost/variant/get.hpp"

gobobodnD get.

"boost/variant/bad visit.hpp"

UO00D00 bad visit DO OO

"boost/variant/static visitor.hpp"
000 visitor 0000000

gobboobibd veriant DO0OO0O0O0O0OO0DOO0OD0ODOOO0OOOO0ODODOOOODOOODOOOO0ODO
goboboobobooobboobbooobb "Usage" OO0

namespace boost {
template <typename T1,typename T2=unspecified, ...,
typename TN=unspecified>
class variant {
public:
variant () ;

variant (const varianté& other);
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template <typename T> variant (const T& operand);

template <typename Ul, typename U2, ..., typename UN>
variant (const variant<Ul, U2, ..., UN>& operand);

~variant () ;

template <typename T> variant& operator=(const T& rhs);

int which () const;

bool empty () const;

const std::type info& type() const;

bool operator==(const variant& rhs) const;
bool operator<(const variant& rhs) const;

oo

variant () ;

UobDb0o0b veriant JOO0O0O0D0D0O00D00O00000O0000O000O00 variant DOOO0O0OOO0
goboooobbogpboob veriant JO0OOOO0DO0O0DOOO0OOOO0OODOO0OODOOOODOO
gooboooo

variant (const varianté& other);

UO00D0O00D00O0 other OOODDOOODDO other HOOUODDOOODDODDOOODDOODO

template <typename T> variant (const T& operand) ;

O0D00000 operanda DOOO0ODO variant Doperand OO0 7, 000000000OC0OOOCOOOO
O00oood operand OO OODOODOOOO

template <typename Ul, typename U2, ..., typename UN>
variant (const variant<Ul1l,U2,...,UN>& operand);

0oobooobobOobod veriant U0gooooooooonoQg v, v2 oo, UOOOOODOOO T1,T2
. (0000 variant OO O0O0)0OD0OOO0O operand OO OO0OOOOOO

~variant () ;

OO0 variant, 00000000000 0OO0OOO0OOOODOOOOOODOODOO@OOOOOODO)YDOODO
goooooo

template <typename T> varianté& operator=(const T& rhs);

UobobooobobognDbooU «hs. 00 70000000 variant 00000000000 O0O0 70O

U0 veriant U0 D0OO0O0O0O rhsODOOO0DOO0OODOO0O rOOO0DOOO0DOOODOOOODODDO
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variant 00000000 7, 00000000000 rO(@O)Y ooobooooooobooooooooo
goboooobbodbDOU bad alloc.

int which () const;
goooooooooooobooooboooooooooooooooooooooooooo

bool empty () const;

0000000 false, U000 variant U000 O0O0ODODOOO0OOOO0ODODOO0ODODOOO variant O
boost::any U O UOU0DDUOOODDOOOO0ODOO0OODOO0O

const std::type info& type() const;
UOdbDbD0O0 type info0OOOODDOOODODOOO

bool operator==(const varianté& rhs) const;

00 *thisand rhs DOO0O00O true 00O which()==rhs.which() 0 *this 00000 rhas 0000000
goooooooo0oooooooooooooooooooooooooooooo
(EqualityComparable)l 0000000 operator== 000000000000

bool operator<(const variant& rhs) const;

000000 which()<rhs.which() DOO0OO0O0O0O00OO00O0O0O *this OOOOO rhs OO
operator< U OUOOOOOOOOOODNO operator< U0 OOOOOOOOON

e prcy | NEXT
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e Py EXT

0O

00000000 variant OO0O0OOOO "boost/variant.hpp" DO OO0OO0O00O0O0OO0OO0OOO0O

gogbboobbuogoboooobbuoobbuooobooobbuoobboooboboobboobo
variant U0 0000000000000 00DO0O0O0OO0000O000O0OO0O0OOO00000bO00nD:0n

int, std::string, O double OO0 variant DO OOO

boost::variant<int,std::string,double> my first variant;

oon myffirstivariantDDDDDDDDDDDDDDD int, U0 int 000 variant 0O OO O OO0
gobboobbuoobbooobooobbuoobbdoobbibodl variant.

boost::variant<int,std::string,double>
my first variant("Hello world");

gobboobbogpobooobooobboobboobbibd veriant J00o0oooooonooDOO
gooboooo

my first variant=24;

my first variant=2.52;

my first variant="Fabulous!";
my first variant=0;

Uoboboobbooobool int; 0D0OO00O0DO0OD0OD double; DOOOD0DOOO std::string; U
Uobbo0d int. J0OO0OD0DOODODO0OOD boost::get UODODOOODODOO

assert (boost::get<int>(my first variant)==0);

O0D00000 get 00U my first variant HO0O0O0O0O0 int 0O000O0)000O0O0O00ODODO boost::
bad get DO O0O0O0OO0DO0O0D0O000O00O0000O0DO0 get OO variant UOOO0O get OOODO
oo oUoUUUddg variant g gg g

int* val=boost::get<int>(&my first variant);
assert (val && (*val)==0);

U0 qet DOUOOO0DOOOO0D0OO00O0DOO0DOD boost::any U any cast UODODOOODODOOO0DOOOO0
0000000 cv-O000O (const O volatile)JOODOOOOOOOODDO cv-OODOODODOOOODODOO
Uget UOOO variant OO0 D0DO0O0D00O0O0O0OO0O0DO0OO0 bad get OO0

const int& i=boost::get<const int>(my first variant);

godbbod get UO0DOOO0OO0ODOO0ODLDDOODDODOO0ODLOOODLDDODUOODDOOO0ODLOOODDOODO
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goboboooobogn

#include <iostream>
#include <string>
#include "boost/variant.hpp"
template <typename V> void print (V& v) {
if (int* pi=boost::get<int> (&v))
std::cout << "It's an int: " << *pi << '\n';
else if (std::string* ps=boost::get<std::string>(&v))
std::cout << "It's a std::string: " << *ps << '"\n';
else 1if (double* pd=boost::get<double> (&Vv))
std::cout << "It's a double: " << *pd << '\n';
std::cout << "My work here is done!\n";
}
int main () {
boost::variant<int,std::string,double>
my first variant ("Hello there!");
print (my first variant);
my first variant=12;
print (my first variant);
my first variant=1.1;
print (my first variant);

U0 print U0 0OO00O0O00D0OOO000O000D0D veriant DOO00O0OO00O0DOO0O0DOOO0O0ODOO
bugDOODOOOODODOODODOO print OO0D0OO0O0ODOOO0ODOOOOODODOODOODOODOOOOODLDOO
Uoboboobobogobiod veriant UOOO0O0O00D0O0DO0D0 variant 0OO0OO0D0DO0OO0DOOO0OO
000000 variant DO0OO0OODOOO@WDLDOOOYY O OODOODOOOODO

[0 O Variants

gobbooobobogbobooobooiolb gect00gobooobooobobooboboobbbooobn
000 variant 0O 00000000 variant OO0 char OOOO print O

int main () {
boost::variant<int,std::string,double, char>
my first variant ("Hello there!");

print (my first variant);
my first variant=12;
print (my first variant);
my first variant=1.1;
print (my first variant);
my first variant='a';
print (my first variant);

0000 variant OO0 O0O0O0 char DOO0OD0DOO0OO0ODOOOO0DOO char JOD0OO print DO OOO
00000 (000 print 00 variant 0000000000 0DOOO0ODO0O0DOO variant OO)OOODO

gogboboooobog
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It's a std::string: Hello there!
My work here is done!

It's an int: 12

My work here is done!

It's a double: 1.1

My work here is done!

My work here is done!

OO0D0oO0ooOooooboboobDoOd"™y work hereisdone!"D 00000000 O0D0OOO0DOOO print OO
00000000b0b0b0O00(std::string, int, U douwble) OO OOOOO0OO0OOODOOOOOOO
U0 variant UO00O0O0O0ODO print UOOD0O0O0OD0OOO0OODOO0OODOOO gec0OO0OODOOODDOO
f0000000000D00000000000000000D0O0DO0 get OODOOOODOOODOODO
goboboobbogobooobboooboooboboooobuooobooobbuoobboooboo
Uveriant 00000000000 0000D000 variant UO0O00O0000O000O0ODOO0OD Boost.
Variant D0 00000 oooboobogooooboobooooooboobobooooobuoboobooo
variant 0O O000000O0O00O0OOO

goboboobobooobbouobboU0n print 0O

class print visitor : public boost::static visitor<void> {

public:
void operator () (int i) const {
std::cout << "It's an int: " << 1 << '\n';

}

void operator () (std::string s) const {

std::cout << "It's a std::string: " << s << '\n';
}
void operator () (double d) const {

std::cout << "It's a double: " << d << '\n';

}
}r

U0 print visitor U0 variant JOUOOOO0O0O0OODOOOODN boost::static visitor HO OO ON
typedef (result type), 000000000 OODOOODOOODOO0ODOOOO0OOOODOOODOODOO
00000000 int, 00O std::string, JOO double OO OO0 variant, DO OO0 boost::

apply visitor(Visitor, variant). 000000 apply visitor OOO0O0O0O0O0ODO print DODOOODOO

ooooooa
int main() {
boost::variant<int,std::string,double,char>
my first variant("Hello there!");

print visitor v;

boost::apply visitor(v,my first variant);
my first variant=12;
boost::apply visitor(v,my first variant);
my first variant=1.1;
boost::apply visitor(v,my first variant);
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my first variant='a';
boost::apply visitor(v,my first variant);

}

obDbOo0bbDOd print visitor, U0 v, DO0O0OO0D0O0O0OO my first wvariant JOOO0OOO0O
gobbodbibud char, DO0O0D0DDOOOD0DDOO0D0OO0O0 chaxr DOO0OO0O0OO int, JODOOODODO
UobDbodD variant DO OOO0O0O0OO0O0DOOOO

It's a std::string: Hello there!
It's an int: 12

It's a double: 1.1

It's an int: 97

oooboooboobobooboooboobg a0 ASCHHDOOD 97, 000DbO0ODbO0b0DOo0bOobOobDOoDOn

goooooboobobobooobooboboooobobobDoooob0obobbg(@unuboboD
variant OO0 O0)0DOD0O0OO00O00O0O0OODOOO0O00O0DLO0ODOODO0O0D0ODODOO print visitor OO

oooOoo int,std::string,[l double; DO OOOOOOOOOOOOOOOOOOOO

class print visitor : public boost::static visitor<void> ({

public:
void operator () (int& i) const {
std::cout << "It's an int: " << 1 << '"\n';

}

void operator () (std::string& s) const {

std::cout << "It's a std::string: " << s << '\n';
}
void operator () (double& d) const {

std::cout << "It's a double: " << d << '\n';

}
}r

gogbbooobbogoboobobooobooboobbooonog

c:/boost cvs/boost/boost/variant/variant.hpp:

In member function "typename Visitor::result type boost::detail:: variant::
invoke visitor<Visitor>::internal visit (T&, int)

[with T = char, Visitor = print visitor]':

[Snipped lines of irrelevant information here]

c:/boost cvs/boost/boost/variant/variant.hpp:807:

error: no match for call to " (print visitor) (charé&)'

variant samplel.cpp:40: error: candidates are:

void print visitor::operator() (int&) const
variant samplel.cpp:44: error:
void print visitor::operator() (std::stringé&) const

variant samplel.cpp:48: error:
vold print visitor::operator () (doubleé&) const

gobboobobooobboobboobuDb char bbb boboobboob b
ggbbodobobuogobooobooobbuoobbooobboobbuoobbooobboobbuoon
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O0b0o0ooO0o0oo0obobo0obboO0bOoOD veriant 0O00O0O0O0O0ODOOODOO@ODOOOOODOOOYYODO
gobboobiod getdbboonbooobbooobboonoboon

googd

goooooboobooooboobooboooooobooboobDooDoobooDo@uoboooDoobOoDo
oooooooobooboooo)y ooooooboboooooobooe++ooobobob"™obonoo
gobobooooiiotoobobooobbognibd operator<< OO0 variant DOOOOOO

#include <iostream>
#include <sstream>
#include <string>
#include <sstream>
#include "boost/variant.hpp"
class stream output visitor
public boost::static visitor<void> {
std::ostreamé& os_;
public:
stream output visitor(std::ostream& os) : os_(os) {}
template <typename T> void operator() (T& t) const {
os << t << '"\n';
}
}i
int main () {
boost::variant<int,std::string> var;
var=100;
boost::apply visitor (stream output visitor (std::cout),var);
var="0One hundred";
boost::apply visitor(stream output visitor(std::cout),var);

00000 stream output visitor 00 O00OOOOODOOCODOODOOODOOOOODOOO@WOOO int
O std::string)0 00000000 std::cout << 100 0 std::cout << std::string("One hundred") [
Jddddodoooooooooooooooon

goboobooobooobooobbooobobooobbooobboobboobbboobobboobb OO
gooboooboobogoboooboboooobooobooobboobbooobboob bbb oo
gogoooooobooobooobbooobD gobbooobboobbooobbooobboobbooo
gogbobooobogooboooboboobobooobooobboobbooobboobD

googd

0000000000000 bObDooDUnD variant DOO0DOODOODOOODOOODOD@W@WDOOO
O0)variant. 0000000000 variant 0000000000 O00D00O0OO variant OOOOOODO
gobboobobuogobooobbooobboobbooobbOdl std::ostringstream. DO OOOO
Uoboboobobooobooobbodn sta::string U0 O000O0OO0O0O0OO0DOO0OODOOO variant U
gobboobboooboboobbuobbbooobboobbuooobibodbl poost::

static visitor, JUDO0DO0O0O0O0O0O0ODOO0OD0DOOO0ODOOO0OODOO0ODODOOOODOOOO0ODO
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bool. UOUOOUDDUODDOOOODOU

class lexicographical visitor
public boost::static visitor<bool> {
public:
template <typename LHS, typename RHS>
bool operator () (const LHS& lhs,const RHS& rhs) const {
return get string(lhs)<get string(rhs);
}
private:
template <typename T> static std::string
get string(const T& t) {
std::ostringstream s;
s << t;
return s.str();
}
static const std::string& get string(const std::string& s) {
return s;
}
bi

O0odooooooooooooboooooooobooooooooonouon variant JO0O0O0O0O0QQ
000000000000 (OutputStreamable)D 0000000 get string D000 std::
ostringstream DO 00000000 DOODODOOO0OODOODODOOODOOM@M@MOOO std::
ostringstream, UOOOODOODO <sstream>)J O OO0 get string DOOODO std::string JOOONO
0000000000000 0000000 std::ostringstream 0000000000 OODODOOOO
std::string DO OO0O0O0OO0O0O0 operator< DO OOOO0OOOOOODOOOOOOOOOOOOOOOOO
0o0oboo0oboobOo@UubuoboooobobU0obUOboUdn stream output visitor )OI

#include <iostream>

#include <string>

#include <vector>

#include <algorithm>

#include "boost/variant.hpp"

int main () {
boost::variant<int,std::string> varl="100";
boost::variant<double> var2=99.99;
std::cout << "varl<var2: " <<

boost::apply visitor (
lexicographical visitor(),varl,var2) << '\n';
typedef std::vector<
boost::variant<int,std::string,double> > vec type;

vec type vec;
vec.push back ("Hello");
vec.push back(12);
vec.push back(1.12);
vec.push back("0");
stream output visitor sv(std::cout);
std::for each(vec.begin(),vec.end(),sv);
lexicographical visitor 1v;
std::sort (vec.begin(),vec.end() ,boost::apply visitor (1lv));
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std::cout << '\n';
std::for each(vec.begin(),vec.end(),sv);

}r
Ogoo0ooooooooon variants, varl O varz, 000

boost::apply visitor (lexicographical visitor(),varl,var2)

gobboobbuoobbooobibOdld veriant UOD0DO0ODO0 apply visitor. UOOOO0ODOUOOODOO0O
gobobooboogoooooboboon

lexicographical visitor 1v;
std::sort (vec.begin(),vec.end(),boost:::apply visitor (lv));

Usort JOUOOODDO0O0O0O0OO0D0DO0OD0DOO0O0D0O00O0DO0DOO lexicographical visitor UUO OO
00 boost::variant DO OOO operator<, DO OOOOOODOOOOOOOONONO

std::sort (vec.begin(),vec.end())

000000000000 00 which DO000OO0O0OO0ODOOO0ODOOODOOODOOOOO 12,0, Hello, 1.12, O
0000oo0oodooooddnn variant DOOOOO operator< [ operator== 000 variant 000
JddddddddddoooooooooooooooooooooooooOooOoOn

ooogoogd

O0000000 Boost.Variant 0000000 ODOOO0OO0OO0ODOOO0ODOOOOOOOOOOODOOODOO
gbooboobooboboboobobobobuobb0obOob0bOn BoOST VARIANT ENUM PARAMS, U [

00 variant 00O0O0/0000000000000000 variant OO0O0OO0O0O0O0O0O0OOOOOOOOOO
U000 variant DO 0000 make variant over OUOUO0OD0OO0 variant UOO0OO0OO0OO0O
variant 0000000000 O0O0O0O0OO0O0OO variant OOO0O recursive wrapper,

make recursive variant, [J make recursive variant over. U DO UUODDOUOO0ODOO0OODOODODO
goooooad

=2 EXT

187



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

Variant [ [

0000 (discriminated unions) D 0 00000000 D0DO0OO0OO0OOOOOOBoost.VariantOOoOOoOOOdO
000 variant 000000000 D0DO0O0ODOOO0OO0OC++0000000D000O0O0O@OODOODOOO

pODOO)OODODOOOOOOOODOODOODDOOOODOOUODOUODOODDOOOODDOODOODOO
000000000000 0DOO0DOO0DO00DO0 DooO0OBoost.VariantDOOODOOOODOOODOO
gobobooobbd veriant 00000000000 bOO0o0o0obOO0O0o0obOooobboobDboonoboo

JoobooobobuobogbodbBoost.Variant U000 OO0D0O0DO0O0ODLOOOODODOODDLOODOODOODOOO
goboooooboooboooboboobobooobooobboobboobbbooobbo0 booo
gooboooo

Boost.Variant 000000000000 ODOO0ODOO variant DOODOOOODOODO Boost.Any 00O
goobooobboooocec++pooooboood

Boost.Variant O 0O O O Eric Friedman O Itay Maman.

=2 EXT
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KI==2
Library 8. Tuple

Tuple 0000000000

Tuple 0000000000

Tuple

g0

Tuple 00

=2 NEXT
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Tuple OO0 OOOOOOn

 UOOOogoobon
« UOOooOoon
 UOoOooOoon

goooooooboobooe++bobooooooboboboboooboboboDoboboobUubOong
struct U class UOO0O00O0O000000D0O0O00DOO00O00O000ODO0ODODOO0O0OOO0O00ODOO0O0n
gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
gobboobbooobbooobbooobooubb const 0000 bOoooooooobOoOnDO
gogbbooobobooobooobboobobooobooobboobboobobboobboobboon
goboboobobooobooobibg sta:rpaic 0o oooooooobboonoboonoboo
goood

000000o00bO0oooDo0b0 wpled 0000 wple000DOO0OD0OODOODODODODOOODOODO
000000000 pairs, triples, quadruples, 0000000000000 O00OO tuple0D00O0OC++0
ooooc++0000000000b000o00o0b0oboDo0nog Boost.Tuple DOODODOOOO

Tuple OO0O0O wple 000000000 DO0OO0OO0ODOOODOOODOOODOOOOODODOODOOODOODO
EEN

e prcy wExT
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TupleD OO OOOOOOO

O0DO0O000O0 tupledDOODO0O 2-tuple, OO std::pair. OO0O0O000O00O0ODOOODOOODOO

U stdrimap OO OO0OO0O0O0O0DO0OO0D0O0O0O0DO pair OO0 std::paiz JO0OOOO0DOO0O
obbooobooobboubboooboOoil std::make pair, HOOODOOOODOOOOOOOO
00000 pair 000 OO0 wwpleD0O00O00ODOOO0DO0O0O0O 2-tuplesDOO00O0OTupledOOO

oob0o0obO0o0ooOobooOoboOoDodbb0d wple(OOOOOOODDOUODOODOODOODOODO
O0DO0O0OD00OO0)YODOUODOOO tuplesO0O0OO0OO struct DO0OO0OOOOOODODO

e prcy | NEXT
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| 41 PREY |
Tuple

000 : "boost/tuple/tuple.hpp"

Uobb wwpleJ0OOO0OoODOOOOO

Header: "boost/tuple/tuple io.hpp"

Uobo0 wwple00OOOooooon

Header: "boost/tuple/tuple comparison.hpp"

00 twple JOODDOOOO

NEXT B

Tuple OO0 boost OO OOOODO boost::tuples DO OOMO tuples, 0000 "boost/tuple/tuple.

hpp", DOO0O0D0O0D000O00D00O00O0O000O0 "poost/tuple/tuple io.hpp", UUU tupl

e00O0

OO0 "boost/tuple/tuple comparison.hpp". 0 Boost U D UOOOODDOOOODDOOOODOOOODO

000 Boost.Tuple DODO0OOD0ODOOODODOODOODOODODOODDOODODODODOODOOD
00o0oo0obo0obobobooob0boboooo0bTupleDO0DOD0ODOODODOODO poost U

make tuple, tie, 0 get. 000 Boost.Tuple 0000000000 O0O0OOOOODOOODOO

namespace boost {

template <class Tl,class T2,...,class TM> class tuple {
public:

tuple (),

template <class Pl,class P2...,class PM>

tuple(class Pl,class P2,...,PN);

template <class Ul,class U2,...,class UN>
tuple (const tuple<Ul,U2,...,UN>&);

tuple& operator=(const tuple&);

}i

template<class Tl,class T2,...,class TN> tuple<Vl,V2,...,VN>
make tuple(const Tl& tl,const T2& t2,...,const TN& tn);

template<class Tl,class T2,...,class TN> tuple<Tlé&,T2&,...,TN>
tie(T1l& tl1,T2& t2,...,TN& tn);

template <int I,class Tl,class T2,...,class TN>
RI get (tuple<Tl,T2,...,TN>& t);
template <int I,class Tl,class T2,...,class TN>
PI get(const tuple<Tl,T2,...,TN>& t);
template <class T1l,class T2,...,class TM,
class Ul,class U2,...,class UM>
bool operator==(const tuple<Tl,T2,...,TM>& t,
const tuple<Ul,U2,...,UM>& u);

ooooo
O tuple,
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template <class Tl,class T2,...,class TV,
class Ul,class U2,...,class UM>
bool operator!=(const tuple<Tl,T2,...,TM>& t,
const tuple<U1l,U2,...,UM>& u);

template <class T1l,class T2,...,class TN,
class Ul,class U2,...,class UN>
bool operator<(const tuple<Tl,T2,...,TN>¢g,
const tuple<Ul,U2,...,UN>&);
}
oo
tuple (),

tuple UODODOOO0O0OOO0O0O0DOOODODOOODOOO0OOOOOODDOOODOOOO0bObOOoObLbOOnDn
ggbboobbuooobooobbuoobobooobooon

template <class Pl,class P2...,class PM>
tuple(class Pl,class P2,...,PN);

gobboobbuoobiooubid wple DOO0O0DDOOOO0ODOOO0O0O0OOO0O0OD rwpled oo
goboboobbooobiod wwpleDO00000OO0o0o0DOOo0o0ooOOoOoOobDbO0O0ODOO0OOOLDDOODO

0ooboooboobOo wpleboooboboboooobobobobboboboboobbob oo
gobooobobogboboooboooboon

template <class Ul,class U2,...,class UN>
tuple (const tuple<Ul,U2,...,UN>&);

O0DO000O000O000 wplebO0O0DOODOODOOOOODOD tuple (T1, T2,.., M) OOOD0OOODOO
ooono (uiuz,.,on) DO00O0OD0O0OO00ODOOO0ODOODOOOOOOODOOO

TIndex & get<int Index>();
const TIndex & get<int Index>() const;

UO00D00D mmeex JUOODO0O0OD0 mnaex 0000000000 DOOO00OOO0ODODOUO tuple OO
goboboobbooobboobbooobboubbOo0nD Tindex OOO

tuple& operator=(const tuple& other);

tuple DO O0O0OODO tuplesO 000000000 0O0ODO0 *thisOOOOOOOOODD other OOODO
gogbboobbuoonobooobooo

godad

template<class Tl,class T2,...,class TN> tuple<Vl,V2,...,VN>
make tuple(const Tl& tl,const T2& t2,...,const TN& tn);
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UU0OO0OD0 make tuple U tuple OO0 std::make pair. 0000000000000 0O0000DOO0O00OO
tuple DO O0O0O0OO00OO0O tupleUOOODOOOO0OOOOOOOO ev-UOODUOOUOOUooooooong
0000000 Boost.Ref OO ref 0 cref DD OOOODDOODODOOO tuple00oono@oon
00000 ref 0 cret 00O0OO0O)

template<class Tl,class T2,...,class TN> tuple<Tlé&,T2&,...,TN>
tie(Tl& tl1,T2& t2,...,TN& tn);

U000 tie OO make tuple. UU tie(tl,t2,...,tn) UUOODOO make tuple(ref(tl),ref(t2)...
ref(tn)) DO0O0O0O00O0O0O0O0O0O00OO00O0O00 twple DOOOOODO0OO tuple OO0 tiedOOOO
00000 tuple DO0OO tieD0O0OO0O00 wtiedO00O00O0OO0O0OOOODOO0O0O tupledO0OoOoOoad
0000000000 tie OO0 std::pair DOOO 2-tuple O

template <int I,class Tl,class T2,...,class TN>
RI get (tuple<Tl,T2,...,TN>& t);

0000 get 0O0O0DO0DODOO tuple t 0000000 1 00000O0O [0..N), NO tuple DODOODO
oo rz100odododddd rr 0O T1; 00, RT O TIs.

template <int I,class Tl,class T2,...,class TN>
RI get (const tuple<Tl,T2,...,TN>& t);

0000 get OOODO tuple t DO0DODOO0OO 1 000000 [0..N), NO tuple DOOODOOOOO
Tt 000000000 rr O t1; 00, RI O const TIs.

googd

bool operator==(
const tuple<Tl,T2,...,TN>& lhs,
const tuple<Ul,U2,...,UN>& rhs);

O00000OD0OOO0Ofo..N)O i OO0 get<i>(lhs)==get<i>(rhs) ONOODODOOOOOOOOODODO
true 0000 tuples 00000000000 OC0OO N=00O0O tuple0OO0OO true O

bool operator!=(
const tuple<Tl,T2,...,TN>& lhs,
const tuple<Ul,U2...,...,>& rhs);

O0000pDOooOgooofo..N)O i OO0 get<i>(lhs)!=get<i>(rhs) ONDOOOOOOODOOOOOODO
true OO0 tuples 00 000000000000 N=00O0O tupleJODOODO false U

bool operator<(
const tuple<Tl,T2,...,TN>& lhs,
const tuple<Ul,U2,...,UN>& rhs);
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00O00000o0oOoogfo..N)O i 00 get<i>(lhs)<get<i>(rhs) ONOOOOOO0DOODOOOOOO
true O OO0OO00O0O0O0 false DOOOO ! (get<i>(rhs)<get<i>(lhs)) 0O true DOOOOOO
false OO0 tuples 00000000 O0O0OO0OO N=00O0O tupled0O0O0O0 true O

O0000oboO0o0oooooobogbOod (operators ==, 1=, <, >, <=, 0 >),00 tuplesOO00OOOOO
000000000000 0DO0Db0O0DO wplebOoOobOOoOo@OOobDOUODOODOODOOOOn)
gobboobbogobooobboonbbil weple000oOoooooooobooobooooO
0o0oooood((short-circuited)J 000D 00ODOODOOOO0OO0ODOODOO <, > <=0 >=0000000

gogbboobbuooobooobbuoobobooobboobbuooobooobD wwperedbogoo
ggoo

e prcy | NEXT
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1 [

Tuples OO OOOO tuples, DOOO0OOOOO boost. OO ODOOODODOON "boost/tuple/tuple.
hpp" DO0OO0O0O0OO0O00OO0O0ODO "boost/tuple/tuple comparison.hpp" O0tuples OO O0OOOOOO
OO0 "boost/tuple/tuple io.hpp" OO tuple JOOODOOO(tie O make tuple)JO0OODOODOOODO
boost O OUODDOOOODOOODDOOODOODOODDOO wplesOODDOO0OODDOOOODOOOODO
00o0oDooobDoooooOoonD wplesOODOOOODDODOOODDOOODOOOODODO tuplesO OO

00O Tuples

Udbb wpleJ00O00O0DO0ODODOOODODOOO0OOOO0OODOO D'[ll

Mopoo tuple UOO0D0O0O0O0DOO0ODODOOO0ODOOOO0ODOOO0OODOOODODOOOOO
goboogoobood

boost::tuple<int,double,std::string>
triple(42,3.14,"My first tuple!");

U000 twple UOODDOOODOO0ODDOO0ODLDOOODOO0ODLDDOODODOO tuwpleOOOODO int,
U0 double, UODO std::string. U0 O OO0OOO0O0ODOOO0OODDOO0ODODOOOODOOO0OODOODOO
gogbboobbuoobbooobooobboobo

boost::tuple<short,int, long> another;

OO000000 another OO0 short, int, O longDDDDDDDDDDDDDDO.QDDDD tuple
iU UUUU0OOd tupleUUbUUUdUUUUUUUUUOUO
0000 struct 000 twple 00O 0O0OOOOOOOOOOOOOOOOOOOO

make tuple DOO0O0ODO tuplesO0OOO0D0O0OOODOOOOO0O0ODOODOODOOOO@OODDOODODO
00)o

Ploppoooooooo ro 0000000000000 O0O0O0O000

boost::tuples::tuple<int,double> get values() {
return boost::make tuple(6,12.0);
}

U0 make tuple OO0 std::make pair. DOUOUOOO make tuple UODOOOOOO const, DOOOOO
ddooodooOodooooooboOoooooon

int plain=42;
int& ref=plain;

196



Beyond the C++ Standard Library : An Introduction to Boost

const inté& cref=ref;

ooboooooobodeviOO@UD)YDODODOODOODOUODOUODOD make_tuple OO0 tuple DOO
U0 int 000

boost::make tuple(plain);
boost::make tuple (ref);
boost::make tuple (cref);

iU U DU OO0 O wpleUUUoUQog
J0000000 boost::ref, D OOODDOO Boost.Ref J Boost DD ODOOOODOOODDODOOODO
000000000 tuple OO0 inte OODO0ODOODOODO0DO0ODODOOD const intse OO (OOODO
O creft 00O O00O)O

boost::make tuple (boost::ref(plain));
boost::make tuple (boost::ref (ref));
boost::make tuple(boost::ref (cref));

0000000 const DOODOOOODOO Boost.Ref O boost::cref OOOOO tuples OO0 const
inte O OO

boost::make tuple(boost::cref (plain));
boost::make tuple (boost::cref (ref));
boost::make tuple (boost::cref (cref));

ref 0 cret OO0O0O0O00000O0O0OOOOOODOODOO Boost.Tuple DO0OOOOOOOOOOODODO
ggbbuooboooobbooboboo

00O tuple [0

U0 tuple DOODODOOO tuple OO0 get 0OOODO get DOODDODOOODDODOO0OODOOODODOO
goboooooooooo

#include <iostream>

#include <string>

#include "boost/tuple/tuple.hpp"

int main () {
boost::tuple<int,double, std::string>

triple(42,3.14,"The amazing tuple!");

int i=boost::tuples::get<0>(triple);
double d=triple.get<1l>();
std::string s=boost::get<2> (triple);

}

O0000o0o0o00ddond tuple OO triple d triple 0000 int, OO double, OO0 string, OO
000 get OO
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int i=boost::tuples::get<0>(triple);

