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Programming in C++
(1] Introduction I
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I ntroduction History of C++
1979 May Bjarne Stroustrup at AT& T Bell Labs starts working on C with Classes
1982 Jan 1st external paper on C with Classes
1983 Dec C++ named
1984  Jan 1st C++ manual
1985 Oct Cfront Release 1.0 (first commercial release)
Oct The C++ Programming Language [ Stroustrup]
1987 Feb Cfront Release 1.2
Dec 1st GNU C++ release (1.13)
1988 Jun 1st Zortech C++ release
1989 Jun Cfront Release 2.0
Dec ANSI X3J16 organizational meeting (Washington, DC)
1990 Mar 1st ANSI X3J16 technical meeting (Somerset, NJ)
May 1st Borland C++ release
May The Annotated C++ Reference Manual (ARM) [Ellis, Stroustrup]
Jul Templates accepted (Seattle, WA)
Nov Exceptions accepted (Palo Alto, CA)
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I ntroduction History of C++

1991  Jun The C++ Programming Language (2nd edition) [Stroustrup]
Jun 1st 1ISO WG21 meeting (Lund, Schweden)
Oct Cfront Release 3.0 (including templates)
1992 Feb 1st DEC C++ release (including templates and exceptions)
Mar 1st Microsoft C++ release
May 1st IBM C++ release (including templates and exceptions)
1993 Mar Run-time type identification accepted (Portland, OR)
July Namespaces accepted (Munich, Germany)
1995 Apr 1st Public-Comment Draft ANSI/ISO standard
1996 Dec 2nd Public-Comment Draft ANSI/ISO standard
1997 Nov Final Draft International Standard (FDIS) for C++
1998 Jul International Standard (1SO/IEC 14882:1998, "Programming Language -- C++")

[0 Many changesin compilersin recent years; expect more

[0 buy only up-to-date (reference) books!
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I ntroduction Up-to-date Books

[0 Up-to-date books on C++ should:
0 have examplesusing bool and nanmespace
[ include (at least) a chapter on the C++ Standard Library and STL
[0 usestringandvector inexamples
0 mention RTTI and new-style casts

[0 Even better they (especially reference guides) include
0 member templates
[0 partial specialization

[0 operator new ] andoperator delete[]

[0 Even more better if they contain / explain the new keyword expor t
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I ntroduction C++ Legality Books

C++ legality guides—what you can and can’t doin C++

O

Stroustrup, The C++ Programming Language, Third Edition or Special Edition (14th printing),
Addison-Wesley, 1997 or 2000, ISBN 0-201-88954-4 or ISBN 0-201-70073-5.

Stroustrup, Die C++ Programmiersprache, Dritte Auflage or Vierte Auflage,
Addison-Wesley, 1997 or 2000, ISBN 3-8273-1296-5 or 3-8273-1660-X.

[0 Coversalot of ground; Reference style; Better if you know C

Lippman and Lgjoie, C++ Primer, Third Edition,

Addison-Wesley, 1998, ISBN 0-201-82470-1.

[0 Tutorial style; Better for novices

Koenig and Moo, Accelerated C++,

Addison-Wesley, 2000, ISBN 0-201-70353-X.

O First-rate introductory book that takes a practical approach to solving problems using C++

Josuttis, Objektorientiertes Programmierenin C++, 2. Auflage,
Addison-Wesley, 2001, ISBN 3-8273-1771-1.
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I ntroduction C++ Morality Books

C++ morality guides—what you should and shouldn't doin C++

O

Meyers, Effective C++,
Addison-Wesley, 1992, ISBN 0-201-56364-9.

[0 Covers50 topicsin ashort essay format; a must for anyone programming C++

Cline and Lomow, C++ FAQSs,
Addison-Wesley, 1995, ISBN 0-201-58958-3.

[0 Covers470topicsin aFAQ-like Q& A format (see also on-line FAQ)
Examples are complete, working programs rather than code fragments or stand-alone classes
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I ntroduction Additional (Expert) Reading

C++ legality guides

[0 Stroustrup, The Design and Evolution of C++,
Addison-Wesley, 1994, ISBN 0-201-54330-3.

0 Explainsthe rationale behind the design of C++ and its history plus new features

[0 Ellisand Stroustrup, The Annotated C++ Reference Manual, (ARM)
Addison-Wesley, 1990, ISBN 0-201-51459-1.

[0 Theformer unofficial “official” standard on C++

C++ morality guides

[0 Meyers, More Effective C++,
Addison-Wesley, 1996, ISBN 0-201-63371-X.

[0 Covers 35 advanced topics: exceptions, efficiency, often used techniques (patterns)

[0 Sutter, Exceptional C++ and More Exceptional C++,
Addison-Wesley, 2000 and 2002, ISBN ISBN 0-201-61562-2 and 0-201-70434-X.

[0 Provides successful strategies for solving real-world problemsin C++
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| ntroduction C++ on the WWW

0 FZJC++ WWW Information Index
http://ww. fz-juelich.de/zanl PT/I ang/ cpl uspl us. ht n
O WWW C++ Information

http://ww. fz-juelich.de/zanm cxx/

O Officia C++ On-line FAQ

http://ww. parashi ft.com c++-faqg-lite/
[0 The Association of C & C++ Users

http://ww. accu. or g/

[0 Book reviews section with over 2400 books
http://ww. accu. or g/ bookr evi ews/ publ i c/
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I ntroduction Sour ces

Some partsof this C++ cour seisbased on the following sour ces:

[J Dr. Aaron Naiman, Jerusalem College of Technology, Object Oriented Programming with C++
http://hobbes.jct.ac.il/%Enai man/ c++- oop/

0 Classes, Pointer Data Members, More on Classes, Array Examples

[ Dr. Roldan Pozo, Karin Remington, NIST, C++ Programming for Scientists
http:// math. ni st. gov/ pozo/ c++cl ass/
O Motivation, From C to C++

[0 Sean A Corfield, OCS, C++ - Beyond the ARM
http://ww. corfield. org/cplusplus. phtm/
0 Advanced C++

[0 Meyers, Effective C++ and More Effective C++

[0 Stroustrup, Lippman, Murray, . . .
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I ntroduction C++ Compiler

Name of the Compiler Sour ce File Names

O CC (Sun, HP, SGI, Cray) .cc.cpp.C.cxx  C++ sourcefiles

O coxx (DEC) .h.hh .H .hpp C++ header files

0 xIC(1BM) Compiling and Linking (UNIX)

O g++ (GNU) CC -c main.cpp

O icpe (Intel) CC -0 prog nmain.cpp sumcpp -Im
KCC (KAI) . .. Compiler/Programming Environments

Typical Compiler Options (UNIX) 0 Visua Workshop (Sun)

-0 Turn Optimization on O VisualAge (IBM)

-g Turn Debugging on 0 Softbench (HP)

-ofile Specify output file name O ObjectCenter (for Sun, HP)

-C Create object file only O Energize (Lucid for Sun, HP)

-D/-1/-U/-E  Standard cpp options [0 C++ on PCs (Borland, Microsoft, ...)

L/ Standard linker options 0 CodeWarrier (Macs, Windows, Unix)
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I ntroduction Some General Remarks

"C++: The Cobol of the 90s"

[0 C++isavery powerful and complex programming language
00 hard to learn and understand

0 caneasily be mis-used, easy to make errors

but
[0 Itisanillusion that you can solve complex, real-world problems with simple tools
[0 You need to know the dark sides/ disadvantages so you can avoid them
O thisiswhy for C++ the Morality Books are important
[0 What you don’'t use, you don’t pay for (zero-overhead rule)
[0 Itiseasy/ possiblejust to use the parts of C++ you need or like
[0 non object-oriented subset
[0 only use(class/ template) libraries

[0 concrete datatypes ("ssmple classes’) only . . .
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I ntroduction Programming Paradigms
[0 Procedura Programming [Fortran77, Pascal, C]

“ Decide what procedures you want; use the best algorithms you can find”
0 focus on algorithm to perform desired computation

[0 Modular Programming (Data Hiding Principle) [Modula-2, C++]
“ Decide which modules you want; partition the program so that data is hidden in modules’
0 Group data with related functions

[0 Abstract Data Types (ADT) [Ada, Clu, Fortran90, C++]
“ Decide which types you want; provide a full set of operations for each type”
O if more than one object of atype (module) is needed

[J Object Oriented Programming [Simula, Eiffel, Java, C++]

“ Decide which classes you want; provide a full set of operations for each class;
make commonality explicit by using inheritance’

[0 Generic Programming [Eiffel, C++]
“ Decide which classes you want; provide a full set of operations for each class;
make commonality of classes or methods explicit by using templates’
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I ntroduction ANSI C and C++

C++is NOT an object-oriented language
but

C++ isamulti-paradigm programming language with a bias towards systems programming that
[0 supports data abstraction
[J supports object-oriented programming

[J supports generic programming

0 isabetter C

"as closeto C as possible — but no closer” [Stroustroup / Koenig, 1989]

ANSI C89 isamost asubset of C++ (e.g. al examples of [K&R2] are C++!)
[0 Thisisnot true for ANSI C99!
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Programming in C++
(1] Basics. The C part of C++ [

Dr. Bernd Mohr
b.mohr @fz-juelich.de

For schungszentrum Julich
Germany
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Basics General Remarks

C++is

[0 format-free (like Pascal; Fortran: line-oriented)

O int *iptr[20]; the same as I nt* iptr [
20

[0 iscase-sensitive
0 foo and Foo or FOO areadll distinct identifiers!

[0 keywords are written lower-case
O switch,if,while,..

[0 semicolon is statement terminator (Pascal and Fortran: statement separator)

O if ( expr ) {
st at enent 1;
st at enent 2;

}
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Basics Basic Data Types

ANSl C Pascal Fortran
Boolean (int) bool ean | ogi cal
Character char, wchar _t char char act er (n)
Integer short int i nt eger i nt eger

i nt

| ong int
FloatingPoint fl oat r eal real

doubl e
Complex O (in C99) O conpl ex

[0 Sizeof datatypesin ANSI C isimplementation defined
but: short <int <long and fl oat <doubl e

[0 ANSI Chasalsosi gned andunsi gned qualifiers
[0 ANSI C has no special boolean type (usesi nt instead), but C++ now has. bool
[0 Fortran also supports different sizefor i nt eger orreal , eg.,

i nteger, paraneter :: short = selected_int_kind(4)
integer(short) :: i
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Basics Literals
ANSI C Pascal Fortran

Boolean 0, (nonzero) fal se, true .false., .true.

Character "¢’ ¢’ ¢’ or "c"

Sring "foo" "foo’ "foo’ or "foo"

Integer 456, -9 456, -9 456, -9

Integer (octal) 0177 O O

Integer (hexdecimal) OxFF, 0X7e W O

FloatingPoint 3.89, -0.4e7 3.89, -0.4e7 3.89, -0.4e7

Complex O O (-1.0,0.0)

[0 ANSI C has no special boolean type (usesi nt instead), but C++ now has:
bool with constantst rue andf al se

[0 ANSI C characters and strings can contain escape sequences (e.g.\ n, \ 077, \ xFF)

[0 ANSI C also has suffix qualifiers for numerical literals:
Fof (float), L or | (double/long), U or u (unsigned)
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Basics Declar ations

ANSl C Pascal Fortran
const
const doubl e PI =3.1415; Pl = 3.1415; real , paraneter:: Pl =3.1415
const char SP=" ’; sP=""; char act er, paranet er: : SP=’
const doubl e NEG Pl =-PI; NEG PI = -PI; real , paraneter:: NEG Pl =- Pl
const double TWO Pl =2*PI ; O real , paraneter:: TWO Pl =2*PI
type
typedef int Length; Length = integer; O
enum State { State = O
error, warn, ok (error, warn, ok);
1
var
int a, b; a, b : integer; integer a, b
doubl e x; X : real; real x
enum State s; s : State; O
int i = 396; O integer::i = 396

[0 ANSI C and Fortran: declarationsin any order

[0 ANSI Ciscase-sensitivee foo and Foo or FOO areall distinct identifiers!
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Basics Expressions/ Operators
ANSI C Pascal Fortran

Numeric Ops +, -, * +, -, * +o-, K
Division / (real) / /
[ (int) div /
Modulus % nod nod or nodul o
Exponentation O O *
Incr/Decrement ++, -- O O
Bit Operators ~ N& | O not, ieor, iand, ior
Shift Operators <<, >> O i shft
Arith. Comparison <, <=, >, >= <, <=, >, >= <, <=, >, >=
— Equality == = ==
— Unequality = <> =
Logical Operators &&, ||, ! and, or, not .and., .or., .not.
(.eqv. , .neqv.)
[0 Pascal aso has sets and corresponding set operators(+, -, *, in, = <> <=, >0
[0 ANSICasohas ?: and , operators
[0 ANSI Casohasshort-cuts. a = a op b; canbewrittenas a op= b;
[0 ANSI C Precedence rules complicated!