UobobDoobDbooiD get 000 tuple UOOODDODO0OO0DOOOO0DOOO0OODOO0OODOOODOOO
goboboobbognoboobobibd wwpleDO0Ooonoog

double d=triple.get<l>();

ggbboobbooolb get. 00D OoonODO

doubleé& d=triple.get<l>();

obboobbooobboubibUl get 00000 DOODDOOOD wuple, U0DOOODO
const U0 ODOO0ODO const UOODOO0OOOO0OODOOOODDOO0ODOOOODDOODODDOOODOOO
gobboobbouoiobi0 weple DOO0OO0OO0OO0DOOOD0DOO0O0O0ODO0O0O0O0DO0 tupleOODO

gogbboobobuogoboooboboooboboobooboooboboobboobobooobboobboon
gobboobbuoonoboooboo

Tuple DO OO OOO

tuples U0 OO0OO0DO00D0O0OO0DOOO wuple DOO0OD0OOO0OODOODODOOOODOOOODODOOO
O tuples, UOODOOOODDOOOODDOO0ODODOOO tuplesUDODOOODDOOODODOO tupleOOOO
ggbbodb twpleU000Oo0ooooooobooon

#include <iostream>

#include <string>

#include "boost/tuple/tuple.hpp"
class base {

public:
virtual ~base () {};
virtual void test () {

std::cout << "base::test()\n";
}
bi
class derived : public base {
public:
virtual void test () {
std::cout << "derived::test()\n";
}
bi
int main () {
boost::tuple<int, std::string,derived> tupl (-5, "Tuples");
boost::tuple<unsigned int,std::string,base> tup2;
tup2=tupl;
tup2.get<2>() .test () ;
std::cout << "Interesting value: "
<< tup2.get<0>() << '\n';
const boost::tuple<double,std::string,base> tup3 (tup?);
tup3.get<0>()=3.14;
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}

0000000000000 base O derived, HOOOOOO tuple DOODOOOOOO tuple OOOO
00000 int, std::string, O derived. D00 tuple DOOO0U0OO0OO0OO0O0OO0O int, std::string,
O pase. HOOOOO tuplesOUOOOOOO0OOO0ODOO0OOO0OO tupz=tupl UOOOOOOOOOOOO tupl
000000000 derived, OO0 tup2 00000000000 base. 00000000 derived O
Oodooooooobooooon

tup2.get<2>() .test () ;

0000000 pbases, I tup2 UOOOOO0OO base, DOOOOMO base::test. UOOOOOO tuples U
000000 vase O derived DO 00000000 DOOODODOOODOOOOO@OOOOOODDO)OO
000 tuples 000000000 OOO0ODODOO Boost.Conversion DD OOOOOOOODOOO Library
2: Conversion"[

UoboboooboboodiD tuple, tup3, UOOOODODOOO0ODOO tup2.

const boost::tuple<double,std::string,base> tup3 (tup2?);

00 w3 0000 const. UODOOO0ODOOO0ODOOOOODDODOODODDOOOODOOO...DDO0ODODOOO
ggoo

tup3.get<0>()=3.14;

OO0 tup3 O const, get DO O OO const doubles. OO OO0OOOO0OOO0OOOOOOO0OOOONO
tuples U0 O 0OO0OO0OO0OODOOOO0OO0O0OO0OO0OO0OOD0OO0OO0OOU0OOUODOLDOODOOOUOOOOO
000 wwples OO OOOOOOOOOOOOOOOOO

derived d;
boost::tuple<int,std::string,derived*>

tup4d (-5, "Tuples", &d) ;
boost::tuple<unsigned int,std::string,base*> tupb;
tupb=tup4;
tup5.get<2> () ->test () ;
boost::tuple<int,std::string,derivedé&>

tup6 (12, "Example",d) ;
boost::tuple<unsigned int,std::string,base&> tup7 (tupb)
tup7.get<2>()->test () ;

00000000000 derived::test HOOODODOOOODO tuwpe U tup7 DO OOODODDOOODODOOO
gobboooboooooiDo0 tup7 00 tupe JUODODO0OO0 tupe U0 aOO0D0DOO0OO0ODOOO tups O
tups 00000000000 0OO0OOOO0ODOO0ODOO0ODO0O0OO0OOOOD wpledDOODOOOOO@
0oooo)oooooooboboooooobobooooooboboo0o0onO tupsa U tups 0o
tuples O OODOO0ODOOODOOOOOODOODOOODO(@O "Library 1: Smart ptr 1"0 000 Boost U
OoDOoooooogono)
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00 Tuples

OO0 tuples, DOUO0ODODOO "boost/tuple/tuple comparison.hpp". tuple UOOOOOO ==,!=,
<=0 >=, 00000000000 wwplesOUOO0OU0O0ooooooooooooobooooooooonoon
O0000000o0o0o0oUoooonoOod twplesO0O00OO00O0O0OO0OO0O tuplesOOO0OO0O0O
00000000000 wwplesUOODOODO0OOODO0OO0OODOO0OO0 true0 0000000 OOOODOOO

U false, operator==U0 000 false JOOO0O0O0O0OD0O0OO0O0DOO0O0OO0OOO0O0DOOOODOOOO0ODOO

goooooo

goboboooboobogooboood

#include <i
#include <s
#include "b
#include "b
int main ()

boost::tuple<int,std::string> tupl (11,

ostream>

tring>

oost/tuple/tuple.hpp"
oost/tuple/tuple comparison.hpp"
{

"Match?") ;

boost::tuple<short,std::string> tup2 (12, "Match?");

std:
std:
std:
std:
std:
std:
std:
std:
tup?2.
std:
std:
std:
std:
std:
std:
std:

Uo0bDOo0DbDD tuples, tupl O tup2, 0000000000 DOOO0DOO00O00ODOO0ODODOO0O0OO
U0 tuplesUODDOUOO0ODOO0O0OO0OO0DO wwplesUOUOOODOOOoOoOOOoooooonO

:cout
:cout
:cout
:cout
:cout
:cout
:cout
:cout

get<

:cout
:cout
:cout
:cout
:cout
:cout
:cout

Comparison:
tupl==tup?2:
tupl!=tup2:
tupl<tup?2:

tupl>tup2:

tupl<=tup2:
tupl>=tup2:
Comparison:
tupl==tup2:
tupl!=tup2:
tupl<tup2:

<< std::boolalpha;

<< "Comparison: tupl is less than tup2\n";

<< "tupl==tup2: " << (tupl==tup?2)

<< "tupl!=tup2: " << (tupl!=tup2)

<< "tupl<tup2: " << (tupl<tup2) <<

<< "tupl>tup2: " << (tupl>tup?2) <<

<< "tupl<=tup2: " << (tupl<=tup2)

<< "tupl>=tup2: " << (tupl>=tup2)

0> ()=boost::get<0> (tupl); //tup2=tupl also works

<<
<<

l\nl;
l\nl;

l\nl;
l\nl;

<<
<<

l\nl;
l\nl;

<< "\nComparison: tupl equals tup2\n";

<< "tupl==tup2: " << (tupl==tup?2)
<< "tupl!=tup2: " << (tupl!=tup2)
<< "tupl<tup2: " << (tupl<tup2) <<
<< "tupl>tup2: " << (tupl>tup?) <<
<< "tupl<=tup2: " << (tupl<=tup2)
<< "tupl>=tup2: " << (tupl>=tup?2)

tupl is less than tup2
false

true
true

false

true

false

tupl equals tup2
true

false

false

<<
<<

l\nl;
l\n';

l\nl;
’\nl;

<<
<<

l\nl;
l\nl;
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tupl>tup2: false

tupl<=tup2: true
tupl>=tup2: true

UooboobobogobbD wplesddoboooobboooboboobbooobboonbbooobbo
U tuple OO0OD0OO0O0ODOOODO@OLOOODOO)YOODOOOOOOODOODOODOO

template <int Index> class element less {

public:
template <typename Tuple>
bool operator () (const Tuple& lhs,const Tuple& rhs) const {

return boost::get<Index>(lhs)<boost::get<Index>(rhs);
}
)i

goooooboobobooooobooboboooboobobobDoobobobooDoOobobobDobDOoO
element less JUOODOOO

#include <iostream>
#include <vector>
#include "boost/tuple/tuple.hpp"
#include "boost/tuple/tuple comparison.hpp"
template <int Index> class element less {
public:
template <typename Tuple>
bool operator () (const Tuple& lhs,const Tuple& rhs) const {
return boost::get<Index>(lhs)<boost::get<Index>(rhs);
}
bi
int main () {
typedef boost::tuple<short,int, long, float,double, long double>
num tuple;
std::vector<num tuple> vec;
vec.push back (num tuple(6,2));
vec.push back (num tuple(7,1));
vec.push back (num tuple(5));
std::sort (vec.begin(),vec.end(),element less<l>());
std::cout << "After sorting: " <<
vec[0].get<0>() << '"\n' <<
vec[l].get<0>() << '"\n' <<
vec[2] .get<0>() << '\n';

vec UODOO0OODOODDUOO0ODOO0OD0ODOOOD element less<1> 00000 O0OODOO tuples U
gobboobbooobooobboobboobbooobibd tuple OO

OO0 Tuple OO O OO

Boost.Tuple D0 DO OODOOO0OO"DO" tuples0O0OO00O0OOOODOOODDOODN boost::tied DO OO
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tuplesU O DOO0OO0D0UOO const DUUDDUODO tiesUUDDUOOO0O0OOO0ODDOO tieDDOO
U000 const UOODOO0OO0DOO tuplesUUOD const UOODDUOOODOOO tuple DOOO0DODOO0OOOO
U0 const UOUOOO0OD tieDOOUOO0O0OOODODOOOODOO tuple, tiel 0000000

0000000D00000000 tuple 00000000 D0000O0O000D0DO0O0ODO tied tuple O0OODO
000000000000 o000oo00o0o0obO00o0oo0o0o0ooo0o0oD00oo0oooooooOooDooOon
000000000000 00000000000 twple 000000000 DO0OO0O0DOOO0ODODOOOO

00000000 Boost 0——Boost.Math.

#include <iostream>
#include "boost/tuple/tuple.hpp"
#include "boost/math/common factor.hpp"
boost::tuple<int, int> gcd lcm(int vall,int val2) {
return boost::make tuple (
boost::math::gcd(vall,val2),
boost::math::1lcm(vall,val2));
}
int main() {
//"0r0d
boost::tuple<int, int> tup;
tup=gcd lcm(12,18);
int gcd=tup.get<0>(); // UUOODOOO int gcd=tup.get<0>()),; OOOO

int lcm=tup.get<l>(); // UOUOOOO0O int gcd=tup.get<l>()),; OOOO
std::cout << "Greatest common divisor: " << gcd << '\n';

std::cout << "Least common multiple: " << lcm << '\n';

//rar0og

boost::tie(gcd, lcm)=gcd lcm(15,20);

std::cout << "Greatest common divisor: " << gcd << '\n';

std::cout << "Least common multiple: " << lcm << '\n';

O0D0o0oboO0o0ooob wpledDO0O0D0OO0O0OD0O0O tieOOOOODOOODOODOODOOODOO
boost:: tuples::ignore DU UOUOODN tuple DOOO0OO0DODO0O0DDOODODOOOODOOO0OODOOODOO
ogn

boost::tie(gcd,boost::tuples::ignore)=gcd lcm(1l5,20);

Jobboobobogobooun wie, D000 DOOD0DOOODOOODDOODDOOODLDOODLO
000000 ignecre U0 ODOO0OO0ODOO0OODOO tupleOOOO

000 tieOOD std::pair. DO OO boost::tuples OO OON

std::pair<short,double> p(3,0.141592);
short s;

double d;

boost::tie(s,d)=p;

U0 twplesUODODOO0OD0OOO0OODOODODOOOOOO
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Tuples] [0 O O

0oooooodoooud tuplesU0000000000O0D0O00O0O std::cout. JOODOOOOOOONO
0000o0ood tuple 000000000000 tuple OO0 operator>> [0 operator<< OO OON
O0000o0ooooooooooodooooooonoooon ocperator>>000000O0O0OOODOOO0O
0000 tuplesO0O0000O0O00O0OO0OO00O0OO0OO0O0O tupleDO00O0O0OO00OO0OODOOOO "boost/
tuple/tuple io.hpp".

#include <iostream>
#include "boost/tuple/tuple.hpp"
#include "boost/tuple/tuple io.hpp"
int main () {
boost::tuple<int,double> tupl;
boost::tuple<long, long,long> tup2;
std::cout << "Enter an int and a double as (1 2.3):\n";
std::cin >> tupl;
std::cout << "Enter three ints as [1.2.3|:\n";

std::cin >> boost::tuples::set open('|"') >>
boost::tuples::set close('[|') >>
boost::tuples::set delimiter('."') >> tup2;

std::cout << "Here they are:\n"
<< tupl << '"\n'

<< boost::tuples::set open('\"') <<
boost::tuples::set close('\"') <<
boost::tuples::set delimiter('-");

std::cout << tup2 << '\n';

000000000000 tuplesO0O0OOODO tuplesOOODOODOODO ((UDO)ODOOoOOOO
o0 @DOoO)DboOoDOoOoOOoOoOOOOOUODD wwplebOOODOODOODOOOOODOODOODOO
goobooonD a2 s54.1) 0 14.5.31. 000000000

Enter an int and a double as (1 2.3):
(12 54.1)

Enter three ints as [1.2.3]:

[4.5.3]

Here they are:

(12 54.1)

"4-5-3"

gogbboobbuooobbooobbuobobooobboobbuoibb wwpledoogobboooO
ogn

00O Tuples O 00O

UobboobDbooobbOoUD wwplesUODODOOO0DOOO0ODODOOODOD wwple UO0DOOOODOOO
O0D00000000 wwple 0OO@OODOO)Y)YDODOOOOODOOODOOOD null type tuple JOOODO
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gooboooo

UobDO0 for UOOOODOD rwple UODUOUOOD0 get UOU0OODOODODDUOOODOOO0OODOOOO
O0D00DO0o0DoO0o00 wpleOOOO0OO

#include <iostream>
#include <string>
#include "boost/tuple/tuple.hpp"
template <typename Tuple,int Index> struct print helper ({
static void print (const Tuple& t) {
std::cout << boost::tuples::get<Index>(t) << '\n';
print helper<Tuple, Index-1>::print(t);
}
bi
template<typename Tuple> struct print helper<Tuple, 0> {
static void print (const Tuple& t) {
std::cout << boost::tuples::get<0>(t) << '\n';
}
}i
template <typename Tuple> void print all (const Tuple& t) {
print helper<
Tuple,boost::tuples::length<Tuple>::value-1>::print(t);
}
int main () {
boost::tuple<int, std::string,double>
tup (42,"A four and a two",42.424242);
print all(tup);
}

Uobboobbuo0dbDbOO00 print helper, UODOUOOO0DOODO tuple UOODDOO0OO0OOO0OODO
UobbooobobooobooobiboobibDUl print 211 000 tuple D0OO0D0O0O0 tuple OO
O print helper DO0O0OOtuple DODOOOOOOOOO

boost::tuples::length<Tuple>::value

gobboobbuooobbooobbuobbboo0bibo0biDO print_helper. UO0OOO0OOO0ODOO0O
gobboobobooobooobbooooboon

42 .4242
A four and a two
42

dodooodooobOooooboooboooooboooobooo@ooooboOo)yYbooooboboooooao
print helper U0 boost::tuples::length<Tuple>::value-1 DO UDO0DO0O0O0OU0OO0OO0OO0O0O0ODOO
OJoddooobooooooooooooooooooooooooooooooooboooooooooooa
O00ddoooddooodoooooooooooooooooogonD twpleddooooooQ

boost::tuples:: null type UOOUOOODDODOOOODOOODODOOODDOO0ODOOO wpleOQOoonQ
U000 null type, HOOODOOO0O0OD0OOO0OODODO null type UOOOOOOOOO
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gobboobbuoooboboobbuobbuooobboobibd tuplesOUOUODDUO get head U
get tail JODO0OODDOOO0D0OO0 get head UOOOODOOOODOODDOODN get tail OOUO
U000 twple UOODDOOO0ODOO0ODOOO0ODO tuple. UOD0OO OO print 212 000000

void print all (const boost::tuples::null type&) {}
template <typename Tuple> void print all (const Tuple& t) {
std::cout << t.get head() << '\n';
print all(t.get tail());
}

goboboobbuooobooobboooboobbooobbo0bbOl print 211 0000000
tuple UODODOOO0OO0OOO0O0OD t+0000O0DOO0O0DOO0O0OODOO twpleDOOODDOODO tuple
JoboboodbDbUOOdl null type, DOUOD0ODOUOO print 211 000000

gobboobbogobooobbooboboobboooboboobDbD wple UO0DbOooooooooO
UobDbOd wuwple DOOODODOOO0ODDODOO0ODLDOOOODDOODODDOOODDODOODDOODODDOOODDO

o@oooooooo)yoooboooboooobooooboobooboooobobobobooDboooDo
element<N, Tuple>::type U U DOO0O0DOO0O00OOO0O00OOO0O0DOO0OODOOODOOO0OOOOO0
gogbboobobogobooobbooobobooboobooooboboobboobobooobboobboon
goboooobbuoobboo0obooooibD wypedet DOO0ODOO0OO0OOO0OODOOOODOOOODOOO
gobobooobooogn

#include <iostream>
#include "boost/tuple/tuple.hpp"
#include <cassert>
#include <typeinfo> //0000000000O0OO0OONO
template <bool B, typename Tuple> struct largest type helper {
typedef typename boost::tuples::element<l,Tuple>::type type;
i
template<typename Tuple> struct largest type helper<true, Tuple> {
typedef typename boost::tuples::element<0,Tuple>::type type;
bi
template<typename Tuple> struct largest type {
typedef typename largest type helper<
(sizeof (boost::tuples::element<0, Tuple>)>
sizeof (boost::tuples::element<l, Tuple>)), Tuple>::type type;
bi
template <typename Tuple>
typename largest type<Tuple>::type sum(const Tuple& t) |
typename largest type<Tuple>::type
result=boost::tuples::get<0>(t)+
boost::tuples::get<l>(t);
return result;
}
int main () {
typedef boost::tuple<short,int,long> my tuple;
boost::tuples::element<0,my tuple>::type first=14;
assert (typeid(first) == typeid(short));
//000000assert (type id(first) == typeid(short)); OUODOO
boost::tuples::element<l,my tuple>::type second=27;
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assert (typeid(second) == typeid(int));
//000000assert (type id(second) == typeid(int)); OOO0O
boost::tuples::element<
boost::tuples::length<my tuple>::value-1,my tuple>::type
last;
my tuple t(first,second,last);
std::cout << "Type is int? " <<
(typeid(int)==typeid(largest type<my tuple>::type)) << '\n';
int s=sum(t);

JoooooooboooooooooooobooonD Tupleb 000000 Oo0OoDDOOODDOOO

UO0bDDbO0b0D00O0 1argest type UOODOUOOODO largest type helper DU UOOOO typedef OO0
O0o0oo0ooDo0oooooooo0oboooDoO wwple (OOODDOOO)DOOODOOOODODOO
000000000 typedef O O0ODOO0OO0D0O0OO0O0O0O0OO0O0O0 suemODO0O0O0O0O000OOOOO0O
ddddddddooooooooooooooon

gobboobobogobboubibd sum, UODOOODO tuwple UOODOOODDOOOODOODO tuple
goboobooobooboon

boost::tuples::element<0,my tuple>::type first=14;
boost::tuples::element<l,my tuple>::type second=27;

00000000 wwple DODOODODOO0OODODOODODOODDOODODODODO@UuO)YODOODDODOD

boost::tuples::element<
boost::tuples::length<my tuple>::value-1,my tuple>::type last;

Tuples [0 for_each

JO0b0bDO0000 print 211 000000000000O0O0 std::for each U ODOO0O0ODOOO0ODOOOO0
goooboooboobogobooobbooobooobboonboobobbooobboobDbbooobbo
tupled 00000000 ODODOODOOODODODOODOODOODODODODOOODODUODODOODDUODOD
0o0oooobobuobb wple000D00ODO0OD0O0DDLOODODOODOO@WOOODOD) print 212 0000
gogboboobbuobbooobboobDd weple DOO0OODODOODDOOOOOOOODODOO

for each element U0 0OO0O000O0O0O0DO0OODDOO0ODOOO0O0OO0O0OO0DOODODOOO

for each element UJ

#include <iostream>

#include <string>

#include <functional>

#include "boost/tuple/tuple.hpp"

template <typename Function> void for each element (
const boost::tuples::null typeé&, Function) ({}

template <typename Tuple, typename Function> void

for each element (Tuple& t, Function func) {
func(t.get head());
for each element (t.get tail(), func);
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}
struct print {
template <typename T> void operator () (const T& t) {
std::cout << t << '\n';
}
}i
template <typename T> struct print type {
void operator () (const T& t) |
std::cout << t << '\n';
}

template <typename U> void operator () (const U& u) {}
}i
int main () {
typedef boost::tuple<short,int,long> my tuple;
boost::tuple<int, short,double> nums(1l,2,3.01);
for each element (nums, print());
for each element (nums, print type<double>());

}

U0 for each element UODOODOO0OODDOOOODDOODDOO0O0ODO0ODODO0OO0 null type DOOD
UobbhOd wwpleDOOO0OoOoooboooboboobbooobboobbooboo

template <typename Tuple, typename Function> void
for each element (Tuple& t, Function func) {
func(t.get head());
for each element (t.get tail(), func);

}

O0D0000O0000O0D00D tuwple OODOODODOODOODOO@OOODO)O for each element OO0

get head DO 0ODOODOODOOOOO@OY)YIDOODOUODN get headUOODOD tuple JOOODOODOODOO
0000 wwple DO0OO0ODODOOODODOOODODOOOOODOODODOODODODOOODOOOODODO@ONYOO
JobobDoobDbDooobDog get tail UOODOO0OO0ODO0ODODOO null type UODOO0OO0OOO0ODOO
0 for each element Oo00o0oooooooooooa for each element ooon

gobboobbooobooobbuooobooobboobbuooobooobbUol printDDO0ODODO

struct print {
template <typename T> void operator () (const T& t) {
std::cout << t << '\n';
}
}i

U0 print 00000000 DOOOO0DOOO0ODODOODDOOOODODOO0ODODOOOODOOO0OOLDOODD
gobobooboouooobooobboobbidD wples00oooobooobooooooonoDOd
gooboboobobogobooobbooooboooboboooonboobobooobbuoobDboooboo

for each element (nums, print());

gogbooboobobogoboooboooobobooobooobboobbooobooobboobboon
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goooooo

gogbobooboobogoboooobboooboooboooobobuooobooooboobg

template <typename T> struct print type {
void operator () (const T& t) {
std::cout << t << '\n';

}
template <typename U> void operator () (const U& u) {}

b

0000000000000 D000000D0000000O (discarding overload)DODO0DO0O0D0ODOOOOO T
gobobooobooobooobbooobooobbooobboobbooobboobboobb oo
000000 sizeoft O0OO0DO0O(...)0O000000O0ODODOODOOODOODODODOOODODODOO
gogbboobboobbooobooooboboobbuoobboonooboo

for each element (print type<double>(),nums);

ooboooOoooobobooDoOobDOooDOoonD TupleOOOOoOOODOODOOOODODODOODO
gogbobooboooooo

e Py EXT
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e Py EXT

Tuple O 0O

Tuple OOC++000 tuples 00000000000 0ODO0OOOODOODOODOODOOOOOOOODO
000000000000 O0oo0oDo0oDo0ooooo0ooDo0ooo0oDo0DOo0ooDooooooDOooOoag
00000000000 struet 0O0O0D0DO0OO0O0ODOODOOO0DOOODOO0OOOODOOODOODOOO
Boost.Tuple D OOOOOOOODO

000000000000 0OD TupleDOODOOOOOOODODOODOODOO twpled0OODDOODO
O0DO0O0OD00O0 get head/get tail O0O0O0DOOO0D00OO tuplesO0OOOOOODOODOOODOODOO
oogobooooobobTs) bgooooo

Boost.Tuple D0 0O 0O 0Jaakko Jarvil DO OO OOOOOOOOOODOOOOOOOOOOODOODOCH+
+ggbobugboboooobooobboobboan

e prcy wExT
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e Py
Partil: OO0 QOO0 OOO

goooooooooobooc++ooooobooooogonoooooboooooo
U0 ogobooboobobuogobooobooobobooobbooobooobbooooobog
gooooooooooboooooocec++gonoooonoooonD ooobooooooo
gobogoboooobbuoobboooboooobboobbooboboooboe++00oo
O0bO00bO0o0ooO0o0obO0bOo0b0O DOoboobOOoOooOobbOOobOoUODbDOo Boost.Bind
0O Boost.Lambda OO O00OO0OOOOOOOOODOODOOOOOOOODOOODOODO
gobooobobooobooboooobooobobuoobbooobboonbooobno oo
00000 Boost.Function OO0 O OOO0OOOOODOOODOOOO@OOOO)Y DDOODO
000000000 Boost.Signals, 0000000 Observer 00O O0OO0ODOOOODODO
gobooobboobooboooobooobboooobooobbuoobboooboobooon
gobobooobbogbbooobooobbuooobooobbuoobbooobboon
goboogbobooobbuoobbooobooobboobn

e prcy | NEXT
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K==1
Library 9. Bind

BindOOOOOOOOOO

Bind 000000000

Bind [0 O

=2 NEXT
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e Py EXT

BindUUUOooooond

 UOOobooobboobbuogn
 UOOObObOoobDbOo
 UOoOooOoon

gogbboobobuogoboooboboobbuoobobooobboobbuoobbooobboobbuoon
ggbbodobbuogoobooobooobboobbooobboobbuoobbooobboobboon
gobbouobbudbDbO0 pindlst U bind2nd, UOODODO0OO0OOOO0DOOO0O0DOOO0OO0ODOOO0OO
gobboobbogobooobbuooobooobobooobbuoobobooobbuoobboooboo

OO0b0o0ooO0o0oo0obob0O0obOo0bOo0bOoO0on0g Boost.BindDOOOO

OO0DO0o0ooO0o0ooOoboDb lambdaDOOOODOOODOOOOOOODOOODOODOODOODODOODOO
gobboobbooobooobooobobuooboboooboboobboobbo obboobbuoon
O00000O00O0O0b0bO0obDOo0DOoOobDOoOoDoOoO Boost OOBoost.Lambda, OO OOOOOOO
Boost.L.ambda OO0 OUOOOOOOODOOODOOODOOOOOOOOOOODOOBoost.BindOODOOMO
gogbboobobuogoboooobboon

Bind DOOOOODOOOOOOOOODOODOOODOOoOoDOOoOooOoooOOobbOOobOOoobooobDooboooo
ggbboobobuogoboooboooboboobobooobboobbuoobbooobboobbuoon
gobbooobbuoobbooibbl ptr fun U mem fun ref, DO O0000O0000O0O00O00O0O00O0OO0O
000000000000 0Db0O0DO0O0D Boost.BindOOODODOODODOODOOOOOODOODOODOO
o0obO0o0ooO0o0ooOOoobO0oboOOobOo0obOO0o0 BindOODOOODOOOOOOOODODOODOOODOODO

e Py EXT
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e Py
BindODOUOUOOOOOO

OO000OBInd DOOD0OOODOODO pindlst 0 pind2and DO0OOO0OOOOODOOODOOOOODOOODOOO
o00O0o0oO0o0oCO0ob0bO0bOo0obDOo0oOO0O0obO0bOO0bDOoUDOOoUODOOobObOObDOUODbDOBoost.Bind O
gdooc++dodououonooooosaelodd composel I compose2, O selectlst U select2nd
JooboooBnd DODOODO0DOD0ODOODODOODODODLDODOODOO0DDLOODOODODODOODOODbODOD
0000000 sTLOOOOBoost.Bind D OOOOOOO Library Technical Report O 0O 0O O

=2 EXT

213



Beyond the C++ Standard Library : An Introduction to Boost

e Py
Bind

00 : "boost/bind.hpp"

Bind DOODOOODOOOOOOOOLO(@UOoOoODOoOooOoO)y OooboUoDoDooooooobooboooo
oobo0ooO0ooooOboo0bo0pDOooODO0O0oO0obDOUDO arity(UOUObDO)OOoObOObDOODOOD
gobooooboog

OO0 pind DO0OOO0OODO0OOO0OOO0OOO0OOODO0OOO0OOOO0OO0OO0O0O0OOO0OOO0OO0ODOUOOLODOLDOOOOOO
0000000000000 o0oUdoogd Boost.Function, O 0O “Library 11: Function
11" 0000000 vindJO0O00O0000O00O000O00O00O00O00O00000 pindOOO0OOO0ODO0OO
template<class R, class F> unspecified-1 bind(F f) OO00O0OO0OOOOOODO (DODOOOO

OHo"oooooo AOboOoO Ava, vz, ...,vm OO0 fQLODOOOD R'OODODOODOOODOODODOO
oobooooooobooOobo0bOo0ooDOoOooOoOoOo0DOoOUbOOoOoDOo@oO)YOoDbUuD r.bOOO
gogobooboobooobobooon

BindUDUOUDUOUODOODUODODOODLOUODOUOODOODOUODLOUOOUODOo0obUODbO vinea OUOODODODODODODOOD
U000 pvindaOOODOOOOODOOODOOODOOODOODOOOD vindOOODOODO@OO 1, 2,00)0

OO000OOusingDOOusingDOO0O0O0OO0OO0ODOOO0DO0O0O0O0OO0O0ODO0ODOO Boost.BindDODOOODO
gogoboooo

using boost::bind;
using namespace boost;

OobDOoooOoofognD Boost.BiNdOOOODOOODO(CL, 2, 3, 00)00O0bOO0O0oOoOooOoboOO

ooobooooooobooOooboOobOoOobDOoOooOoOooOOobOoOobOo/00bDO0O0obOU0bDObUObDbOOoDbOoOo
gobb obbdooobooobobooobogoooooboboobbooobooobboobboon
gogboboobbooobooobbooboboooboo bboobobooobboobDbOUwww.

boost.org] 0 00 0 Boost.Bind 00O OO

e Py EXT
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e Py EXT

0O

BoostBind OOOOOoOoooooooooooodooododdodoooooooooooooooooo
Oodoooodoooooooooooooooobooooooooobdooond einda000O000OO
Oob0o0obO0o0oo0oboboobooboobooboOoOBoost.Bind DOOOOOOOOOOODOODO 1,
2, 3, 4,00 o, 00000DOOODOOLDODOLDOOOODLDODODOODLDODODO

nine arguments, U O OO0 pbinda DOODOOO

#include <iostream>
#include "boost/bind.hpp"
volid nine arguments (
int il,int i2,int 13,int i4,
int i5,int i6,int i7,int 18, int 1i9) {
std::cout << il << i2 << i3 << i4 << 1i5
<< 16 << 17 << 18 << 19 << '"\n';
}
int main () {
int 11=1,12=2,13=3,1i4=4,1i5=5,16=6,17=7,18=8,19=9;
(boost::bind(&nine arguments, 9, 2, 1, 6, 3, 8, 4, 5, 7))
(11,12,13,14,15,1i6,17,18,19) ;

ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
ggbbodbbuogobooobooobboobbooobboobbuoobbooobboobbuoon
goood

921638457

ggbbodobbuogobooobooobbdud 2 gbbooobbo 00bbuoobboooboo
ggbboobboooobboobboo

oooon

gobboobb0d vinda00000D0O0OO00ODOO0ODODOOODLDOO0OODOODODOOOLODO

Boost.Bind DU UODOUOODODOODDLOODLOOODOODOODLOODODODOODLOObOobOOobDooboboonoo
gooboobbooobbooobbooobooobbo0 booobboobboobbooon

status, U0 0OO00O0O00 Boost.BiNd DODODODODOODOOOO

class status {
std::string name_ ;
bool ok ;
public:
status (const std::stringé& name) :name (name),ok (true) {}
void break it () {
ok =false;

}
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bool is broken() const {

return ok ;
}
void report () const {

std::cout << name << " is " <<

(ok_? "working nominally":"terribly broken") << '\n';
}
}i

UobobooobbuoobbDOoOodl vector, DOUOOOODOOODODOO report, HOUOODDOOODDOOOO

std::vector<status> statuses;
statuses.push back(status ("status 1"));
statuses.push back(status ("status 2"));
statuses.push back(status ("status 3"))
statuses.push back(status("status 4"))
statuses[1] .break it();
statuses[2] .break it ();
for (std::vector<status>::iterator it=statuses.begin();
it!=statuses.end () ;++it) {
it->report () ;
}

.
Iz

’

O0D000o00o0bobo0DOo0DOo0Do0nO(@bODbDOOD statuses.end()DOO0OOOOODOOO
U for each U0O0OUO0O0OD0O0O0OD0DOO for each JUOODOOOODDOOODDOO0ODODOO0ODO vector OO
00000 report UOODOO0OODDOO0ODDOOODOOO0ODODOODODOO mem fun ref.

std::for each(
statuses.begin(),
statuses.end (),
std::mem fun ref (&status::report));

gogboboobbooobboobbooobbooobboobnbuoopnbbOoUn Beoost.Bind OO DO OO
D[]D[][ll

MOOODD boost::mem £n, 0000000 Library Technical Report, 1 00000000
Uobooddbil mem fn OO0 std::imem fun O std::mem fun ref.

std::for each(
statuses.begin(),
statuses.end (),
boost::bind(&status::report, 1));

goboboobobooobbooobbooobooobboonboobbbooobboobDbooobbo
1oogooooobooobbdooboboooboboobbuoobbooobboobbooboboooon
Umem fun ref 0 binda 0000000000000 00O0DOO0O0ODOOO0OODOO0OODOOO0OO
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std::vector<status*> p statuses;

p statuses.push back(new status("status 1")
p _statuses.push back(new status("status 2")
p_statuses.push back(new status("status 3")
p_statuses.push back(new status("status 4")
p_statuses[l]->break it();
p_statuses[2]->break it();

—_— o~~~

UobobooboouoobiooUdl mem fun ref. JODOUO0O000O0 mem fun, UOODOO00O0O0O0OO
ggboooobbooooboo

std::for each(
p_statuses.begin(),
p_statuses.end(),
std::mem fun (&status::report));

gogoboboobbooobooobobooobooobooobboobbooobboobboobboon
00o0o0obo0obooobooob0obobo00ooUbO ving, DO0ODOODDOODODODOODOODODO@O

ooboboooooobobooboooOooobooboboOobooobOooDOoooOoooO)o

std::for each(
p_statuses.begin(),
p_statuses.end(),
boost::bind(&status::report, 1));

goboboobobooobbooobbooobbooobboobboobDb rincdbooobboob b
ggbboobbuooobooobbuobbbooobbo0obbuobboodbD p statuses J0OOO0O
ooboOooOOoooobooOoboOobDOoOobDOoOooOOoOoOoobOoOobOOo@oYyY Oooooooo

std::vector<boost::shared ptr<status> > s statuses;
S _statuses.push back(

boost::shared ptr<status>(new status("status 1")));
S _statuses.push back(

boost::shared ptr<status>(new status("status 2")));
S _statuses.push back(

boost::shared ptr<status>(new status("status 3")));
S_statuses.push back(

boost::shared ptr<status>(new status("status 4")));
s _statuses[l]->break it();
s _statuses[2]->break 1it();

goboboobbuobboodbibdd mem fun U mem fun ref U UOO00OO0000O0O0O0O0OOO0OO
report JOOO0OO0DO0O0O0OO0OODOO

std::for each(
s_statuses.begin(),
S _statuses.end(),
std::mem_ fun (&status::report));
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DDDDDDDDDDDDDDDDD[ngDDDDDDDDDDDDDDDDDDDDDDDDD Boost.
Bind, D UO0OUOODO0OOLOODLOODODODOODbDODODOO

Pl DpoDDDD0DDD00O mem £n 0 bind 00 0000000000000

std::for each(
s_statuses.begin(),
S statuses.end(),
boost::bind(&status::report, 1));

goobooooobobooobooooob(@boboboboooo)y oooobobobooooobobo boo
gobooboobobogobooobbooobooobooobboobboobobboobboobboon
gogoboooobobooobooobobooo bogobooobboobboobobooobboobboon
gooboooboobobooooooboboooobo@obobobDooDoobobo bobobobo o
ooooooboboogo)g

0oooo0ooobobobooooobobooobooU Boost.BiNd O OO OODOOoDoooobooooO
ooobooobobuoogoooobo BindOODOOoooooobooboooooobobooobooo

googgoon

000000 Boost.Bind UDODODOOODOOODOOOOOOOODOODODOOODOOODOOOOOOOODO
pindJODOOODDOOO0OO0OOO00O0ODOOO0OO0O0O0O0OO000bObOo0oDbooooooooboooDon
gobboobbid vinda O ODO0O0DOOO0OODOODDOOODDODOODDOOODOOODLDOODOD

00oo0o0o0o0boooooDoooob0obOooDoooobOobOnDg Boost.BiNdODODDOODDOODOODOO
ggboboobobooobboobbooobbooobbooobooobooobDboobDbevboobO
gobobooobgo obooo

gobobooobooobooobboobobooobooobboobbooobboobboobbooo
odn

template <typename R, typename T, typename Arg>
simple bind t<R,T,Arg> simple bind(

R (T::*fn) (Arg),

const T& t,

const placeholderé&) {

return simple bind t<R,T,Arg>(fn,t);

gogboboooboooboooboboobobooobooobboobboobboobboobb oo
oooooooobobogonbDg r, 1,0 Arg. rROODOOOODO TO0O0O0OD0OD arg (@)oo
gobboobbuoopobooobooobDbd r (re:*f) (arg). JOODO0ODODOODDOOO0OOOOO0
simple bind JOOO0O000O0 rROODODDOOODOO0 tOO0OD0OOO0ODOD Axg0OO0O0O0oonOO
U0 simple bind UODODOOO0OO0DOO0ODODOOOODO simple bind DO OO0OODOOOODDOOOODOOO
000000000000 0D0oOg@@bObOD simple bindaOOOOOOOO@E@OOOOOOOOO)YDDOO

OO00OO000OO00O00oboboOg BoostBiINdOOODOODOOOOOODOODOOOOOOOODOODOODOO
gogbbooobboobboobobooobood
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template <typename R, typename T, typename Arg>
class simple bind t {
typedef R (T::*fn) (Arqg);
fn fn ;
T t ;
public:
simple bind t(fn f,const T& t):fn (£),t (t) {}
R operator () (Argé& a) {
return (t_.*fn ) (a);
}
}i

U simple bind DO O0OOD0OO0OO0ODOOO0ODOOOODOOO0ODODOODODOOO0OODOOODODDOOODOO
const TUOOOOODOOO0DOOO0OOOO0O0OOOODDOOOO0ODOOO0OLDDOOO0ODLbOO0OO0ObDOO R, U
gobbooobbooboboob arg0oooboooboooboooboboobboobbooobo
ogn

(t_.*fn ) (a);

S~ 000b0boo0obooobboounbD class T; DOOODOOOODDOOODDO —»-, 000DO0OOO
ggbb roooobbuoobbooobboobbuooobooobbuoobbooobobooobbuon
goboboobboooobbo0obbOd0obbd placeholder:

namespace {
class placeholder {};
placeholder 1;

}

gogbboobobooobboobbooooo

class Test {
public:
void do_ stuff (const std::vector<int>& v) |
std::copy(v.begin(),v.end(),

std::ostream iterator<int>(std::cout," "));
}
}r
int main () {
Test t;

std::vector<int> vec;
vec.push back(42);
simple bind(&Test::do stuff,t, 1) (vec);

UobDbDoobobDogiiO simple bind DOUOODODDOOOO0OO RO void, TU Test, 0 arg U OO
const std::vector<int> UUODOOUOUOODOO simple bind t<void,Test,Arg> O UODODOOOOOOOONO
dddddoooodog vec.
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00000 simple bind 0OODOOODOOODOOOOOODOOODOODOODOODOO Boost.Bind OO

googogobd

000d00d0dddd vinda0000O0O0ODOOODOOOOOOODOOO0000000000000O0O0O0O0OOOO
ddddddddddddddddd DD oo oOoOoOnd
pind0O0O0O0OO0O0O0O0OO0OOO00O0OOO0OOO0OODO0O0OO0O00O0O0O0O000O0000O0O000O00O0000n0
0000 this OO 000000000000 O0OD00O0O0O0000000000O000O00O0000O000000
goobooobdboooooobobuobouoobobobobouoob0obU0bOb0b00OlbO print string
00000000 print string OO some class UOOOO0OO0OU pbind DO OO

#include <iostream>
#include <string>
#include "boost/bind.hpp"
class some class {
public:
typedef void result type;
void print string(const std::string& s) const {
std::cout << s << '\n';
}
i
void print string(const std::string s) {
std::cout << s << '\n';
}
int main () {
(boost::bind(&print string, 1)) ("Hello func!");
some class sc;
(boost::bind(&some class::print string, 1, 2))
(sc,"Hello member!");

O0D0 vindOOOOOOOODOD print_ string. 00000000 O0DOOODOOOOOOOOOOODOCY)
U000 pinda 00000000 O00O0DO print string 0000000000000 DOO0O0O0DOO0O0O0OO0O
O string DO0O000O0OO0O0O0OO const std::strings, JO0O0O0000O0000O0OO0O0O0N std::
string U0 0OOO0O0OO0ONO

(boost::bind(&print string, 1)) ("Hello func!");

oboboobobogbbOoOdl some class [ print string U bindUODODOOODOOO0ODOOOO

D[]D[][]D[]D[][]D[]D[][]D[]D[][]D[][glﬂ[]D[][]D[]D[][]D[]D[][]D[][]D[]D[][]D[][
00 vind000O0O0O0OO0DOOO0ODOOO0OODOOODODOOODLOOOOO

BlogpooooooooooooooOOOOOn

boost::bind(&some class::print string, 1, 2);
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gboboooboobobobooboobobobubobobobobuoobU0obOdl some classODUOOOO
print string DO O00O000O0OO0

(boost::bind(&some class::print string, 1, 2)) (sc,"Hello member!");

00000000000 000 thisOOODO some class DO0OO0ODOOODODOO0ODOODODOODOM@WOO
000)YOooooooD eindc0000D000ODODOOOO0DOOODOOOODODOODODOOODOOOOOD
o"oo"ooooooooooooooooooooooooooooo o0 oobooooooooooo
goddooobodooooooboooooooooooooobooooooo b0 ooooooooooa
00 print string 00000

(boost::bind(&some class::print string,some class (), 1))
("Hello member!");

0000000000000000 some class 0000000000000000000O0( 1)00000
(OOstring)D00000000000000000(nullary)D000000 string 0000000000

(boost::bind(&some class::print string,
some class (), "Hello member!")) ();

gobbooobtbd vindab0odobooobboobbobbboobbbobbbboobbboob o
ggbbodobbuogoobooobboobboobbooobboobbuoobbooobboobboan
Uprind000O0O0O0O0O00O0O0O

ooooon

OJoddooodooooooooooooooooooooooooooooooboooooooooooa
OJodoooboooooooooooooooooooooooboooooooboooooooooooa
O0D00O0DO (std::greater, std::greater equal, 0 0)0O0000D0O00DOOO0OOOOOOOOODOODO
O0DO0O0OD0O0O00O0O0D0O personal infoO0OODOO Boost.Bind DOODOOODO personal info OO0

first name, last name, 0 age, 0000000000000 DOO0O0OOOO0OODOOOODOOOOOOOO
DDDDDD name, surname,D ageDDDD

class personal info {
std::string name_ ;
std::string surname ;
unsigned int age ;
public:
personal info(
const std::stringé& n,
const std::stringé& s,
unsigned int age) :name_ (n),surname (s),age_(age) {}
std::string name () const {
return name ;
}
std::string surname () const {
return surname ;

}
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unsigned int age() const {
return age ;
}
i

0000000000000 D000000DO(OutputStreamable)d

std::ostreamé& operator<<(
std::ostream& os,const personal info& pi) {
0s << pi.name() << ' ' <<
pi.surname () << ' ' << pi.age() << '"\n';
return o0s;

godbbodbDbOd personal info UDOUOOO0DOOO0OO0OO0OODOOODODOOODOOO0OOOOOO
000000 personal_ info 0O OUOODOUOO0ODOO0OO0OOO0OODO0ODODOOOODOOO0OOOOOO
gogbobooboobogoboooboooobooobooobboobboob ooobboobbooo
goboobooobbogoboooboooboboobboobobooobbooobDbuoobbd vina OODOO
0ooooobooboboobooo@bouobobUuby aged)ydoooboboboboobobooooog

class personal info age less than :
public std::binary function<
personal info,personal info,bool> {
public:
bool operator () (
const personal info& pl,const personal info& p2) {
return pl.age()<p2.age();
}
}i

UUODO personal info age less than UO O OO binary function. [J binary function JU OO OOMN
Job0DOo0db0 typedet DOO0ODO std::not2. DUOOOO vector, vec, DO UOUOO personal info OO
godoooodooooooooooo

std::sort (vec.begin(),vec.end(),personal info age less than());

gogboboobobooobooobobooobbooobooobboobboobbooobboobDb oo
gogbooboobobogoboooboooobobooobooobboobbooobooobboobboon
gogboboobobogobobooobooob ogbbooooboooobboobbuoooboooboo

O00OBoost.Bind DODOUOODODOODOODOOODOO0DOODLOODODODOODLDODbDODODODOODDbOODbODOO
UobboobobooobbooobbOo0obnboOD sta::less. DOOODDODOODODDOOOODODOOODODO

boost::bind<bool>(std::less<unsigned int>(), 1, 2);

UgbbDodbD veol UUDDU pvinda UODOUOOO0DDOO0ODOOOODODOODODOO0OODOOODDOO
obobooobobooonobooobbooobDbOoOgDiDO typedef, result type, UODOOO0OO0DOO0OOO
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[élﬂ 0000000000000 00000000000000000 wunsigned int, DOOOOOOO0OO
JobbodbDbuOOdl personal info, HOUUDDUOODDUO ageU0DOO0OO0DOONO std::less.
gooboobodnf vindaOOQO0O

M OpoDoDDDDDO0D00D result type 00000000 binda0 00000000000
oo

boost::bind/(
std::less<unsigned int> (),
boost::bind(&personal info::age, 1),
boost::bind(&personal info::age, 2));

0000000000000 DOO0DO0O0DO00ODO000O0DODO0DOO0ODO0(C )OO0 personal info::
age U0 UO0O0O0ODOODODOOOOODODOODOO(C2)DO0O personal info::age DO std::sort UOU
U personal info UODOOO0O0DO0O0O0DOOO0O0DOO00O000DODO vector UOU personal info U
U000 personal info::age JOUOO0OODOO0OODOOOODOOO0ODOOO0OODO0OODOOO0O age
std::less. OO OOOO0OO0O0OOOOOO0ODOOO0O0ON std::lessO00000000O0O0OOOOOONO
JobbooobbuoobDbOoO0dil personal info UOOO0DOOOODOOOO

std::vector<personal info> vec;
vec.push back(personal info("Little","John",30));
vec.push back(personal info("Friar", "Tuck",50));
vec.push back(personal info ("Robin", "Hood",40));
std::sort (
vec.begin (),
vec.end (),
boost: :bind/(
std::less<unsigned int> (),
boost::bind(&personal info::age, 1),
boost::bind(&personal info::age, 2)));

O0D00000000000D0 personal info OO0 OO0O0O0)OOOOOOODOOODOO last name O
g

std::sort (
vec.begin (),
vec.end (),
boost::bind/(
std::less<std::string> (),
boost::bind(&personal info::surname, 1),
boost::bind(&personal info::surname, 2)));

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
gobbooboooobooobbuoobbooobboobbU vinda000000OO0O0O0DOOO0ODODO
gogbboobobogoboooboboooboooobooooboboobboobobooobboobboon
g
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00000 Partl

gogbboobbogobooobbuoobbooobboobbuoonobooob inte0O0o0ooOoOOs00
goboioggoo*"og obbooooboon

if (i>5 && 1<=10) {
// Do something
}

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
Opinda000000000CO@EDOODOOO0ODO0O0OO0ODOOO pindlst U bind2na)DOOOODOOODOO

000000000000 0DDO0ODO(std::logical and), OO (std::greater), OO OO (std::
less equal)JO00DOOOODOOODOO

boost::bind(std::logical and<bool>(), 1, 2);

goboboobobooobbod 1000080

boost::bind(std::greater<int>(), 1,5);

goboboobobooobboub 1 bboobbaod
boost::bind(std::less equal<int>(), 1,10);

gogbboobbuoobobooobooobboobo

boost: :bind/(
std::logical and<bool>(),
boost::bind(std::greater<int>(), 1,5),
boost::bind(std::less equal<int>(), 1,10));

gobbodb vind0000DO0OO0DOO0ODODOO0ODODOODODDOOODODOODDOOODDOOODD
gobobooobooobbooobboon

std::vector<int> ints;
ints.push back(7);
ints.push back(4);
ints.push back(12);
ints.push back(10);
int count=std::count 1if(
ints.begin (),
ints.end(),
boost: :bind/(
std::logical and<bool>(),
boost::bind(std::greater<int>(), 1,5),
boost::bind(std::less equal<int>(), 1,10)));
std::cout << count << '\n';
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std::vector<int>::iterator int it=std::find if(
ints.begin(),
ints.end (),
boost::bind(std::logical and<bool>(),
boost::bind(std::greater<int>(), 1,5),
boost::bind(std::less equal<int>(), 1,10)));
if (int_it!=ints.end()) {
std::cout << *int it << '\n';

}

Uobb0d vind DOOOO0OODOO0ODODOODODOOODOO0ODODDOODDOODODDOOODLDbDOObDDO
gobobooobooobooobboooboboooo

std::vector<int>::iterator int it=
std::find if (ints.begin(),ints.end(),
boost: :bind<bool> (
std::logical and<bool>(),
boost::bind<bool>(std::greater<int>(), 1,5),
boost::bind<bool>(std::less_equal<int>(), 1,10)));

gogbboobobuogobooobobooobobuoobooboooboboobbuoobbooobboobboon
gogbboobbuogoobooobbuooboboooboboobbuoobbooobbuoobboooboo

ggbbodobbuogoobooobooobboobbooobboobbuoobbooobboobboon
oo0b0o0ooO0o0oo0oobo0obbo0bb0 vindd000D00O0OOO0OOO@WOOODOODO)YDOOOOODDO

Jddo0oddobO0dobo0o00b000db0bO00D0DbO000D0DO0O0DDbDO00D pinda OOOODOODO (@
ddd0)yoooooooooooooooooooooooOoOoOood Boost.Function D OOOooooonO
0000 "Library 11: Function 11"

gobobooobooobooobboobobooboboouobosGl STLUUOO compose2 OO O Boost.
Compose D(UUODOOOOO)IDOOODO compose f gx hx [

00000 Partll

OSGI STLOODOOOOOOO0O0O0O0O composel [ Boost.Compose 00 compose f gx oooooon
ggbboobobuogooboooboboobbuooboobooobboobbuoobbooobboobbuoon
gbobobooobobobobooo gbooboboboboooobblowhobooogloooooood
goboboooboooboboobbooooo

std::list<double> values;
values.push back(10.0);
values.push back(100.0);
values.push back(1000.0);
std::transform

values.begin (),

values.end(),

values.begin (),

boost::bind/(

std::multiplies<double>(),0.90,
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boost: :bind<double> (
std::multiplies<double>(), 1,1.10)));
std: :copy (
values.begin (),
values.end (),
std::ostream iterator<double>(std::cout," "));

gobbodbbUd vinda0D00O00DO0OD0DOO0O0DO0O0O00000 vina00OO0O0O0O0OO0OO0ODOOOO
goboboobobogoooon

std::transform/(

values.begin (),

values.end(),

values.begin (),

boost: :bind<double> (
std::multiplies<double>(),
boost: :bind<double> (

std::multiplies<double>(), 1,1.10),0.90));

goboboobbOdd vinda0DOO0OO0DO0OD0DO vindO0D0O0OO0DO0OD0ODOOO0ODOOO0OODOOOO
gobbooboboobbb vinda00DO0ODOO

bindODUOODDOOOODDOOOOOOOO?

goboboobbogobibob vinaDOOO0DD0OOO0ODOOO0ODODOO0OO0DO0 vindOOOOODOOOO
gobbooobooobbooobbooobooobboobboobDbooUobb tracer oo nog
gogbboobbuogobooobbuoobobooobboobbuoobbooobbuoobboooboo
Uprind00DU0O0O00D0O0000000000D00 tracer OO

class tracer {
public:
tracer () {
std::cout << "tracer::tracer ()\n";
}
tracer (const traceré& other) {
std::cout << "tracer::tracer (const traceré& other)\n";
}
tracer& operator=(const tracer& other) ({
std::cout <<
"tracer& tracer::operator=(const tracer& other)\n";
return *this;
}
~tracer () |
std::cout << "tracer::~tracer ()\n";
}
void print (const std::string& s) const {
std::cout << s << '\n';
}
i
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000000 tracer 00000000 vindOOUOOOOOOOO

tracer t;
boost::bind(&tracer::print,t, 1)
(std::string("I'm called on a copy of t\n"));

gogboboobobooobboobbuooobbooobbood

tracer::tracer ()

tracer::tracer (const traceré& other)

tracer::tracer (const traceré& other)
(c

(

tracer::tracer (const traceré& other)

tracer::~tracer ()

tracer::tracer (const traceré& other)
tracer::~tracer ()

tracer::~tracer ()

I'm called on a copy of t
tracer::~tracer ()

tracer::~tracer() // O0O00O0OO0O0OOOOO0O

goboboobbuoooboooboooboboobbooibb vinc000booobOoooboooobDO
Oprind00000O00O00O0OODODODOOO0OOODLO@WOLOOD v ObOobUObDObObOUODbODODOO
00000000 »indDO0OOODODOOD0O0ODOODODOOO0DOOD vpoost::ref [ boost::cref (OO
0000 const OO)DOOOOOODOODO Boost.Bind OODODOOOOOOO tracer ODOO boost::
ret 000000000 DOO0O0OO

tracer t;
boost::bind(&tracer: :print,boost::ref(t), 1) (
))

std::string("I'm called directly on t\n"

Executing the code gives us this:

tracer::tracer ()
I'm called directly on t

tracer::~tracer() // OUOOOOO tracer::~tracertd

goboboobbooobbooubl vina000D00O00DO0O0OOOO0ODODO tracer 000000 O0O
JoboboobobooobboubibO tracer D00 boobbooobboobboonbbOg
goobooobooooo

tracer t;
boost::bind(&tracer::print, &t, 1) (
std::string("I'm called directly on t\n"));

OJ000 pvindOOOOOODODODODOOOOOOOOOOOODODODODOOOOOO0000000000000on
O0000000000000 poost::reffooost::creft JOOOOOOOMO
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oougoogd

gobboobbuodU vinga DO0O00DO00O0DOOODOO0O0ODOOO0O0D ODOO0DDOOOODLDOODDO

000000 Boost.Bind, 0 O0O0OOODOOODOOODOOOOOOOODOOODOODOOOODOOODO
gogbooboooboobooobooobooobobooobobooobboobbo bbooobboobbuooo

gooboboooo D'EélD J0b0D00D0 pase O derived U

BlopoooooooooooOoOOOOOO0OO0O0OOOOOO0O0O0O0OO0O0O0O0O0O00000
gopbooooood

class base {
public:
virtual void print () const {
std::cout << "I am base.\n";
}
virtual ~base() {}
}i
class derived : public base {
public:
void print () const {
std::cout << "I am derived.\n";
}
}i

gogoboobobooobooobboooboboooboo

derived d;

base b;
boost::bind(&base::print, 1) (b);
boost::bind(&base::print, 1) (d);

gobboobobooobooobbuoobooboon

I am base.
I am derived.

ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
Ud0 pvinga UOOO0OOO0OOO0ODODOODODOOODOOO0OODOOLODOOODODOO0OOLOO0ObLDO
gogbboobobogobooobbooobobooboobooooboboobboobobooobboobboon
00 Boost.BiNAUDOODODOOODOOODOOODOOD vind 0 ODOODOOODOOODOODOOOOODOOODO
gobboobobogobooobbooobooobobooonbuooobooobboobobooooboo
g boobbooobooobobogobogoooooboboobobooobooobboobbuoon
gogbobooobobooobooobooobobuoobb ooboboobboobobooobboobbuon
gogbboobbooobooobooobbooboboooboooobbooboboon

ooooon
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000000 pina00000O0000OO000O00O0O00O0 std::map U std::multimap UOOOOOOO
std::pair<key const,data>, OO0 O00000O0000O key, 00O data. O0DO0O00O0 map OOODODOO
Jddddddddddddo datal0000000000000o0D0oo oo @@ OO std::pair)dd
second 00000000 O0OO0OOOOOOOOOOO

void print string(const std::stringé& s) {
std::cout << s << '\n';
}
std::map<int,std::string> my map;
my map[0]="Boost";
my map[l]="Bind";
std::for each(
my map.begin(),
my map.end(),
boost::bind(&print string, boost::bind(
&std::map<int,std::string>::value type::second, 1)));

Uob vindcO00O0D0OOO0OO0OOO0ODODOODODOO0ODOO0ODDLDOODDOODODDOOORDDOODLD
(COO)YUoooooOoDboUoDhoUoDhoOoOUODbDOUDD stda::map OODODO typedest OOODOODOOODO

typedef std::map<int,std::string> map type;
boost::bind(&map type::value type::second, 1)));

0000 pind0000000O0O0O0OCOOOCOOOOOOOOOODODOOOOOOOSGISTL(@OOO0O0
O)ODODOOD0O0D0O0 selectlst O select2nd D0 ODOOOODOMO std::pair 0 first 0 seconda DO OO
oobooodoodooobodn vinaOOOO0OOOO0OO0OO0O00O0O0O

ooogon

Boost.Bind DU U UODOUOODOODOODLOODOOODOODOODLOODbOODOOLObObDODOoODbOOobOoDOoO
gooboooboboooboooboobuobooooob BindOOObOoooooobobooooboboo
gooboooboboooooobobobooooobobobDoobobobDooD@oUooOoobLOHYyooo
gogboboobobogoboooboboooboboooboooboboobboobobbooobboobboon
gogbboobobogoboooboboobobooooboooobboobboobobooobboobboon
gobboobbuodi vinaODOOO0DO0OOO0O0O0OOO0ODODOODODOOOOOOODOO

#include <iostream>

#include <string>

#include <map>

#include <vector>

#include <algorithm>

#include "boost/bind.hpp"

void print (std::ostream* os,int i) {
(*os) << 1 << '"\n';

}

int main () {
std::map<std::string,std::vector<int> > m;
m["Strange?"] .push back(1l);
m["Strange?"] .push back(2);
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m["Strange?"] .push back(3);
m["Weird?"] .push back(4);
m["Weird?"] .push back(5);
std::for each(m.begin(),m.end(),

boost::bind (&print, &std: :cout,

boost::bind(&std: :vector<int>::size,
boost::bind(
&std::map<std::string,
std::vector<int> >::value type::second, 1))));

DDDDDDDDDDDDDDDDDDDDDDDDDDDD@DDDDDDDDDDDDDDDDDDDD
O0D0O0D0O0O00O0000D0DO00 pair (O std::map<std::string,std::vector<int> >::value type)l]
00 second DOOOOO size 0OD0O0O0O0O0OOOOOOOOOOODOODOOOOOOOOOOOOOOOO
JdoooddooodoooddooO00ooOodooOooooDoOo0oooooooDooaoo

(6] 0O O O Peter Dimov.

class print size {
std::ostream& os_;
typedef std::map<std::string,std::vector<int> > map type;
public:
print size(std::ostream& os):o0s_ (os) {}
void operator () (
const map type::value type& x) const {
os_ << x.second.size() << '\n';
}
bi

goboboobbooobboobbooobbooobbood

std::for each(m.begin(),m.end(),print size(std::cout));

gobooog@uoboboooobobooooo)yoobouoboboooooboboo

std::for each(m.begin(),m.end(),
boost::bind (&print, &std: :cout,
boost::bind (&std::vector<int>::size,
boost: :bind/(
&std: :map<std::string,
std::vector<int> >::value type::second, 1))));

0000000000000 vector U map UOOOOO0OOOO typedef U

std::for each(m.begin(),m.end(),

boost::bind (&print, &std: :cout,

boost::bind(&vec type::size,
boost::bind(&map_ type::value type::second, 1))));
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gobboobbuoobboooboo

UodbD vina000000O0DOO0OO0DOOO0OOOO0ODODOODODOOO0OODOO0ODODOOOODOOO0ODD

gogbboobobogoboooboboooobooboobooooboboobboobobooobboobboon
goooog

oooooon

00000 print size UOO0OOODOOOOOOODOODOODOOODOODODOODOODODODODODOO
U std::ostream UUOODOOO0OODO ostream U U U map type::value type DO U OO second U size [
gobboobbudiD print size U

class print size {
std::ostreamé& os_;
typedef std::map<std::string,std::vector<int> > map type;
public:
print size(std::ostream& os):os_ (os) {}
void operator () (
const map type::value type& x) const {
os << x.second.size() << '\n';
}
bi

gobboobbooobbooubbuoobbooobibodn sta:rostrean. JOOO0OO0ODOOOO0DOO0O
00 ostream U0 O O0OD0O0OO0ODOOO0OODOOOODOODODOOOOOO

class print size {
typedef std::map<std::string,std::vector<int> > map type;

public:
typedef void result type;
result type operator() (std::ostreamé& os,
const map type::value type& x) const {
0s << x.second.size () << '\n';

}
}r

ogoooooon print size 0000000 vind, OOOOOOONO result type typedef. 0O O OO0
Uprind0J000000000D00O000DO0O00000O00D0D0O0 print size DOOOO0ODODOO0ODODO
ostream U O O0OO0ODOODDOO0ODOO0OODOOODODOO print size DOO0OO0DOO0OODOOOO
ogn

#include <iostream>
#include <string>
#include <map>
#include <vector>
#include <algorithm>
#include "boost/bind.hpp"
// 00 print size OO0
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int main () {
typedef std::map<std::string,std::vector<int> > map type;
map type m;
m["Strange?"] .push back(1l);
m["Strange?"] .push back(2);
m["Strange?"] .push back(3);
m["Weird?"] .push back(4);
m["Weird?"] .push back(5);
std::for each(m.begin(),m.end(),
boost::bind(print size(),boost::ref(std::cout), 1));

UogbDbo0obDbOoOUD print size UOODDODOO0DOO0O0O0OO0OO0OO0DOOOODOOO0OODOO0ODODOOO
gooo

void print size(std::ostream& os,
const std::map<std::string,std::vector<int> >::value typeé& x) {
0s << x.second.size () << '\n';

UooboobobOobobooob0bUn print size DOO0O0OD0O0OD0DOO0O0O00O0ODOODO const std::
map<std::string,std::vector<int> >0 0O00O00OO000OO000O00O0OO00OO00OOO0OO0O0O
UoboDbO0dbD print size UOOOOOO0DOOO0ODOOO0OO0DO0OOOO secona00O00O0OOOMO
000000000 size.OOOOOOO0OOOO

class print size {
public:
typedef void result type;
template <typename Pair> result type operator ()
(std::ostreamé& os,const Pair& x) const {
0s << x.second.size () << '\n';
}
bi

gobboobbuoooboooboooboboobbootb vinc000booobooooboooobDO
gogboboobobogobooobobooobobooooboooboboobboobobbooobboobboon
O0D00O print size OO0O0D0OO0O0OOOOODO print sizeJO0OODOO0OODOOODOOOOOOCOODO pair
U0b0bo0bbOodl second0 000000 OO0OODOODODOOODOO0ODODO size, DOOODO
gobobooobooooo

class print size {
public:
typedef void result type;
template <typename T> void operator ()
(std::ostream& os,const T& xX) const {
0s << x.silze() << '"\n';
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00000 print size UOOOOODOOOOOOODOOOOOOOODODOODOOODOODOODOOOODO
00000000 map_type::value type::second.