Practical rule: * and/ before + and - ; put parenthesis, () , around anything else!
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Basics Arrays
ANSI C Pascal Fortran
t ypedef type O
i nt Nuns[ 20]; Nuns = array [O0..19]
of integer;
var
char c[10]; c : array [0..9] character, dinension(0:9):: c
of char;
Nums p, Q; p, g : Nums; i nteger,dinension(0:19):: p, ¢
float a[2][3]; a: array [0..1,0..2] real ,dimension(0:1,0:2):: a
of real;
p[4] = -78; p[4] = -78; p(4) = -78
a[0][1] = 2.3 a[0,2] := 2.3 a(0,2) =2.3
[0 ANSI C arrays always start with index 0, Fortran with default index 1
[0 Pascal and Fortran allow array assignment between arrays of same type
[0 Arrays cannot be returned by functionsin ANSI C and Pascal
[0 ANSIC: a0, 1] isvalidexpressonbut a[ 0, 1] #a[ 0] [ 1]!
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Basics Records
ANSl C Pascal Fortran
type
typedef struct { Engi ne = record type Engine
int |evel; | evel i nt eger; i nteger:: |evel
fl oat tenp, press; tenp, press : real; real:: tenp, press
int lights[5]; lights : array [O0..4] integer:: lights(0:4)
of integer;
} Engi ne; end; end type Engi ne
var
Engi ne mL, ng; nmL, nR2 : Engine; type(Engine):: ml, n2

printf ("%l", . |evel);
nm2.tenp += 22.3;
mlL. lights[2] = O;

wite(ml. | evel);
nm.tenp : =
nmL.lights[2] :=

[ Pascal r ecor ds cannot be returned by functions

Programming in C++

n2. tenp+22. 3;

wite(*,*) nml% evel

Mo ights(2) =0

U Dr. Bernd Mohr, FZ Jilich, ZAM

Mm% enp = n2% enp+22. 3
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Basics t ypedef of structs

[0 struct namesform aseparate namespace: | [1 typedef andstruct declarationscan be

struct Engine { combined into one construct:

int |evel; t ypedef
float tenp, press; struct Engine {
int lights[5]; int |evel;
}i float tenp, press;

[0 usagein declarations and definitions int |ights[5];
requires keyword st r uct : }

Engi ne;
struct Engine ml, ng;

[0 Typicaly, inner st ruct declaration needs

[0 typedef can be used to shorten declarations NO Name.

and definitions: t ypedef struct {

t ypedef struct Engi ne Engi ne; int |evel;

_ float tenp, press;
Engine ml, ng; int lights[5];
} Engi ne;
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Basics Pointers
ANSI C Pascal Fortran
int i; i nteger,target :: i
var
int *a; a Aiont eger; i nteger, pointer :: a
char *b, *c; b, ¢ : “char; character,pointer :: b, c
Engi ne *np; nmp : "~Engine; type( Engi ne), pointer :: np
a= &; 0 a => i
*a = 3; ar = 3; a=3
b =0; b :=nil; nul I'i fy(b)
mp = mal | oc( new( np) ; al | ocat e( np)
si zeof (Engi ne) ) ;

(*np).level = 0; mp”. l evel := 0; m% evel =0
np- >l evel = 0;
free(np); di spose(np) ; deal | ocat e( np)

[0 ANSI C uses constant O as null pointer (often with#def i ne NULL 0)
[0 ANSI C provides - > short-cut because precedence of the dot is higher than that of *
O Fortran95has: b => nul | ()
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Basics ANSI C (and C++) Arraysand Pointers
| ong nunber s[ 5] ; number s:
| ong *nunPtr = &(nunbers[1]); APt T ./4

[0 Dereferencing and pointer arithmetic:
*nunPtr += 2; /* nunbers[1l] += 2; */

nunPtr += 2;

[0 Similarities

/[* nunPtr = & nunbers[3]); */

[0 Thearray name by itself stands for a constant pointer to its first element

if (nunbers == nunPftr) { /*...*/ }

0 Canusearray (array[i])andpointer syntax (*(array + i) )for both

nunPt r[ 1]
[0 Differences

= *(nunbers + 2); /*

2[ nunbers] :-) */

O nunber s only has an rvalue: refers to address of beginning of array and cannot be changed

O nunPtr asohasanlvalue: a(l ong *) isallocated and can be set to address of al ong

Proarammina in C++ O Dr. Aaron Naiman. JCT + Dr. Bernd Mohr. FZ Jilich
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Basics Program Structure
ANSI C Pascal Fortran
#i ncl ude "file" g i ncl ude ' file
nodul e Global

global constant, type, global constant, variable decls
variable, function and cont ai ns
procedure declarations function, procedure decls

(* Pascal commentl *) end nodul e

int main()
/* C comment */

progr am AnyNane;
{ Pascal coment2 }
global constant, type,
variable, function and
procedure declarations

{ begi n
local declarations
statements statements

} end.

[0 ANSI C and Fortran: declarationsin any order

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM

pr ogr am AnyName
I Fortran conment

use Global

local declarations
statements
end [ prograni

Page 26



Functions

ANSI C

i nt F(doubl e x,
int i)

local decls
statements incl.
return expr;

}

int j;

i =3* F2.0, 6);

O O O

Pascal

function F(x:real;

n:integer):integer;

local decls

begi n

statementsincl.

F

end;

var j:

D= expr;

i nt eger;

i :=3* F(2.0, 6);

Output parameters. C: usepointers Pascal: var

Fortran

function F(x,n)
integer F

i nteger n

real x

local decls

statementsincl.
F = expr
return

end

i nteger j
j =3* F(2.0, 6)

Pascal allows the definition of local functions, Fortran too with cont ai ns (but 1 level only)

Default parameter passing: C and Pascal: by value Fortran: by reference

Fortran allows additional attributes for parameters. i nt ent and opti onal
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Basics Procedures
ANSI C Pascal Fortran

void F(int i)

local decls
statements

F(6);

O 0o o o

Programming in C++

procedure F(i:integer);

local decls

begi n

Statements

end;

F(6);

Output parameters. C: usepointers Pascal: var

U Dr. Bernd Mohr, FZ Jilich, ZAM

subroutine F(i)
i nteger i
local decls

statements

return
end

call F(6)

Pascal allows the definition of local procedures, Fortran too with cont ai ns (but 1 level only)

Default parameter passing: C and Pascal: by value Fortran: by reference

Fortran allows additional attributes for parameters. i nt ent and opti onal
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Basics Selection
ANSI C Pascal Fortran
if (a<0) if a <0 then if (a < 0) [then]

negs = negs + 1; negs : = negs + 1; negs = negs + 1
if (x*y < 0) if x*y < 0 then if (x*y < 0)

begi n t hen

X = -X; X 1= -X; X = -X

y = -V, y :=-Yy y = -y
} end; end if
if (t ==0) if t =0 then if (t == 0) then

printf("zero");
elseif (t > 0)

printf("greater");
el se

printf("smaller");

wite(' zero')
elseif t >0 then

wite( greater’)
el se

wite('smaller’);

wite(*,*) 'zero’
else if (t > 0) then

wite(*,*) 'greater’
el se

wite(*,*) "smaller’

[0 Semicolon is statement terminator in ANSI C, statement separator in Pascal

[0 Don't mix up assignment (=) and equality test (==) in ANSI C, as assignment is an expression
(not a statement) and therefore, if (a = b) {...}

Proarammina in C++
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isvalid syntax!
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Basics Multiway Selection
ANSI C Pascal Fortran
switch (ch) case ch of sel ect case (ch)
{
case 'Y : /*NOBREAK*/ Y, 'y case ("Y' ,'y")
case 'y’ : doit = 1; doit := true; doit = .true.
br eak;
case 'N : /*NOBREAK*/ "N, 'n: case ("N ,’'n")
case 'n': doit = O; doit := fal se; doit = .fal se
br eak;
def aul t error(); ot herwi se error() case defaul t
br eak; call error()
} end; end sel ect

[0 ot herw se (also: el se) not part of standard Pascal but common extension

[0 ANSI C only doesn’t allow multiple case labels but this can be implemented by "fall-trough"

property

[0 Fortran allowsrangesin caselabels. case (' a’

Programming in C++
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Basics |ndexed |teration
ANSI C Pascal Fortran
for (i=0; i<n; i++) for i:=0 to n-1 do do i=0,n-1
{ begi n
statements statements statements
end; end do
for (i=n-1; i>=0; i--) for i:=n-1 downto 0 do do i=n-1,0,-1
{ begi n
statements statements statements
} end; end do
for (i=b; i<e; i+=s) O do i=b,e-1,s

statements

statenents
end do

[0 In Pascal and Fortran, the control variable (e.g. i ) cannot be changed in the loop body

[0 Pascal has no support for step ! =1 or - 1, hasto be written aswhi | e loop

[0 TheANSI C f or loop isactualy more powerful as shown here

Proarammina in C++

O Dr. Bernd Mohr. FZ Jilich. ZAM
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Basics Controlled-Exit Iteration
ANSl C Pascal Fortran
whi | e (‘expr) whil e expr do do while (expr)
{ begi n
statements statements statements
} end; end do
do { r epeat do
statements statements statements
if (expr) exit
} while (!expr); until expr; end do
for / while / do { O do
conti nue; cycle
statements statements
br eak; exi t
} end do

[0 exprin ANSI C do loop must be the negated expr of the corresponding Pascal r epeat loop

Programming in C++
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Basics Style

As C and C++ are (like many others) format-free programming languages, it isimportant to program
in aconsistent style in order to maintain readable source code.
[1 One statement per line!

Useful comments and meaningful variable/function names

doubl e length; /* neasured in inch */

[0 Indention style (two major styles popular):

int func(int i) { int func(int i)
if (i >0) { {
return 1; if (i > 0)
} else { {
return O; return 1,
} }
} el se ...

[0 Naming of programming language objects

const int MAX BUF = 256; const int MAXBUF = 256;

i nt ny_buffer[ MAX_BUF] ; i nt nyBuf [ MAXBUF] ;

I nt get_buffer(); int getBuffer();
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Basics Accessto Command Line Arguments

[0 Programmer has access to command line arguments through two parametersto mai n( )
O int argc: number of command line arguments (including name of executable)

0 char *argv[]: array of command line arguments (as character strings)

argv[ 0] : name of executable
argv[1]: first command line argument
argv[ argc]: aways(char *) O

[0 Command line parsing should be done via UNIX system function get opt ()
int ¢, a flag = O;

while ((c = getopt(argc, argv, "ab:")) != EOF)
switch (c) {

case 'a’: aflag = 1; break;
case 'b’: b_arg = optarg; break;
case '?': [* error ... *| break;
}

for ( ; optind < argc; optind++) next_arg = argv[optind];
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M otivation Features of ANSI C

O

O O 0o o o d

asmall, ssimple language (by design)

[0 boils down to macros, pointers, structs, and functions
ideal for short-to-medium size programs and applications
lots of code and libraries written in C

good efficiency (a close mapping to machine architecture)
very stable (ANSI/ISO C)

available for pretty much every computer

writing of portable programs possible

0 ANSI Cand basic libraries (e.g. stdio) are portable

0 however, operating system dependencies require careful design
C preprocessor (cpp) isagood, close friend

poor type-checking of K&R C (especially function parameters) addressed by ANSI C

so, what’sthe problem? Why C++?
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Motivation Example: a Stack

Goal: create some C code to manage a stack of numbers

O

astack isasimple first-in/last-out data structure resembling a stack of plates:
[0 elementsare removed or added only at the top

[0 elements are added to the stack viaafunction push()

0 elements are removed from the stack viapop()

stacks occur in many software applications: from compilers and language parsing, to numerical
software

one of the simplest container data structures

sounds easy enough...
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M otivation Simple Stack in C

t ypedef struct {

float v[20];

int top; 19
} Stack;

Stack *init(void) {
Stack *r = mall oc(sizeof (Stack));

r->top = 0;
return r; 3 - top
) 2
void push(Stack *S, float val) { 1
S->v[ (S >top)++] = val; 0
} v[ 20]
float pop(Stack *S) {
return(S->v[--(S->top)]);
}
int enpty(Stack *S) { void finish(Stack *S) {
return (S->top <= 0); free(S);
} }
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M otivation

Simple Stack in C

Using the Stack data structurein C programs

Stack *S;
S=1init();

push(S, 2.31);
push(S, 1.19);

printf("9%g\n", pop(9));

push(S,
push(S,

6.7);

pop(S) + pop(9));

void MyStackPrint(Stack *A) {

int i:

/*
/*
/*
/*
/*

initialize
push a few el ements
on the stack...

use return value in
expressi ons. ..

/*
/*

repl ace top 2 elenents
by their sum

if (A->top == 0) printf("[enmpty]");

el se for (i=0; i<A->top;

[0 sowhat’swrong with this?

Proarammina in C++

M otivation

I ++) printf(" %",

A->v[i]);

0 Dr. Roldan Pozo. NIST

*/

*/
*/

*/
*/

*/
*/
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Simple Stack Problems

A few gotcha’s...

Stack *A,
fl oat X,

*B:
Y,
push(A, 3.1415);
A=1init();
X = pop(A);

A->v[ 3] 2.13;
A->top = -42;
push(A, 0.9);
push(A, 6.1);
B=init();

B A

finish(A):

Programming in C++

/*

/*
/*
/*

/*

/*

/*
/*

oops! forgot to initialize A
error: Ais enpty!
stack is now in corrupt state

x's value is undefined...
don’'t do this! */

K, assuming A's state is vali

| ost old B (nenory | eak)

oops! just w ped out A and B

0 Dr. Roldan Pozo, NIST

*/
*/
*/

d*/

*/
*/

Page 40



Motivation Simple Stack Problems

0 NOT VERY FLEXIBLE
O fixed stack size of 20
O fixed stack type of f | oat

[0 NOT VERY PORTABLE

00 function nameslikeenpt y() andi ni t () likely to cause naming conflicts

[ biggest problem: NOT VERY SAFE
O interna variables of St ack are exposed to outside world (t op, V)
[0 their semantics are directly connected to the internal state
[0 can be easily corrupted by external programs, causing difficult-to-track bugs
0 no error handling
O initializing a stack more than once or not at all
[0 pushing afull stack / popping an empty stack

[0 assignment of stacks (A=B) leads to reference semantics and dangerous dangling pointers
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M otivation Better Stack in C

t ypedef struct {
float* vals;
int top, size;

} DSt ack;

DSt ack *DStack_init(int size) {
DSt ack *r = mal | oc(si zeof (DSt ack) ) ;

assert (r !'= 0);

r->top = 0;

r->size = size;

r->vals = mall oc(size*sizeof (float));
assert (r->vals !'= 0);

return r;

}

voi d DSt ack finish(DStack* S) {
assert (S !'= 0);
free(S->val s);
free(S);
S =0
}
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M otivation

Better Stack in C

voi d DSt ack _assi gn(DSt ack* dst, DStack* src) {

int i;

assert (dst !'=0 && src !'= 0);
free(dst->vals);

dst->top = src->top;
dst - >si ze = src->size;

dst->vals = malloc(dst->size*sizeof(float));

assert (dst->vals !'= 0);

for (i=0; i<dst->top; ++i) dst->vals[i]

}

voi d DStack _push(DStack* S, float val) {
assert (S!'=0 && S->top <= S->size);

S->val s[ S->top++] = val
}

fl oat DStack pop(DStack* S) {
assert (S!'=0 & S->top > 0);
return S->val s[--S->top];
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M otivation

src->val s[i];
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Better Stack in C

DSt ack *DSt ack_copy( DSt ack* src) {
int i;
DSt ack *r;
assert (src !'= 0);
r = mall oc(sizeof (DSt ack));
assert (r !'= 0);
r->top = src->top;
r->size = src->size;

r->vals = nmalloc(r->size*sizeof(float));

assert (r->vals !'= 0);
for (i=0; i<r->top; ++i) r->vals[i]
return r;

}

i nt DStack enpty(DStack* S) {
assert (S !'= 0);
return (S->top == 0);
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src->val s[i];
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M otivation Better Stack in C

I mprovements
[0 dynamic size
[0 primitive error handling (using assert ())

[0 function nameslike DSt ack _i ni t () lesslikely to cause naming conflicts

Remaining Problems

[0 not flexible regarding to base type of stack

[0 dynamic memory allocation requires DSt ack _f i ni sh(') or causes memory leak
O till unsafe

New Problems
[1 old application code that used S- >v no longer works!!