std::for each(m.begin(),m.end(),
boost::bind(print size(),boost::ref (std::cout),
boost::bind(&map type::value type::second, 1)));

U000 vindc0000O0O0O0O0DOOODOOODOOO0ODODOODODOOO0ODODO0ODODOOOODOO0ODD
gobbhd sizeJODOOoooobooobooobboobboobbooobboobbooobboobo
U0 pina DOODODO

std::for each(m.begin(),m.end(),

.
boost::bind(&printl_l,&std::cout,

boost::bind(&vec type::size,
boost::bind(&map type::value type::second, 1))));

[l orint 000000000000 lambda 000
-

[J 0 Boost.Bind [ Boost.Function

O00000O000O0b0obOO0obDboOobboOoDOoO Boost.Bind D OO OOOBoost.FunctionD OO OO OOO
O00D000O00o0o0oboboobDoOobDOoOn “library 11:Function 11" 000000000 OCODOOODOOO
oobo0ooO0o0ooOoOooOoboOoboboO0bOOo0oDOOoooDOoOooO0bOO0DObOO0obDoUobDOooD@Oo)yoooo
0000 0000000000 Boost.Function, OO0 0OD0OO0O0ODOOODOOOOOOOOODOODOODO
Boost.Bind, 00000000 OO0OCOOOOODOOODOOODOOOOOOOODOODOODOOOODOOD
gooboooo

e prcy wExT
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e Py EXT

Bind U U

OO0D00oO0oo0OoO Bind O
 UoOobooobboobbuoobobooobooobo
 UoOobooobboobbuoobboooboooobo
 UOOObOoOooboDbOoo

ooobooooooOoboooboOobOoobDOoooOoOoooOoOUoboobOo/0OobO0bDbOobDbOOoDbOooo
O0D0000O000O00ob00obboObObogd Boost.BINAdOOODOODOOODOO Boost.BindODOOODOOODODO
oob0o0ooO0o0oOo0oOoboOobDoOobOoobDOoOooOOoOoOObOoUODOBINdOOODODODOODOODOODO
gogboboobbooobbooobboobbooobboobbUdOil pindlst, bind2nd, ptr fun,
mem fun ref, JOOOOOOO Boost.BindODUODOUOOODODOODUOODOOOLOODOOC++UOOODODOO
oob0oooooogoboooD Bind, DO0OOO0OO0OOOOODOODOO

gogboboobbuoobobooobobooobbuoobbooobboobbuoobbooobobooobDb oo

ggbbodbbuogobooobooobboobbooobboobbuoobbooobboobbuoon

gogbobooboobooobobooobboon DDDDDDDDDDDDDDDD[&[DDDDDDDDDDDD
gobobooobobogooboooo

Blopooooooooo

Boost.Bind 0 0 Peter Dimov 000000000000 OD0O0OOODOOODOOOO0ODOODOOOOOODO
gobobooboboooboooo

=2 EXT
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[ prev |
Library 10. Lambda

Lambda 0000000000

Lambda OO0 O000O00O

Lambda
00

Lambda OO

| 4 PREY | NEXT B
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e Py EXT

Lambda U OO0 O0O0OONO

 Uobooobboobbuogonoboooboo
 UOoOooOogoobD
 UOoobbuoobbOooobboobbuoobDboo
 UOoobboobboobobooobboobo
 UOoOobOooobbOoOonon

gogboboobooboooobooobooobobuoobobooobboobb obobbooobboobbuon
OO0DOO0o00OO00O0O0b0OO0bOoOoDbOo0oDoOon "Library 9: Bind 9" OOOOOO0OOOOOODOOODOODO
gogbboobobogobooobooboobobooooboooboboobboobobooobboobboon
gogbb obbooobooobbooobogoooooboboobbooobooobboobbuoon
O00bO0o00O0o0oOo0o0ooO0bOo0bD0oobO0oooO0ob0oOO0 oboobod Boost.Lambda OOOODODOO

OO0bOO0O00OO0O0O0OBoost.Lambda D0 DOO0ODOOO0OOOOOODOOODOOODOODOOOODODOODOO
0 Boost.Bind D ODODOOODOOODO Boost.Lambda OO OOODOOOODOOOOOOOOOOODOODO

000000000 O0b0OO0DOoOoDOoOonO lambdaODOOOODOOODOO

OO0 lambda 0000 lambda 000000000000 lambdaO0O0OO0O lambda O00O0OOOOOO
0000000 lambda OO OOODODOOOOOO (functional programming language)J 0000000
dOd0C++0000000000 (imperative programming language)D 000000000 OOOOOO0O
J0do00o0docC++ 0000000000000 lambda 0000

OO0 Lambda O0OOODOOODOOODOODOOOOOODOODOOODOOO19980000C++O0O00O0DOODO
gobobooboobogooboooboooboboooboo bboobbooobooobboobboon
gobboobobogobooobboooobooobobooobobuooobooobbuoobbooooboo

O0O0lambdaO0OO0O0D0OO0O0D0OO0OOOOOCOOOOlambda 00000000 O0ODO0OOOOOOODODOO
gooooooobobooooooboboooooobobe+H+oooboboooboboobuobong
g boobbogoobooobbodgoobogoooooboboobbooobooobboobbuoon
oobOO0o0ooOOo0oo0obObOO0oboobDOo0ooO0oOobO0ObD boOoboOoDOoobOOoOobOOO lambdaODOODODO
gogbboobobuogoboooboboobbuoobobooobboobbuoobbooobboobbuoon
oobooooooooooboO0obL booobooooOooOobOoOobOooboobOOoboboOo@WoooDboo
oooooo)o

e Py EXT
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e Py EXT

Lambda U OO0 00000

ggbboobobuogobooobooobboobobooobboobbuoobbooobboobbuoon
ggbbodbbuogobooobooobboobbooobboobbuoobbooobboobbuoon
UodbDbo0dbD pindlst U pindonda DO UOO0DODOO00O0OO0O0O0DOOOO0OOO0OODO0OODOOOOO
O0D000O00000O00D Boost.Lambda DO OO00OOO0OOOOOODOODOOODOODOOOOOOO
goooooc++ooooobooobooobooon

=2 EXT
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@ prEv
Lambda

00 : "boost/lambda/lambda . hpp"

goboooooooooo

"boost/lambda/bind.hpp"

goddd pinda OO0

"boost/lambda/if.hpp"

0000000 if0 lambda DO0OOOOODOO
"boost/lambda/loops.hpp"
O0000DO0ODO0@DO0O while loop O for loop)d
"boost/lambda/switch.hpp"

0000000 switch 00O lambda O
"boost/lambda/construct.hpp"
0000000000000 000/000000 new/delete O
"boost/lambda/casts.hpp"
dddooooooo
"boost/lambda/exceptions.hpp"

00000 lambda OO0 0OODOOOODO0OODODO

"boost/lambda/algorithm.hpp" and "boost/lambda/numeric.hpp"

goobooobobobogooe++0ooogno lambdaODO(@UOOoboboogo)o
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e rrcy | NEXT

HEN

bbb Boost UUUUOUOOODDLOOLDLDOOOUOOOOOOO0OOOLDDDOOODLODOOOOOOOOOOO
O0000bO0bO lambda DD OOOOOO0OOODOODOODODODODODOOODOODODODODO
O000 lambda OO0 OD00O0OD0OODOOOODOO0OO0OO0ODOODODOODOODOODOOOO lambda O
00000000000 @nnamed function) 000000 OCOO0OO0OOOOOO0OODOOOOOOO
gbogobodobbogbooobuoobbuoobbooboobobuoobboobbooboooon
gbogobdg bbooboboooboobboobbooboobboobboobooboboon

O0000b0bO0ob0og lambdaO0OOOOO0OODOODOODODOODOOOOODOODODODODO
Oo0o"00o"ooobo0o0oo0ob0ob0obooooooob0 lambdaDO00O0O0ODOODODODOODOO
OOo0ooobooobboobod lambda U0 O0DOD0OOO0ODOOODOOOOOODOODOOODOODOOD
gogbobobbbbbbotboduoooooobobbbbbboouooooooobbbbbbboo oo

goodotn

00000 Boost.Lambda DD D OOOOOO lambda DODOOOOOOOOOOO lambda OO0
O00 boost::lambda DOOODODOODOOOOO usingdOOO usingdOOOOO lambda OO

goobobbobbbooddd "boost/lambda/lambda.hpp" UUOOOOODOOOOOOOO0OO0OOO
gooobbbobbooodad

#include <iostream>
#include "boost/lambda/lambda.hpp"
#include "boost/function.hpp"

int main () {
using namespace boost::lambda;
(std::cout << 1 << " " << 3 <K< "MK 2 << "I\n")

("Hello","friend", "my") ;
boost::function<void (int,int,int)> f=
std::cout << 1 << "*" K< 2 << "M <K< 3
<< M=" << 1* 24 3 << "\n";
£(1,2,3);
£(3,2,1);

ooobooboboooboooooooboboboboobooobooboboboobooon lambda O
goobobbobbobouug"™oooiiD std::cout, UOUOOOOOOOOOOOODOOOOO

g'ogobboobobbboodooooooobbobobo*ouoooooooobo*™®mobbbodadad
gooobobooo

std::cout << 1 << " " << 3 << """ 2 << "I\n"
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ooboooooobooboobobooooooboo 1, 2,0 3 [0 000000 lambdaOOOO0OOOO

Ooobobobobooboooooboobobobooboob lambdaDO0O00O0OOOODOOOODOO
OO0000b0O0bO0Ob0O lambdaODOOOODOOOO0OOODOODODOO lambdaOOOOOOOOO
000000 operator<< U0 0OO0OOOOODO 1-3-2000000 coutnooonooonon

goobobobobbbboodgooooobobbobbbbuoddooooobbn "Hello", "friend”,
U "my". 0000000040

MODoo0O0O00 _1000000000000000000000000000000000D000000D00000D000000D0
goooooo

Hello my friend!

gogobbbobbbtbddogoogooboobbbodoooooobbobbbboouooao
lambda DO DO O0O0O0OOO00OOO0OOOOOODODO boost::function. 0O0OOOOOOODOOO

"Library 11: Function 11" 0000000000000 0OO0O0OOOODOOODODO boost::
function U0 UOUOUOOOOO0OOOOOOO0OOO0O0OoOoOobLDbOobObObObOOo0ug tbhhooodad

boost::function<void (int, int,int)> £;

goobbb t0b0bbbobbboudoooooobbbbbbbddogn int.0dgoooon

lambda D0 0000 0D0OO0O00O0O0O0OO0O0ODO0OO0O0OO0 X=S*T+U, 000000 oooooo
OO0 cout.

boost::function<void(int, int,int)> f=
std::cout <<
1K M KK 2 K<Y K< 3 << =T <1 24 3 << "\n'";

gobobbbobbbooooooooobbbbbbobddg touooooooobbbboboood
godg

goboboboobobodago

1%2+3=5
3%2+1=7

OooboobOobOo@uobobobooOo)yYoooooooo lambdaDO0DOO0DOODODODOO
O0000b00b0bO0oboDooo0ooobobOobO lambdaODOOODOOOOOOoDO@OobOOoOOO
goooooboobooboobo)yooobooooooooooo@o)ybooobooooobo 1000000

ooobooobodoobdob 140 20000000000000000000 1, 2,0 30000

OO0000boooboobooD lambdaDOODOOO0ODOOODOOOOODOOODOOODOODOODO

gc++0ogobuogpoboobbuodbbooboooboobboobboobboooboonbn
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gooooooo

doooooboougon

gooobbobbbtboddooooooobobobbbotbdooooob b bbb oUoo G
0000000000000 00000000000DO0000DLO00000O0DbOO00O0DOO0 lambda

000000000000 0D0000000DO0DbO0D0Pind(ODODODOODOOO)YDODOOO
goooboobbooddooooooobobobobobdoooooob bbb bbooooooon
0000000000000 0000000DbO0Db0ODbO0D00OD0 Boost.Lambda, DDOOOOOOOO

(0bo0obbooobUooobooobh)yDobooboboUobobOoUobOd"pvoost/lambda/bind.

hpp"U

gbogobodobbogbooobuoobbuoobbooboobobuoobboobbooboooon
U0ogoboodbD thisODUOOODODOO pindOOO0OO0OO0D0OO000OO0 thisOOOOOOODOO

gbogbobodgbbogbooobuoobbuoobbooboobobuoobboobbooboooon
g@ooobooooooo)yoooboobobobooooooboobobobobDobDoboooboo
googn

#include <iostream>
#include <string>
#include <map>
#include <algorithm>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/bind.hpp"
int main () {
using namespace boost::lambda;
typedef std::map<int,std::string> type;
type keys and values;

keys and values[3]="Less than pi";
keys and values[42]="You tell me";
keys and values[0]="Nothing, if you ask me";

std::cout << "What's wrong with the following expression?\n";
std::for each(
keys and values.begin(),
keys and values.end(),
std::cout << "key=" <<
bind(&type::value type::first, 1) << ", value="
<< bind(&type::value type::second, 1) << 'A\n');
std::cout << "\n...and why does this work as expected?\n";
std::for each(
keys and values.begin(),
keys and values.end(),
std::cout << constant ("key=") <<
bind (&type::value type::first, 1) << ", value="
<< bind(&type::value type::second, 1) << '\n');
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std::cout << '\n';
// Print the size and max size of the container

(std::cout << "keys and values.size()=" <<
bind (&type::size, 1) << "\nkeys and values.max size()="
<< bind(&type::max size, 1)) (keys and values);

U0000o0dodbodd stde:rmap UUOO0O0O0 int ODOO0OOO std::string OOOO std: :map
U value type UDODOOOOO0UOO0O00O00 std::pair 000000000 map, value type
U0 std::pair<int,std::string>, OUODO for each UOUOOUOOUOOOOO0OOO0OO0OOO0O00O
000000000 pair, 000000000 DODOO@MOO)YDOOOOOOODO pindOODODOO

0O

bind(&type::value type::first, 1)

oo odoooodoooououobououbouuoiUn pair oo
value type UDOOO firstODUOUOODODOOOOfirst U map UDOOOOOOODO const int. O
DdbdobodooboobooooboobooooobD lambda D OO0 00000 OO0OODOODOOOO

std::cout << "key=" <<

Oooboobobobooboooooboobobobooboooooboob lambdaDOOODOOOODOO
goobobbobobboboudooododn xey=s, D00DODOOOOO0O0O0O0O0OOODOODODOOOOO
U std::for each U0DUOO0OOOOO0OOOO0OO0OOO0OO0OO0 key=0OOOOOOODO
keys and values 0O/0000000000000000O0COO0COOOODOOODOOOOOOO
goobobbobbbououooooooibbibD operator<<c JUOOOOOOOOOOOOO0OOOO
OO0 lambda OO O0O0O0OO0OODOOOOOO Boost.Lambda DOOODOOO "key="0O0O0000O0O
00000 constant, DOOOOOUOOOOO0O0O0OODOODODDODOOOOO0O0O0O0O0OOLDOODODOO
googoobod

std::cout << constant ("key=") <<

goobobobobbbbddoooooobboobbotbuoooooon

What's wrong with the following expression?
key=0, value=Nothing, if you ask me

3, value=Less than pi

42, value=You tell me

...and why does this work as expected?
key=0, value=Nothing, if you ask me

key=3, value=Less than pi

key=42, value=You tell me

keys and values.size()=3

keys and values.max size()=4294967295
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gobobbbbbbbotouooooooobbbbbbboodooooooobbobbbooouoo
g obbobbbuodooooooobbobbbodoooooobboboobbbuuoooooon
gboogbobodbboobooboboobbooboobo oobbuoobboobobooboboobn
gogobobbobbbtboddoooogoobooobbbodoooooobbobbooboouuooao
rIUOOObOO0ooO0obooooooob0obobob0obooob0b0obubd LambdaOOOOOOOO
bbbl rind00000000O0O0O0O0O0OO0OOODOOO

Rlo0D0D0000000D00000000000

class double it {
public:
int operator () (int i) const {
return 1*2;
}
I
int main () {
using namespace boost::lambda;
double it d;
int 1i=12;
// If you uncomment the following expression,
// the compiler will complain;
// it's Jjust not possible to deduce the return type
// of the function call operator of double it.

// (std::cout << 1 << "*2=" << (bind(d, 1))) (i)’
(std::cout << 1 << "*2=" << (bind<int>(d, 1))) (i)
(std::cout << 1 << "#*2=" << (ret<int>(bind(d, 1)))) (1);

gobobbbobbbotbodooooooobbbbbbboodooooooobbbibibl bind, OO
O00000 ret, UOOO0OODODOODOODO lambda/sbind DO0OOOO0O00O lambda OO 00O
gboogobodbboobooobuoobboobooobuoobboobbooboon

gobobbbobbbodudgooooobobbobbotbdoooooobobbbbboooooooon
gogbobobbbbbodooooooobobbbbbotbdoooooobobbobobbboooooooon
gobobooo

0000 1, 2,and 300000000000

0000000000000 odooodooodoDoOodooooooEoooooooooooo
U0000000000 boost::lambda::placeholderX type DUOOUOOOOOOO x0O 1, 2,
0 3.0000000000 argl, Arg2, 0 arg3 000000000

BloooDoDoooooooo

244



Beyond the C++ Standard Library : An Introduction to Boost

#include <iostream>
#include <vector>
#include <string>
#include "boost/lambda/lambda.hpp"
boost::lambda::placeholderl type Argl;
boost::lambda: :placeholder2 type Arg2;
boost::lambda: :placeholder3 type Arg3;
template <typename T, typename Operation>
void for all(T& t,Operation Op)
std::for each(t.begin(),t.end(),0p);
}
int main () {
std::vector<std::string> vec;
vec.push back ("What are");
vec.push back("the names");
vec.push back ("of the");
vec.push back("placeholders?");
for all(vec,std::cout << Argl << " ");
std::cout << "\nArgl, Arg2, and Arg3!";

gboooobodgbbodad 1, 2,0 3000000000000000 for allOO0OO0ODOOOODO
gboobobodbbodbboooboobbdudbibodbibdl for eachODOOO0OooonOg

gbogoboobbogboooboobbuoobboobooobuoobboobbooboonoon
gboogoboobboobooobuoobbooboooboobboobbooboon

What are the names of the placeholders?
Argl, Arg2, and Arg3!

O00o0o0oboooobooboobooboobooobooooOon Boost.Lambda (O Boost.Bind) O O
ooobodoobooboobo 1, 2,0 3.0000000000 q9,w,0 e, 0000000000000

Ooobooboo@ooobobobobooonog)

oot gtoogod

DdodoboodooooooddooooooooooooOoooooooDooOoOoooooOoa
lambda 00 ODOO00O0O0O0DO constant 0 var; 00000000000 OOOOOOOO
constant D 0000 var 000000000 DOO0OO0OOODO lambdaOOOOODOOOOOOO
JdoobodddooobodoooooboooooobooooooOooDoooooOobOoDooOooooDo
U0 boost::lambda::constant type<T>::type U boost::lambda::var type<T>::type U
000000 00000000000 000O00O00000 lambdaOOOOOOO

for all (vec,
std: :cout << constant (' ') << << constant ('\n'")):;
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0000 constant OO OO00OO0O0OO00O00O0D0OO0O00O0O00NOnewline I spacell
000 lambda 00O OO

#include <iostream>
#include <vector>
#include <algorithm>
#include "boost/lambda/lambda.hpp"
int main() {
using boost::lambda::constant;
using boost::lambda::constant type;
constant type<char>::type newline (constant ('\n'));
constant type<char>::type space(constant(' '));
boost::lambda::placeholderl type ;
std: :vector<int> vec;
vec.push back(0);
vec.push back (1)
vec.push back(2);
vec.push back(3);
vec.push back (4)
for all(vec,std::cout << space << << newline);
for all (vec,
std: :cout << constant (' ') << << constant ('\n'")):;

14

14

0000o0oooooOoo00doooood lambda OO0 OOO0OO0DODO0O0O0OOOOOOOOOOOO
U000 memorizer, UUOOOOOUOOODOOODOOOONO var type DOODOOOOOUOOOOO

OlambdaODO0O0O0O00O0O0ODOODOODOODOOO0O0OO0O0ODOODODODOOOOOOODLOODOrM4O
MO0000 lambda0 00000

#include <iostream>
#include <vector>
#include <algorithm>
#include "boost/lambda/lambda.hpp"
template <typename T> class memorizer {
std: :vector<T> vec ;
public:
memorizer& operator=(const T& t)
vec .push back(t);
return *this;
}
void clear () {
vec .clear();
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void report () const {
using boost::lambda:: 1;
std::for each(
vec .begin(),
vec .end(),
std::cout << 1 << ", ");
}
}i
int main () {
using boost::lambda::var type;
using boost::lambda: :var;
using boost::lambda:: 1;
std::vector<int> vec;
vec.push back(0);
vec.push back(1l);
vec.push back(2);
vec.push back(3);
vec.push back (4);
memorizer<int> m;
var type<memorizer<int> >::type mem(var (m)) ;
std::for each(vec.begin(),vec.end(),mem= 1);
m.report ()
m.clear();
std::for each(vec.begin(),vec.end(),var(m)= 1);
m.report ()

gbogbobodgbbooboobobuoobbooboooboobbodbbooboob rhod
gpoogn

constant type<T>::type hello(constant ("Hello"));

0000 char*? 00 const char*»? 000000000 O0OOOO0ODOODO@ODODODOO
OO0)yoooooooobooboboboooooo

constant type<const char (&) [6]>::type
hello (constant ("Hello")) ;

goobbbobbobboodooooobobbbbbbbudooodobbibi stdrrstring 00U

constant type<std::string>::type
hello string(constant (std::string("Hello")));

gogobobbobobbbtbddooooouobbobbboouooooooobobooobobbbououguo
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HEN

ptr fun 0 mem fun 00 O[O

000000000000 Boost.Lambda OO UOODUOODOODOOOODOODOODOODOODOOOOOOO
O0000bO0b0oooooooooobobon lambdaDOOOO0DOO0DOO0OOODOODODOODODO
gogobbbobbbuoddoooooobbobbbobdoooooooboobbbouoouoooon
00

#include <iostream>
#include <vector>
#include <algorithm>
#include <functional>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/bind.hpp"
void plain function(int 1) {
std::cout << "void plain function (" << 1 << "y\n";
}
class some class {
public:
void member function (int 1) const ({
std::cout <<
"void some class::member function(" << 1 << ") const\n";
}
i
int main () {
std: :vector<int> vec (3);
vec[0]=12;
vec[1l]=10;
vec[2]=7;
some class sc;
some class* psc=&sc;
// Bind to a free function using ptr fun
std::for each(
vec.begin (),
vec.end (),
std::ptr fun(plain function));
// Bind to a member function using mem fun ref
std::for each(vec.begin(),vec.end(),
std::bindlst (
std::mem fun ref (&some class::member function),sc));
// Bind to a member function using mem fun
std::for each(vec.begin(),vec.end(),
std: :bindlst (
std::mem fun(&some class::member function),psc));
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using namespace boost::lambda;
std::for each(
vec.begin (),
vec.end (),
bind(&plain function, 1));
std::for each(vec.begin(),vec.end(),
bind(&some class::member function,sc, 1));
std::for each(vec.begin(),vec.end(),
bind(&some class::member function,psc, 1));

00000000 lambda OO0 0O0000O0O0OOODODOOOOOOO0OO0OOOOOOODODOOODOO
pind 00000000000 O0D000D000D000000 std::bindlst OO some class OO
O0000000000 Boost.Lambdal OO DOO0O0OOOOOOOODOOODODOODODO ptr fun,
mem fun, 0 mem fun ref 0O00OO0O00ODODO Boost.Lambda OO0 0OO

[1 0 <functional>[ 1 [1 [ [

oo oob oo uobuobond pluas,
minus, divides, modulus, U0 O0O00O0O0O0OO0OO0OOO0OO0OO0O0OO0OO0O0OOO0OO0O
OodooooooboooooobooboooboooooobooooobooobooobonOo obod lambda
oodooOooo0ooooooooOoboo0ooooooooboobooobOoooooec++o0oooooon
0000000 lambda O O0OOO0OOOOOOOO0OOO0OO0OOODOOOOOOOOOOODCOOOOO
O00000400000000000000000D000(@ transform)UOOO0ODOOODODOO
0000000000000 o0o0oo@uouoboooooO)oDooo lambdaOODOOOOOOODOO
OO00000o000odd std::bindlst O std::plus U0 0OO0OOOOO40000000
lambda O O 40

#include <iostream>
#include <vector>
#include <algorithm>
#include <functional>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/bind.hpp"
int main() {
using namespace boost::lambda;
std: :vector<int> vec (3);

vec[0]=12;
vec[1l]=10;
vec[2]=7;

// Transform using std::bindlst and std::plus

std::transform(vec.begin(),vec.end(),vec.begin(),
std::bindlst (std::plus<int>(),4));

// Transform using a lambda expression
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std::transform(vec.begin(),vec.end(),vec.begin(), 1-=4);

gboogoboobbog*o"obboo4bdboooboobbuoobboobooboboob
O000000D00000000000 std::plus00000O0ODOOOO400 lambdaOOOO

goobbb4bD000000 bindlst O plusUD00O0OOOO0O0O0O0OOOOOODODOO

Boost.Lambda DO C++0 0000000000 O0O0ODODOOODODOO0OOOOODOOOODO
<functional>UUOUOODOUOODODUOOODDOODOOO0DOUOODOvector vecUOUOUOOODUOODODOO
goooooo

#include <iostream>

#include <vector>

#include <algorithm>

#include "boost/lambda/lambda.hpp"

int main () {
using namespace boost::lambda;
std: :vector<int> vec (3);
vec[0]=1;

vec[l]=2;

vec|[2]=3;

std::for each(vec.begin(),vec.end(), 1+=10);
std::for each(vec.begin(),vec.end(), 1-=10);
std::for each(vec.begin(),vec.end(), 1*=3);
std::for_each(vec.begin(),Vec.end(),_1/=2);
std::for each(vec.begin(),vec.end(), 1%=3);

OO0000boO0bOoboonboonbod Boost.Lambda DODOOOOOOOOON std::plus, std::

minus, std::multiplies, std::divides, 0 std::modulus; OO Boost.Lambdal O 0O O O [
oooad

oooogn

gboogoboobbggboooboobboobboobooobuooboboobbooboon
O0Olambda DO00O0OO0O0O0OO0O0OO0OOODOOOOOOOO0O0OO0ODODODODODOOOOObOODOD
OO0000b0obOobooboobodblambda D0 0OO00OO0DO0O0OO0OO0ODOODODODODODOODOO@O
ooooooooo)ooooooooooooooooobooobooooooobbobboD Do
gboogoboobbooboooboobbodbibiodl operator==0000000000

find 00000000000 0000000000000 search for me UOUOOOO find OO

gboogoboobboobd adb "appletdddon

#include <iostream>
#include <algorithm>
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#include <vector>
#include <string>
class search for me {
std::string a ;
std::string b ;
public:
search for me (
search for me (
a (a),b (b
std::string a(
return a ;
}
std::string b () const {
return b ;

}

) {}

const std::stringé& a,const std::stringé& b)
) {}

)

const {

}i
int main () {
std: :vector<search for me> vec;
vec.push back(search for me ("apple", "banana"));
vec.push back(search for me ("orange", "mango"));
std::vector<search for me>::iterator it=
std::find if (vec.begin(),vec.end(),??7?);
if (it!=vec.end())
std::cout << it->a () << '\n'

Uoobdbdi find if,[51 00000 222 000000000000000000000004
gooooboodn

Bl find 00 operator==; find if000000000@O0O0O0O)O

class a finder ({
std::string val ;

public:
a finder () {}
a finder (const std::stringé& val) : val (val) ({}
bool operator () (const search for me& s) const ({
return s.a()==val ;

}
b

gbogbobodabodaon
std::vector<search for me>::iterator it=

std::find if (vec.begin(),vec.end(),a finder ("apple"));
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gooboobob@oo)yyoooboboboooooooobobobUu voOb.ObOobOobO

Ooobooboboboobooooobt lambda D0 0O0O0OOOOOOOOO0OOOODOODODOODOO
gbooboboboboboboooboobobobobobool find i£ 0

std::vector<search for me>::iterator it=
std::find if (vec.begin(),vec.end(),
bind(&search for me::a, 1)=="apple");

U0 vind UOOODO o, 000000000 "apple"UUOU0ODoooooooooooooonoon

goobbbobbbooudgoooooobbobbotbooooooobobbobboooooooon
gobobbbobbbodgooooobobbobbboboooooooobobbobobboooooooon

gobooo

#include <iostream>
#include <algorithm>
#include <vector>
#include <string>
#include "boost/lambda/lambda.hpp"
int main () {
using namespace boost::lambda;
std::vector<int> vecl;
vecl.push back(2)
vecl.push back (3)
vecl.push back(5);
vecl.push back(7);
vecl.push back(11);
std::vector<int> vec?2;
vecZ.push back (7)
vecZ.push back(4);
vecZ.push back(2);
vecZ.push back (3)
vecZ.push back(1l);
std::cout << *std::find if (vecl.
((1>=3 && 1<5) || _1<1) << "\
std::cout << *std::find if (vec2.
_1>=4 && 1<10) << '"\n';
std::cout << *std::find if (vecl.
_1==4 || _1==5) << '\n';
std::cout << *std::find if (vecZ.
_1!=7 && 1<10) << '"\n';
std::cout << *std::find if (vecl.
P(1%3)) << '"\n';
std::cout << *std::find if (vecZ.
1/2<3) << '"\n';

.
14
.
14

14

14

begin () ,vecl.

n';

begin () ,vec?2
begin () ,vecl
begin () ,vec?2.

begin () ,vecl.

begin () ,vec2

end (),

.end (),

.end (),

end (),

end (),

.end (),
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}

OoobooboboboobooooooboboboboooooboobO lambda OO OOOOOOO
OO00b00obO0bOooobooooobooboD lambda D O0OOOODOO0OOODOODOODODODOO
gobobbbobboouoooooobobboboboodad

D000 o0d0oodd Boost.Lambda [0 [ [ [

O0obooboboboobog lambda D0 O0O0OOO0OOOODOODOODOOOOODOODLOODODODO
goobbbobbboouoooooobbbobbbbbouooooooobbobbooooo obo
O000000D00O00 lambda ODOOOODOO0OOODOOD LambdaDODOODOOOODOOOOO
goobobbobbboudoogooobbobbbobdoooooooboobboooooooon
000000000000 OD0O0DbO000 LambdaODOOOO vindOOOODODOODOODOODOO

goobobobboobobboodooagd

template <typename T> class add prev ({
T prev ;
public:
T operator () (T t) {
prev +t=t;
return prev ;
}
}i

OOobooobobogobbOblambda 0000000 OOOOODOOODOODOODOO

#include <iostream>
#include <algorithm>
#include <vector>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/bind.hpp"
int main () {
using namespace boost::lambda;
std::vector<int> vec;
vec.push back(5);
vec.push back(8);
vec.push back(2);
vec.push back(1l);
add prev<int> ap;
std::transform/(
vec.begin (),
vec.end (),
vec.begin (),
bind(var(ap), 1));
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OO00O0O0 transform OO

std::transform(vec.begin(),vec.end(),vec.begin(),bind(var(ap), 1));

gogobobbobbbodudoooooobobob..bbddoooooobobobbbouoouooon
U000 pind0000O00DOO0OODO0O

std::transform(vec.begin(),vec.end(),vec.begin(),
bind<int>(var (ap), 1))’

O00 lambda OO0 0O0O0OOODOOOOOOOOODOODODODODOOOOOO

std::transform(vec.begin(),vec.end(),vec.begin(),
ret<int> (bind<int>(var(ap), 1)));

gboogoboobbgoboooboobboobboobooobuooboboobbooboon
U typedefs UUUO0O0O0O0OO0OOODODOOOOOO0OO0O0OOODOOODODDOOOOO0O0O0O0O0OO

unary function 0 binary functionODUOUODOOUOUODONO add prevUUO00OOO0O0OOOO0OO0O
000000 typedets (DOOO0O0OO0OOODOargument type O result typeOOOOO0O0OO
O00 first argument type, second argument type, O result type)DO0OOO0O0OOO
unary function/binary function OO0

template <typename T> class add prev : public std::unary function<T,T>

OO0 lambda DO 0OO0O0O0O0OOODOODODODOOOOOOODOODODOODOODODODOODDODODOD
gboogobogbiDd typedef DUOUOODDODOODDOOOOO0OOOOODOOODDOOODDOOO

gboogobuodbboobooobuoobboobooobuoobboobboooboon
typedefs, 00000000000 OOO0O0O0O0O0ODOODOODOO Boost.Lambda DO O OOOOO
0b00bdbd sigdbdbobouobobooobdbdbdl add prevU000oooooonogn
gboodgoogd sigO

template <typename T> class add prev
public std::unary function<T,T> {
T prev ;
public:
template <typename Args> class sig {
public:
typedef T type;
i
// Rest of definition

U000 args DO0O0O00 wpled DO0O00O0OO@OOOO)YOOOOOOODODOODOODOOO
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goobdbdboobgbooooodgbdobdb r.000000000 add prev, DOOOO
lambda OO0 000000000 OODODOODOODOODOOOO0ODODODOOOODOOO

std::transform(vec.begin(),vec.end(),vec.begin(),bind(var(ap), 1));

OO00000 wpledD sigO0000O00OO0O0ODOO0ODOODOO0OOODODODODOODOOODOODODO
bbbl int 000000000000 const std::stringUU000googoonoon
O0"DOD0O0O0 sig0O0O0 tupleDOOODODOODO int, 00ODODOODOO std::string; OO0
OO0 sig0O0 tuple D0 0ODOODODOO std::string, 00000000 double™dDOOODOODO
Uoobodobodbdbobdgbdioddld add prev::sigOdodn

template <typename T> class sig helper {};
// The version for the overload on int
template<> class sig helper<int> {
public:
typedef std::string type;
}i
// The version for the overload on std::string
template<> class sig helper<std::string> {
public:
typedef double type;
I
// The function object
class some function object {
template <typename Args> class sig {
typedef typename boost::tuples::element<l,Args>::type
cv _first argument type;
typedef typename
boost::remove cv<cv first argument type>::type
first argument type;
public:
// The first argument helps us decide the correct version
typedef typename
sig helper<first argument type>::type type;
I
std::string operator () (int i) const {
std::cout << 1 << '"\n';
return "Hello!";
}
double operator () (const std::stringé& s) const {
std::cout << s << '\n';
return 3.14159265353;
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O0o0bobobOobobuobofoioold sig helper, U000 TOOOOODOODOOO int O

std::string, 000000000 0O0OOOOOO0O0OOOOOO0O0O0OOOO0O0O0O0OOOOO0O0O
typedef typel 00O 0O0O0OO0OO0ODO sigOOOO0OO0DOOO@ twple0O0ODOOO)YOOOOO
O000 const U volatile DOOUOO0OOO0OO0O0O0O000O00DO0O0DO00 sig helper UOOOOOO
00 typedef type. 00 000O0O0OODOOODOOOOO0OOOOO@OOOO)YY O ODOODOOOOoQOn

Jooobodoooobodooooboooooobn sigdooboooooo

O0000ob0obOoD lambda D O0OOO0O0OO0O0OD0OOO0OODOODOODODOD sighboooonoO
gobobooo

Lambda U 000000 ON

000000000 lambdaODOO0O0O000OO0O0O0OOODODOODOOOOOOOOOOODDOOODO
OC++00000 if-then-else, for, while, 00 OO Boost.Lambda OO O0OOC++0 00O
Olambda00000000O0O0O04if 0 switch, OOOOOOOO "boost/lambda/if.hpp" O
"boost/lambda/switch.hpp"UOUOUOOUOOOOOwhile, do, U for, DOODOOO "boost/

lambda/loops.hpp". DO O0O0OO0O0O0O0O0O0OOOOO0OOOOODOOOOOOOOOOOOODOO
0000000000000 00000 lambdaOOOODOOOOOOO if-then-else 000000

if _then_else(0 0, then-O0, else-00)0000000O0DOOOO0O if (00O )[then-00 J.else_
[else-000 ] O

#include <iostream>
#include <algorithm>
#include <vector>
#include <string>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/bind.hpp"
#include "boost/lambda/if.hpp"
int main () {
using namespace boost::lambda;
std::vector<std::string> vec;
vec.push back ("Lambda") ;
vec.push back ("expressions");
vec.push back("really");
vec.push back ("rock");
std::for each(vec.begin(),vec.end(),1f then else(
bind(&std::string::size, 1)<=6u,
std::cout << 1 << '\n',
std::cout << constant ("Skip.\n")));
std::for each(vec.begin(),vec.end(),
if (bind(&std::string::size, 1)<=6u) |
std::cout << 1 << '\n'
]

.else [
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std::cout << constant ("Skip.\n")
1)

gobooooboobobooboooboobboobbooboooboooboobboobboooo
OO0O00O0boooboobooD lambdaDOODOOO0ODOOODOOOOOOOODOOODOODOODO
ooobobobobobooooo@oobooooOo)y—ooooobobobooooooooobooo
googoo

0000000000 string O vectorOOO stringO0O000000O0O0OGB0O00O0OOOONO
std::cout; UOOOOOOO "skip"UDOUODO if then else DUOUOOOOO0OOOOOONO

if then else(
bind(&std::string::size, 1)<=6u,
std::cout << 1 << 'A\n',
std::cout << constant ("Skip.\n")));

O00000000000D0000 lambda O0O0O0OOOOthen-0000000O0O lambda OO
O000O0else-0 0000000 lambda 00000000 DOOOO0OODOOOOODOOOOOO
constant DO OO0 CSkip\n")ODUOOO lambda OO0 ODO0O0O0OOODOODOODOODOODO 6u, 00

gt e, dbbbbbbbuddooooooobbobbbbddooooooobbooon

OO0000bO0obOooobD lambdaDOOO0O0O0OOOODODOODOOOOODDOODOODODODO
gboobobdgwdbooobogbbuoobboobooobuoobboobboobooobg

[0 std::string::size 0000000000

0000000000 void, 00 1if then else return, UOO0O0O0OO0O0O0OO0O0O0O0OC0OC0OO
Uo0do000d if0 switchOOOOOOOOO 1i£-0000000 "boost/lambda/if.hpp"UO
0 switch, DO OO "boost/lambda/switch.hpp"UUOOUOUOOOOOOOO boost::lambda U
O000000usingdOOusingdOOOOOOOOOOO0O

(1f then( 1<5,
std::cout << constant ("Less than 5"))) (make const(3));

if then JO0O000000000000 then-OOOODOOOOOOOOOOOO lambdaOO0O0O0O
005 ( 1<5), "Less than 5" 00000 std::cout. DO0OO0OOO00OOO0O30000 lambda
gboogobogoboo3naoon

(1f then( 1<5,std::cout << constant ("Less than 5"))) (3);

0000oooooooo0o0o300d int, 00000 int (O0O0OOOOO)YOODODDOOO const O
O00000000000D0000 make constD0000D00O0000D00O0DO constO0O0OO00ODO
000000 lambda O0OOOOODO const parameters, JO OO

(const parameters (
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1f then( 1<5,std::cout << constant ("Less than 5")))) (3);

const parameters UOUOOOO0O0OO0OUOOOOO make const UOUOOOOOO0O0OOO0OOOO
lambda OO OO0OO0OO0OOO0OO const OO0

gboogobodibid if then O

(1f ( 1<5)
[std::cout << constant ("Less than 5")]) (make const(3));

Oobooooooc++0000000 if then OOOOODOOODODO if (OODOODOOO)YODOO
O00000D00DO then-0ODOOOOOODOOOOOODOOOOOODODOOO

000000000 if-then-else 000000 if thenOOOO

(1f then else(
_1:: 4
std::cout << constant ("Nothing"),
std::cout << 1)) (make const(0));
(if_(_1==0)
[std::cout << constant ("Nothing™)].
else [std::cout << 1]) (make const(0));

O00000000 else-00D0000DO else O00OO0ODOO

lambda OO O0O0OO00O0OO void, UOOOOODODOO0OOODOODOODODOODOODOODODOOOOD

Oo0obobobOoboobo@bobooboobooobob Boost.Lambda DD ODOOO C++ 00O
[85.16] 0000000 D000 O0OO0O0OO0ObO0ODbDODbODObDOOODObOObDObDODODOn

int 1i;
int value=12;
var (1)=(if then else return

( 1>=10,constant (10), 1)) (value);

O0000000000O0ooOg if-then-else, 00000 switch-0000000OC++ switchOD O
ERERN

(switch statement
_1’
case statement<0>
(var (std::cout) << "Nothing"),
case statement<l>
(std::cout << constant ("A little")),

default statement
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(std::cout << 1))

) (make const (100));

0 switch statement DO0O0O0OO0OO0O0OO0O0O0O0O0O0O0O0O0 1,lambdaU0000000OO00O0OO0O

O@ooo)yobobob cesel00bobooboboooooboobobobobooboooboo
O1{@obobooboooboboobobooooooboo)ybooobbo0obbo0DO default statement, O

U 1d0b0bddbbodbbodobuodobbddb cased0DOU0OU00DOOOOOO break-0000
0000 switchOOOO@UOOODOOOOOODO[ed

(61 Spokesmen of fall-through case-statements; please excuse this blasphemy.

00000000000 for,while, 0 do. O000D0ODOODOODOODOOODOODOODOODOO
"boost/lambda/loops.hpp"U Boost.Lambdall O C++0 while OODOUOO while loopd

int vall=1l;
int val2=4;
(while loop( 1< 2,
(++ 1,std::cout << constant("Inc...\n")))) (vall,val2);

while loop 00000000 false 00000000 1< 2,0000000000 ++ 1,std::
cout << constant ("Inc...\n").00000000000000000 lambdaOOO0O0O0000
000O0C++00000 if 000

int vall=1l;
int val2=4;
(while ( 1< 2)
[++ 1,std::cout << constant("Inc...\n")]) (vall,val2);

000 while (O0O) (OO0, 000000000.000000000 whileODOOOOOOOO
Ooooooo@ooo)ob if 0O if then(...) OO0O00O00OO0UO0Odo while loop U
while loop U0 OOO0OO0OO0O0DOOOOOODODO@DO while, 000O0OO0O0DOOOO)O

(do_while loop( 1!=12,std::cout <<
constant ("I'll run once"))) (make const(12));

googoo

(do [std::cout <<
constant ("I'll run once")].while ( 1!=12)) (make const(12));

000 forO0000O0OO0for locp. UOOOOODODOOOOODODOOOO0DODODOO lambda 0000
goobbbobibod constant b var U000 oobobooooooood
U000 constant U var oo oooooodooooooooooooood
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for loop(/nit-00, 00,000, 00)o00000000000000C0000O0O000O@O)O

int vall=0;

var type<int>::type counter (var(vall));

(for loop (counter=0, counter< 1,++counter,var (std::cout)
<< "counter is " << counter << "\n")) (make const (4));

gboobobodgbboooboobbuoobobogn

(for (counter=0,counter< 1,++counter) [var (std::cout)
<< "counter is " << counter << "\n"]) (make const (4));

U0o0bdbdid counter HOOOOUOUODNO counter< 1, 0000 ++counter.

OoobobobOoboboobooooobo lambda D000 OobOOoOoooooooooboOon
gobobbbbbboddgooooobobbbbbotbdooooooobbbbbboooooooon
OO0000b00b0b0oD0oDooo00ob0obO switchOOODOOOOlambda OODOODOOOODO

0000000000000 00000000000O00000000000000D000O00DO0O00
d0ooooooOoooooooooooooooooo@@uooooooooobnO Boost.
Lambdall )OO

Lambda U000 0 0OO0OO0OO

O lambda O 0OO00OO00O0O0O00O"O0OO00O0" 7100000000011 dynamic_cast,
11 static cast, 11 reinterpret cast, 0 11 const cast. OOO0O0O00OC++00000O0
goboodobooobooboooooodoodoboodgbodn "boost/lambda/casts.hpp". U0

gooobboc++gogoobobbbbbbodooooooobbbbbbboooooo o
goobobobobbbbbdooooooobbbbbibiddooduiiDl base Ol derived. UU

0000000 baseDOUOOOOO0O baseDOOOOOO0OO derived HO0OOOOOODOO0N
11 dynamic cast UUODOOOOO0OO0OOO0O0OO0 derived* O

Mlooo0o00000000000000O0

#include <iostream>

#include "boost/lambda/lambda.hpp"
#include "boost/lambda/casts.hpp"
#include "boost/lambda/if.hpp"
#include "boost/lambda/bind.hpp"
class base {

public:
virtual ~base() {}
void do stuff () const ({

std::cout << "void base::do stuff () const\n";

}
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}s

class derived : public base {

public:
void do more stuff() const ({
std::cout << "void derived::do more stuff () const\n";
}
}i
int main() {

using namespace boost::lambda;

base* pl=new base;

base* p2=new derived;

derived* pd=0;

(1f (var(pd)=11 dynamic cast<derived*>( 1))
[bind (&derived: :do more stuff,var(pd))].
else [bind(&base::do stuff,* 1)]) (pl);

(1f (var(pd)=11 dynamic cast<derived*>( 1))
[bind (&derived: :do more stuff,var(pd))].
else [bind(&base::do stuff,* 1)]) (p2);

Onmin 0000000000000 pl1 O p2;pl OOOO base, b p2 00000 derived. U
D00 lambdaODO0DO0O0OO0O0OO pd00000000O0O0ODOO bool, 0000 true, then-O
Ubodbobddibid pind0OUOUOOO do more stuff. UU 11 dynamic cast UDOUOUOOOOO
pd 00 0,0 else-0 0000000000000 O0Olambda 000000000000 base 00O
do stuff DOUOOOUOOODOO derived OO do more stuff UUOUDOOOOOOOODOO

void base::do stuff () const
void derived::do more stuff () const

gboobdobdobdobdgb 100b0bdbobobobooobdobobobobobidid bind

0000000000000 oo0o0o0o0Uooo0oooOUO Boost.
Lambda.

11 static cast UOUOOUOOUOOOO0O0O0OO0OO00O00OO00O00000O00O00O00000000A0O
0000000000000 pinddO0O0O0OO0DODO std::string000(00 std::string::size)
O00000dodboododOdstd::string::size U0 00OO0OO0OOOOO0OOOOOOO0O

oooobooboob(@oobL)yooobooboboboooooooobobUobooDooDoboooboo
D000 000 lambda OOOO0OO0O0OO0O0ODOODODOODOOOOOO0ODOODODOODODODOODOOO
gboogobogbbooboooboobbooboooboobboobbo bbobooboobon
gboogobodgbbogbooobuoobbuoobboobooobuoobboobbooboonoon
UbOoobobodl 11 static cast UUOOOOOOOOOO0OO0OO0OOO0DOOOOOO0OOOOO

gogd

#include <iostream>
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#include <string>

#include <algorithm>

#include "boost/lambda/lambda.hpp"

#include "boost/lambda/casts.hpp"

#include "boost/lambda/if.hpp"

#include "boost/lambda/bind.hpp"

template <typename String, typename Integral>

void is it long(const String& s,const Integralé& 1) |
using namespace boost::lambda;
(1f then else(bind(&String::size, 1)< 2,

var (std::cout) << "Quite short...\n",

std::cout << constant ("Quite long...\n"))) (s,1i);
}
int main () {

std::string s="Is this string long?";
is it long(s,4u);
is it long(s,4);

}

O000 is it long(UOOOD0OO0O0DO0O0DOOO0DOODOO)I0O0 1Integral ODOODOOOOO

OO0000O0 lambda DO OODOOO0OOOODOOODOODOODODODODODOOOODOODODODODO
goobbbobbboodooooobobbobbbobdoooooobobobobbbboooooooon

0 is it long U
is it long(s,4);

oooboboobobobogo@uooobooooooobOo)yYOoboobobobooooooobooo
Uoobdbodbodbdgbdl 11 static cast UOUOOO0OO0OO0OO0DO is it longOOOOO

template <typename String, typename Integral>
void is it long(const Stringé& s,const Integralé& 1) {
using namespace boost::lambda;
(1f then else(bind(&String::size, 1)<
11 static cast<typename String::size type>( 2),
var (std::cout) << "Quite short...\n",
std::cout << constant ("Quite long...\n"))) (s,1i);

Ooooooobooo@uboooboooo)ybooooOobo0ooDboOb000DbO0DbD11 const_cast
0 11 reinterpret cast UOUOOOOUOOOOO0OO0O0OO0O0O0O0OO00O0O0O0O0O0O0O0O0O0O000OO
OO00000D0OO0O0@buUooDoob0)bb0o0o0DD 11 _reinterpret cast UO0O0O000O0OO
goobobbobbboouooooooobobobn

ogod
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O0000 lambda DD 0O0OODOOOODOODOOOOODOODODODOOOOODOODODODODO
goobobbobobbibbodduooooubbibibibl pindd00000O00O0MO0 new U delete U

0000000000000 000oooooOoO lambdaDO0O0O0O0O000O0O lambdaOO0O0O0O
goobobbobobbooddddd "boost/lambda/construct.hpp", DU UOOOU

constructor, destructor, new _ptr, new array, delete ptr, U0 delete array. UOUODN
Uboobdbdbdbdid constructor U new ptr, UOUOOOOOOOOOOO

OooboobOoboboobooooooobobobooboobon lambda D000 OOOODOOOOOO
UoobbbObD operator new U D OOODODOOUOOOOOOO0OO0OO0DOODDODOOOOOOOOO

(factory method)D O D00 new ptr 000000000000 OCODOOODOOODOOODOOODO
U constructor UOOOOO0OOOODOUOOOOODOOOOODbase U derived, DOUOMO boost::
shared ptr<base> [ std::map OO0 std::strings 00000000000 lambda 0000
00000000000 o00ooobooooOooooOOg lambdaOD0OOO0O0OO0O0OO0OOOOOOO

goobobbbobbobouodoooooobbboon

#include <iostream>
#include <map>
#include <string>
#include <algorithm>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/construct.hpp"
#include "boost/lambda/bind.hpp"
#include "boost/lambda/if.hpp"
#include "boost/lambda/casts.hpp"
#include "boost/shared ptr.hpp"
class base {
public:
virtual ~base() {}
}i
class derived : public base {
}:
int main () {
using namespace boost::lambda;
typedef boost::shared ptr<base> ptr type;
typedef std::map<std::string,ptr type> map type;
map_ type m;
m["An object"]=ptr type (new base);
m["Another object"]=ptr type();
m["Yet another object"]=ptr type(new base);
std::for each(m.begin(),m.end(),
if then else(!bind(&ptr type::get,
bind (&map type::value type::second, 1)),
(bind (&map type::value type::second, 1)=

bind (constructor<ptr type>(),bind(new ptr<derived>())),
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var (std::cout) << "Created a new derived for \"" <<
bind (&map type::value type::first, 1) << "\".\n"),
var (std::cout) << "\"" <<
bind (&map type::value type::first, 1)

<< "\" already has a valid pointer.\n"));
m["Beware, this is slightly tricky"]=ptr type():;
std::cout << "\nHere we go again...\n";

std::for each(m.begin(),m.end(),
if then else(!bind(&map type::value type::second, 1),

((bind(static cast<void (ptr type::*) (base*)>
(&ptr type::reset<base>),
bind (&map type::value type::second, 1),
bind (new ptr<base>()))),

var (std: :cout) << "Created a new derived for \""
<< bind(&map type::value type::first, 1)
<< "\".\n"),

var (std::cout) << "\"" <<
bind (&map type::value type::first, 1)
<< "\" already has a valid pointer.\n"));

Ooo0b00ob0obOoboobooooobooboboboobDooooboobobobDooDooOoO lambda
O000000D00D000000 stdr:map 00000000 nulDOOOD0OODOOODOODOODODO

gobooo

"An object" already has a valid pointer.

"Another object" already has a valid pointer.

"Yet another object" already has a valid pointer.

// 0000o0odooooobooooooboooooooon

Here we go again...

"An object" already has a valid pointer.

"Another object" already has a valid pointer.

Created a new derived for "Beware, this is slightly tricky".
"Yet another object" already has a valid pointer.

goobbbobbbbibddddd mepddggogoooobobobooood

gooboboboboobooooobooboboboobooboooboobobubg lambda OO OQog
gboogoboobbuoobboobboooboobbudrsl

BlooDoDOo00O0O0O000O0O0OO000

!bind (&ptr type::get,bind(&map type::value type::second, 1))

Uoobdbdbdbdubdgibdd pindd 000000000000 0000000 map_type::
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value type::second (UODODO ptr type)DOOODOO0ODOOO0O0DODO ptr type::get (DOO
shared ptr 0 O00)0000000000000 operator!. 0000000O00O00 bool, 00O
000000000000 000000000000 then-000O

bind (&map type::value type::second, 1)=
bind (constructor<ptr type>(),
bind (new ptr<derived>())),

00000 vindODODOOO0OO0O0@MOOOOOOOODOOOOOOOOOOOO)YOOODO

map type::value type::second, UOUUOODOOOO0OOOO0OUOOO0O0OO0O0O0O0 derived U
0o0fdooooooodoodonooooooioodoofiol pind0000000O derived OO
O000000000000000 bindODOO ptr type (DOO0O0D0O)O constructor OO0
O0000000D0@UObD0DO0oDO)Y DoDO0DO vind000DO0D0OODOOOODOO then-O00OODO

godooooboobuoodooooooooa

var (std::cout) << "Created a new derived for \"" <<
bind (&map type::value type::first, 1) << "\".\n")

0000000000 else-00000O0DOOO0O0OODOOOOO

var (std::cout) << "\"" <<
bind (&map type::value type::first, 1)
<< "\" already has a valid pointer.\n"));

gboogbbodgbbooboobobuoobboobooob obbuoobboobobooboboobo
gobooooboobobooboooboobbooboboobbooboboooboobboobboooo
Ooob0ob0o oooobobobobuobooooboboboboobOon lambdaDOO0OOOO
gboogobodgbbogbooobuoobbuoobboobooobuoobboobbooboonoon
gboogobogbogon

std::for each(m.begin(),m.end(),
if then else(!bind(&map type::value type::second, 1),
((bind(static cast<void (ptr type::*) (base*)>
(&ptr type::reset<base>),
bind (&map type::value type::second, 1),
bind (new ptr<derived>()))),
var (std::cout) << "Created a new derived for \"" <<
bind(&map type::value type::first, 1) << "\".\n"),
var (std::cout) << "\"" <<
bind (&map type::value type::first, 1)
<< "\" already has a valid pointer.\n"));

gbogoboobbogbboooboobbudl vinds000000obooboooboonon
gogobobobobbbuoddoooooobbooobbbidoooooooboobobbbuuuoooon
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Oo0oO00ooo@DbOobo0booDOobo00O0)yD0DbOD00 shared ptr 0000000DOOOOOO
bool UUOUOODOODODDOOOUUOOUOOOOODOODLDDOUOUOOUOOUN getUd bindU

!bind (&map type::value type::second, 1)

gobobobbbbbobobuodoooooooobbbobbo

bind(static cast<void (ptr type::*) (base*)>
(&ptr type::reset<base>),
bind (&map type::value type::second, 1),
bind (new ptr<derived>()))

0000000000000 0o0oooboobobobDb0000000ooUnO reset, O0O0O0Qoon

O0000000b00000000 static cast DOO0OO0O00O00O0O00O0DO reset00gnon
0 static cast OO0OO0O0OO0OO0OOO0OO0OOOOOOCOOOOOOOOOOOOOODOOODOOOOOO

0000 operator new, 0000 derived 0000000 0O0ODOOOODOOOO@ODODO

map type::value type::second), JODOODOUO shared ptr DO00OD0O reset. OO0O0OO00ODO
O0000000 reset 0000000000 derived 00000 OOO0OOOOOOOOOOONO
Oo0ooooooooooooao

O00ob00oboobOoogobD lambdaDOO0O0O0OO0O0O0OOODOODOODOOOOODOODOODODOODOO
gboogoboogbbdoobbooboooboobbuoobbooboooboonobd

goodotn

OO00ob0obobOobobooboobo lambdaDO0O0O0O0OODOODODOOODOODOOODOODOODO
lambda OO O0O0O0O0O0O0OOODOOOOOODOOO0OOOOODOODOODODODOODOODOObOODOD
OooooobooboboobbooboobooooobooboboobbD boboOoDbo Boost.Lambda
OO0oboobOoboood lambdaO0DOOOOOOO

000 Boost.Lambda DD O OO0OO0O0O00O0OO0OOO "boost/lambda/exceptions.hpp". OO
U0o0bdbdibdid basel derived DUOOUOOOO0O00O0O0O0O0O dynamic cast DUODOONO
OobooboooboboobboobouoboobOO0boboO0bdO0ddynanic cast OOOOOO0OO0OOO0O
Joo0oboboboboobo00oooooooobboboD if000

#include <iostream>
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/casts.hpp"
#include "boost/lambda/bind.hpp"
#include "boost/lambda/exceptions.hpp"
int main () {

using namespace boost::lambda;

base* pl=new base;
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base* p2=new derived;
(try catch(
bind(&derived: :do more stuff,1ll dynamic cast<derivedé&> (*
catch exception<std::bad cast>(bind(&base::do stuff, 1)
(try catch(
bind(&derived: :do more stuff,
11 dynamic cast<derivedé&>(* 1)),
catch exception<std::bad cast>(
bind(&base::do stuff, 1)))) (p2);

booobodbbodbbdodbidd try catchOOOOtry catch ODOOOOO0O

try catch(expression,
catch exception<Tl> (expression),
catch exception<T2>(expression,
catch all (expression))

Uoobdbdbdbdid deriveds OO dynamic castOUOOOOOOO p1 OOOO base O
0000000000000 p20000 derived0000000O0O00OO0O0DOOOOOC 1)00OO
Uoobdbdbodobodgbdgoodobdbdid dynamic cast UOOOOOOOO0OO0O0O0O0O0O
try catch OO OUOO00OO00O0O00O00O000000000000000000000000000
e1

00000000000 0000000D0000D000000000D0000000000000C++000

booobodbbdodbboodboobobodibid e 0000 catch al1 O0OO0OOOOO0O
U catch (...) 0000000000 O0O0O0O0OO0O00O0O0O0000O00 dynamic cast UDODOO
googoo

try catch(
bind(&derived: :do more stuff,1ll dynamic cast<derived&>(* 1)),
catch exception<std::bad cast>
(std::cout << bind(&std::exception::what, e)))) (pl);

Uoobbbib0 std::exceptionUUU00OU0DD—DLO0O000000—-00000000000O
U what, UODOOO0ODOOOOOO

gbobobdbdbobobuobobuoboibobdbdbdobdibdn throw exceptionODOOOOU

O00000000000o00oooooog lambda D OO OODOOOOOOOODO
constructor DO UOUOOOOOOOOODOONON some _exception, HUOOOMN std::

exception, 00 lambda 0000000 true 0000000 OOOO0O
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#include <iostream>

#include <exception>

#include "boost/lambda/lambda.hpp"

#include "boost/lambda/exceptions.hpp"

#include "boost/lambda/if.hpp"

#include "boost/lambda/construct.hpp"

#include "boost/lambda/bind.hpp"

class some exception : public std::exception
std::string what ;

public:
some exception (const char* what) : what (what) {}
virtual const char* what () const throw() {

return what .c str();

}

virtual ~some exception() throw() {}
}i
int main () {

using namespace boost::lambda;

try {

std::cout << "Throw an exception here.\n";
(1f then( l==true,throw exception (
bind (constructor<some exception> (),
constant ("Somewhere, something went \
terribly wrong."))))) (make const (true));
std::cout << "We'll never get here!\n";
}
catch (some exceptioné& e) {
std::cout << "Caught exception, \"" << e.what() << "\"\n";
}

gooobbbobboobodad

Throw an exception here.
Caught exception, "Somewhere, something went terribly wrong."

gooboboobobbbooooooon

throw exception (
bind (constructor<some exception>(),
constant ("Somewhere, something went \
terribly wrong."))

throw exception 0DO0OOODO lambda OO0 O00O0OO0O0OOO0OOOOOODOOODO

some exception UOUUOOOOOOOOOOUOOO0DOO what OO OUO4OOOOMO 268
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0000 Boost.Lambda DO ODODODOODOODOOODOODODOOODOODOODODODOODOODOOOOOO
Ooooobooobobooboobooobooboooboobbotbnoooooooooogn lambda
gboogobogbobuoobboobobod

Mopoo000000"00000000000000000OD0O0"™

e Py wExT
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e Py EXT

Lambda [ [J

0000000 Lambda O
 UOO0O0O0OOo0obboOoobDg
. O0OUODODOODODOODOODOODO arity
 OObOOOoobbOoObbOoOn
 OOOooooobobOoo

gogbboobobogobooobobooooboooobooobboobboobobooobboobboon
O@ODb0 Boost ) OUODOOODOODOOOOUODOOOOOODOUODOUODOOOOODOODOODOO
gobboobobogobooobbooobooobooobobuoobobooobbuoobbooooboo

g

Boost.L.ambda OO 0O OOOOOOOODOOODOOODOOOOOOOOOOODOOODOOOOSTLODOOOO
gogbobooobobogobboooboooboboobboobb oobboobbuooboboooboo
Boost.Lambda OO0 0000000 OODOO0ODOOODOOODOOOOOOOODDOOOO lambdaOODOO
gooooooobobooe++boboboooooboboboobooobobobDoboboobubonog
LambdaODOOOOO0OOO0ODOOODOOOOODOOOOOODOOODOOIDO"™OoODOOOOOOOODOOD
goooooobooboooooobooboboooboobo bbb obe++ooobooboobo
gobobooobbooboboobo

0000 Jaakko Jarvi O Gary Powell, D0 OO0 O00OOO0OOOC++0000000O0DOO0O

=2 EXT
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e Py EXT

Library 11. Function

Function OO0 OO0 OQO0O0O0OOO

Function OO OO0 QOO0 O0OO

Function

00

Function 0 [J

e Py EXT
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e Py EXT

Function U OO ododood

. Jooobbbbbbbbbbooooad

gooobobobbbbbbbbbbboobobtboddoooooooooobo bbbobbbobo
gooob bbbbbbboobbobdddooooooooooobobobbbbbbbbo
gooobobobbbbbbbbbbboobobtboodooooooooooobo bbbobbobobo
obooboooobobooo@ouobob oboo)yooboboooobooboooboooo
OO0 0000 Boost.Bind O Boost.Lambda U0 0D OO0OOOOOO0DOOOOOOOOOO
Oobooo@uoboboobono)yboobd Boost.Function OO OOoOooooonO
gooobobbooooo

e Py EXT
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e Py EXT

Function O OO

googobobbbbbbbbbbbbobtbouddoooooooooono bbobbbobo
JodooodoooobooooooooocCc++0 oo ooooooooooaa
gogooobobobbboboobobbobbbbtoddddooooooooooooobobbbon
U0 (bindlst O bind2nd)J 00000 DOOOODDODOOODOOOO Boost.Bind [ Boost.