[0 copying and assigning DSt acksrequiresDSt ack _copy() and DSt ack _assi gn()
or pointer alias problems

Proarammina in C++ O Dr. Roldan Pozo. NIST Page 45
Motivation Generic Stack in C (via C preprocessor)
t ypedef struct {
TYPE *val s;
int size, top;
} GDSt ack; /* CGeneric(?) Dynam c Stack */

voi d GDStack_push(GDStack *S, TYPE val) {...}

How to use:
[0 put al sourceinto file GOSt ack. h
[J in application code do

#defi ne TYPE fl oat
#i ncl ude " GDSt ack. h"

@St ack S; /[ * Whoa! a stack of floats */
#define TYPE int / * oops! preprocessor warning! */

/* macro TYPE redefined */
#i ncl ude " GDSt ack. h" [* error: functions redefined! */
@St ack S2; /* nice try, but won’t work */

[0 only worksif only onetype of stack isused in one sourcefile, but that is no good solution...
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Motivation Generic Stack in C (via editor)

t ypedef struct {
TYPE *val s;
int size, top;

} GDSt ack_ TYPE;

voi d GDStack TYPE push(GDStack TYPE *S, TYPE val) {...}

How to use:
[0 put al sourceinto basefiles @GSt ack. h and GDSt ack. ¢

[0 useeditor’s global search& replace to convert “TYPE” into “f | oat ” or “i nt ” and store in new
files@DSt ack_fl oat . * and GDSt ack_i nt . *

[0 inapplication code do

#incl ude "CGDStack fl oat. h"
#i ncl ude "@DSt ack_int. h"

GDSt ack_fl oat S; /* hey! a stack of fl oats! */
GDSt ack_i nt S2; /* finally! a stack of ints! */
GDSt ack_String T, /| * oops! need sone nore files... */

[0 works, but isextremely ugly and still has problems...
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M otivation Reality Check

[0 softwareis constantly being modified
[0 better ways of doing things

bug fixes

O

algorithm improvements

|

platform (move from Sun to HP) and environment (new random number lib) changes

O

customer or user has new needs and demands

[0 real applications are very large and complex typically involving more than one programmer

[J you can never anticipate how your data structures and methods will be utilized by application
programmers

[0 ad-hoc solutions OK for tiny programs, but don’t work for large software projects

[0 software maintenance and development costs keep rising, and we know it's much cheaper to
reuse rather than to redevel op code
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M otivation Conclusion

What have we lear ned from year s of softwar e development?

[0 themajor defect of the data-structure problem solving paradigm is the scope and visibility that the
key data structures have with respect to the surrounding software system

So, we would like to have ...

[J DATA HIDING:

the inaccessibility of the internal structure of the underlying data type

[0 ENCAPSULATION:
the binding on an underlying data type with the associated set of procedures and functions that
can be used to manipulate the data (abstract data type)

0 INHERITANCE:

the ability to re-use code by referring to existing datatypesin the definition of new ones. The new
data type inherits data objects and functionality of the already existing one.

[J OBJECTS
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Motivation Why C++?

There are many object-oriented languages out there, so why C++?
[0 compromise between elegance and usefulness

[0 Superset of C
0 Cinwidespread use
O all Clibraries easily usable from C++

[0 Cross-platform availability
[0 Mass-market compilers

[J Wideusage on al platforms
[0 Popular with programmers
[0 Only pay for what you use

0 New ANSI/OSI standard
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M otivation Solution

So how does C++ help solve our Stack problems?

[1 provides a mechanism to describe abstract data types by packaging C st ruct and
corresponding member functions together (classes)

[0 protectsinternal data structure variables and functions from the outside world (pri vat e and
pr ot ect ed keywords)

[1 provides a mechanism for automatically initializing and destroying user-defined data structures
(constructors and destructors)

[0 provides a mechanism for generalizing argument types in functions and data structures
(templates)

[1 provides mechanism for gracefully handling program errors and anomalies (exceptions)

[0 provides mechanism for code reuse (inheritance)
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New Keywords

New Keywords (to C)

del ete, new

class, this,
private, public,
prot ect ed

catch, try, throw

friend, inline,
operat or, virtual

tenpl ate

Programming in C++

New (to ARM)

nut abl e

t ypenane, export
bool, true, false

const _cast, static_cast,

rei nterpret_cast
usi ng, nanespace
typei d, dynam c_cast

explicit
wchar t

U Dr. Bernd Mohr, FZ Jilich, ZAM

Used for:

Memory Management
Classes

Exceptions
Class member type qualifier

Templates
Boolean datatype
New style casts

Namespaces
RunTime Type Identification

Constructor qualifier
Wide character datatype
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From C to C++ Alternative Tokens

[0 Furthermore, alternative representations are reserved and shall not be used otherwise: C99
Alternative: Primary: Alternative: Primary: [i S0646. h]
0 and && 0 and_eq &=
O bitor | 0 or_eq | =
0 or | | 0 xor_eq N=
[0 xor A [0 not !
0 conpl ~ 0 not_eq I =
0 bitand &
[0 Also, in addition to the trigraphs of ANSI C, C++ supports the following digraphs: C99
Alternative: Primary: Alternative: Primary:
O <% { O <: [
0 % } a > ]
O % # O % % ##t
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From C to C++ Comments
New "/ /" symbol can occur anywhere and signifies a comment until the end of line C99
float r, theta,; /1l this is a comment

New "/ /" comment can be nested
[l int i = 42; [/l so is this

Of course, there are the still two other ways to denote comments:

[0 with thefamiliar / * */ pair
/* nothing new here. .. */

but careful, these do not nest!

[0 using the preprocessor via#i f def , #endi f .
Thisisthe best method for commenting-out large sections of code.

#i f def CURRENTLY_NOT_NEEDED

a=»>b+c;
X =u * v,
#endi f

Remember that the # must be the first non-whitespace character in that line.
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From C to C++ Struct / Union

[0 C++ doesn't require that atype nameis prefixed with the keywords st r uct or uni on (or
cl ass) when used in object declarations or type casts.

struct Conplex { double real, inmag; };
Conpl ex c; /1l has type "struct Conpl ex"

[0 A C++typedef name must be different from any class type name declared in the same scope,
except if the typedef is a synonym of the class name with the same name

struct Bar { ... };
typedef struct Foo { ... } Bar; /Il OKin C but not C++
typedef struct Foo { ... } Foo; Il OKin C+ C++

[0 In C++, aclassdeclaration introduces the class name into the scope whereiit is declared and hides
any object, function or other declaration of that name in an enclosing scope.
In C, an inner scope declaration of a struct tag name never hides an object in an outer scope

I nt x[99];
void f(){
struct x { int a; };
si zeof (X) ; /'l sizeof the array in C, sizeof the struct in C++
}
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From C to C++ Movable Declarations
Local variable declarations in C++ need not be congregated at the beginning of functions: C99

doubl e sun{const double x[], int N {
printf("entered function sun().\n");

double s = 0; /'l note the declarations here...

int 1 = 42;

for (int i=0; i<N;, i++) { // also notice the declaration of
s += x[i]; /1l loop variable "i"

}

int j =i; Il j == 42!

return s;

declare variables close to the code where they are used and where they can be initialized
particularly useful in large procedures with many local variables

thisimproves code readability and helps avoid type-mismatch errors

O O O o

Note: scopeofi inf or loop changed in C++ standard!
(was: until end of block: now: end of loop) !
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From C to C++ Default Arguments

C++ dlowsto specify default arguments for user-defined functions

[0 default value can either specified in function declaration or definition, but not in both
0 (by convention) thisis specified in the function declaration in a header file
[Inyfile.h
extern double ny_| og(doubl e x=1.0, double base=2.71828182845904);
I'lInyfile.cpp
#i nclude "nyfile.h"
doubl e ny_| og(doubl e x, double base) {...}
[l mai n. cpp
#i ncl ude "nyfile.h"
double y = ny_ | og(x); /1l defaults to |l og_e
double z = ny_Il og(x, 10); /'l conputes | og_10
[ argumentsto the call are resolved positionally
[0 initialization expression needs not to be constant
[0 useonly if default values are intuitively obvious and are documented well!
[0 the order of evaluation of function arguments (and so their initialization) is unspecified!
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From C to C++ References

C++ introduces a new type: reference types. A reference type (sometimes also called an alias) serves
as an alternative name for the object with which it has been initialized.

O

areference type acts like a special kind of pointer. Differences to pointer types:

[0 areference must beinitialized (must always refer to some object, i.e., no null reference)
[0 no needtotest against O

0 onceinitialized, it cannot changed

[0 syntax to access reference object is the same asfor "normal™ objects

/* references */ /* pointers */

int i =5, val = 10; int 1 =5, val = 10;

int & efVal = val; int *ptrval = &val;

int &therRef; //error! int *otherPtr; /1 OK
ref Val ++; [lval/refVal now 11| (*ptrVal) ++;

refval = 1; [lval /refval now 5 ptrval = & ; [//val still 11
r ef Val ++; [lval /refVal now 6 (*ptrval)++; [/ i now6!

The primary use of areference type is as an parameter type or return type of afunction.
They arerarely used directly.
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From C to C++

Passing Arguments by Value

void func(int p) {

int a=p + 5
[ *3*/ p = 7;
}
[*1*/ int i = 3;
[ *2*] func(i);
[ *4*/
[*1*/ [*2*%/ [ *3*/ [ *4*/
i 3 i 3 i 3 [ 3
Stack:
? 0 SP p: 3 p 7 7 0 SP
2 a 2 a 8 8
[] [] 0 SP [] 0 SP []
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From C to C++

Passing Arguments by Reference

void func(int* p) {

void func(int& p) {

int a =*p + 5; int a=p + 5;
[ *3*/ *p = 7; p = 7;
} }
[*1*/ int 1 = 3; int i = 3;
[ *2*] func(&); func(i);
[ *4*]
[*1*/ [*2*] [*3*/ [*4*]
i 3 i 3 i 7 [ 7
Stack:
? 0 SP p: — p: — ——H SP
? a ? a 8 8
[] [] 0 SP [] 0 SP []

Programming in C++

U Dr. Bernd Mohr, FZ Jilich, ZAM
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From C to C++ Reference Parameters

Function parametersin C (and C++) are always passed by value

[1 therefore, output parameters (and structures/arrays for efficiency) have to be passed as pointers
[J caller hasto remember to pass the address of the argument (error-prone!)
[0 caleehastouse* and - > to access parameters in function body (clumsy!)
[0 Reference parameters are denoted by & before function argument (like VAR in PASCAL)

voi d print_conpl ex(const Conpl ex& x) {

printf("(%g+%i)", x.real, Xx.inmag);

}

Conpl ex c;

c.real = 1.2; c.imag = 3. 4;

print_conpl ex(c); /Il note mssing & prints "(1.2+3.4i)"
[1 Sidenote: const isnecessary to alow passing constants/literals to the function
[0 reference parameters are only a special case of reference types

references cannot be uninitialized

[0 if you need NULL values as parameters, you have to use pointers
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From C to C++ Inline Functions

Aim of inline functions is to reduce the overhead associated with a function call. The effect C99

Isto substitute inline each occurrence of the function call with the text of the function body.

i nline doubl e max(doubl e a, double b) {
return (a>b ?a: b);

}

inline int square(int i) {
return (i*i);

}

They are used like regular functions.

[]
[
[

Advantages. removes overhead; provides better opportunities for further compiler optimization

Disadvantages: increases code size; reduces efficiency if abused (e.g. code no longer fits cache)

Thei nl i ne modifier issimply ahint, not a mandate to the C++ compiler. Functions which

0 definearrays
[0 arerecursive or from with address is taken

O contain statics, switches, (gotos)

are typically not inlined.
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From C to C++ Function Overloading

In C++, function argument types, aswell as the function name, are used for identification. This means
it is possible to define the same function with different argument types. For example,

voi d swap(Conpl ex& i, Conplex& j) {

Compl ex t;
t =i, 0 =j; ] =t
}
void swap(int& i, int&j) {
int t;
t =1; 10 =j; ] =t;
}
void swap(int *i, int *j) { [// possible, but should be avoided
int t; /'l why? what happens if you pass 07?
t:*i;*i:*j;*j:t;
}
Conmplex u, v; int i, j;
swap(u, V); /1l calls Conplex version
swap(i, j); /'l calls integer reference version
swap(& , &); /1l calls integer pointer version
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From C to C++ Function Overloading

[J overloading cannot be based on the return type! (becauseit is allowed to ignore returned value)
[ useoverloaded functionsinstead of #defi ne func(a, b) ... because

0 type-safety

[0 avoids problems when body uses parameters more than once or has more than one statement

#define mn(a,b) (a<b?a:b)
int 1=3, j=5, k=min(i++, j); /1l i now 5!!!
[0 unfortunately, overloaded functions are not as generic as macros, but function templates (more on
that later) fix that problem nicely:

t enpl at e<cl ass T>
inline void swap(T& i, T& j) {

Tt,;

t =i, 0 =j; ] =t
}
double x, y; int i, j;

swap(x, y); [/ conpiler generates double version automatically
swap(i, j); // again for int
swap(x, i); [/ error!
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From C to C++ Function Overloading | ssues

[0 Choose carefully between function overloading and parameter defaulting

void f(); void g(int x=0);

void f(int);

f(); Il calls f() a(); /'l calls g(0);
f(10); /1l calls f(int); g(10); /1l calls g(10);

Use argument defaulting when
[0 Same algorithm is used for all overloaded functions
[0 Appropriate (natural) default argument values exist

[0 usefunction overloading in all other cases

[0 Avoid overloading on a pointer and a numerical type
[0 Thevalue 0 used as an actual function argument meansi nt 0
[0 You cannot use the value O to represent anull pointer passed as an actual argument

[0 A named constant representing "null pointer" (NULL) must betyped voi d * and must be
cast explicitly to a specific pointer type in most contexts (e.g., as function argument)

[0 You can declare different named constants to represent "null pointers' for different types
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From C to C++ Operator Overloading

Functions aren’t the only thing that can be overloaded in C++; operators (suchas+, *, %[ ], ...) are
fair game too. Given Conpl ex numbersu, v, w, and z, which is easier to read?

w=2z%* (u+v); or Compl ex t;
C add(&t, u, v);
Cnult(&w, z, t);

How did we do it?

Conpl ex operator*(const Conpl ex& a, const Conplex& b) {

Compl ex t;
t.real = a.real * b.real - a.imag * b.inmag;
t.imag = a.real * b.imag + a.imag * b.real;

return t;

}
Conpl ex operat or +(const Conpl ex& a, const Conplex& b) {...}

[0 only existing operators can be overloaded; creating new ones (e.g., * * ) not possible
[ operator precedence, associativity, and "ary-ness' cannot be changed
[J only overload operator if it is"natural” for the given datatype (avoid surprisesfor users!)
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From C to C++ Boolean Type

C99

0 The C++ Standard now includes abool type with the constantst r ue andf al se L St dbool . h]
[0 Conditionals(i f,while,for,?:,&&||,!) now require avalue that convertsto bool
[0 Comparison and logical operators (==, ! =, <, <=,>,>=,&&,| | ,!) now return bool
[0 Integral and pointer values convert to bool by implicit comparison against zero
[0 bool convertstoi nt withf al se becoming zero andt r ue becoming one
[J Because bool isadistinct type, you can now overload on it

voi d foo(bool);

void foo(int); // error on older conpilers! now CK
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From C to C++ | nput/Output

C++ introduces a new concept for handling 1/O: file streams.
[0 include the C++ header file<i ost r ean® instead of <st di 0. h>
[0 I0streams are part of the standard C++ library
usi ng nanmespace std;
use the << operator to write datato a stream
use the >> operator to read datafrom a stream
[J usepredefined streams ci n, cout, cerr insteadof stdin, stdout, stderr

#1 ncl ude <i ostreanp
usi ng nanmespace std;

int main(int argc, char *argv[]) {
int birth = 1642;
char *name = "lIssac Newton";

cout << nane << " was born " << birth << endl;
cout << "What is your birth year? ";

if (! cin>> birth) birth = -1;
}
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From C to C++ | nput/Output

Advantages of C++ stream 1/O

[0 type safety

int i = 5;

float f = 3. 4;

printf("% %\n", f, i); /'l few conpilers catch this!

cout << f << " " << j << endl; /1 automatically right
[0 extensbility: can be extended for user-defined types

ostream& operator<<(ostream& s, const Conpl ex& x) {

S << "(" << x.real << "+" << x.imag << "i)"; /'l what’s wrong?
return s;

}

creates anew way to print Conpl ex numbersin C++:

Conpl ex c;

c.real=2.1; c.inmg=3.6;

cout << "c =" << ¢ << endl; /1l prints "c = (2.1+3.6i)"
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From C to C++ Memory Allocation
[0 The C way to request dynamic memory from the heap:

int *i = (int *) malloc(sizeof(int));

double *d = (double *) nall oc(sizeof (doubl e)*NUM ;

free(d);

free(i);
[0 Thenew C++ way:

int *I = newint;

doubl e *d = new doubl e[ NUM ;

delete [] d;

delete i;
[0 Advantages.

[ type-safe; no type casts needed

[0 can be extended for user-defined types

0 handlesnew int[0]; anddel ete O;

[0 (takescare of object construction / destruction )
0 don'tmix new del et e withmal | oc/ free [watchout for st rdup()! (string duplication)]
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From C to C++ CallingC

[0 Because of a C++ feature called name mangling (to support type-safe linking and name
overloading), you need a a specia declaration to call external functions written in C:
extern "C' size t strlen(const char *sl);
[0 Itisaso possibleto declare several functions as extern "C" at once:
extern "C' {
char *strcpy(char *sl, const char *s2);
size_t strlen(const char *sl);
}
[0 canalso be used to "make" a C++ function callable from C
How to write header files which can be used for C and C++?
#i fdef __cpl uspl us
extern "C' {
#endi f
/* all C declarations cone here... */
#ifdef _ cplusplus
}
#endi f
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From C to C++ Include Guards
[0 Include guards prevent double declaration errors (no longer allowed in C++)
and speed up the compilation
[0 Example:
i bl. h: #i nclude "util.h"
lib2. h: #include "util.h"
mai n. cpp #include "libl. h"
#include "lib2. h" /1 ERROR: doubl e decl aration
/1l errors for util.h
[0 Useinclude guards for header files, eg. uti | . h:

#i fndef UTIL_H
#define UTIL_H

... contents of util.h here ..
#endi f

[0 Typicaly, system header filesalready useext ern " C' and include guards.
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From C to C++ Constants

[0 Typica C code used the C preprocessor to define symbolic constants:
#define Pl 3.1415
#def i ne BUFSI Z 1024
[0 Better approach isto use const declarations because
O itistype-safe
0 compiler knows about it
[0 it shows up in the symbol table (debugger knows it too)
const float PI = 3.1415;
const int BUFSIZ = 1024;
static char nyBuffer[BUFSI Z]; /1l allowed in C++, not in C
[1 Be careful when defining constant strings (note the two const )
const char* const programName = "fancy_ nanme_here"
const char* programNane = "fancy_nane_here"; /[/ptr to const char
char* const programNane = "fancy_nanme_here"; [//const pointer
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From C to C++ Anonymous Unions
[0 InC, union variables or fields have to be [0 InC++, union variables or fields can be
named anonymous
struct foo { struct foo {
uni on { uni on {
short i; short i;
char ch[2]; char ch[2];
} buf; };
int n; int n;
o ot
f.buf.i = 0x0001; f.i = 0x0001;
if (f.buf.ch[0]==0 && if (f.ch[0]==0 && f.ch[1]==1)
f.buf.ch[1]==1) cout << "big endian";
printf("big endian"); el se
el se cout << "little endian”

printf("little endian");
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From C to C++ M or e Differences

[0 In C++, afunction declared with an empty parameter list takes no arguments.
In C, an empty parameter list means that the number and type of the function arguments are
"unknown"

int f(); // neans int f(void) in C++
/1 int f(unknown) in C

[0 In C++, the syntax for function definition excludes the "old-style" C function.
In C, "old-style" syntax is allowed, but deprecated as "obsolescent.”

void func(i) instead of void func(int i)
int i; { ...}
{ ...}

[0 In C++, types may not be defined in return or parameter types.

int i; int i; ("tentativedefinitions") inthe samefileisnot alowed on C++

[0 Implicit declaration of functionsis not allowed C99

[0 Banning impliciti nt

Proarammina in C++ 0 Dr. Bernd Mohr. FZ Jillich. ZAM Page 77

From C to C++ Even More Differences

[J general expressions are alowed as initializers for static objects (C: constant expressions)
[0 sizeof ('x") == sizeof (int) inChbutnotinC++ (typeof ’ x’ ischar)

[0 Main cannot be called recursively and cannot have its address taken

[0 Converting voi d* to a pointer-to-object type requires casting

[0 Itisinvalid to jump past a declaration with explicit or implicit initializer

[0 static orextern specifierscan only be applied to names of objects or functions (not to
types)

[0 const objects must beinitialized in C++ but can be left uninitialized in C
[0 In C++, the type of an enumerator isits enumeration. In C, the type of an enumerator isi nt .

[0 C++ objects of enumeration type can only be assigned values of the same enumeration type.
enumcolor { red, blue, green} ¢ =1; // valid C, invalid C++
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From C to C++ Example FSt ack

static const int FStack def size = 7;

struct FStack {
fl oat* vals;
int top, size;

}

FStack *init(int size = FStack _def size) {
FSt ack *r = new FSt ack

assert (r !'= 0);

r->top = 0;

r->size = size;

r->vals = new fl oat[size];
assert (r->vals !'= 0);
return r;

}

void finish(FStack* S) {
assert (S != 0);
delete [] S->vals; delete S

S =0;
}
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From C to C++ Example FSt ack

voi d assi gn(FStack* dst, FStack* src) {
assert (dst !'=0 && src !'= 0);
delete [] dst->vals;
dst->top = src->top;
dst->si ze = src->size;
dst->val s = new fl oat[dst->si ze];
assert (dst->vals != 0);
for (int i=0; i<dst->top; ++i) dst->vals[i] = src->vals[i];

}
voi d push(FStack* S, float val) {
assert (S!'=0 && S->top <= S->size);
S->val s[ S->top++] = val
}
fl oat pop(FStack* S) {
assert (S!'=0 && S->top > 0);
return S->val s[--S->top];
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From C to C++

Example FSt ack

FSt ack *copy(FStack* src) {

assert (src !'= 0);
FStack *r = new FSt ack
assert (r !'= 0);
r->top = src->top;
r->size = src->size;
r->vals = new float[r->size];
assert (r->vals !'= 0);
for (int i=0; i<r->top; ++i)
return r;
}
bool enpty(FStack* S) {
assert (S != 0);
return (S->top == 0);
}

Proarammina in C++

From C to C++

r->val s[i] =

O Dr. Bernd Mohr. FZ Jilich. ZAM

src->val s[i];
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Summary

New keywords
Alternative representations

[/ comment

O 0O 0O O

st ruct XXXintroduces new type
(O typedef struct XXX XXX;)

Declarations and statementsin any order
Default arguments for functions

[ Referencetype]

O O 0o d

Passing values in and out of functions
per reference

[l output parameter [1 Type& t

O efficiency [0 const Type& t
[0 [ Inlinefunctions]

[0 Function overloading

Programming in C++

O 0O 0O O

U Dr. Bernd Mohr, FZ Jilich, ZAM

Operator overloading (for user-defined types)
Boolean type: bool ,true,fal se

Input/output:
#i ncl ude <i ostreanr
usi ng nanespace std;
cout << var
cin >> var
if ( handle ) ..

new/del et e instead of mal | oc/f r ee
extern "C'
Include guards

Declare constants with const
instead of #def | ne
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Classes I ntroduction

O

O

O

aclass can be characterized by three features:

[0 Classes provide method for logical grouping;
Groupings are of both data and functionality (C st r uct + associated functions)

0 A classdefines anew, user-defined type

[0 Defines access rights for members (allowing data hiding, protection, ...)
New defined class : = C++ specification of abstract data type

instance of class : = object

A class should describe a set of (related) objects (e.g., complex numbers)

Data members : = variables (also fields) of any type, perhaps themselves of other classes
Member functions : = actions or operations

0 usually applied to data members

(0 important: called through objects

Use data members for variation in value, reserve member functions for variation in behavior

Normally build by class library programmers
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Classes Concrete Data Types

[ Explicit aim of C++ to support definition and efficient use of such user-defined types very well

[0 Concrete Data Types : = user-defined typeswhich are as"concrete" as builtin C typeslike
i nt,char,ordoubl e

[0 should well behave anywhere a built-in C typeiswell behaved

[0 Typical examples:

Complex numbers 0 Points 0 Coordinates
O (pointer, offset) pairs 0 Dates 0 Times
J Ranges [0 Links [0 Associations
0 Nodes O (value, unit) pairs [0 Disclocations
0 Source code locations [0 BCD characters O Currencies
0 Lines [0 Rectangles [0 Rationals
[0 Strings 0 Vectors 0 Arrays

[0 A typical application uses afew directly and many more indirectly from libraries
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Classes The Life of an Object

This al happens to a programming language object (note the symmetry):

[ allocation of memory to hold object data
[] construction (initialization)
[l usage
[] destruction

[] deallocation of memory

Example: Lecture:

[ reservation: reserve/occupy lecture room
[ setup: clean blackboard, switch on projector, ...
[] usage: give lecture, take and answer questions, ...
[] breakdown: switch off projector, sort slides, ...

[] departure: leave lecture room
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Classes TheLife of an Object

Example: an object of typei nt :

{

int i; [] allocation of object i of typei nt

i = 5; [ initialization

[*...*%]

J =50 [ usage

[*.0.* [] [destruction not needed for built-in types]
} [] leaves scope: deallocation of memory

For classes: special member functions
[J constructor: automatically called after alocation for class specific initialization [

[0 destructor: automatically called prior to deallocation for class specific clean-up [J
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Classes Example: cl ass Conpl ex
cl ass Conpl ex { /'l new type with nanme " Conpl ex"
public: /1l public interface, can be
[*...*%] /| accessed by all functions
privat e: /'l hidden data/functions for use
doubl e re; /1 by menber functions only
doubl e i m
}i /] note ":" versus end of function

[0 public/protected/privateismainlyapermissionissue

members of base class | can be accessed in | can be accessed inside class

which are client code (member + friend functions)
public W O
private N [
prot ect ed N [

[0 publ i c part describesinterface to the new type clients can / have to use
pr ot ect ed/pri vat e determine the implementation

[0 access specifiers(publ i c, pri vat e, pr ot ect ed) can appear in any order and repeatedly
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Classes Conceptual Organization of a C++ Program

Client Program

create .
(class Complex { )~~~ "~ + Objectc
publi c: || member é ( R\
voi d pub_nen(); . function call F——
private: > pub_mem Pl =
void pr_nmem(); | ~ re
double re, im \
}; 1 s im
l
| . .
int main() { | return g public part | private part )
Complex c; -—_—__| g :
c. pub_nmem(); \
|
- \
. | delete
¢.pr_men(): /‘7/7 ERROR: no access |
J )
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Classes Constructors

[J Responsibility of all constructors (often abbreviated ctor)
O initialization of all data members (put object in well-defined state)
O perhaps: set globals, e.g., number of objects
0 perhaps: specia I/0 — for debugging only (why?)