Lambda.

e Py EXT
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e Py EXT

Function

00 : "boost/function.hpp"

O0D0 "function.hpp" DO OOOOOO010000C00DODOO@EIODOODOOODOOOOODOOODDOODOO

Dlom)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD "function/functionN.hpp", U

ONO ODOOO100Boost.Function D0 D00 0000 OOOoOoooobOobDoooooobob@woboo
goobogoobobobooo)yooooooboboooooobobooooboobobooDoobUoboo
0000000000000 D000000D000000O (preferred syntax)D 0000000000 OO
gooog

[l Boost.Function 0000000001270 00 O

oougoogd

U0 function U0 UOUOD0OD function DUOOD0DOO0DD0DOO0O0OOO0ODOODDOOOODOOOOOOO
UoboboobbooobooobibOoObD functionODOOO bool DOODDOOO inte DOOOODOO

boost::function<bool (int)> £f;

0o0ooooboobooooooooboooooobobDooDooboobobDooDooboOn ei)OOO
UodbD int U douwple DOOODODOO0OODOODOO

boost::function<void (int,double)> f;

ooogoogd

U0 functions DO OOO0OO0ODOOO0ODOOOODODOODODOOOOLODOODDOOODOOODD
function DO UOO0D0D0O0O00O0O000O0UO0D0 function UOO0O0DUOOO0DOOO0OO0ODOOOODOO
bool JODOUOUODOD int OOO0ODOOODDOODO

boost::functionl<bool,int> f;

0000000000000 ooDo0DoUbDO@Ent)IU0OO functiont JOOODOODOODOO
gobboobbooobboobbuoobbibodl function OO voidODOUOOOD int O double
gobooooobood

boost::function2<void, int, double> f;

gogbboobbogobooobbooobboobboo0obbo0obibdn mfunction.hpp" DO OOO
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goboboobobooobooobboobobooboboooboon

ggbboobbuoobobooobboobbuoobbooobboobbuoobbuooobooobDb oo
gc++gjooooobooooooooboboobooobobobobooboboboboobuoboono
ggbboobbuooobbooobbuob ogobboobbuoobobboobbudbbOU function
gogbboooboogn

godad

function () ;

gooooooooooboboboobobobonoboood sfunction 0000000 oooooOonO
bad function call 0 OOMO

template <typename F> function(F g);

gogbboobbogobooobbuoobbooobboobbuoonobooobbuo0obbOU function
goboboobbooobbooobboobbooobboobbUnl runction 000 oooooOoO
Uobobo0bobodobioo0bibOd functionUODOOO0OO0OOO0ODODOODODO function £00OO0O
000 function DO O00000O00O0OO0DOOODOOODOOOOOOOODO function O

template <typename F> function (reference wrapper<kF> g);

Uoboboobobogbobioo0bbOo0bbO0bDbDO0 reference wrapper UODOOOOOODOOOODO
gobbooobooobbooobbo0oobooobbOn function DO OO

functioné& operator=(const functioné& g);

gobboob g0bbooobooobboobbd gboobboooboboooboo

template<typename F> functioné& operator=(F qg);

0o0obooooobobobDooo0b0booDob000bUobLD0bD0b00UD functiondO@DLDODLDODO
ooDO)y ooooooobooOoboO ¢g000D sunction 00000000 OCOOOODOODOODOO
gobobooboboooboodbl function OO0

bool empty () const;

00oo0o0ooobOooooDooog functionDOO0DO0OO0OO/00000000000DO00DOO0DOOOOO
00000000000 falsed00O00O function 000000 0O0ODOODOODOODOOOOOOOODOODOO
gogbboobbuooobbooobbuoobbooobobooon

volid clear();
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O0000000 function, OO0OD0000O00D0O0OO00OOOOOODO functionDOOO0OO0OOOOODOODO
O00000OfunctionDO00O00O0OO functionOOOOOOOOOOOODNO clear0O0O0ODOOODODO
gooog

operator safe bool() const

0000000000000 00@ safe bool UO)DODOODODOODOODLOODOO function DO OO0
00 false. U0 function D0 0D 0OD0O0O0D0OD0OO00O0ODOOOODOO0ODO true. 0000000 ODOO bool
gogboboobboooobbooobbuoobbooobboobbuoobbooobboobbd function U
gobboobobogobono e, 00 £000 function OO0

result type operator () (Argl al, Arg2 a2, ..., ArgN aN) const;

UodbbDodbO functionDOUODDUOOO0DO0OOO0O function DUOUOODOOUOU bad function call U
OO000 'f.oempty (), if (£f), 0 if (1'f) U0 true OO0 OO0O00O0O00O0OO0O functionOOOOOO
oo0oooooooooo

e prcy wExT
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e Py wET

0 O

00000 Boost.Function, D0 OOOOO "boost/function.hpp", D0 OO0D0O0OO0O0OOO "boost/
function/function0.hpp" [ "boost/function/functionlO.hpp". O OOOOOOONO function O OOO
0000doooooooo0oooooooooooooDoOg "woost/function.hpp", DO OOOOOOONO
gooooon

00000000000 bOOo0oD00DoO0ooooDoOoooDo0DoOoooDoooDoO@ooOoO)yoooo
0000000000 000ooo0ooooboddg function DOOOOOOOO functions OO OOOOO
000000000000 000000 function 0000000000 0OOOOOOOOOOOOOOOOOO
0000000000000 ob0odoU0oOodOl poost::function DO OOOOOO bool
(0000000000 veol OOO)IDOOODDOOODOOODDOODOOODDOODODO int, 00OODDOOO
00O double.

#include <iostream>
#include "boost/function.hpp"
bool some func(int i,double d) {
return i>d;
}
int main () {
boost::function<bool (int,double)> f;
f=&some func;
£(10,1.1);

0 function t 0000000000000000000O000O000O00O0O000O000O000000O0000
000000000000000 function 000000000 bad function call 00000000000
00000000000000000 some func 000000 £0000 £0000 some func 00000
000000010 (00 int) O 1.1 (00 double)J00 £ (00000000)I0O0000 function, 000
00000000000000000000000

goood

000000000 Boost.Function DO O0OOOOO0ODOOOOOOO0ODOOODDOOOOOODO function, 0O0O
goooooooooooooooooooooobooboooboobobbobobbobbobbobbobobobo
gboogooboobochoobbo0 ogobbooboooobooboeuiDbooboooooboooooon
gboobboobuoobboobuooboobobodoboonbobd

#include <iostream>
#include <vector>
#include <algorithm>
#include "boost/function.hpp"
void print new value (int 1) {
std::cout <<
"The value has been updated and is now " << i << '\n';
}
void interested in the change (int i) {
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std::cout << "Ah, the value has changed.\n";
}
class notifier {
typedef void (*function type) (int);
std::vector<function type> vec ;
int value ;
public:
void add observer (function type t) {
vec .push back(t);
}
void change value (int 1) {
value =i;
for (std::size t 1=0;i<vec .size();++1i) {
(*vec_[1i]) (value );

}
bi
int main () {
notifier n;
n.add observer (&print new value);
n.add observer (&interested in the change);
n.change value (42);

}

0000000 print new value U interested in the change, UODOOUODOOOODOU notifier JOQT
J00000ooooooon vector OO0 ODOOO0DDO0O0OOOOOOOOOOOOODOOOOOOODOONO
oo0ooooooooo

(*vec [1]) (value );
O(alue ) OOODODOODODOUOODODO(@ vec (11 0000)YODOOOODOODDOOODOOOD
vec_ [1i] (value );

gobobooobboooboobboooooboobobooobDoOoboboUOOn Boost.Function DO OooooO
Uboooobooboobbo0boobbo0bioobbOl notifier 0000000 DOOODOOODODOO

0000000000000 00000000000000 Boost.FunctionD D O0OOOO0OOOOOO
notifier OO OO0

class notifier {
typedef boost::function<void (int)> function type;
std::vector<function type> vec ;
int value ;
public:
template <typename T> void add observer (T t) ({
vec .push back(function type(t));
}
void change value (int 1) {
value =i;
for (std::size t 1=0;i<vec .size();++1i) {
vec_[1] (value );

}
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}
s

Ub0o000b00dn typedef DUOODO boost::function UUUODOODUOOOOOOOOOO0OOOO0OOOO0OOO
Ubooo0ooooooooooooooooooobDooobobOnDd add observer UOODOOOODOODOO
U00000000000D000 poost::function UODOOO0DO0O0OO0D0O0OOO functionUOOODO

[ZID Ubboobuoobboobooobibo0bioobibOl add observer HOOOOO0OO0OODOO
function UUOOO0OOUOOOO0OOO0OOOOOOOOOOOOO0OOOO0ObOObOOO0bO00bbo0obouanbDn
U boost::function UOOOOOOOMN add observer, OO OOODOOOODOOODDOODOOOODOO
vector O OO0O00O000D0O00O0O0ODN boost::function<void(int)> 00 O0O0O0OOOO0OOOOOO0O

Ub0oobobooboobbodid poost::function O D'Eilﬂ goboobooooobogooo*oa Tooaboo
gbobooooooooooooooooooooooooooooobooog

Plopoooo Boost.Function,U OO DO OUOO0DOOOO0DOOOO0DOOOD0DOOOO0OOO0O0OO0
goooooo

BlopopoooooooooooOoOoOOOOOO

class knows the previous value ({
int last value ;
public:
void operator () (int i) {
static bool first time=true;
if (first time) {
last value =i;
std::cout <<
"This is the first change of value, \
so I don't know the previous one.\n";
first time=false;
return;
}
std::cout << "Previous value was " << last value << '\n';
last value =i;
}
bi

Ubooo0ooooooooooooooooooobionn sta::cout 0O 0O0O0OOOOOOOOOOODOOO
U0000b00boobbodbUl veol DOODOODDOODDOODDOOD true. JO0DOOOODOODODO
gboooobooboobbooboobbooboobbodbib rrwe 0000000 DOOOOOODODOO

gooooooooooooooooooooooooboooboobobobobobbobbobboboboobo

00000000 netifier 00000 DOO0O0OO0OOD0ODOODODOOO0ODOOOODOODOOODODOODOOO
googn

int main () {
notifier n;
n.add observer
n.add observer
n.add observer
n.change value

&print new value);
&interested in the change);
knows the previous value());
42) ;

—_— o~~~
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std::cout << '\n';
n.change value (30);

}

U0oo0obooboobbo0boobbo0bioobbO0dbO knows the previous value DOODONO
gboooobooboooood

The value has been updated and is now 42

Ah, the value has changed.

This is the first change of value, so I don't know the previous one.
The value has been updated and is now 30

Ah, the value has changed.

Previous value was 42

goooooboooooooobooobboo@oooobbogbooooboOo)yY O booooooboooobooo
U000000000D0 netifier JOUODODOODODOODODODODOODODODODOD Boost.

Function OO0 O0O0OO0ODOOOOOOODOOO

goood

Boost.Function U0 OO UODO0OO0ODOODOODOODNO function OO OOOOOOODODODOODODODOODODOO
U0o000bo0boobDOU function 00000000000 O00D0D0O0O00O0O0DO0 function OOODOO
gbbogbboobuoobboobuoobboobuoobboobuoobbobbudlb this 0OD0OO0OO0OO
goboooboobooboooboobbooboobbooboo

class some class {

public:
void do stuff (int i) const {
std::cout << "OK. Stuff is done. " << 1 << '"\n';

}
}i

U000 do stuff D000 boost::function JOUOOODOUOOODOOOODOOOONO functionDODOO
some class DO O0O0O00000000 voidODOOODOO int O0OOD0D0OO0 some class OO0

functionDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDP—H

MopoooooooooOoDOOOOODOO0

boost::function<void(some class,int)> f;

gboobbooboobbodoboobboobbooboboobooboboobbobbuoubn this OO0
gboooooooooooooooooooooooouD t0000000 do stuft, DOOOOOOOOO
0o

f=&some class::do stuff;
f(some class(),2);
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Ubooooooooooooooooooobond some class UOO

boost::function<void(some classé&,int)> f;
f=&some class::do stuff;

some class s;

f(s,1);

000000 some class OU ETEQID gooooooo

PBlopooooooooo

boost::function<void(some class*,int)> f;
f=&some class::do stuff;

some class s;

f(&s,3);

gbooopoboobo"™O enis"ODO0O0O0O0D0DOO0O0OOODODOODOO0ODODOO0ODbOO0ODOO0ObOO00DDOO

0000000000000 0o000000o0b000oo0b00OO00n Boost.Function D D OO0 O0Ooooooo
O000000D000 Boost.Bind 0 Boost.L.ambda. OO0 DO0O00000O0OO0OO0O0ODOOO Boost.Function O
ooooog

goooogad

gbooobooboobbooboobbooboobbo0obo0obbOo0bd keeping state, DO OODO
U0000000 keeping state OO O0O0O0O0O0O0OO0D0O0O0O0O0O0OO0DOO0OOOOOOO0OOOOOOO0OO
00000 boost::function DO UDOOUOOOUOOONO

#include <iostream>
#include "boost/function.hpp"
class keeping state {

int total ;

public:
keeping state () :total (0) {}
int operator () (int i) {

total +=i;
return total ;
}
int total() const {
return total ;
}
}i
int main () {
keeping state ks;
boost::function<int (int)> f1;
fl=ks;
boost::function<int (int)> £f2;
f2=ks;
std::cout << "The current total is " << £f1(10) << '\n';
std::cout << "The current total is " << £2(10) << '\n';

std::cout << "After adding 10 two times, the total is "
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<< ks.total() << '\n';

goooooooooooooooooooognD xksbob2000oooooooooooboboboD
goooon

The current total is 10
The current total is 10
After adding 10 two times, the total is 0

000000 function OO (£1 0 £2)00000 xs OOODDODOOO0OOOOD0DOOODODOO1000 xsODODOOO
0000000000 000000000 poost::function O OOOOOOOOOODOOOOOOOOODONO
00dooooooooooooooooooooooboo0d0do0oooooDooDbDDOn boost::
reference wrapper U O[O boost::function DOUOOOOOD boost::reference wrapper O OO DOOMO
U0000b0o0booobDbo0bboOobDDO0 poost::reference wrapper UODOOOOOOODOOOOO
ref 0 cref 0 U0O0O0O00D0000000D00O0O00O000O0 const UODO reference wrapper UOOUOOODO
00000000000 D0O0D keeping state U0 OO0OODOOODOOOOOOO

int main () {

keeping state ks;

boost::function<int (int)> f1;

fl=boost::ref (ks);

boost::function<int (int)> £2;

f2=boost::ref (ks);

std::cout << "The current total is " << f1(10) << '\n';
std::cout << "The current total is " << £f2(10) << '\n';
std::cout << "After adding 10 two times, the total is "

<< ks.total() << '\n';

boost::ref DO UODODOO boost::function UOOOOOODOO0D0DOOO0OO0ODOOOOOO0O0DOOOOOOO
gbooooogd

The current total is 10
The current total is 20
After adding 10 two times, the total is 20

0000000000000 poost::ref I boost::cref UOOOODOOOOO const DOOODOOOOOOO
Ub0oobobooboobbuodboobbOodbOd something else HOOO0O0OO00OO const UOOO
OO0

class something else {
public:
void operator () () const {
std::cout << "This works with boost::cref\n";
}
}i

O00000000000000 boost::ref O boost::cref.
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something else s;
boost::functionO<void> f1;
fl=boost::ref (s);

£1()
boost::functionO<void> f£2;
f2=boost::cref (s);

£2.();

000000 something else DUOODOUOODOOON const, UOO boost::ref DUOUOOUUO boost::cref
oooooooooon

class something else {
public:

void operator () () {

std::cout <<
"This works only with boost::ref, or copies\n";

}
}i
something else s;
boost::functionO<void> f1;
fl=boost::ref(s); // This still works
£10) 7
boost::functionO<void> £2;
f2=boost::cref(s); // This doesn't work;

// the function call operator is not const

£2();

U000 function DO UODOD boost::reference wrapper 1O OO0 O0O0O0O0OO0O0O0OO0O0OOO0OOO00OO
00000000 function DO OO0 OOO0OOOOOOO

int main () {
keeping state ks;
boost::functionl<int,int> f1; // OO0O0O0OO0Oboost::function<int,int> £10 00
fl=boost::ref (ks);
boost::functionl<int,int> £2(f1l); // O0OO0O0O0Oboost::function<int,int> f2(£1)00

boost::functionl<short,short> £3; // OO0OOO0ODboost: :function<short, short> £30 0

£3=£f1;

std::cout << "The current total is " << f1(10) << '\n';

std::cout << "The current total is " << £f2(10) << '\n';

std::cout << "The current total is " << £3(10) << '\n';

std::cout << "After adding 10 three times, the total is "
<< ks.total() << '\n';

O00000 pboost::reft 000000 xsOOOOO function OO 0O

goboboooboooboobbooboboooDbOoOonbOog Boost.Function DO OOOOOODOOOOOOODO
ood
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[0 Boost.Function I [J [1 [ Boost.Bind

O000 Boost.Function 00000000 OO0OO0OODOOOOCOOODOODOOOOOBOost.Bind OO
gobobooobbouobooooboobboboooOouDO Boost.Function, DO OOOO0OOOOOOOOOODO
O000000000D000D0D000 Boost.BiNdODODOOOOODODOOOOOODOOO Boost.Function OO
goooooobooooooobooboEuis)bbobooooooooooboooooooooobooobooooDoo
googooobooboobboob oobooboooboobbooboboobbooboobboboboob o
000000000000 Boost.FunctionDOOOOOOOOODOOOOOOOOOUODOOOOOOODOO

gooooooooooooooooooooboobobob bobobobobOobOobDobOobDOobDOoDOg
oo

gbbooboboobuoobbooboaobooon

class tape recorder {
public:
void play () |
std::cout << "Since my baby left me...\n";
}
void stop () {
std::cout << "OK, taking a break\n";
}
void forward() {
std::cout << "whizzz\n";
}
void rewind() {
std::cout << "zzzihw\n";
}
void record(const std::stringé& sound) {
std::cout << "Recorded: " << sound << '\n';
}
}i

goooooooooooeuioboobobobobobobobobobobobobobobob bobOoo
gboogobooboobboobuoobbooboobbooboobobooboobooobooboooon
O000000000000000 OD000O00oooooCommandpattern)D000000O00O0O0O0OO
gobogoobooboobobooboobbooboobbooboooboobbooboobo

class command base {
public:
virtual bool enabled() const=0;
virtual void execute ()=0;
virtual ~command base() {}
}i
class play command : public command base {
tape recorder* p ;
public:
play command (tape recorder* p):p_ (p) {}
bool enabled () const {
return true;
}
void execute () {
p_->play();
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}
}i
class stop command : public command base {
tape recorder* p ;
public:
stop command (tape recorder* p):p (p) {}
bool enabled () const {
return true;
}
void execute () {
p_->stop();
}
}i

gbooobobooboobbooboobbooboobbooboobbooboobooobooobooooon
goooooooooooooooooooooobooboooboobobbobobbobbobbobbobobobo
gboobobooboobboobooboooon

int main () {
tape recorder tr;
// 00o0oog
command base* pPlay=new play command(&tr);
command base* pStop=new stop command(&tr);
// 0000o0oooon
pPlay->execute () ;
pStop->execute () ;
delete pPlay;
delete pStop;

gooooooooobooooboobooooooooooboobDoboDobDUbD veieDOoo(obobo
record, 00 000O0O0)YOOOoOoooOoooooooooooooooboooooogoooooboboooobooo

gbbogoboobooobuoobobod D[][QIE]D gobodgbod

Clppoooooooo

class tape recorder command : public command base {
void (tape recorder::*func ) ();
tape recorder* p ;
public:
tape recorder command (
tape recorder* p,
void (tape recorder::*func) ()) : p_(p),func_ (func) {}

bool enabled() const {
return true;
}
void execute () {
(p_->*func ) ();
}
}i
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gooooooooooooooooooooooooboooobobobobobooboobbobbbbobboboboobo
OO0 tape recorder UOOUOUOODO fune ODOOO0O0O0O000O0OO0DOO0OOODODOOOOOODODOOOOOO
gboobboobuoobboobuoobbooboobbooboobboobuoobobooboobooon
gboogoobooboobbooboobboooboobbooobooboon

int main () {
tape recorder tr;
// 000000040d
command base* pPlay=
new tape recorder command(&tr, &tape recorder::play);
command base* pStop=
new tape recorder command (&tr,&tape recorder::stop);
// 000cuidd0ooooooooon
pPlay->execute () ;
pStop->execute () ;
delete pPlay;
delete pStop;

00000000000 00oo00o00o00O0bOD poost::function 0000000000000 O00O0OOO0
gbooobooboobobooboobbooboobboobboobddl commana DOOO0OODODOOO
gboogooo

class command {
boost::function<void()> f ;
public:
command () {}
command (boost::function<void()> f):f (f) {}
void execute () {
if (£) |
£.0;
}
}

template <typename Func> void set function (Func f) {
£ =f;
}
bool enabled() const {
return f ;
}
}i

0000 Boost.FunctionD O OO0 OO0O0O0OOO0OOOOO0OOODODOD0D—O0O000O0OO0OO0ODOOODOO0——0O0O0O
0000000 command OO0O0OO0O0O0O0OO0OO0OO void UOOOOOO boost::functionUOOOOOOOMO

gbooooooooooooobooooooooboboonoobdobdbdl set function.

template <typename Func> void set function (Func f) {
f =f;
}

Ooo0000o0o0ooooooooooboboo0ooboooobobobdld command DOOOOO0O0ODO0DOO boost::
function UOO0O0OO0OOO function UOOOOOOOOO0ODOO0OO0OOO0O0OO0OO comand DO00O0O0O0OOOOOONO
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000000 tape recorder U0 O000O00O0O0ODOOO0ODOOOOOODOODOOOO@DOODOOODOOO
gooooo)yoooobobobobobobobobobobobobobobobobobobuobob oo
Uboobbooboobbodbtddobid function £ UO0D0O0O0OO0O0OOOOO0OOOOODOOOOOOO
U0000000000000 false, DODUODOODODOODODOODOD execute UOOODODODODOODOODO
gbooooobooboogn

int main () {

tape recorder tr;
command play (boost::bind(&tape recorder::play,&tr));
command stop (boost::bind(&tape recorder::stop,&tr));
command forward (boost::bind(&tape recorder::stop, &tr));
command rewind (boost::bind(&tape recorder::rewind, &tr));
command record;
// O000cuI0oonog...
if (play.enabled()) {

play.execute () ;
}
// O0000o0ooooo...
stop.execute();
// Some inspired songwriter has passed some lyrics
std::string s="What a beautiful morning...";
record.set function(

boost::bind(&tape recorder::record, &tr,s));
record.execute () ;

Oobobooobobouoobooobobog Boost.Bind OO DU ODOODODODODOOOOOOODLOOOOOOODOOD
U000D0 tape recorder UUOOODOOO0OO0OODO0DOO0OO0OOOO0DOO0ODOOOODOOODOOOOODODO

00000000 boost::function<void()> 000 0000000000000 00DODOODODOO0O0OOODOO
0 tape recorder OO ODOOOONO play O

boost::bind(&tape recorder::play, &tr)

000000000 pinda00000000O0DDOO Boost.Function OO OO0D0OO0OOOOO0OOOODOD

boost::function<void()> f (boost::bind(&tape recorder::play,&tr));

00000000000 record, UOOOOOOMNO const std::stringe DO OO0OOOOOOONO
set function. UOOOOODOOO0OOOODOO0ODOOOODO0ODOOOOD recora O0ODOOOOOOODOO
0000000000 0000000 recorda000000O0O0OO0OO0OOO0OO0OOOOOOOO

std::string s="What a beautiful morning...";
record.set function
boost::bind(&tape recorder::record, &tr,s));

000000 recoraUDOOODOOU tape recorder U0 tr UUODO tape recorder::record OO OOU
00000 Boost.Function 0 Boost.Bind, 00000000000 0O0OODODOOOOOOOO0OO0OOOOOOO
0000000000000 000000 comand JO0O0O0O00O0000000O000OOODO Boost.Function
oddoopoooooooooooa
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typedef boost::function<void()> command;

[0 Boost.Function [J I [ [0 Boost.Lambda

0 Boost.Function 0000 Boost.Bind OOODOOOOOODOOOOOO Boost.LambdaOOOOOO0OOO
O Llambda 0000000 O0OOO0O0O0O0O0O00O0 boost::function. 10000000000 ODOOODOOOO
0000 Boost.Lambda DD O O0OO0OO0OO00000O0O0OOOODODOOODODOOOO0OO0OOOOOOOODODOODOO
O00 boost::function DO D000 0OO0O0O0OO0OO00OOOODOOOOODODOOO lambdaODOOOOOOOOOO
000000000000 0000000 function OOOO functionODOOOOOOOOOOOOOOOOO
00

ooood

O00oDOOoO0bOo00oDO0oO0obboOoboOoOd Boost.Function OO OOOOODOOOOOOODOODODO Boost.
Function DO UO0O0O0O0O0OOO0DOOOOOOO0OOOOOOO0ODOOODLDOObLOOODLDOODOOO@DO
O0)JODD vpoost::function 0 OOODOOOOOOODOOOOOOODOOODOOOOOODOODOOOO
gobobooobboooboobboboooobbooboboooDoOgn Boost.Function OO DOOOOOOODOO
gobogoboobogbboocgbbooboooobooboooobuooobo

00 Boost.Function 000000 O0OOOOOOO0ODOOOOOOO0ODOOODOOOOOOODODODOOOOW@O
gooyyooooooooooooooooooobooooooobboooooooboobobooboobboooo
0000 Boost.Function U0 0O0O0OOODLOOOODOOOODLOOOODLOOOObOOODObOObOODLO

googn

00000000000000000000000000000000000000000000000 0000
00000000000 00000000000000000 Boost.Function 00000000000 —100
000000000000000000000000000000000000000000000 00000
00000000000000000000000000 functionl (000000000)000O00
functionl 0000000000 COO Boost.Function 00 000000000000 O0O00O0O0OO0OOOOO
000000000000000000000000000000000000000000000000000
(00O00o0O0oo)o

gboooboboobooobboobuoobboobooobboobooboboobuoobobooobooobooooon
gbooooooooooooooooooooooooooooobodD functionl, DODOOOODOOODOO

Ub0o0o0obo0boobbOo0boOgbibd invoker base.

template <typename R, typename Arg> class invoker base {
public:

virtual R operator () (Arg arg)=0;
}i

00000000 function ptr inveker, HOODODOODOOODODOOODN invoker base. UUODODOOODOO

gboooboboobooobboobuoobboobooobboobooboboobuoobobooobooobooooon
0o

template <typename R, typename Arg> class function ptr invoker
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: public invoker base<R,Arg> ({
R (*func_ ) (Arg);
public:
function ptr invoker (R (*func) (Arg)):func_ (func) {}
R operator () (Arg arg) {
return (func ) (arg);
}
}i

gbboobobodgbooobuodobbobobuoobbooboobboobuoobbooboobDb fune OO0
gobobo@oobbooo)yyobooboooooooboooobooo

R (*func ) (Arg);

000000 typedet UOOOODOOO

typedef R (*FunctionT) (Arg);
FunctionT func ;

gbooobobooboobboobouooboboooboobobooobooboboobooboboobobooobooo
Boost.Function D 00000000000 OOOOOO0ODOOOOOOOOOOOOOOOOODOO

template <typename R, typename Arg, typename T>
class member ptr invoker :
public invoker base<R,Arg> {
R (T::*func ) (Arg);
T* t ;
public:
member ptr invoker (R (T::*func) (Arg),T* t)
:func_ (func),t (t) {}
R operator () (Arg arg) {
return (t ->*func ) (arg);
}
bi

gooooooooooooooooooooooooboooobobobobobooboobbobbbbobboboboobo
000000000000 0DbOOO0@E)ooOooood (func)O

gboooboboobooobboobuoobboobooobboobooboboobuoobobooobooobooooon
goooooooooooo rooboboboboboboboboboboboboboob

template <typename R, typename Arg, typename T>
class function object invoker

public invoker base<R,Arg> {

T t ;
public:

function object invoker (T t):t (t) {}

R operator () (Arg arg) {

return t_ (arg);

}

bi
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gbooobogbooobooboobboobbobobo0bbo0bdOdDl poost::function, U
functionl OO O0O0000O0O000O000O0O0O00DO00O0O0O000DO0O00O00O00O0DO000 invoker base OO0

goooooooooooooooooooooooooooooooooooooboooooooooboooo
gooooooooooooooooooon

template <typename R, typename Arg> class functionl {
invoker base<R,Arg>* invoker ;

public:
functionl (R (*func) (Arqg))
invoker (new function ptr invoker<R,Arg>(func)) {}

template <typename T> functionl (R (T::*func) (Arg),T* p)

invoker (new member ptr invoker<R,Arg,T>(func,p)) {}
template <typename T> functionl (T t)

invoker (new function object invoker<R,Arg,T>(t)) {}
R operator () (Arg arg) {

return (*invoker ) (arg);
}
~functionl () {

delete invoker ;
}
b

gbboobbooboobboobuoobbooboobboobuoobboobuoobbooboobboon
gboogooboobooooboobooboboobooobooboboooboon

bool some function(const std::string& s) {
std::cout << s << " This is really neat\n";
return true;

}

class some class {

public:
bool some function(const std::string& s) {
std::cout << s << " This is also quite nice\n";

return true;
}
bi
class some function object {
public:
bool operator () (const std::string& s) {
std::cout << s <<
" This should work, too, in a flexible solution\n";
return true;
}
bi

OO0 functionl DO OODOOOOOOOO

int main () {
functionl<bool,const std::string&> fl(&some function);
fl(std::string("Hello"))
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some class s;
functionl<bool,const std::string&>
f2 (¢some class::some function, &s);

f2 (std::string ("Hello")) ;
functionl<bool, const std::string&>
f3 (boost::bind(&some_class::some function, &s, 1));

f3(std::string("Hello")) ;

some function object fso;

functionl<bool,const std::string&>
f4 (fso);

f4 (std::string ("Hello")) ;

0000000 Boost.Bind O Boost.Lambda OOO binder000OD0OO0OOOOOOOOOO Boost.
Function OO 0O0OOO0OO0OODOO0OOOO0OOOODOOO0OO0OODOO0OO0OO0OODOODO0O0O0OOOD0DOoOoOLODOoOoOooOooOO
0000000000000 oooooooooooooo

e prey wexT
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e Py EXT

Function [J [J

00000000 Function O
. OD0O0DDOUODOODODODODODO
. D0O0DDOOUODOODOODOODODOOGUIDDOODOODO
. 00O0ODODO binderODOO0DODODODDOODODOODOODO

Boost.Function 0 00000000 O0O0ODLOOODODOO0OOODLOODODOODOO0DO0ODObODODODOODbOUODODO
000000o0o0ob0obobogn binderU0D00DOOODODOOO0ODOO Boost.Function, D OOOOOOO0O
gogbbooobbodgobooobooobboobboooobog

0000O00ob0obOonogd Boost.Functon DD UODDOOODO0DOD0OOODOOODOODODODLOODODOOOOD
000000b0bOobgDn Boost.Bind O Boost.LambdaDl OO OO0 OOOODOODOODOODOODOODOO
gooboooboboboobooobobUoboooboobobobouobobobuobog Boost.Function o cod
0o0o0oo0ob0obobooooobobdg Boost.Function DO OO OOOOoOO0OOobOObDOODOOoOOD
gogboooboboobobooobooooood