[0 Important: constructor is"called" by an object and effects the object (like all member functions)

Has the same name as the class
Does not specify areturn type or return avalue (not even voi d)
Cannot be called explicitly, but automatically (Stage [1) after creation of new object (Stage )

Different constructors possible through overloading

O O 0o oo O

Two special constructors. default and copy
O if not specified, compiler generates them automatically if needed
[0 default ctor: generated as no-op if no other ctor (including copy ctor) exists otherwise error

0 copy ctor: callsrecursively copy ctor for each non-static data member of class type

Programming in C++ 0 Dr. Aaron Naiman, Jerusalem College of Technology Page 90



Classes Default Constructor

Default constructor : = willing to take no arguments

cl ass Conpl ex {

public:
Compl ex(voi d) { /'l Conmpl ex default constructor
re = 0.0; im= 0.0;
}
privat e:
[* ... *
3
/[l ... usage in an application
Conpl ex cl, *cp = &cl,; /1l just as with int

[0 Rule: member function definitions included in class definitions are automatically inline!
r e and i m declared by and belong to calling object (c1 above)

[J Note: constructor not called for cp!

[0 How about constructorswith client initialization?
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Classes "Regular" Constructors
"regular" constructor : = initialize object with user supplied arguments
cl ass Conpl ex {
public:
Conmpl ex(double r) { /'l Construct Conplex out of
re =r; im= 0.0; /'l real nunber
}
Conpl ex(doubl e r, double i) { /'l Construct Conpl ex out of
re =r; im=i; /1l real and inaginary part
}
3
/1l ... usage in an application

Conmpl ex ¢3(3.5), c4 = -1.0,
c5(-0.7, 2.0);

[0 Any constructor call with a single argument can use "=" form (e.g., c4)

[0 Such aconstructor is also used by the compiler to automatically convert typesif necessary!

[0 Thesethree constructorscan be combined by using default arguments!
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Classes Default Constructor — Takell |

cl ass Conpl ex {

public:
Conmpl ex(double r = 0.0, double i = 0.0) {
re =r; im=i;
}
private:
[* ... *
}
/1l ... usage in an application
Conpl ex c2, /1 NOT: c2()!

c3(3.5), /'l ¢c3 calls ctor wth argunent 3.5
c4 =-1.0, c5(-0.7, 2.0);

[0 Supply default arguments for all datamembers [ can be used as default constructor

[0 Note: c2() declaresafunction which returnsa Conpl ex

[0 How about same-class, object-to-object initialization, e.g.,int i, j =1i; ?
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Classes Copy Constructor

[0 Purpose: to initialize with another (existing) Conpl ex object ("cloning™)

Conpl ex(const Conpl ex& rhs) { /'l why reference type?
re =rhs.re; im=rhs.im
}
/[l ... usage in an application
Compl ex c6(c3), c7 = c2; [l just like: int i(-4), Jj =1;
conpl ex_sin(c7); /1l copy ctor called if pass/return by val ue

[1 Hasthe same name as the class (as every constructor) and has exactly one argument of type
"reference to const classtype”

[0 Argument passed by reference
O for effiency and mimic built-in type syntax
[0 toavoid calling constructor/destructor for temporary Conpl ex object (on stack)
[0 evenworse: to avoid recursive copy constructor calling!!
[0 rhs.reandrhs. i m(rhs: =right hand side)
[0 since constructor is member function access even to different object’ spr i vat e members

O butrhs. necessary to specify other object
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Classes Destructor

cl ass Conpl ex {

public:
~Conpl ex(void) {} /'l Conpl ex dtor

};

Placed in publ i c: section

Has the same name as class prepended with ~

Does not specify areturn type or return avalue (not even voi d)
Does not take arguments

Cannot be overloaded!!!

O O 0o o o d

Is not called explicitly but automatically (Stage ) prior to deallocation of an Conpl ex object
(Stage )

Primary purpose/responsibility: cleanup (nothing needed for Conpl ex)
[0 Default compiler-generated (no-op) destructor
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Classes Conpl ex Class Definition

[0 What do we have so far?

cl ass Conpl ex {

public:
/1 default constructor
Conpl ex(double r = 0.0, double i = 0.0) {

re =r; im=i;

}

/'l copy constructor

Conpl ex(const Conpl ex& rhs) {
re =rhs.re; im=rhs.im

}

/] destructor
~Conmpl ex(void) {}

privat e:
doubl e re;
double im
};

[0 But thisiskind of boring...
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Classes Access Member Functions

[0 To access(i.e., read from) data members
cl ass Conpl ex {

public:
doubl e real (void) {return re;}
doubl e i mag(void) {return im}

¥
[l ... called by
double d = c2.real (), e = cp->imag();

[0 Required, asclient hasno accessto pri vat e fields
Access syntax isthe sameasfor C st ruct : (. " for member, "- >" for pointer member access)
Why functions?
0 Consistency
[0 Flexibility (check parameter validity; implement no access/ read-only, read-write access)
[0 can be replaced by computation (e.g. calculate polar coordinatesout of (re, i m)

[0 Choose user-friendly, meaningful names for functions (moreso than for data members)
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Classes Modify Member Functions

[0 To modify (i.e, writeto) data members
cl ass Conpl ex {
public:

void real (double r) {re =r;}
void i mag(double i) {im=i;}
¥
[l ... called by

c5.imag(cl.real ());
[0 Exploiting function overloading

[0 How about object-to-object assignment? Involves:
cl.real (c6.real ());
cl.img(c6.img());

[0 2 access member function, 2 modify member function calls
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Classes Assignment

cl ass Conpl ex {

publi c:
Conpl ex& oper at or =(const Conpl ex& rhs) {
iIf (this == & hs) return *this; /1l time-saving self-test
re =rhs.re; im=rhs.im /| copy data
return *this; /'l return "nysel f"
}
b
[l ... called by
cl = c6; /[l cl calls operator with argunent c6

/1l can also be witten as: cl.operator=(c6);

[0 Function name: oper at or =
[0 if not defined, compiler automatically defines one (doing memberwise copying)!
[0 Reference (i.e, Ivalue) returned for speed and daisy-chaining:
c6 = c5 = ¢c3; /'l c6.operator=(c5.operator=(c3));
0 match return value and argument type!
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Classes Assignment Self-Test
[J reference argument
[0 for speed and to avoid constructor/destructor calls
[0 toenable self-test
[0 New keywordt hi s is
[0 defined for every body of member functions
0 ashort-cut for "pointer to myself” i.e., "pointer to calling object”
[J Reasonsfor self-test
0 speed
[0 another reason later
[0 Possible self-assignment situations
Conpl ex& ¢c8 = ¢c3, *pc = &c2;
/'l |ater
c3 = c8; /1l or vice versa
*pc = c2; /Il ditto
[0 Don’t forget theoper at or =() self-test!
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Classes Copy Constructor vs. Assignment Oper ator

[0 Construction: Conpl ex ¢9 = c2;

or: conmpl ex_sin(c2);

0 Assignment: c9 = c2;

Create can self- returns
new |daisy-chain| assignment | reference
object check to*this

copy constructor | [J — — —

oper at or=() — W O N
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Classes Equality Test Operator
[ Totest equality to another Conpl ex object
[0 For now, just afield-wise "and" test
[ User can define == operator
cl ass Conpl ex {
public:
bool operat or==(const Conpl ex& rhs) {
return ((real() ==rhs.real()) & (img() == rhs.imag()));
}
}
[l ... called by
If (c7 == c2)
cout << "Yup, they're equal!" << endl;
[0 real () will beinline, so no slowdown, but makes maintenance easier

[0 Usepublicinterface when possible and not har mful!
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Classes Math Member Operators

[0 eg., Addition: c6 = c1 + c8;

cl ass Conpl ex {
public:
const Conpl ex operat or+(const Conpl ex& rhs) {
return Conplex(real ()+rhs.real (), inmag()+rhs.inmag());

}
b

[0 Why return const object?

[0 disalow expressionslikec6 = (cl + c8) ++; c6++++;

[0 Why call constructor?
[ result of addition is new Conpl ex object; unlikely that this already existsand itisconst

0 And why return by value (and not by reference)?
[0 Local valueisdeallocated before leaving function scope
[ returned reference would be undefined!
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Classes Conpl ex Class Definition

cl ass Conpl ex { /1l coments m ssing for space conservation
public:
Compl ex(double r = 0.0, double i =0.0) {re =7r; im=1i;}
Compl ex(const Conplex& rhs) {re =rhs.re; im=rhs.im}
~Conpl ex(voi d) {}
doubl e real (void) {return re;}
doubl e i mag(void) {return im}
voi d real (double r) {re =r;}
void i mg(double i) {im=1i;}
Conpl ex& oper at or =(const Conpl ex& rhs);
bool operator==(const Conpl ex& rhs) {
return ((real()==rhs.real()) & (imag()==rhs.imag()));
}
const Conpl ex operator+(const Conpl ex& rhs) {
return Conplex(real ()+rhs.real (), imag()+rhs.inmag());

}

/1 define all other m ssing operators and functions here...

private:
double re, im

Hi
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Pointer Data Members Pointer vs. non-Pointers

What are the issues if a class includes data members which are of pointer type?

[ Free store allocation (and deallocation)
0 Pointersusualy indicate this
0 Who should do this and keep track? (class or user?)

0 How about the constructors and destructor?

[0 Pointer value vs. what it pointsto
[0 For object assignment, do we want memberwise assignment of pointer fields?
(1 No!
0 What should oper at or ==() mean?
O identity? [0 equal if same object (i.e. same address)

0 equality? [0 equal if same contents (i.e. same value or state)

[0 Let'slook at the popular St ri ng class
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Pointer Data Member Motivation Stri ng Class

[0 C++ character strings are really NUL terminated arrays of char (asin C)

[0 Beware of difference between arrays and pointers!

char *strl = "foo";

char str2[4] = "foo"; [ ={f, o, "0, '\0},;
/'l sizeof(strl) !'= sizeof(str2) sonetines!

strl: ° f |lolo|\O

str2:|f |lo|o|\O

if (strl !'=str2) strl = str2; /1 conpares/copi es pointer!

strl: f lolo|\O

str2:|f |lo|o|\O

[0 arrays cannot be assigned
char str3[4] = "bar";
str2 = str3; /| ERROR!
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Pointer Data Members More Pointer Assignment Problems

char *strl
char *str2

new char[42]; /| areas are allocated
new char[7];

str2 = strl,; /| address is copied over

/1l old contents of str2 | ost
delete [] str1,; /'l area is deall ocated
cout << str2[7] << endl; /| area is accessed, but undefined

[0 General problem/hazard: two pointers to same free store allocation

O

O

Usually, on assignment, we want copy of info pointed to ("deep” copy),
not copy of address (bitwise "shallow" copy)

memory leaks

[J Deep copy:

O

0]
N
0

deallocate old info if necessary (to avoid memory leak)
new allocation
assertion of success

copy info over
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Pointer Data Member ANSI C String Library

[0 So, towork with C++ character strings, need to use new del et e and ANS C String library!

[0 Frequently used string functions:

0 strcnp comparesstrings, returns<0, 0, >0ifsl<s2, sl==s2, sl1>s2
int strcnp(char *sl1, char *s2);

[0 strcpy copiesstrings, dst =src, dst must have enough space
char *strcpy(char *dst, char *src);

[0 strcat appendsacopyof src totheendof dst, dst must have enough space
char *strcat(char *dst, char *src);

0 strl en returnsthe number of bytesins (without the terminating NUL character)
size_t strlen(char *s);

0 strdup returnsapointer to anew string which is duplicate of s
0 usesmal | oc, user responsible for f r eeing space
char *strdup(char *s);

U
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Pointer Data Members

ANSI C String Library

O

But even with ANSI C String library functions, our examples still not work as expected:

char *strl = "foo";
str2[4] = "foo";
str3[4] = "bar",

I f (strcnp(strl, str2) !'=0)

strcpy(strl, str2); /| ERROR: typically core dunps

strcpy(str2, str3);

Even more problems:

char *strl;
char str2[3];

strcpy(strl, "foo"); /1 ERROR: no space allocated for strl
strcpy(str2, "foo"); /I ERROR: not enough space
Il (forgot term nating NUL)

[0 need better, automatically managed St r i ng objects!
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Pointer Data Members TheLifeof aStri ng Object

What memory allocation issues occur during the lifetime of aSt r i ng object?

[ allocation of memory for hold pointer to St r i ng data(si zeof (char *))
[] construction: perhaps newto allocate space for data
[ usage: perhaps other free storing (oper at or =(), ...)
[ destruction: perhaps del et e to deallocate data

[] deallocation of memory for pointer

[0 Goal: conceal all free store business from client (user)
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Pointer Data Members St ri ng Class Skeleton

class String {

public:

... /'l constructors, destructor,
private:

char *str; /'l place to store string val ue
3

[0 For information hiding, don’t let client know value of st r

[0 What functions should bein publ i c?

[0 A good start: what do constructorslook like?
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Pointer Data Members St ri ng Constructors

[0 Default constructor

String() { /1 Default: enpty string
str = new char[1];
assert(str '= 0); /'l checking
str[0] ="\0; [r=""

}

[0 Char * constructor

String(const char *s) {

if (s) { /| safety
str = new char[strlen(s) + 1]; // allocating
assert(str !'= 0); /'l checking
strcpy (str, s); /'l copyi ng
} else {
str = new char[1];
assert(str !'= 0); /'l checking
str[0] = "'\0"; [/ =""
}
}
[ Useof default argument would save extra default constructor code
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Pointer Data Members St ri ng Copy Constructor

[J Copy Constructor

String(const String& rhs) {
int len = strlen(rhs.str);
str = new char [len + 1]; // allocating

assert(str '= 0); /'l checking
strcpy (str, rhs.str); /'l copying
}
0 Recall:

[0 Signature: cl assnanme(const cl assnane&);
[0 Copy constructor initializes from another (existing) object

[0 no need for null pointer checkas rhs. str = 0 aways

[1 Default constructor, char * constructor, and copy constructor share alot of code

[0 Use private helper function (e.g., set _str)
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Pointer Data Members set _str()

#i ncl ude <assert. h>
#i ncl ude <string. h>

/'l safe (checking s, not str) and sound, all in one place

voi d set _str(const char *s) {

i f (s) { /| safety
int len = strlen(s);
str = new char [len + 1]; /1 allocating
assert(str !'= 0); /'l checking
strcpy (str, s); /'l copying

} else {
str = new char[1];
assert(str !'= 0); /'l checking
str[0] = "\0"; [ =""

}

[ Can now be used by constructors and others....
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Pointer Data Members Constructor §/Destructor

[ Default and copy constructor

class String {

public:
String(const char *s = 0) { set _str(s); }
String(const String& rhs) { set_str(rhs.str); }

private:

char *str;

void set _str(const char *) { /* ... */ }
}

Recall: constructors responsible for initialization

[0 pointer initialization: alocate memory from free store, or set to 0

[0 Destructor
~String(void) {delete [] str;}
When St ri ng object leaves scope, destructor (responsibility: cleanup) is called

0 Rule: cal delete for each pointer data member
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Pointer Data Members

Access Member Function

class String {
publi c:
const char *c_str(void) {
return (const char *) str;

}
b
[0 WithConpl ex real (),acopyofre isreturned
[0 Sotowithc_str(),acopyofstr pointerisreturned
[0 But, copy refersto address of character array itself
[1 Client could change character array indirectly! Ouch!
[0 const ensuresthat thiswill not happen:
String sl1, s2(sl), s3 ="l ams3";
char *csl = s2.c_str(); /'l error!
const char *cs2 = sl.c_str(); Il K
cout << s3.c_str() << endl; Il K
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Pointer Data Members

Page 117

St ri ng Assignment Operator

/ | poor

i npl enent ati on

String& operator=(const String& rhs) {
delete [] str;
set _str (rhs.str);
return *this;
}
String s4("foo"), s5("bar");
flojo|\O b|a \0
str str
s4 = sb;
N
flqg \0 b|a \0
// str
bjla/r \O

[0 Recall: reference returned for daisy-chaining

s4 = s3 = s2 = "And now sonething conpletely different...";

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM

Page 118



Pointer Data Members St ri ng Assignment Operator

String& operator=(const String& rhs) { / | poor inplenentation
delete [] str;
set _str (rhs.str);
return *this;

}
O Whatif
String* ps6 = &s4;
b flojo|\O
: str
ps6: o~ >
/1 and | ater
*ps6 = s4,
?7?7?
. str
ps6: o>
[0 Weneed to check for self assignment!
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Pointer Data Members St ri ng Assignment Operator

class String {
public:
String& operator=(const String& rhs) {
if (this !'= &hs) {
delete [] str;
set_str(rhs.str);

}
return *this;
}
b
[l ... later
sl = s2;

[0 Note: Self-test performed on object addresses, not (char *) vaue
[ Earlier reason for self-test: speed
[0 Now also: avoid catastrophic delete beforeset _str ()
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Pointer Data Members (char *) toStri ng Assgnment

[0 WecaninitiaizeaSt ri ng with a character string; how about assignment?
s4 = "zap"; [/ works!!
[0 How doesthiswork? [0 Compiler automatically generates code along the lines of
String tnmp("zap");
s4. operator=(tnp);
tnmp. ~String();
[0 For efficiency, we can do better by implementing a character string assignment operator:
class String { public:
String& operator=(const char *rhs) {
if (str ==rhs) return *this;
delete [] str;

set _str(rhs);
return *this;

}
}i

s4 = "baz";

[J Modify member functionc_str ( char *) not necessary because of oper at or =( char *)
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Pointer Data Members oper at or =() Lessons

[J There can be several overloaded versions of the assigment operator.
T& operator=(const T&) issometimes called copy assigment operator

[0 Do not forget the self-test!
[0 Haveoper at or =() assign all data members (just like constructors)

[0 Another difference to copy constructor (recall earlier table):

00 todel et e old free store allocation

[0 After oper at or =() invocation
[0 corresponding pointer fields are not the same, but

0 typically point to copies of the same data (deep copy)

[0  Without copy constructor and oper at or =() definitions
0 compiler will perform memberwise copying (bitwise)
00 leadsto incorrect multiple pointers to same data

0 Opointer datafields [0 define copy constructor and oper at or =() !!!!
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Pointer Data Members Other St ri ng Capabilities

[0 Obviousone:strlen():

class String {
public:
int length(void) { return strlen(str); }
3
Equality testing (oper at or ==())
String concatenation (oper at or +( ) , oper at or +=())
Findingachar inaStri ng
FindingaString (or (char *))inaString

Change to lower/upper case

O O 0o o o d

[0 Let’sdefinethefirst two operators
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Pointer Data Members Equality Test Operator

[0 oper at or =() isdifferent for classes with pointer fields
0 What about oper at or==() ?

[0 Definition: equality if dereferenced datais the same

class String {
public:
bool operator==(const String& rhs) {
If (this == & hs) /1l time saver
return true;

return strcnp(str, rhs.str) == 0;
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Pointer Data Members Concatenation Operator

class String {

publi c:
const String operator+(const String& rhs) {
char* r = new char [length() + rhs.length() + 1]; /'l tenp
assert(r !'= 0);
strcpy(r, str); /1l init with |hs
strcat(r, rhs.str); /1l add rhs
String result(r); /'l construct String object
delete [] r; /'l free tenporary
return result;
}
3
Stringa="H, ", b="nom", ¢c =a + b;

[0 Recdl: cannot return referencel

[0 Usingoper at or +() resultsin 2 calls each to copy constructor and destructor!!

Proarammina in C++ O Dr. Aaron Naiman. Jerusalem Colleae of Technoloav Page 125

Pointer Data Members String.h

#i ncl ude <assert. h>
#i ncl ude <string. h>

class String { /1 bad! m ssing docunentation

public:
String(const char *s = 0) { set_str(s); }
String(const String& rhs) { set_str(rhs.str); }
~String(void) { delete [] str; }
const char *c_str(void) { return (const char *) str; }
int length(void) { return strlen(str); }

String& operator=(const char *rhs) { /* ... */ }
String& operator=(const String& rhs) { /* ... */ }
bool operator==(const String& rhs) { /* ... */ }
const String operator+(const String& rhs) { /* ... */ }
[* ... *
privat e:
void set _str(const char *) { /* ... */ }
char *str;

H
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Pointer Data Members Usingthe St ri ng Class

#i ncl ude <i ostreanp
usi ng nanespace std;
#i nclude "String. h"

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

String red = "red", blue = "blue", purple = red, clear;

/'l oops, fixing

purple = "purple";

if ((red + blue) == purple)

cout << "It’s a M RACLE! How did you get "
<< purple.c_str() << "?" << endl;

return O;
}
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Pointer Data M ember String Summary

[0 UseString classinstead of C++ character strings
00 fortunately, new C++ standard library includesst r i ng class

#i ncl ude <i ostreanp
#i ncl ude <string>
usi ng nanespace std;

string sl
string s2

= "hel | 0";

=sl + ", world!'";
cout << s2 << endl;

0 Learnabout it and useit!

[ seeaso st ri ng class description in appendix |

[0 Possible enhancements/optimizations:
[0 storelength
[0 copy into old space if possible (and avoid del et e/ new)

O reference counting (see chapter "More Class Examples")
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More on Classes Scope and Related Global Functions

[0 Member function bodies in class definition violate principle of "separation of implementation
and interface" and make it hard to read

class String {
int length(void) {
return strlen(str);

}
_—

Move member functions bodies outside of class definition
[0 Classscope: members associated to class with scope operator ": : "

class String {
int |ength(void);

3

int String::length(void) { /1l this is String::|ength()
return strlen(str); /'l not a global function

} /1 length()!
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More on Classes Scope and Related Global Functions

[ Scope operator without class name refers to global scope

int x[99];

void foo() { /| conpare to exanple
struct x {int a;},; /'l on page 55
si zeof (::Xx);

}

[0 Recdl: building aclasslibrary for othersto use
O . h#incl udedfor interface

[0 . cpp #i ncl udes. h andiscompiled away for linking

[0 Therefore, other related global functions, e.g.,
0 declaredinString. h
bool sound same(const String& const String&);
0 definedinString. cpp

bool sound_sane(const String& sl1l, const String& s2) { ... }
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Moreon Classes File Organization of Class Information

[0 Classinterface f 0o. h:
0 class foo definition
0 declarations of global functions
[0 Classimplementation f 00. cpp:
0 #include "foo.h"
O (missing) definitions of member functions
[0 definitions of global functions
[J User program pr og. cpp:
00 #include "foo.h"

O Implementation of user code (including mai n() ) that uses cl ass f oo

[0 Compilation (on UNIX):
[0 Compileclassimplementation: CC -O -c¢ foo. cpp
[0 Later compileprog.cpp: CC -O -c prog. cpp
O Andfinalylink: CC -O -0 prog prog.o foo.o0
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More on Classes Constant Member Functions

[0 const alowsthe compiler to help enforce the "read-only" constraint
const Conpl ex cpl x_pi (3.14);
cpl x_pi = 3.0; /'l error! good!
double pi = cplx_pi.real(); [/ error! oops!

[0 Problem: compiler doesn’t know whether member function changes object
0 doesn’t allow to call member function on const object

[ Solution: declare member function to be const
[0 Member function declaration: add const after parameter list

cl ass Conpl ex {
doubl e real (voi d) const;

}
0 Member function definition: add const between parameter list and function body
doubl e Conpl ex::real (void) const { return re; }

const char *String::c_str(void) const {
return (const char*) str; }
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M ore on Classes Constant Member Functions

[0 const member function can also be invoked on non-const objects, but not vice-versa

String s1 = "bini;
const String s2 = "bant;

const char *strl = sl.c_str(); /Il OKI
const char *str2 = s2.c_str(); Il X
sl = s2; /] I
s2 = sl1; /[l error!

[0 Itispossibleto overload amember function based onitsconst ness

class String {

public:
do_special (void) { /*will be called for non-const strings*/ }
do_special (void) const { /*will be called for const strings*/ }

b
[J Global and static functions cannot be declared const . Why?
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More on Classes Example: String. h

#i ncl ude <assert. h>
#i ncl ude <string. h>

class String { /1 bad! m ssing docunentation

public:
String(const char *s = 0) { set_str(s); }
String(const String& rhs) { set_str(rhs.str); }
~String(void) { delete [] str; }
const char *c_str(void) const { return (const char *) str; }
int length(void) const;
String& operator=(const char *rhs);
String& operator=(const String& rhs);
bool operator==(const String& rhs) const;
const String operator+(const String& rhs) const;

[* ... *
private:
voi d set_str(const char *);
char *str;
1
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More on Classes Example: Stri ng. cpp

#include "String. h"

int String::length(void) const {
return strlen(str);
}

String& String::operator=(const String& rhs) {
if (this !'= &hs) {
delete [] str;
set _str(rhs.str);

}

return *this

}

String& String::operator=(const char *rhs) {
[* ... *

}

[* ... *
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More on Classes Literals and Pointer to Class Objects

Literals

H

Not possible to define literals (constants) of a user—defined class
Conplex cl1 =1 + 2i; // NOT POSSI BLE!!'!
Literals of the basic types can be used if conversion constructor provided

Conpl ex c2 = 5.0; /'l calls Conpl ex(doubl e, doubl e);

Pointer to Class Objects

[ Possible to dynamically allocate objects of class type

Conpl ex *cpl = new Conpl ex; /'l uses default constructor

Conpl ex *cp2 = new Conpl ex(1.0,4.5); // uses "normal" constructor
[ Possible to dynamically allocate arrays of objects of class type

Conpl ex *carrayl = new Conpl ex[ 3] ; /1l array of 3 Conpl ex

Conpl ex *carray2 = new Conplex[3](1.0,4.5); /1 NOT POCSSIBLE !'!!

O if initialization of different values needed, use array of pointers:

Conpl ex *carray[ 3];

for (int i=0; i<3; i++) carray[i] = new Conpl ex(5*i*i);
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More on Classes Class Arrays
[0 Fixed-length arrays of class objects can be declared and initialized like arrays of built-in types:

#i ncl ude " Conpl ex. h"

int main (int argc, char *argv) {

int i=1, ial[3], ia2[] ={ 5, i, ial[2] };
Conpl ex ¢=1.0, cal[3], ca2[] = {
5.0, /'l ctor(double)
Conpl ex(3.4, 4.5), /'l ctor(double, double)
C, /'l copy ctor
call 2] /'l copy ctor
b

[0 Usebracesasusua for array initialization
O Individual element initialization (any constructor)
[0 singleargument: asis

[0 multiple arguments. use constructor form
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More on Classes Prefer ence of Member Functions

[ Situation: designing new function related to class
[0 Question: make the function global or a member?

[0 Answer in genera:
[0 makeit amember

[0 keep things object-oriented and neat

[0 E.g., for matrix multiplication: Cjxq = Aixm X Bmn
Matrix A(3,2), B(2,7);

Il ... later
Matrix C(A.rows(), B.cols()) = A* B;

[J Neatness: object callsinstead of being an argument

[0 Butin two situationsthisfails...
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More on Classes Back to Conpl ex: : oper at or +()

[0 Wecurrently have

const Conpl ex operator+(const Conpl ex& rhs) {
return Conpl ex(real ()+rhs.real (), imag()+rhs.img());

}

[l ... called by
c6 = cl + c8; /1 fine and dandy

[0 What if we want mixed-type addition?

c6 = cl + 19; [l still OK, or

c6 = 19 + cl; [l error! Wiy isn’t addition comutative?
[0 Tounderstand, look at explicit function call

c6 = cl.operator+(19); /1l inmplicit int -> Conplex conversion
c6 = 19. operator+(cl); /1l no int class, so no nenber function

0 Rule: noimplicit conversions on invoking object

[0 Solution: define global function for Conpl ex addition
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More on Classes Global Conpl ex Addition

[0 Global form for addition

const Conpl ex operat or+(const Conpl ex& | hs, const Conpl ex& rhs) {
return Conplex(lhs.real ()+rhs.real (), | hs.imag()+rhs.inmag());

}

Note single argument of Conpl ex: : oper at or +() , and two here
[0 Now both arguments of oper at or +() can be converted

Reminder: even though global, declarein Conpl ex. h, definein Conpl ex. cpp

[0 Don't forget to define related operators. e.g., defineoper at or +=() out of oper at or +()

const Conpl ex& oper at or +=(const Conpl ex& rhs) {//very bad idea!!!
return *this = *this + rhs;

}

[0 Canwedo even better? [ yes, start with oper at or +=()

I nline const Conpl ex& operator+=(const Conpl ex& rhs) {
re += rhs.re; im+=rhs.im
return *this;

}
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More on Classes K eeping Operators Consistent

[0 Defineoper at or +() out of oper at or +=()

const Conpl ex operat or+(const Conpl ex& | hs, const Conpl ex& rhs) {
return Conpl ex(lhs) += rhs;

}
[0 Also, defineoper at or ++() out of oper at or +=()
const Conpl ex& operator++() { // prefix form increnent and fetch
*this += 1; /'l should be better: this->re += 1;
return *this;

}
[0 Then, defineoper at or ++(i nt) out of oper at or ++()
[ to distinguish postfix from prefix form artificial (not-used) i nt argument is used

const Conpl ex operator++(int) { // postfix form fetch and incr.
Conpl ex ol dvalue = *this;
++(*this);
return ol dval ue;

}

[0 alwaysdefine both operatorsotherwise old compilers use operator++() for both for ms!
[0 Dothesamefor-, *, [/, ..
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M ore on Classes Friend Functions M otivation

[0 What if thereisno Conpl ex: : real () and Conpl ex: : i mag() ?
[0 Alternative: use Conpl ex: :re and Conpl ex: :im

[0 Problem
[0 datamembers are (properly) hiddeninpri vat e:
0 our function is now global

0 no access!