Boost.Function 0 Douglas Gregor U0 0D 0000 O0OOO0OO0OO0O0OO0ODOOODOODOODOObObDOoOO
gogoboooo

e Py EXT
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e Py EXT

Library 12. Signals

Signals 100 O0O0O00O00O

Signals 000000000

Signals

0 0

Signals 0O [

e prey NEXT
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e Py EXT

Signals U 0000 odg

. JO0D0OU0U0O0DDOO0DOOODO
. D000 OouUooooooono
. U000 0O0OOOOOO Boost.Bind [0 Boost.Lambda

Boost.Signals 0000000 (signals) OO (slets) 00 0dfdoooo"Oo"D ODOO
000000000 0O0OO0O0O000000000000000000000O00O Observer,
signals/slots, publisher/subscriber, events (0 eventtargets)D 00000 O0O00O0O0OO
Odooooood oobodooboooodooboooooobouoooobouoa
ddooooooooboooooeuIl oo oooobo@uooooboooooono)d
dooo@ ooooobooooobooooo)yooooooob oo oooooooooo
O0doooooo@DHyooooooo@ oooooo)yYooooooooooooooad
0000 odoooobodooboouodooboooooobouoooobouoa
000000 Boost.Signals, I DOOOOOOOOOOOOOO0O0O0OO0OOOOOOOOOO
gotoootuodoooodooooodoooooodoooooodoooouodgn
U0 goootdotoooootdoooouodooooooouooououooooouog
gbooooootdoooododoooouodoooououog gououooooo
gdoooooodoobouoooobouooooonouoooonoooboouooo
HREEN

e prey NEXT
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e Py EXT

Signals U U OO O0O0OO

C++0 0000000000000 000DDO0O00DbOOoO0dOBoost.Signals D 000000
godoodobobotbobtuogodobouooooouon

e prcy | NEXT
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| 41 PREV |
Signals

00O : "boost/signals.hpp"

gogbooboooboboooooboo

"boost/signals/signal.hpp"

000 signal 0O OO

"boost/signals/slot.hpp"

gl siet oo

"boost/signals/connection.hpp"

U000 connection U scoped connection OO OO

NEXT B

U0b0Dbo0obobOoOoobbg mwoost/signals.hpp" UOODODOOODODOOODOOO0OOOOOODOOOO
O0DO0O0O00O0OBoost.Signals DOO0O0OO0OOODOOOODO boost DOUODOOODOOOD boost::signals

EEN

0ol signal JODOOOO0ODOOO0DOOO0OODOOOODOOO0ODOO0OOOO0OODOODODOO0OODO

Signals 000000

namespace boost {
template<typename Signature,

// Function type R(T1, T2, ..., TN)
typename Combiner = last value<R>,
typename Group = int,

typename GroupCompare = std::less<Group>,
typename SlotFunction = function<Signature> >

class signal : public signals::trackable,
private noncopyable {

public:
signal (const Combiner&=Combiner (),
const GroupCompare&=GroupCompare()) ;
~signal () ;

signals::connection connect (const slot typeé&);

signals::connection connect (
const Groupé&,
const slot typeé&);
void disconnect (const Groupé&) ;
std::size t num slots() const;
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result type operator ()
(T2, T2, ..., TN);
i

HEN

gobbod signal U0 ooooooobobooobogobboobbooobbooobboobnbo
gobboobbugiobbooobboobbidb signalsD0OUO0OO0 signal UOODOO0OO0OO0OODO

gogbbooboboooboooobboon D'Lllﬂ Ub0b0o00dl douwple UODUOOODO int ODOOODOO
gooboboooo

N ODODO0D0D000O0D00 boost::function DO D OO DO

signal<double (int) >

combiner O UODOOOODOOODOODODOODOO signal DOOODOOOOGslo)yDOODOODOODOODOO
goboboobbooobboubibudD 1ast value, UOOODOO0OO0OD0OO0OO0DOOO0ODOOOO

Groups UOODOO0OODDOOOD signal JODOOO0DDOO0ODOO0ODODODOOODDOOOODDOOOODOO
gobbooboboooobooon

GroupCompare OO OOOOON Groups DOOOMO std::less<Group>, JOOOOOOOOOO Groups
oo ooood

OO0 slotFunction UOOUOUOOOOOOOOOO0O0O0O boost::function. HOOOOOOOOOOOONO

0o00oooodoooooooooooooooonodOoond typedef slot<SlotFunction>
slot type.

oo

signal (const Combiner&=Combiner (),
const GroupCompare&=GroupCompare()) ;

0000 signal DUO0OO0D0O000 combiner DOUOO0OO0D0DO0O0DOOO0ODOOO0ODODOOOODOOOO
gooogd

~signal () ;
gdodouoobooooooouooooan

signals::connection connect (const slot typeé& s);

connect JOO0O0 s0O00 signal. 00000000 0ODO »indOOOODO lambdaODOODOODOOODO
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U0 connect UO OO signals::connection, UOOOO0O0OOOO0ODOOOOODDOOOODDOOOODOOO
U signal UO00O0O000O00O0O0O0DOOOODOO0O0OO

signals::connection connect (const Group& g, const slot typeé& s);

U0 comnect UODOOOODOOOODOOOODODOOODODO sOO0OD0 g ODOO0ODLOOOOOLODOODO
00 signal DO 0O0O0ODOO0OO00O0ODOODOODODO@ODOOO0ODOODOO signal OO0 GroupCompare
ooboooooo)yoobooobooobooooooobooooooboo@oooooooobooOoo)Ho

void disconnect (const Groupé& g);
goouood gdouoooon

std::size t num slots() const;

UobDb0o0dD signal UODOOO0OODOO0ODODOOODOO0ODOOO empty DOOOODO num slots U0
gbooooooobdl empty OO ODOO

result type operator() (Tl, T2, ..., TN);

signals DO O0ODO0O0O0ODOOO0OODOO0O0DOOO0DLO0O0DDLUO0DDbO0O0bDDbOOn signax OO0
(000 signal U0 OO0OODOOOODO)YOODOODOODOODODOODOODOODOODODOoDoobOobooDoooOOo
ggoo

Boost.Signals U 000000000 OOOODODOOOO0DOOOODODOODODO signal DOODODO
typedefsl]

=2 EXT

298



Beyond the C++ Standard Library : An Introduction to Boost

e Py EXT

0O

goooboobobooobooobobooobobooobooobboobboobobboobobboobDb OO
goboboobobooobooobbooboboobobooobboobboobobbooobbOoUb Boost.

Signals, 0000000000 OCOOOODOOODOOOOOOODOO "bOOSt/SignalS.hpp".[Zl

21 Boost.Signals 00 Boost.Regex 0 0000000000000 0000D000000000000000000000000
000000000000000

0000000 signalsO 00 ((slots)D 00000000 DOOO0ODOOO0ODODOODO signal. O0O00OOOO
Jdddddoogoggg signal OO0 o
U0 my first slot, DO0OO0OO0OOOUOODO my second slot; UODOOODODOOODDOOOD signal
aad

#include <iostream>
#include "boost/signals.hpp"
void my first slot() {
std::cout << "void my first slot()\n";
}

class my second slot {

public:
void operator () () const {
std::cout <<
"void my second slot::operator() () const\n";
}
}i
int main () {

boost::signal<void ()> sig;
sig.connect (&my first slot);

sig.connect (my second slot());
std::cout << "Emitting a signal...\n";
sig();

0000dOddodd signal, DOODO0ODOODODO void OOOOOODODODODODOODOODODODOOOOOOOOO
signal. O OO0D0O0O000D000O00 my first slot DOOODO connect DO0OOO0O0OOOO0O0OO0O
O00O00000 my second slot DOUODOUODOODO connect DODOUOODOOOODOODOODOO signal (U
000 sig)D0000oooooooon

sig();

goboobooobobooooboo

Emitting a signal...
void my first slot()
void my second slot::operator() () const
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ggbbodbbuogobooobooobboobbooobboobbuoobbooobboobbuoon
gobbooobuooobooobboobobooobbooobbooobo

oo

gobobooobooobooobbooobooobooobboobDbooobboobboobb oo
000000000000 0D0 signal DO0O0OOO0DODODO croup O0O0ODODOO int. Groups 00O
std::less<Group> UOOOOO0O0O int OO operator< 00000000 group 000000 group 1 0
gooboooboooooooobooooboooboooooboooDbdooobooooDboooboon
goobooobooooobooobooooo

UoboboobbuogobOoo0big croup U signal::connect. UODOOOOOOOOODOOOODOOO
goboboobobooobboobbooobooobbouobD signel DOOOO0ODOOO

gogboboobboooobooobbuoobbt intce U0DOOD0DDODOO0OODOODODODOOODOOOODODO
g3poogooooobooooboboooboooo3ggoboooboooobobooboboooobooon
o00O0o00O00oOoO0OooOO0boobOoOo@OboOobobooboobooooo)Ho

#include <iostream>
#include "boost/signals.hpp"
class double slot {
public:
void operator () (inté& i) const {
i*=2;
}
i
class plus slot {
public:
void operator () (int& i) const {
i+=3;
}
}i
int main () {
boost::signal<void (inté&)> sig;
sig.connect (double slot());
sig.connect (plus slot());
int result=12;
sig(result) ;
std::cout << "The result is: " << result << '\n';

goboooobobooboooooo

The result is: 30

gobooooboog
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The result is: 27

gogbboobbuoobbooobbuodbbUddbD double slot UODO plus slot UUOOOODODOU
00000 double slot UODODOOOO plus slot DOODODODOOOOOO

sig.connect (0,double slot());
sig.connect (1,plus slot());

goobooobooboboobo@ 2o boboooob0obobDobobobOobooDoboboD
goboboobooboooboboobboooboooobboon

croups U0 OO0 signal OO O0OODOOO0OOOOOODOOOOOOO std::string [

#include <iostream>

#include <string>

#include "boost/signals.hpp"

class some slot ({
std::string s_;

public:
some_slot (const std::string& s) : s _(s) {}
void operator () () const {

std::cout << s << '\n';
}
i
int main () {
boost::signal<void (),
boost::last value<void>,std::string> sig;
some slot sl ("I must be called first, you see!");
some slot s2("I don't care when you call me, not at all. \
It'll be after those belonging to groups, anyway.");
some _slot s3("I'd like to be called second, please.");
sig.connect (s2);
sig.connect ("Last group",s3);
sig.connect ("First group",sl);
sig();

Jdddd0d0d0dddddUUUUUUyU stdrsstring std::cout JOOOOUOOO signal. OO
Groups U OO0 combiner 0O OOOOOOOOOODODOO compiner (COOOODOOOOODO)YOOODO
Groups U O OO std::string O

boost::signal<void (),boost::last value<void>,std::string> sig;

Odo00doooooooooooooboooooooooon s1,s2,0 s30000oo0ooooooooon
O@O00 std::less<std::string> 0 0O0)000 "First group"” OO "Last group". DO OOOOOO
000000000 std::string, UOOODOO0O0O0O0OO0O0OO0ON signal O connect DO OOOOOOON
oooooooooo
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I must be called first, you see!

I'd like to be called second, please.

I don't care when you call me, not at all.

It'll be after those belonging to groups, anyway.

UoboDboobD signal DOOO0OO0O0OO0D0DOODO std::greater.

boost::signal<void (),boost::last value<void>,
std::string,std::greater<std::string> > sig;

gobbooboobooobbooobboon

I'd like to be called second, please.

I must be called first, you see!

I don't care when you call me, not at all.

It'll be after those belonging to groups, anyway.

UobobDoobbDOoO std::greater U0 ODO0O0O0O0OO0O0OO0O0DOOO0OOOO0O0ODOOOODOOO

gogbboobobooobooobobooobooobooobboobbooobboo bboobbood
gogobobooboboooboooboboobobooobooobboobboobobboobboobboon
gogboobooobooobo obbooobogoobooobboobbooobooobboobboon
gogbooboobbooobooobooooboooboooboboobboo booobboobbooo
gogbobooboobogoboooobboooboooboooobobuooobooooboobg

gobboobbooobbooobboopobooobboobboonD signals00gooogoooOog
gobbooboobooobbooobboon

0000 Signals

gogbboobbooiobiboU signal. JOODODO0OO0DOOODOOO0OODOOODOOOOOOOODODO
000000000000 0DOO0bDO0DO00ODO00ODO0Ob00OO@ED signa)DObOO0ODOODOODO
gogboboobobogoboooboooobooooboooboboobboobobooobboobboon
Uobobo0dbiDO signal DOO0OD0DO0OO0O0D0O00D0O signal 0DOO0OO0DO0OO0O0DOO0OO0O signal

goboboobobooobbOoUbibd signal DOOODOOOO signal JOODOOOODOOOODO
signal O OO000D00000000D signal JOOO0OO0ODO0OO0DOOO0OOOO0OODOO0OODOOOO0
Uobobooobiod const DOUOO0ODOO0OODOO0O0DOODODOOO0ODND const00ooonbonoogn
gobboobobooobbooobboonbooobibOon signal oo boooboboooobg
Udbbod signal UUOODUOO0D0 const UOODOO0OO0OOO0OODOOODOOOODOOO0OODOOOO
UobD0O0 signal. JOODO0O0D0DO0OO000O00O000DO0 const DOO0OODOO0OODOOODODOOO
U signal DO 0O0ODO0OO0ODOO0OOOO0ODODOOODOOO0OOOO0ODODOO0O0DDbOOO0O0bOOOo0bDDO
gobobooboboooboood

goboobooobooobooobbooobobooobbooobboobboobbboobobboobb OO
ggboboobobooobooobbooboboobbooobboobboobDbUoobDbOoUn signal O

gobboobbuooobboouobbuobbooobbodnbD signal, DOO0OO0DOO security guard
oboboobobooobiooobibOd gete00O0O0O0DO0OO signal DO0OO0DODOO0DOOO0ODODOOO

0o ( parking lot guard ogoooooood )|:| ogoooooon parking lot guard ooon
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class parking lot guard {
typedef
boost::signal<void (const std::stringé&)> alarm type;
typedef alarm type::slot type slot type;
boost::shared ptr<alarm type> alarm ;
typedef std::vector<std::string> cars;
typedef cars::iterator iterator;
boost::shared ptr<cars> cars ;
public:
parking lot guard();
boost::signals::connection
connect to alarm(const slot type& a);
void operator () (bool is entering,const std::string& car id);
private:
void enter (const std::string& car id);
void leave (const std::string& car id);

}r

00000000 ooooboooDo00ooooDnd veidOODDUOO std::string (UOODO
O000D0)0 boost::signal OO signal DO DOOOO0DOOOOODO

boost::signal<void (const std::stringé&)>

Ooooooodoooooooooooooonoooooooooooooooooooooog
O0D00O connect to alarmJ000 signal O (0 OO0O0OOOOODOOODOOODOODOOOOODOO
HOoDooooohoooohoooooooooooobooo@OOO std::strings O std::vector )OI
UUOOD0OU boost::shared ptr DU UDUDODUOO0O0OO0O00DO0O0D0O0O0DO parking lot guard UOO
00o0oOO000oDOO000ooO00DbOO000bOO0o00b0DOo0nDD signal DOOOOODOOODODOO (Boost.
Signals 000000000000 DOOOO0OOO)YdODODOOOODODOODOOOODOOOODODOoOooDDOOOo
OgoooooodooooooooooooooooonD ooooooooboooooooooooooon
0000000 DO0dobO0o00b0o0o00DoDDbDO00DDbO0O0ODDoO0g gate(@uooo)yoao
parkingilotiguardDDDDD signal in the class .

gobbooobDbuddl security guard OO

class security guard {
std::string name ;
public:
security guard (const char* name);
void do whatever it takes to stop that car() const;
void nah dont bother() const;
void operator () (const std::string& car id) const;

}r

security guards U0 OO O0OO0O0O0OO0DDOOO0ODOOO0ODOOO0O0DOO parking lot guard OO0
ggbboobbuooobooobbuoobbooobboobbuoobbooobboobbd gate i
gogbbooobboobboobbooobood
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class gate {
typedef
boost::signal<void (bool,const std::stringé&)> signal type;
typedef signal type::slot type slot type;
signal type enter or leave ;
public:
boost::signals::connection
connect to gate(const slot typeé& s);
void enter (const std::string& car id);
void leave (const std::stringé& car id);

}r

Jodddd gateDDODODODO signal 00000 0OD0O0O0O0OOOOOOOODOOOOODODOOOONO
(connect_to gate)JOOODODO signal, DO0O0OOO0O(enter O leave)JOOO0D0OOO00OOOOODODOO

goboooboboopnbooinl gate QOO

class gate {
typedef
boost::signal<void (bool,const std::stringé&)> signal type;
typedef signal type::slot type slot type;
signal type enter or leave ;
public:
boost::signals::connection
connect to gate(const slot type& s) |
return enter or leave .connect (s);
}
void enter (const std::string& car id) {
enter or leave (true,car id);
}
void leave (const std::stringé& car id) {
enter or leave (false,car id);
}
}i

Uobobooboboooboo0bboubDO0 connect to gate HOOOODOOODN signal
enter or leave [ connect DOUOOUODN enter OO signal, DO0OO true (UOODOOOO)DODOODO
U0 leave UUUODDUOODDOO0ODOD false, DOUOOO0O0DDOOODDOODODOONO security guard

goooooo

class security guard {
std::string name ;
public:
security guard (const char* name) : name (name) {}
void do whatever it takes to stop that car() const {
std::cout <<
"Stop in the name of...eh..." << name << '\n';
}
void nah dont bother () const ({
std::cout << name <<

304



Beyond the C++ Standard Library : An Introduction to Boost

" says: Man, that coffee tastes f i n e fine!\n";
}
void operator () (const std::string& car id) const {
if (car id.size() && car id[0]=='N")
do whatever it takes to stop that car();
else
nah dont bother();
}
i

security guards U0 O D000 0ODOODOOO0OO0ODOODOOOO0O0O0ODOODO0ODOMWO car id000O NDO
O0D00D0OO000O) ooOOoDOoUODOoODOo0OO000 security guard OOO00OOO0OODOOCODODO
U parking lot guard 0 alarm type OO UOUODO parking lot guard UOOOO00O0O0OO0ODOOOO

class parking lot guard ({
typedef
boost::signal<void (const std::stringé&)> alarm type;
typedef alarm type::slot type slot type;
boost::shared ptr<alarm type> alarm ;
typedef std::vector<std::string> cars;
typedef cars::iterator iterator;
boost::shared ptr<cars> cars ;
public:
parking lot guard()
alarm (new alarm type), cars_ (new cars) {}
boost::signals::connection
connect to alarm(const slot typeé& a) {
return alarm ->connect(a);
}
void operator ()
(bool is entering,const std::stringé& car id) {
if (is_entering)
enter (car id);
else
leave (car id);
}

private:
void enter (const std::string& car id) {

std::cout <<
"parking lot guard::enter (" << car_id << ")\n";
// 00000000000000
if (std::binary search(cars ->begin(),cars ->end(),car id))
(*alarm ) (car id);
else // Insert the car id
cars ->insert(
std::lower bound
cars_ ->begin(),
cars ->end(),car id),car id);
}
void leave (const std::string& car id) {

std::cout <<
"parking lot guard::leave (" << car_ id << ")\n";
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// O000000000000000

std::pair<iterator,iterator> p=
std::equal range(cars ->begin(),cars ->end(),car id);

if (p.first==cars ->end() || *(p.first)!=car id)
(*alarm ) (car id);

else
cars_->erase(p.first);

}
}i

ooooooO@oobooboboobuoonn signea1 O00O00O0O0C0OO0OO0OOOOOOODOOOOOODO
O0000000)0 00000000000 shared ptr DOO0O00O0O0O0O0O0O0OOOOOOOOOOOO
00000 signal O vector 0 0O0O0O0O0O0O0O0O0OCOOOOOOOODOODODODOOOOOOO@ODOO
O0000)00DO connect to alarm U0 OOOOODN signal U connect. DOO0O0OOODOOOOOOO
Uoboooodoodoodoodboodidil enter U leave. DUO enter UOOOOOOOOOOMO
Uvector UODOOOOOOO0OO0OO00OO0O00O0O0O0DO0O00O0O00O00O0O00O0O00O0O0O00O0O00O0

binary_search;gﬂ'ﬂ do0oodooo@ooooobooooooOo)ydooooobooooooooooao
O0000ddn signal O

&l binary search OOOOO O(logN).
(*alarm ) (car id);

ogoooooooad alarm_|:||:||:| alarm_DDD boost::shared_ptr,DDDDDDDDDDDDDDDDD
gobboobbuooobooobboobbuoobb oobbouobbOoobbO cars OODOOOOOO
gobboobbooobboobbooobbooobboobbuooobbo0bbUdn 1ower bound U
00oooobobOo@ubuobooboooboO)YOUobUoDbOooO eave, OO0 0ODbOODObDOOO

leave UOODOO000DO0O0O0D0DOODDOO0ODODOO0O0ODOO0D0DO equal range JOOOOODOOOO

gogbbodobobuogobooobbooobobuooooboooboboobbuoobbooobboobboon
ggbboobobuoooboooboboobbuooboobooobboobbuoobbooobboobbuoon
gobbDd vector DUUOODOO0OO0OOO0ODODOODODODOO0OOOO0ODDODOODDOOODLOOOODLDDO

gobboobbooobbooobbooobooobboobD signalsggoooooooooooo
00 gateOOoooon parking lot guard oooooooooooooooon security guard 0

ggbbodobbuogoboooboboobboobobooobboobbuoobbooobboobboan
gogbobooboboooboboobon

int main () {
// 0Ooooon
std::vector<security guard> security guards;
security guards.push back ("Bill");
security guards.push back ("Bob");
security guards.push back ("Bull");

// 00000
gate gatel;
gate gate2;
// 0o0oooon

parking lot guard plg;
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// 00odooodood
gatel.connect to gate(plqg):;
gateZ.connect to gate(plg);
// 0000ooooodod
for (unsigned int i=0;i<security guards.size();++i) {
plg.connect to alarm(security guards[i]);
}
std::cout << "A couple of cars enter...\n";
gatel.enter ("SLN 123");
gate2.enter ("RFD 444");
gate2.enter ("IUY 897");
std::cout << "\nA couple of cars leave...\n";
gatel.leave ("IUY 897");
gatel.leave ("SLN 123");
std::cout << "\nSomeone is entering twice - \
or is it a stolen license plate?\n";
gatel.enter ("RFD 444");
}

gobboobbuogbobooobboobbuobibOl security guards, OO gates, OO0
parking lot guard. DO O0OD0O0O0O0O0O0O0O0DOOO0ODOOO0OODOO0ODODOOOODOOO0OOLODOOOO
oooooooooooooooon parkingflotiguardDDDDD gates 00O

gatel.connect to gate(plg):;
gate2.connect to gate(plqg);

gobbo0dbDbUd gateDOUOUODOD signal enter or leave OO parking lot guard OO UOOD
UobobDoobbogbDbDOO security guards OO0 parking lot guard UUO OO signal OO

plg.connect to alarm(security guards[i]);

gogoboooboobogobooobbooobooobooobboobbooobboobboobb oo
gogobobooboboooboooboboobobooobooobboobboobobboobboobboon
goooog

A couple of cars enter...
parking lot guard::enter (SLN 123)
parking lot guard::enter (RFD 444)
parking lot guard::enter (IUY 897)

A couple of cars leave...
parking lot guard::leave (IUY 897)
parking lot guard::leave (SLN 123)

Someone 1s entering twice - or is it a stolen license plate?
parking lot guard::enter (RFD 444)

Bill says: Man, that coffee tastes f.i.n.e fine!
Bob says: Man, that coffee tastes f.i.n.e fine!
Bull says: Man, that coffee tastes f.i.n.e fine!

gobboobbd RFD444 00 0D0O0OO0DOOODDOOODLDDOOO
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00 signals 00000000000 OCODOOODOOODOOOO0O0OO signalsOO000O0O0OO00O0O0O
signals DO O0OD0OO0O0D00O000O0000D00O00000000000000 signal DOOO0ODOOOODOO

gogbboobobogobooobooboooobooooboooobboobboobobooobboobboon
ggbobooobbogobooobooobobuoobbooobooobboobobuoobboooboDo

ooogon

UdbD signal DOOOODOO0ODOOO veidODOOOODODOOODDOODODOOODDLOOODDOOO
00 signal 000000 COOOOODODODODODODOOOO signal 0O0OOOOOOOO Combiner, 0000
O0000DC0OO0O00DOODOO00 Combiner O pvoost::last value, 0000000000 DOOOOOO
gogbboobobogobooobooboooboboooobooooboboobboobbooobboobboon

DDDDMDDDDDDDDDDDDDDDDD Combiner O

M OoppoooooooOoDODOOOOOOOOOOOOO0

#include <iostream>

#include "boost/signals.hpp"

bool always return true() {
return true;

}

bool always return false() {
return false;

1

int main () {
boost::signal<bool ()> sig;
sig.connect (&always return true);
sig.connect (&always return false);
std::cout << std::boolalpha << "True or false? " << sig();

00000 always return true U always return false, O U signal sig, DOUODODOOO bool
00000000 sig0O00D0000 cout. 000 true 00 false? 00 00OODDODO0OODDOOOO@OODO
OD0000 false)JOOOODOODOOODOOOD signal 0000000000 ODOOOOOO Combiner O
O0o0doooodooooooooiooooooonooooooooonouooon signal DOOOOOO
00000000000 000000 false00D0OO0OO0ODOO0OO0DOODODOODOO Combiner0000O0O0O
000000000 Combiner000000D0O00ODO00OOOODOODOOODOODOO

ggbbodobbuooobooobboobboobbooobboobbuoobbooobboobbuoan
000 Combinerb0OOOOOOODODODO

#include <iostream>
#include "boost/signals.hpp"
bool stepl () {
std::cout << "stepO is ok\n";
return true;
1
bool stepl() {
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std::cout << "stepl is not ok. This won't do at all!\n";
return false;
}
bool step2() |
std::cout << "step2 is ok\n";
return true;
}
int main () {
boost::signal<bool ()> sig;
sig.connect (0, &step0) ;
)
)

’

sig.connect (1, &stepl
sig.connect (2, &step?2
bool ok=sig();
if (ok)

std::cout << "All system tests clear\n";
else

std::cout << "At least one test failed. Aborting.\n";

’

000000000000 0DOO0ODOO00OO0O0bO0bOOO0ODbDOoODOOoO0O0g combiner O boost::
last value, U0 OOO0ODOOO0OODOOOODOOODOOO step200000O00O0OO0DOOODDOOODO
gooboo

step0 is ok

stepl is not ok. This won't do at all!
step2 is ok

All system tests clear

0000000000 0D00D0000 Combiner000000OD0ODOOO falsed0O00O0OD0OODOOOODOO
O signal. 00 Combiner 0000000000000 0DODOOODODODOOO result type O
typedef UODOOUODDOUOOO0DOOO0OO0OOO0OODOOODOOODODDOOO0OOOO0ODODOOLDDOOOn
000 Combiner000O000D0OOCOO0OODOOOOO

class stop on failure {
public:
typedef bool result type;
template <typename Inputlterator>
bool operator () (Inputlterator begin, Inputlterator end) const
{
while (begin!=end) {
if (!*begin)
return false;
++begin;
}
return true;
}
}i

O0D00O0DO typedef result type, JOODO bool. result type 00 OOO0ODOOODOOODOOOO@O
0 signal 000000000000 signal 000000000000 Combinerd000000O0O0
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signal 0O O00OO0DO0OODOO0ODOOOOODOOOODOOOODOOOOODOOOOO)O

stop on failure O OO0OOOO0OO0OOODOOOOOOOOODOOOCODOODODODOODLDODOO
0000000 stop on failure, UOOOO0ODOOO0ODOOOODODOODODOOOODOOODLODOOOO
O0000000000000 false, JO0OO0O0OO0OO0OOO0OO0ODOO0OOO0OO0OO0OO0OOOOOOO0O

stop _on failure, UODOUOOOD signal JOOOOO0O0O

boost::signal<bool (),stop on failure> sig;

gobboobbogoboooboooboboobboooobooon

step0 is ok
stepl is not ok. This won't do at all!
At least one test failed. Aborting.

Combiner 0000000 OO0OO00DODOCOOO0OODOOO0OODOOOOODODOOOODODOO
Combiners0 00000000000 0DOODOOO0OOO@DODO))YDDODDOOOODOOO Combiner00O0O0
O0000DC0O0O000DOoo0oooooOgd CombinerD00000D0OODOOO0ODODOOOOODODOLOO
gobobooooog

Signals 0 0 0O 0O

0000000 signals 0000000000 OO0O0OOODOO0OOOOOODO signal DOOOOOOOO
000000000000 000b0000o0000o0b0000oo0b0000no0o00nD signa1 00O0O0O0OO
J00d0d0d00000000000000000 signals000000000O00OOOOOOOOOOOOO
0000000000000 signals 000000 doooooooboooooooooooon
parking lot guard OO OO boost::shared ptr HO DO OO signal DOOODODOO0OOOOOOOOOO
signal DOO0O0OODODODODODODOOOOOOOOOOOOOOOODOD0O0D0 signal DO0O0DO0O0DOOODODOO
0000000000 signal JOODODOD0O0OO0OOO0OODOOO0OOOO0OOODODOO0OOOODOOOOOOO
0 some class, DO OOODO

class some class {
boost::signal<void (int)> some signal;

}r

gogoboooboboogooooboboboooboobobooDoobobobDoooboboDoLobOoD
goobooobogdl sec1 DO0OO some class sc2 [

int main () {
some class scl;
some class sc2(scl);

}

oboboobobooobooobbo0bDbOnl some class HOOOOOOODOOO0OODOO signal OO
gogbobooboboooobboobboo

c:/boost cvs/boost/boost/noncopyable.hpp: In copy constructor °
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boost::signals::detail::signal base::signal base (const
boost::signals::detail::signal baseé&) ':

c:/boost cvs/boost/boost/noncopyable.hpp:27: error:
boost: :noncopyable: :noncopyable (

const boost::noncopyable&)' is private
noncopyable example.cpp:10: error: within this context

JobboobiDd signal 0DOO000O000O0DO0O0D0OO0O000D00O0D0DO0O0 signal JOODO

oo

O0000o0o00dooooog signals, 00000000 OO0O0OO0OOO0OOOO0OOOOOOOOOOO0O
00000 signal 000000000000 0O00O0O0O boost::signal::connect UOUOODO boost::
signals::connection DO O OOOOOMN connection HOOOOOMO signal DOOOOOOOODOOO0O
000000000 signal. connection U0 signal DO OOOOO0ODOOOOOOOON signal OOOO
oo uooobdoond signal U
00000000 signal::connect UO OO connection UOOOOOOODOOOOOOODONO
disconnect OO UOUOMO disconnect all slots UOODODOOOOO0OOOODO connection. UODOOOON
00000 signal JOOO0OOO0O0O0OO0O0OO0M connection UOOOON signal O0OOOON

connection DO OO operator<, 00 OOO0OOOOOODOOOOOOOOODOOOOOOOOOONO
operator== 00000000000 swap OOOOOOOOOOO connection DOOOO signal/slot O
000000000000 00 signals::connection 0

#include <iostream>

#include <string>

#include "boost/signals.hpp"

class some slot type {
std::string s_;

public:
some slot type(const char* s) : s (s) {}
void operator () (const std::string& s) const {
std::cout << s << ": " << 5 << '"\n';
}
}i
int main () {

boost::signal<void (const std::stringé&)> sig;
some slot type scl("scl");

some_slot type sc2("sc2");
boost::signals::connection cl=sig.connect (scl);
boost::signals::connection c2=sig.connect (sc2);

// 00

std::cout << "cl==c2: " << (cl==c2) << '\n';
std::cout << "cl<c2: " << (cl<c2) << '"\n';
// 04O

if (cl.connected())
std::cout << "cl is connected to a signal\n";

// 00000
sig("Hello there");
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cl.swap(c2);

sig("We've swapped the connections");

cl.disconnect () ;

sig("Disconnected cl, which referred to sc2 after the swap");

}

000000000 connection OOO0OOOOOOOOO operator< [ operator== 0000 operator<
000000000000 000000000000 connectionsDJOO0OO0O00O0O0DOOOO operator== 01
000000000000 000000 connections OO0 O00O0OOO0OOOODOOOODOOO0O

connections U OOOOO0O0OOOOODOOOOOOO connectionsUOOO0OO0OOOOOOOOOODONO

OO0 connection.

cl.disconnect () ;

00 c1 00000 scl O connection UOOO00OO0OO0O0O0OO sc200000000000O swap OO
gdodouoboobooouodoun signal 0000000000000 OUOOUDOODOOOOO

cl==c2: 0

cl<c2: 1

cl is connected to a signal

scl: Hello there

sc2: Hello there

scl: We've swapped the connections

sc2: We've swapped the connections

scl: Disconnected cl, which referred to sc2 after the swap

0000000000 signal sigdO0OO00OO scl.