[1 Solution: declare our global functiontobeafri end

[0 How do | apply for f ri endship?
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M ore on Classes Friend Functions

[J Remain global functions (or member function in other class)
[0 Haveaccessto membersinpri vate: (andprotected:)of friend class

[0 Declared"fri end" inclass(e.g., in Conpl ex)
friend const Conpl ex operator+(const Conpl ex& const Conpl ex&);
0 wusualy al friends together at beginning

O "friend class foo;" within "cl ass bar" definition
O befriendsal f oo’s member functions (but not f oo’ s friends) to bar

[J Oppositeisnot true

O "friend"isnottransitive!

f oo friend-of bar 0O bar friend-of zap =|I f oo friend-of zap

[0 And the second reason for a non-member function...
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More on Classes Proper Pretty-Printing

[0 Goal: print objects
[J to appear in anatura format
O inan easy-to-use fashion
[0 Appearance: depends on object
0 Conpl ex: parenthesized, comma-separated list: (-4.3, 94. 3i)
0 String: justthepointer field (str)
[0 Ease-of-use: can we get something like:
cout << "this is ¢c3: " << ¢3 << endl;
cout << " and s2: " << s2 << endl; // no c_str()
[0 Let’stry amember function
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More on Classes Conpl ex: : oper at or <<()
[0 Firsttry: hereisthe prototype (i.e., declaration)
ostream& Conpl ex: : oper at or <<(ostream& out put);
[0 Recall: asamember function, Conpl ex object invokes (calls) the function
[0 Therefore: function invocation
c3 << cout; /1l nmost unnatural!
[J Again we want object to be an argument (and cout the invoker)
[0 Therefore, make oper at or <<() global for Conpl ex objects
ostrean® oper at or<<(ostrean& out put, const Conpl ex& rhs) {
return output << "(" << rhs.real () <<
", << rhs.imag() << "i)";
}
[0 Again, if no Conpl ex: : real () and Conpl ex: : i mag()
0 needtomakethisafri end
0 So,insummary...
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More on Classes Algorithm for Function Type Decision

In general: keep functions as membersif possible
[0 Reason for non-member function

[0 do not want object to invoke, rather be an argument
[0 Reason for global functionto beaf ri end

[0 accessto hidden data

[0 For defining function f unc for objects of classf oo

i f ( (func needstypeconversionon left most argument) | |
(func is operator>> || operator<<) ) {
make func global;
i f (func needsaccesstonon-publ i ¢ membersof fo00)
make func a friend of foo;
} else
make func amember;

[0 And why isit soimportant to hidethe data?
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Moreon Classes Reasons for Data Out of publ i c:

Client access only through library-programmer-supplied member functions:

[0 Simplicity: client needs only know member functions, and not data implementation details
[0 Uniformity: client always accesses members (object) viafunction
0 Conpl ex::real (),andnot Conplex::re
[0 Protection: to disallow client access (none, reading, writing, both)
O writingto St ri ng: : st r without proper alocation
[0 keeping datamembersin sync (e.g., aStri ng: : | en datamember for speed optimization)
[0 Correctness. only correctness of the interface functions need to be proven
[0 Forward compatibility: future classlibrary changes localized to member functions
0 will not need to change client code (as long we change the interface)

errors("well, not in your code, of course")

[J datamember name changes (Conpl ex: : re - Conpl ex:: _re)
[0 Algorithm changes
0 Underlying data structure changes (St ack<vect or > - St ack<l i nked_| i st >)
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More on Classes Math Member Operators

[0 eg., Addition: c6 = c1 + c8;

const Conpl ex operator+(const Conpl ex& | hs, const Conpl ex& rhs) {
return Conpl ex(lhs) += rhs;

}

[0 Why return const object?

0 disallow expressionslikec6 = (cl1 + c8) ++; c6++++;

[0 Why call constructor?
[J result of addition isnew Conpl ex object; very unlikely that this already existsand it isconst

[0 And why return by value (and not by reference)?

/1first wong way with allocating object on the stack

const Conpl ex& operat or+(const Conpl ex& | hs, const Conpl ex& rhs) {
Conmpl ex tenp(l hs); tenp += rhs;
return tenp;

}
0 tenp isdedlocated before leaving function scope, so returned reference is undefined!
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More on Classes Math Member Operators

//second wong way with allocating object on the heap

const Conpl ex& operat or +(const Conpl ex& | hs, const Conpl ex& rhs) {
Conmpl ex *result = new Conpl ex(| hs);
result += rhs;
return *result;

}

[0 new problem: who will call del et e for the return object?

0 memory leak!

[0 Evenif caler would be willing to take the address of the function’ sresult and call del et e oniit
(astronomically unlikely), complicated expressions yield unnamed temporaries that programmers
would never be able to get at. Example:

Complex w, X, vy, z;
w=Xx+Yy + z; /'l howto get at the result of +'s?

[0 Don't try toreturn areference when you must return an object!
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M ore on Classes

Optimized St ri ng Concatenation Oper ator

[0 String concatenation operator St ri ng: : oper at or +() very inefficient!

[0 add private helper constructor (dummy argument necessary for distinction)

class String {

privat e:
String(const char *s,

};

bool) { str =s; }

[J use new constructor for avoiding extra copying in temporary r esul t variable

const String String::operator+(const String& rhs) {

char *r = new char
assert(r !'= 0);
strcpy(r, str);
strcat(r, rhs.str);

return String(r,

}

Proarammina in C++

true);

M or e on Classes

O Dr. Bernd Mohr. FZ Jilich. ZAM

[length() + rhs.length() + 1];
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Summary Operator Overloading

[0 Operatorsthat CAN be overloaded:

Operators(@ Expression As member function Asglobal function
+ - &~ ++ -- @ (a).operator @) oper at or @ a)
+ - %/ %N &| <> == a@ (a).operator@b) operator @a, b)
= <= >= << >> & || ,
+= -= *= [= U a@ (a).operator@b) operator @a, b)
A= &= | = <<= >>=
= a=b (a) . operator=(b)
[] al b] (a).operator[](Db)
() a(b,..) |(a).operator()(b,..)
-> > a@ (a.operator@)) @
++ -- a@ (a).operator @O0) operator @a, 0)
new del ete [0 seeextradides
new] delete[]

[0 Operatorsthat SHOULD NOT beoverloaded: && ||

[0 Operatorsthat CANNOT be overloaded:

Programming in C++

* .. .
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si zeof

and global @ operators

throw typeid
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M ore on Classes Conversions

Besides the usual implicit conversions (i nt —doubl e, char -i nt, ...), C++ compilers perform
implicit conversions using the following member functions:

[0 single (non-default) argument constructors with argument type # class type

[0 toclasstypefromanother type: cl assnane: : cl assnane(anot hertype) {}

voi d foo(const String& s);

foo("l amnot a String"); /1l calls String::String(const char?*)
[0 implicit type conversion operators
[0 fromclasstypeto another type: cl assnane: : operator anothertype () {}
Conpl ex: : operator String() const { /1l no return type!!!
char *s = new char[ 32];
sprintf(s, "(%,%i)", real (), img());
String res(s);
delete [] s;
return res;
}
Conmpl ex cx(1.2,3.4);
foo(cx);
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More on Classes Conversions
[0 Guideline: if itisnecessary to convert aT into some other class U,
the conversion should be handled by classU (through conversion constructor)
Exceptions:
[0 class U source not available
[0 Uisbuilt-in C type
[0 Problem: unwanted conversions/ ambiguitieslikely
0 define explicit conversion function, e.g.,t oType()
String Conplex::toString() const;
[0 define conversion constructor expl i ci t (recent addition to C++ Standard)
explicit Conpl ex:: Conpl ex(doubl e, double);
[J useconversion operatorssparingly!
[0 Another example: we can now re-write St ri ng: : ¢_st r () asconversion function:

String::operator const char *() { return (const char *)str; }
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More on Classes Con/Destructors and the Free Store

[0 Often con/destructorscall new/ del et e (e.g., for Stri ng)

[0 Oppositeistrueaswell: for classes, new/ del et e call con/destructors of the class

/1l allocates nenory and calls default constructor
String *spl = new String;

/1l allocates nenory and calls appropriate constructor
String *sp2 = new String("hello");

/1 allocates nenory for 10 strings and
/'l calls default constructor on each of them
String *sp3 = new String[10];

/1 call destructor as well as deall ocate nenory

del ete spl;

del ete sp2;

delete [] sp3; /'l call destructor for every elenent in array

[0 Additional benefitsover C'smmal | oc() andfree()
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More on Classes Passing Objects by Reference

[J Passing an object by value (default), to or from a function, invokes copy constructor.
And a constructor call will be followed by a destructor invocation

class Coord { ... double x, vy, z; };
class Triangle { ... Coord vl, v2, v3; };
Triangle return_triangle (Triangle t) { return t; }

[0 Eight (copy) constructors and eight destructors called
[0 Solution: pass by reference (0 additional invocations)

Triangle& return_triangle (const Triangle& t) { return t; }

[J If possible, pass parameters by const reference to enable

[0 processing of const objects

[J automatic parameter conversions (non-const would change generated temporary only)
[0 Recdl: donot return referencesto

[0 local objects

[0 object alocated in function from free store

0 when new object is needed, return it by value
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More on Classes Default Member Functions

class Enpty {};
Is actually (some member functions are automatically generated by the compiler if necessary):

class Empty {
public:
Empty() {} /'l constructor (only if there is no other ctor)
~Empty() {} [// only in derived classes if base class has dtor
Enpty(const Enpty& rhs) { /'l copy constructor
foreach non-static nmenber m nm(rhs.m; }
Enpt y& oper at or=(const Enpty& rhs) { /| assignnment operator
foreach non-static nmenber m m=rhs. m }
Enpty* operator&() { return this; } /| address-of operators
const Enpty* operatoré&() const { return this; }

3
[0 What if you do not want to allow the use of this functions (e.g., assignment)?

0 declarethem pri vat e and do not define them!

privat e:
Enpt y& oper at or=(const Enpty& rhs);
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More on Classes Constructor Member Initialization Lists
cl ass NanedData {
private: String nane;
voi d *dat a;
public: NanmedDat a(const String& initNane, void *dataPtr);
b

[0 Version Assignment: usesString:: String() +String::operator=()

NanedDat a: : NanmedDat a(const String& initNanme, void *dataPtr) {
nane = initNane; data = dataPtr;

}

[0 Version Initialization: usesString:: String(const String &

NanmedDat a: : NanedDat a(const String& initNanme, void *dataPtr)
name(i ni t Nane), data(dataPtr) {}

[0 Rule: Prefer initialization to assignment in constructors
0 Also, initialization form must be used for reference or const members!

[0 Note, initidlizations done in order of definition in class, not in order of the initialization list
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M ore on Classes

Naming of Members

[0 Approach 1:

[
H

Proarammina in C++

0 member nem/ argument nem

[0 accessfunctionget mem() /set mem()

cl ass Point {

private:
int x, vy,
public:
Point(int x=0, int y=0) :
x(x), y(y) {}

voi d setx(int x) {Point::x=x;}

void sety(int y) {this->y=y;
int getx() { return x; }

int gety() { returny; }
}

Approach 3: ??7?

Do it consistently!

M or e on Classes
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[0 Approach 2:
0 member mrem_/ argument nem

0 accessfunction mem() overloading

class Point {

private:
int x_, y_;
publ i c:
Point(int x=0, int y=0) :
x_(x), y_(y) {}

void x(int x) { x_=x; }

void y(int y) { y =y; }
int x() { return x_; }

int y() { returny_; }
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Static Data Members

O

Programming in C++

What if one wants aglobal variable for aclass, e.g.,

O num nunber s for Conpl ex (probably in/decremented in con/destructors)

O max_| engt hfor St ri ng (probably set once at beginning of mai n() )

How does one associate it with the class?

And making sure to only have one copy? otherwise wasteful and error prone

static data members (also called "class variables")

New (third) typeof st ati c
Declaration: in classdefinition (in. h)

static int num nunbers;

Definition: (only once) needed elsewhere (in. cpp, notin. h)

I nt Conpl ex:: num nunbers = O;

Isjust aglobal variable (i.e., could be accessed without any class instance)

But has protection like any other data member

[0 keepitoutof public:

U Dr. Bernd Mohr, FZ Jilich, ZAM
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M ore on Classes

Static Member Functions

O

Proarammina in C++

Likest at i ¢ datamembers, it ispossibleto declare st at i ¢ member functions

cl ass Conpl ex {
public:

static void print_num) { cout << num nunbers; }

/1
}s
Associated with their class as awhole
Islike global function, but
(0 canbeprivate orprotected
[0 doesn’t pollute global namespace

Invoked any time class declaration in scope

0 can be accessed without any class instance

Conpl ex: : print_num();
t hi s pointer not defined

[0 canonly refer to static members of its class

0 const st ati c member functions not possible

M or e on Classes
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cl ass and st ruct

[J Boththe keywordscl ass and st r uct can be used to declare new user-defined types:

[

Programming in C++

[0 C++ struct scan have member functions, constructors, statics, overloaded operators, ...