UdbDOo0bDbDO0 connection O O0O00OOO0DOOO0O0OO0OO0OO0DOOOODOOO0OODOO0OODOOO
000000000000 0D0O0DOO00ODO00obO0Ob0bOODbDOUOBoost.Signals 000 connection OO0

OO0O0D0O0D0D scoped connection. scoped connection 0O connection [l scoped connection [

UO0b0000D0 scoped connection UODOUOUODOOL connection UOUOO0OODOOOODOOODOOOO

#include <iostream>
#include "boost/signals.hpp"
class slot {
public:
void operator () () const {
std::cout << "Something important just happened!\n";
}
}i

int main () {
boost::signal<void ()> sig;
{
boost::signals::scoped connection s=sig.connect (slot());
}
sig();

}
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boost::signals::scoped connection s UUOOD main JODOO0O0D0D0DOO0D0OO0OODO signal sig
JO0bbOodbobO0dobOOdl scoped connection UODOOOOD signal DOOOODOOOODOOOO
Jddddddd00oOoOoOooooo

[1 Bind 0 Lambda [0 [J [0 [J

00000 Signals 00000000 OOOOODOO0O Boost.Signals 00 Boost.Bind O Boost.Lambda [
000000D000o0ooo0oDoo0Doooooooooooono “Library 9: Bind 9" O "Library 10:
Lambda 10"0 0000000000000 0O00O0DOODOODOO0ODOOOO signal OODOOOODOOO@O
O0o0O)yOooooooooooDooooooooooooooooooooooooooooooooon
0000000000 000000 0oDooooooooooooooooooooooooooooog
0000000000000 00000000000000000 signal O

Jddddddd000ooooo lambdaO0OO0O0O0O0O0OO0OO0OO000O0O0O0O0O0O0O00O0O0OOOOOO
connect O OOOOO0O0OO0OOOO0O0OO00O0O000O0O0O0 std::cout HOOOOOO0OMO signal OO

O0DOO00D00O00OO rsignal", 0 00D00OO0ODOOOOOOOODOOODO(MOODOODOODODOODOODO
ooobooobobobooo)yooooooboboooobOobobOoooobUoDOU double slot O
plus slot DOOO0OO00O0OOOOO lambda 0D OOO0O0OO0O

#include <iostream>
#include <string>
#include <cassert>
#include "boost/signals.hpp"
#include "boost/lambda/lambda.hpp"
#include "boost/lambda/if.hpp"
int main () {
using namespace boost::lambda;
boost::signal<void (std::string)> sig;
sig.connect (var (std: :cout)
<< "Something happened: " << 1 << '\n');
sig.connect (
if ( 1=="Signal") [
var (std::cout) << "0k, I've got it\n"]
.else |
std::cout << constant ("Yeah, whatever\n")]);
sig("Signal");
sig("Another signal");
boost::signal<void (inté&)> sig2;
sig2.connect (0, 1*=2); // OO
sig2.connect (1, 1+=3); // O 3
int i=12;
sig2 (i) ;
assert (i==27);

oobooboc++@EoO0)ydoo lambda DO ODO00O0OO0OOOOOOOOODOOODOODOOOOOOOODO
Bind O Lambda U0 O00O0OO00OOOOODOO0OOO0OOO0O0OOO lambdaO0O0OOOOOOODOOOO
o000 lambdaDOD0O0OO0OO0OOO0OO0OOO0OOCODOOOOOODOODOOODOOOOODLOOODO
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gogboboobbuogobooobbuoobbooobbooobbuoobobooobboobboobb o

gobobooobooobooobbooobooobboopboobbbooobbooDbbooobbo
ooooDoooobooooo@uoboobob0 DHhyoboooooooboboooooobobooooooo
goboobooooobooobooobbooobobooobooobboobboobobooobb obbbooo
gobboobobooobboobbooobbooobboobbd signal. DOO0O0DDOOOooobooobO

000 Boost.Bind DO OO0 (OO Boost.L.ambda OO vindOOODO)OOOOOO

U000 signal DOOO0D0O0OO bool DOOODODOO double DOOODODOOODOOON some class 00
0000 some function UUDODUOUOOD0OOOODOU some class::some function UU D signal OO
00000 some class DUOODOO0DOO000O0000DO0D0D0O00DO0O0 some function. UODODOOO
Ooddooodooooooooooboooooon

#include <iostream>
#include "boost/signals.hpp"
#include "boost/bind.hpp"
class some class {
public:
bool some function (double d) {
return d>3.14;
}
bool another function (double d) {
return d<0.0;
}
}i
int main () {
boost::signal<bool (double)> sig0;
boost::signal<bool (double)> sigl;
some class sc;
sig0.connect (
boost::bind(&some class::some function, &sc, 1));
sigl.connect (
boost::bind(&some class::another function, &sc, 1));
sig0(3.1);
sigl (-12.78);

goboboobbuooobooobbuo0obbDUUdD some class UOODOO0OO0D0OOOD some class U
00000 signal DO0O0OOOD0OO0O0OO0O0OO0OO0OO0OODO0OO0OOOOOODOOOO0OOO0 scOOOOoO
00 signal OO0 O0O00O000O0OO0O0O00OO0OO0O0OO0OO0OO0OO0 scO0O00O0O0OO0O0OOO0OOoOoOOoOO

000000000000 @O)IDOODO connection 000000 OODOOODOODOOOOODOO
ggboboooboobooobooboo

000 Boost.Signals 0000000000 0O0D0D0OO0OODOOODOODO lambdaODOOODOOODOODOOOO
0000000 bO00d0bO0o00bOOO00boDbOO0DDOO Boost.Signals, Boost.Lambda, 00 Boost.Bind [
Jddddd0d0o000000o0o0oUoOooOoUoOoUoooooDoDoooOoOon

e prcy | NEXT
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e Py EXT

Signals [ [

OdoDOooo signals O
. O0OODODODODOO
. OO0O0ODODODOODO

« signal JOOOO0O0OOO0OODOOOODOOO

Boost.Signals 00000000000 DOODOD0O0ODOODOODOOOODOOOOD signals/slots 00O

gob0o0ooO0o0ooO0oOooO0ooOoO0oOoO0obOOoO0ooDO0oO0ooOO0OoDOU0DOOU0DbDOU0ODOOoOUDDbOOObOObDDODbODbDO
00000000b0obO0oboo0ooobDgd .NETUODOdelegates O eventsU O C++00000OO00O0OOODO

dbodOsignalsd slots 000000000 O0D0OO0D0O00O0ODOOODOODOO0DOODOODOODOObOUODOODO
goobo0ooO0o0oo0oOoo0obo0bOoOO0bDOo0ooOOoOoOO0ObDU0bOOU0DbDO0DDOoOO0ObObOODDbDODO

signals 0 slots U0 000000 bOoGuUIDODUOODOOOObOObODOboDooboODsSignalsoboogooon
0000000000000 D00000D00O000000D0000D0O00d CombinersOO0O000ODODOO
ooDooDboo

Boost.Signals [ Douglas Gregor U (U0 OOO Boost.Function)UODOODUOODOOOODOOOUO Dougl

=2 EXT
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|4 PREY | NEXT #

Index

[SYMBOL] [A] [B] [C] [D] [E] [F] [G] [H] [1] [J] [K [L] [M] [N] [O] [P] [R] [S] [T] [U] [V] [W]

Abrahams, Dave
Abrahams, David 2nd 3rd 4th

accessing

elements by index

stored values

any 2nd
accessing tuple elements 2nd 3rd

adapters
Standard Library
compliance 2nd 3rd 4th 5th
add prev
add_ref
addable
addable classes
addition
addressof 2nd 3rd 4th
usage 2nd
operator& 2nd 3rd 4th
ADL (argument dependent lookup)
Adler, Darin
advantages

function objects 2nd

smart pointers

algorithms

customizing 2nd
Allison, Chuck
andable

antisymmetry
Any
any

empty instances 2nd

empty values
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testing for 2nd 3rd
functions 2nd 3rd

pointers
storing in 2nd 3rd 4th 5th 6th 7th 8th
predicates 2nd

stored values
accessing 2nd
testing 2nd 3rd 4th

values

swapping 2nd 3rd

Any library
types
storing 2nd 3rd 4th 5th 6th 7th 8th
usage 2nd

any cast 2nd
any_out class

storage 2nd 3rd 4th 5th 6th
applications

creating
protecting

apply_visitor
argument dependent lookup (ADL)

arguments
bind 2nd 3rd
binding
placeholders for
_in bind
signals 2nd 3rd 4th 5th
arithmetic operations

without (lessthan)functional(greaterthan) 2nd

arithmetic types

Array
arrays

dynamically allocated

shared ownership

arugument binding
combining Function and Bind libraries 2nd 3rd 4th 5th 6th
assertions
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static 2nd
Assign
assignments
types
larger to smaller 2nd 3rd

associative containers
Austern, Matt

auto_ptr
compared to scoped ptr

auto_ptr const

NEXT B
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[SYMBOL] [A] [B] [C] [D] [E] [F] [G] [H] [1] [J] [K [L] [M] [N] [O] [P] [R] [S] [T] [U] [V] [W]

back references

bad reqular expressions 2nd 3rd

troubleshooting

bad any cast exception 2nd

bad numeric cast

Bandela, John
Barton, John

Barton-Nackmann trick

base class chaining

base&
basic regex 2nd 3rd 4th
variables

declaring
behavior

implementation-defined
Big Three 2nd 3rd

binary visitors 2nd

binary function
binary search
in
ind
arguments 2nd 3rd

Bind

implementing 2nd
bind

placeholders 2nd 3rd 4th

placeholders for arguments

semantics 2nd 3rd 4th
Bind

Standard Library
Bind library 2nd

combining with Function library 2nd 3rd 4th 5th 6th

oy}
(o

(o
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creating slots 2nd 3rd
bind1st
bind2nd
binders

function objects
creating
generalized binders
state 2nd 3rd 4th 5th
binding
functions 2nd
virtual 2nd
to member variables 2nd
versus not binding 2nd 3rd 4th

binds
nested binds
virtual functions

testing
bloating
blocks

try/catch
Boost
_Any
_Array
Assign
Bin

Call traits

>

o

Compressed pair

Concept check

Conversion
Crc

Date_time
Dynamic_bitset
Enable if

Filesystem
Format

Function
Functional
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Graph
In_place factory

Integer
Interval

lo state savers

Iterator

Lambda
_Math

Minmax

Mpl
Multi-index

MultiArray
Numeric conversion

Optional
Pool

Preprocessor
Program options

Property map

_Python
Random

Range
Rational
Ref

Regex
Serialization

Signals
Smart ptr 2nd

Spirit
Static_assert

String_algo
_Test

Thread
_Timer

Tokenizer

Tribool

Tuple

Type_traits

uBLAS
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Utility
Value initialized

Variant
Boost Utility
addressof 2nd 3rd
usage 2nd 3rd 4th 5th 6th
BOOST STATIC ALERT 2nd 3rd
function scope
_usage
checked delete 2nd
problems 2nd 3rd
usage 2nd 3rd 4th 5th
disable_if
usage 2nd 3rd 4th 5th 6th 7th 8th
enable_if 2nd 3rd 4th 5th 6th 7th
usage 2nd 3rd 4th 5th 6th 7th 8th
noncopyable 2nd 3rd 4th 5th
Big Three 2nd 3rd
classes 2nd
usage 2nd 3rd 4th
Boost.Bind [See also Bind]
how it works 2nd 3rd 4th

usage 2nd
virtual functions

Boost.Regex
troubleshooting 2nd
usage 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th 15th 16th 17th 18th 19th 20th
BOOST_STATIC ALERT 2nd 3rd
function scope
_usage
BOOST VARIANT ENUM PARAMS macro
BoostUTtility
checked_array_delete

usage
bounded variant types

EqualityComparable

bounds operators

Branniman, Hervé
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C++
language shortcomings

threading
C++ Standard Library

reqular expressions

C++ Template Metaprogramming(IT)

Cacciola, Fernando 2nd 3rd
Call_traits

callback functions

callbacks 2nd 3rd

multicast

calling
functions
member functions 2nd 3rd 4th 5th 6th

multiple functions 2nd 3rd

case statement

cast functions (Converstion library)

lexical cast 2nd

enabling classes 2nd 3rd

example 2nd 3rd

programming with 2nd

usage 2nd
numeric cast 2nd 3rd 4th 5th 6th 7th

usage 2nd
polymorphic cast 2nd

error handling
failing 2nd 3rd 4th
illustration

usage
versus dynamic cast 2nd

polymorphic downcast 2nd
testing
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usage 2nd 3rd

casting

lambda expressions 2nd 3rd

casts
optimizations
catch all

catch exception

character class

character classes

negated
checked_array_delete

_usage
checked delete 2nd
problems 2nd 3rd
usage 2nd 3rd 4th 5th
checking
_range
Cheshire Cat idiom
circular dependencies

class template
_variant
class templates
_tuples
classes
addable
any_out
storage 2nd 3rd 4th 5th 6th

creating
enabling

lexical cast 2nd 3rd

flexibility
implementing pimpl idiom

property classes
defining 2nd 3rd 4th
shiftable
_sig
sig_helper
classses
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tracer
clear code
Cleary, Steve 2nd 3rd
code

clear code

Colvin, Greg
Combiner 2nd 3rd

returning maximum/minimum

stopping processing upon a false return

Command pattern

comparing tuples 2nd 3rd

compatible syntax

compile time

computation at

compliance
Standard Library adapers 2nd 3rd 4th 5th
compose1 2nd

compose2
compose f gx

compose f gx hx

composing
objects
function objects 2nd 3rd 4th

composition

functional composition 2nd

Compressed pair

computation
at compile time

Concept check

concepts
definitions
connecting

slots to signals

const_parameters

constant
constructing
in lambda expressions 2nd 3rd 4th
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tuples 2nd
constructor

constructors

copy
invoking 2nd
shared_ptr
exceptions
simple bind

Tuple library
containers

sorting 2nd 3rd 4th 5th 6th
types

extracting from 2nd

contains function
contains predicate 2nd 3rd 4th 5th
control structures

lambda expressions 2nd 3rd 4th 5th

Conversion

Conversion library

cast functions
lexical cast 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th

numeric cast 2nd 3rd 4th 5th 6th 7th 8th 9th
polymorphic cast 2nd 3rd

polymorphic downcast 2nd 3rd 4th 5th

conversions

integers
integral types

pointer types
Coplien, James

copy assignment operations

turning off
copy assignment operator 2nd

copy construction operations

turning off
copy constructor

copy constructors

invoking 2nd
copying
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objects 2nd
counting

values

non-empty 2nd 3rd

Crc

CRC (cyclic redundancy codes)

creating
lambda expressions

named variables

shared ptr from a weak ptr 2nd

shared ptr from this

slots using Bind and Lambda 2nd 3rd

cref
criteria
sorting criteria
defining 2nd 3rd 4th 5th 6th
crosscast

crosscasting
Curiously Recurring Template Pattern

custom deleter

custom deleters

shared ptr

security 2nd
customizing

algorithms 2nd

cyclic redundancy codes (CRC)
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data structures

Date time
Dawes, Beman 2nd 3rd 4th 5th 6th
de Guzman, Joel

declarations
using preferred syntax

declaring
signals

variables
basic_regex

decoupling
decrementable

default statement

defining
classes
property classes 2nd 3rd 4th

free functions
functions 2nd
sorting criteria 2nd 3rd 4th 5th 6th

unnamed functions

definitions
concepts
deleters

custom

security 2nd
shared ptr
deleting

objects
dynamically allocated

through pointers

pointers 2nd
dereferenceable
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dereferencing
regex token iterator

dereferencing operators

destinations

unsigned integral types 2nd

destroying
pointers 2nd
destructing

in lambda expressions 2nd 3rd 4th

destructors

shared ptr
weak_ptr
determining
types 2nd
Dijsktra's shortest path
Dimov, Peter 2nd 3rd
disable_if
usage 2nd 3rd 4th 5th 6th 7th 8th
discarding overload

disconnecting slots

discriminated types

discriminated unions

divides
do_
do_while_loop
downcast 2nd
downcasting
downcasts
static_cast
static_cast for
Droba, Pavol

Dynamic bitset

dynamic cast 2nd

null pointers
reference types

safety
versus polymorphic cast 2nd
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dynamically allocated arrays

dynamically allocated objects
deleting
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element less
elements
accessing by index

storing
ellipsis(...) construct

empty base optimization

empty instances
any 2nd
empty values
any
testing for 2nd 3rd
Enable if
enable _if 2nd 3rd 4th 5th 6th 7th
usage 2nd 3rd 4th 5th 6th 7th 8th

enabling

classes

lexical cast 2nd 3rd

enclosing

subexpressions

equality
vs. equivalence 2nd 3rd

equality comparable

equivalence

vs. equality 2nd 3rd

equivalence relation

equivalent
error handling

polymorphic cast

exception handling
lambda expressions 2nd 3rd 4th

exception safety

exceptions
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bad any cast 2nd

std[colon colon]bad cast

expanding
matches

subexpressions

expression templates

expressions
lambda expressions

casting 2nd 3rd

constructing adn destructing 2nd 3rd 4th
control structures 2nd 3rd 4th 5th

placeholders
extracting

types

from containers 2nd

extractor functions
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failing
polymorphic cast 2nd 3rd 4th

fclose
Filesystem
find_if
flexibility
Signals library

floating point
integral types 2nd 3rd

for each
for each element

for_loop
Ford, Eric

Format

free functions
defining
intrusive_ptr
predicates
scoped_ptr
shared ptr

Free functions
Tuple library

free functions

versus member functions

Friedman, Eric
Function

function

Function library 2nd

argument binding
combining with Bind library 2nd 3rd 4th 5th 6th
combining with Lambda library

cost
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declarations using compatible syntax

declarations using preferred syntax

function objects 2nd 3rd

invoking a pointer to a member function

members
storing and invoking a function pointer
_usage

callbacks 2nd 3rd

functions that are class members 2nd

stateful function objects 2nd 3rd

function object 2nd

function objects 2nd

advantages 2nd

combining Function and Lambda libraries

composing 2nd 3rd 4th

creating
Lambda library

function pointers

compared to Function library

function scope
BOOST STATIC ALERT
Functional

functional composition 2nd

functional programming

functions
binding 2nd 3rd 4th 5th
contains

defining 2nd
extractor

free versus member

lambda function

member functions
calling 2nd 3rd 4th 5th 6th
multiple functions
calling 2nd 3rd
nullary functions
of any 2nd 3rd
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placeholders 2nd 3rd

stateful function objects 2nd 3rd
swa

that are class members 2nd

Tuple library
virtual

binding 2nd
implementing
virtual functions

testing binds
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Garcia, Ronald
Garland, Jeff

Gegor, Douglas

general libraries

underestimating

generalized binder 2nd

generic constructs

_tuples
generic visitors 2nd
get
get(variant)
Graph

greater
greed

versus repeats 2nd 3rd 4th

Gregor, Dougals

Gregor, Douglas 2nd

Group parameter

grouping
slots 2nd 3rd 4th
Gurtovoy, Aleksey 2nd
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handling exceptions
lambda expressions 2nd 3rd 4th

Henney, Kevlin 2nd

Hinnant, Howard 2nd

Holin, Huberty
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if

if_then

if then_else

if then_else return

il const cast

il dynamic cast

il reinterpret cast
il static _cast 2nd 3rd
illustration

polymorphic cast

implementation-defined behavior

implementing
Bind 2nd
callbacks
functions
_virtual

operator(lessthan)

operators (Operators library)

pimpl idiom 2nd

In_place factory

incomplete type

incrementable
indexable

indiscriminate types 2nd

input
validating 2nd 3rd 4th

input operators 2nd

input streaming

Tuple library
InputStreamable

Integer
integers
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conversions

integral types
conversions
floating point 2nd 3rd

mixing 2nd
intent

of programmers
stating
Interval

intrusive reference-counted smart pointers 2nd

intrusive ptr 2nd

free functions
members 2nd

providing reference counters 2nd 3rd

supporting different reference counters 2nd

usage
when to use

invoking
constructors
copy 2nd
lo_state savers
irreflixivity
is_int predicate (any) 2nd

is string predicate (any) 2nd

lterator
iterators

dereferenceable concept

indexable concepts
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Jarvi, Jaakko 2nd 3rd
Josuttis, Nicolai
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Karvonen, Vesa

Kempf, William

key=

keywords
_bind

Kleene star

Koch, Mathias

Krempp, Samuel

Kruskal's minimum spanning tree
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Lambda

lambda calculus

lambda expression

lambda expressions

casting 2nd 3rd

constructing and destructing 2nd 3rd 4th
control structures 2nd 3rd 4th 5th

creating
storing expressions

throwing and catching exceptions 2nd 3rd 4th

lambda function

Lambda library

combining with Function library

creating slots 2nd 3rd

function objects

usage
arithmetic operations 2nd

binding to a function 2nd 3rd

naming constants and variables 2nd 3rd

renaming placeholders 2nd
writing readable predicates 2nd 3rd 4th 5th
Lamda library
last value
Leak detected!
Lee, Lie-Quan

less equal
less than classes

less than comparable

LessThanComparable

lexical cast

lexical cast (Conversion library) 2nd

enabling classes 2nd 3rd
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example 2nd 3rd

programming with 2nd

usage 2nd
libraries
Any
usage 2nd
Any library
type storage 2nd 3rd 4th 5th 6th 7th 8th
Array
_Assign
Bind
Bind library 2nd
Boost [See Boost]
C++Standard Library

reqular expressions

Call traits

Compressed pair

Concept check

Conversion

Conversion library [See Conversion library]
Crc

Date_time

Dynamic bitset
Enable if

Filesystem
Format

Function
Functional
general
underestimating

Graph
In place factory

Integer
Interval

lo state savers

lterator
Lambda
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_Math
Minmax

Mpl
Multi-index

MultiArray
Numeric conversion

Ooperators library

Optional
Pool

Preprocessor
Program options

Property _map
Python
Random
Range
Rational

Ref

Regex
Serialization

Signals
Smart_ptr 2nd
_Spirit
Static_assert
String_algo
Test

Thread

Timer

Tokenizer
_Tribool
Tuple
Type_traits
uBLAS
_Utility
Value _initialized

Varient
Library 2

Conversion
Library 3 Utility
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Library 6
Any

logical_and
Lumsdaine, Andrew 2nd
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macros
BOOST VARIANT ENUM PARAMS

Maddock, Dr. John 2nd

maddock, Dr. John

Maddock, Dr. John

make_pair
make statement

Maman, Itay
managing connections (signals) 2nd 3rd

manual delete
scoped ptr

mark_count

match_results

matches
subexpressions

expanding
Math
Maurer, Jens

Melquiond
mem fun

member functions
binding
calling 2nd 3rd 4th 5th 6th

versus free functions

member variables
binding to 2nd
members

Function library

intrusive ptr 2nd

scoped ptr

shared ptr
Signals library
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Tuple library

Variant library
weak ptr 2nd 3rd 4th 5th

men fun ref

Mensonides, Paul

metacharacters

A

metaprogramming revolution

metaprograms
print_helper

Minmax

minus

mixing

integral types 2nd

modulus
Moore, Paul

Mpl 2nd
Muoz, Joagu'n M Lpez

Multi-index

MultiArray
multicast callbacks

multiple functions
calling 2nd 3rd

multiple return values
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Nackmann, Lee

naming
constants 2nd 3rd

placeholders
variables 2nd 3rd

negated character classes

nested bind
new_ptr
non-empty values

counting 2nd 3rd

non-greedy repeats

non-intrusive reference-counted smart pointers
noncopyable 2nd 3rd 4th 5th
Big Three 2nd 3rd
classes 2nd
usage 2nd 3rd 4th
not binding
versus binding 2nd 3rd 4th
notifier class
rewriting
null pointers

dynamic_cast
nullary functions

Numeric conversion

numeric cast
numeric cast (Conversion library) 2nd 3rd 4th 5th 6th 7th

usage 2nd
numeric limits
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object bloating
objects
copying 2nd

deleting
through pointers

dynamically allocated
deleting

function objects
advantages 2nd

composing 2nd 3rd 4th

creating
observer pattern

Observer pattern

observers
operations
copy assignment

turning off
copy construction

turning off
operator&
addressof 2nd 3rd 4th
operator(lessthan)

implementing
VS. operator==

operator(lessthan)=

operator*
operator+
operator+=
operator-(lessthan)
operator-=
operator<
operator==
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vs. operator(lessthan)
operators
arithmetic operators

comparison
composite arithmetic operators

different types 2nd

input/output 2nd

use of

Operators library

arithmetic types

base classes 2nd 3rd

composite arithmetic operators

implementing operators

supplying missing operators

understanding how it works 2nd 3rd

usage 2nd
optimizations

_casts
Optional
orable
Ottosen, Thorsten 2nd

output operators 2nd

output streaming

Tuple library
OutputStreamable

binary visitors
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air
parsers

passing
class instances to function objects

pimpl idiom 2nd 3rd

pimple idiom
shared ptr

Pion, Sylvain
placeholders 2nd

bind 2nd 3rd 4th

creating 2nd
for arguments

in bind
functions 2nd 3rd

names
plus
pointer semantics

bind expressions 2nd 3rd 4th

pointer types
conversions
pointer values

weak ptr
pointer-to-member

pointers

deleting 2nd
deleting objects through

destroying 2nd

raw
smart
intrusive ptr 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th

scoped_array
scoped ptr 2nd 3rd 4th
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scoped ptr;when to use

shared_array
shared ptr 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th

weak ptr 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
smart pointers

advantages
storing 2nd 3rd

in any 2nd 3rd 4th 5th 6th 7th 8th

testing
polymorphic cast

polymorphic_cast (Conversion library) 2nd
error handling
failing 2nd 3rd 4th
illustration

usage
versus dynamic cast 2nd

polymorphic downcast

polymorphic downcast (Conversion library) 2nd

testing
usage 2nd 3rd

Pool

Powell, Gary
predicates

any 2nd
contains 2nd 3rd 4th 5th

sorting predicates

preferred syntax

Preprocessor
print function
as a visitor

print_helper
Program options

programmers
intent
_stating
programming

lexical cast 2nd

programs
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searching in 2nd 3rd 4th 5th
property classes
defining 2nd 3rd 4th

Property map
protecting

applications
Prus, Vladimir

ptr_fun
publisher-subscriber pattern

Python
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Ramey, Robert

Random

Range

range checks
Rational

Ref

ref

Ref utilities
reference counters

intrusive ptr 2nd 3rd

supporting different reference counters 2nd

reference type
reference types

dynamic _cast
reference wrapper

reference-counted smart pointers 2nd

Regex
regex iterator 2nd 3rd
regex_match

usage
versus regex_search

regex replace 2nd 3rd 4th
regex search 2nd 3rd 4th 5th 6th

versus regex match

regex token iterator 2nd 3rd

dereferencing
reqular expression

regular expressions
bad 2nd 3rd
troubleshooting
basic_regex 2nd 3rd 4th
C++ Standard Library
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input

validating 2nd 3rd 4th
regex_iterator 2nd 3rd
regex_match

usage
regex replace 2nd 3rd 4th

regex search 2nd 3rd 4th 5th 6th
regex token iterator 2nd 3rd

dereferencing
sregex token iterator

syntax 2nd 3rd

text-processing 2nd

wildcards
relational operators
Tuple library
release
renaming

placeholders 2nd

repeats

*

v |+

bounds operators

non-greedy
versus greed 2nd 3rd 4th

replacing
text 2nd 3rd
ret
retriving
stored values 2nd 3rd

rewriting
notifier class
Rodgers, Mark

Rozental, Gennadiy
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safe bool idiom

safety

dynamic_cast

type safety
scope

limiting
scoped_array 2nd

scoped ptr
auto ptr const

compared to scoped ptr

free functions

manual delete

members
pimpl idiom 2nd

_use of

when to use
searching

in programs 2nd 3rd 4th 5th
security

custom deleters 2nd
Seik, Jeremy 2nd 3rd 4th 5th
select1st

select2nd
semantics
bind 2nd 3rd 4th

separating GUIs from details on how to handle events from the user 2nd 3rd 4th 5th 6th

Serialization

set of types

SFINAE

SFINAE (Substitution Failure is Not An Error) 2nd
shared ownership

shared array 2nd
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shared ptr 2nd 3rd 4th 5th 6th 7th
creating from a weak ptr 2nd

creating from this

custom deleters

security 2nd
destructor

free functions

members

pimple idiom

standard library containters 2nd

usage
when to use

shiftable classes
shortcut 2nd 3rd
shortcuts 2nd 3rd

Siek, Jeremy
sig

sig_helper class
signal

Signal library

combining results 2nd 3rd 4th

copy constructors

grouping slots 2nd 3rd 4th

managing connections 2nd 3rd

signals with arguments 2nd 3rd 4th 5th

types 2nd
Signals

signals 2nd
Combiner 2nd 3rd 4th

copy constructors

managing connections 2nd 3rd
with arguments 2nd 3rd 4th 5th
Signals library 2nd

members

usage
simple bind constructor

SlotFunction parameter
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slots 2nd 3rd
Combiner

connecting to signals

creating using Bind and Lambda 2nd 3rd

disconnecting
grouping 2nd 3rd 4th

managing connections 2nd 3rd

returning false

smart pointers 2nd 3rd 4th

advantages
common errors

intrusive ptr
free functions

members 2nd

providing reference counters 2nd 3rd

supporting different reference counters 2nd
_usage
when to use

scoped_array

scoped ptr
auto ptr const

compared to auto ptr

free functions
manual delete

members

pimpl idiom 2nd

use of
when to use
shared_array

shared ptr
creating from this

custom deleters 2nd 3rd

destructor

free functions

members

pimpl idiom

standared library containers 2nd

usage
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when to use

storage
weak ptr
creating a shared ptr 2nd

members 2nd
pointer values 2nd 3rd

usage
when to use

when to use

Smart_ptr 2nd
Standard Library

sorting

containers 2nd 3rd 4th 5th 6th
sorting criteria

defining 2nd 3rd 4th 5th 6th
sorting predicates

specializations

template specialization
Spirit
splitting

strings 2nd 3rd

sregex_token _iterator
Standard Library
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compliance 2nd 3rd 4th 5th
Bind
Function library
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Smart_ptr
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Variant library
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shared ptr
state

binders 2nd 3rd 4th 5th
stateful function objects 2nd 3rd
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static variables
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non-intrusive smart pointers
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stored values
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storing
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String_algo

stringstream
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structs
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Substitution Failure Is Not An Error (SFINAE) 2nd
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template parameters
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virtual functions
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Thread

throw exception
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catching exceptions (lambda expressions) 2nd 3rd 4th

smart pointers
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try catch
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copy assignment
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type safety
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