The only difference is the default permission:
O cl ass membersare by default pri vat e
0 struct membersareby default publ i c

class foo {
int i;

public:
int j;

Hi

/'l private

/'l public

Usecl ass for defining new data types

Usestruct

struct foo {

int i; /1 public
private:
int j; [l private

b

[0 to define plain datarecords (especially if they must be compatible with C code)

O for defining small, auxiliary helper types (to express that they are no full-blown types)
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M ore on Classes

Inline Member Functions — Revisited

[0 Inlinefor short and sweet functions (no loops, ...)
[0 Member function definitionin
O . h: functioni nl i ne if inside class definition or declaredi nl i ne
O .cpp: functionnoti nli ne;evenifdeclaredi nli nein. h
(no expansion definition for compilation)
[0 Recdl and beware: i nl i ne isonly asuggestion to the compiler!
[0 If compiler cannot i nl i ne afunction
[0 copy of function in every module that #i ncl udes . h
[0 makes function static to avoid linkage problem
[0 Sometimes, you cannot set breakpointsoni nl i ne functionsin debuggers
0 makeit easy to switch betweeni nl i ne /noti nl i ne
O putinline definitionsin separatefile. i nl whichisincludedin . h
[0 doesn’t clutter up the class definition
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File Organization of Class Information

0 foo.inl:
0 definitionsof i nl i ne functions
[0 foo. h:
0 cl ass foo definition
[0 declarations of non-i nl i ne and global functions
O #include "foo.inl" (innormal case)
O foo.cpp:
0 #include "foo.h"
O #include "foo.inl" (duringdebugging)
[0 definitionsof non-i nl i ne and global functions
[0 foo.test.cpp [optiona, but recommended]
0 #include "foo.h"
0 containsmai n() with code which tests all the functionality of f 0o
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More On Classes File Organization: Conpl ex. h

#i f ndef COWPLEX H
#defi ne COWLEX H

cl ass Conpl ex {
public:
Compl ex(double r = 0.0, double i = 0.0);
Compl ex(const Conpl ex& rhs);
~Conmpl ex(voi d);
doubl e real (void);
doubl e i mag(void);
voi d real (double r);
voi d i mag(double i);
Conpl ex& oper at or =(const Conpl ex& rhs);
bool operator==(const Conpl ex& rhs);
/1

3
#i f ndef NO_I NLI NE
# include "Conplex.inl"

#endi f

#endi f
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More On Classes File Organization: Conpl ex. i nl

#i f ndef COVPLEX_| NL

#define COVPLEX | NL

i nline Conpl ex:: Conpl ex(double r, double i) {re =7r; im=1i;}

i nline Conpl ex:: Conpl ex(const Conpl ex& rhs) {

re =rhs.re; im=rhs.im

}

I nline Conpl ex::~Conpl ex(void) {}

i nline double Conplex::real (void) {return re;}

i nl i ne doubl e Conpl ex::imag(void) {return im}

inline void Conplex::real (double r) {re =r;}

inline void Conplex::img(double i) {im=1i;}

#endi f
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More On Classes File Organization: Conpl ex. cpp

#i ncl ude " Conpl ex. h"

#i fdef NO_I NLI NE

# define inline

# 1nclude "Conplex.inl"
#endi f

bool Conpl ex: : operat or==(const Conpl ex& rhs) {
return ((real()==rhs.real()) & (imag()==rhs.imag()));

}

const Conpl ex Conpl ex: : operat or +(const Conpl ex& rhs) {
return Conplex(real ()+rhs.real (), inmag()+rhs.inmag());

}

Conpl ex& operat or=(const Conpl ex& rhs) {
if (this == & hs) return *this;
re =rhs.re; im=rhs.im
return *this;

}
[0 Normal compiling: CC -c Conpl ex. cpp
[0 Compiling for debugging: CC -c -g -DNO_I NLI NE Conpl ex. cpp
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M ore on Classes new/del et e

[J To create an object on the heap, use the new operator
[0 new operator is built into the language
00 cannot be overloaded
O if invoked,
1.) allocates memory for the object using operator new

2.) callsconstructor of the object

[J operator new
0 can be used to alocate raw memory
void *raw_nem = operator new(50*si zeof (char));
0J can be overloaded
[0 never overload global operator new
[J should only be done on a per class basis (e.g., for efficiency)
voi d *operator new(size_t);

[0 Samerulesapply todel et e
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More on Classes Overloading new/ del et e

[0 Overloading operator newand del et e on per class basis

[0 Example:
cl ass Conpl ex {
privat e:
uni on { /] private data used either for
double re, im /]l - old data nenbers
Conpl ex *next; /'l - pointer in freelist
}
static Conpl ex* headO Freel i st; /'l class w de freelist
static const int BSIZ = 256; /1 allocation block size
public:

/'l overl oaded new / del ete declarations
static void *operator new(size_t size);
static void operator delete(void *deadobj, size t size);

/1
3
Conpl ex* Conpl ex: : headOf Freel i st = O;
const int Conpl ex:: BSl Z;
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Moreon Classes Operator new

voi d *Conpl ex: : operator new(size t size) {
/'l use global newif called fromderived cl ass
if (size !'= sizeof (Conplex)) return ::operator new size);
Compl ex *p = headO Freel i st;

/1 if pis valid, return next elenment fromfreelist

it (p) {
headOf Freel i st = p->next;
} else {
/1 allocate next block
Compl ex *newBl k = ::operator newBSI Z * sizeof (Conpl ex));

if (newBlk == 0) return O;
/1 Tink menory chunks together for free I|ist
for (int i=1; i<BSIZ-1; ++i) newBlk[i].next = &newBl k[i +1];
newBl k[ BSI Z- 1] . next = 0;
/[l return first block; point freelist to second
p = newBl k; headO Freel i st = &ewBl k[ 1] ;
}

return p;

}
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More on Classes Operator del et e

voi d Conpl ex: : operator del ete(voi d* deadOoj, size t size) {
/1 allow null pointers
if (deadQhj == 0) return;

/'l use global delete if called fromderived cl ass
i f (size !'= sizeof (Conplex)) {

.. operator del ete(deadObj);

return;

}

// add to front of freelist

Conpl ex* dead = (Conplex *) deadObj;
dead- >next = headO Freel i st;

headO Freel i st = dead;

}
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Moreon Classes Declaration vs. Definition

[J A declaration tells compilers about the name and type of an object, function, class, or template,
but nothing more. These are declarations:

extern int x; /| object declaration
I nt nunDi gi ts(int nunber); /1 function declaration
class String; /'l class declaration

[0 A definition provides compilers with further details. For an object, the definition is where
compilers allocate memory for the object. For afunction or a function template, the definition
provides the code body. For aclass or a class template, the definition lists the members of the
class or template:

i nt Xx; /| object definition

i nt nunDigits(int nunber) { /1 function definition
}

cl ass dock { /'l class definition
public:

b
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M ore on Classes Pointer to Class Members

[0 Regular pointers

int i; void foo(int i) {...}
int *ptr = & ; void (* f _ptr)(int) = &f o00;
*ptr = 5; (*f _ptr)(7);
[0 Pointer to class members
class A {
public:
int i;
void foo(int i) {...}
1
int Al:*mptr = &Ai i void (A:* nf_ptr)(int) = &A: :foo;

A a, *a ptr = new A

a.*mptr = 5; (a.*nf_ptr)(7);
a ptr->*mptr = 5; (a_ptr->*nf_ptr)(7);
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More on Classes Summary Typical Class Members

0 For
O

O

acl ass Foo wetypicaly need the following members:

Default constructor (only if reasonable default exists!):
Foo(voi d); or Foo(type = default);

(Conversion) constructors:
Foo(builtin_type); or Foo(const anot her type&);

Equality and in-equality operators (<, >, <=, >=too if Foo hastotal order)
global functions if conversion on left-most argument is needed

bool operator==(const Foo&) const;

bool operator!=(const Foo&) const;

Access functions to class members:
builtin_type getnenil() const;

const builtin_type* getnmen2() const;
const anot her type& getnenB() const;

Application specific functions members

[0 Global Input and Output operators:
ostreanm& oper at or <<(ostreanm&, const Foo0&);
| stream& operator>>(istream& Fo00&);
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More on Classes Summary Typical Class Members

[0 Ifcl ass Foo has pointer data members, we also need:

(0 Copy constructor: Foo(const Foo0&);
[0 Assignment operator (self-test!) Foo& oper at or=(const Foo&);
0 Destructor: ~Foo() ;

[0 For mathematical classes we aso define (the samefor -, *,/):
const Foo& Foo::operator+=(const Foo& { /*...*/ }

const Foo operator+(const Foo& | hs, const Foo& rhs) {
return Foo(l hs) += rhs;

}

const Foo& Foo::operator++() {
*this += 1; return *this;

}

const Foo Foo::operator++(int) {
Foo old(*this); ++(*this); return old;

}
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Rect angl e (Cto C++)

#i ncl ude <stdi o. h>

struct RE {
int h , w;
b
t ypedef struct RE Rectangl e;

voi d re_set (Rectangl e* r,
int h, int w
{r->h_=nh; r->w_=w }

int re_height(Rectangle r)
{ returnr.h_; }

int re wdth(Rectangle r)
{ returnr.w_; }

int main() {
Rectangl e r;
re set(&, 5, 8);
printf("%l\n", re_height(r));
}

Programming in C++

#i ncl ude <i ostreanp
usi ng nanespace std;

struct Rectangle {

int h , w;
3
void re_set (Rectangl e& r,
int h, int w
{r.h_=h; rrw =w }

int re_height(const Rectangle& r)
{ returnr.h_; }

int re_w dth(const Rectangle& r)
{ returnr.w_; }

int main() {
Rectangl e r;
re set(r, 5, 8);
cout << re_height(r) << endl;

}
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More Class Examples

Rect angl e (Smple" Class")

#i ncl ude <i ostreanp
usi ng nanespace std;

struct Rectangle {

int h, w;

3

voi d re_set (Rectangl e& r,

int h, int w

{r.h_=h; rrw =w }

i nt re_height(const Rectangle& r)
{ returnr.h_; }

int re_wi dth(const Rectangle& r)

{ returnr.w_; }

int main() {
Rectangl e r;
re set(r, 5, 8);
cout << re_height(r) << endl;

}

Proarammina in C++
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#i ncl ude <i ostreanr
usi ng nanespace std;

struct Rectangle {
int h, w;

void set(int h, int w

{ this->h_ = h;
this->w_ = w }
I nt height() const

{ return this->h_; }
int width() const
{ return this->w_; }
3
int main() {
Rectangl e r;

r.set(5, 8);
cout << r.height() << endl;

}
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Rect angl e (t hi s Not Necessary)

#i ncl ude <i ostreanp
usi ng nanespace std;

struct Rectangle {
int h , w;

void set(int h, int w
{ this->h_ h;
this->w_=w }

i nt height() const
{ return this->h_; }

I nt width() const
{ return this->w_; }

b
int main() {
Rectangl e r;
r.set(5, 8);
cout << r.height() << endl;

}

Programming in C++
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#i ncl ude <i ostreanp
usi ng nanespace std;

struct Rectangle {
int h , w;

voi d set(int h,
{ h_ =h;
w w, }

int w)

I nt height() const
{ return h_; }

Int width() const
{ return w_; }

b
int main() {
Rectangl e r;

r.set(5, 8);
cout << r.height() << endl;

}
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More Class Examples

Rect angl e ("real" Class)

#i ncl ude <i ostreanp
usi ng nanesapce std;

struct Rectangle {

void set(int h, int w
{ h_=h w =w }

I nt height() const
{ return h_; }

int width() const
{ return w_; }

3
int main() {
Rectangl e r;
r.set(5, 8);
cout << r.height() << endl;

}

Proarammina in C++

More Class Examples

#i ncl ude <i ostreanr
usi ng nanespace std;

cl ass Rectangle {
private:
int h , w;

publ i c:
Rectangl e(int h, int w
{ h_=h w =w }
I nt height() const
{ return h_; }

int width() const
{ return w_; }

};
int main() {
Rectangle r(5, 8);

cout << r.height() << endl;

}
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Rect angl e (Outlined Methods)

#i ncl ude <i ostreanp
usi ng nanespace std;

cl ass Rectangl e {
private:
int h , w;

publ i c:
Rectangl e(int h, int w)
{ h_=h w =w }
i nt height() const
{ return h_; }

I nt width() const
{ return w_; }

b

int main() {
Rectangle r(5, 8);
cout << r.height() << endl;

}

Programming in C++

#i ncl ude <i ostreanp
usi ng nanespace std;

cl ass Rectangl e {

private:
int h , w;
publ i c:
Rectangl e(int h, int w)
h_(h), w (w {}

I nt height() const;
int width() const;

3

i nt Rectangle::height() const
{ return h_; }

i nt Rectangle::w dth() const
{ return w_; }

int main() {
Rectangle r(5, 8);
cout << r.height() << endl;

}
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More Class Examples

Conmpl ex (Simple C)

#i ncl ude <stdi o. h>

struct Conpl ex {
double re, im

b

voi d add(struct Conplex *res,
struct Conpl ex cl,
struct Conplex c2) {
res->re = cl.re+c2.re;
res->im= cl.imc2.im

}

void mult(struct Conplex *res,
struct Conplex cl,
struct Conplex c2) {
res->e = cl.re*c2.re-cl.infc2.im
res->im= cl.re*c2.imcl.infc2.re;

}
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void cpl x_print(struct Conplex c) {
printf("(%,%i)", c.re, c.im;
}

int main() {
/* calculate r=(cl+c2)*c3 */
struct Conplex cl1, c2, c3, r, t;

cl.re=1;, cl.im=1
c2.re = 2; c2.im= 2;
c3.re = 3; c3.im= 3;
add( &, cl, c2);
mult(&, t, c3);

printf("r =");
cplx_print(r);
printf("\n");
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Conpl ex (Better C)

#i ncl ude <stdi o. h>

typedef struct {
double re, im

} Conpl ex;
void cpl x_init(Conplex *c,
double r, double i) {
c->e =r; c->im=i,;

voi d cpl x_add( Conpl ex *res,
Compl ex *cl
Compl ex *c2) {
cplx_init(res, cl->re+c2->re,
cl->imtc2->im;

}
voi d cpl x_mul t (Conpl ex *res,
Compl ex *cl
Compl ex *c2) {
cplx_init(res,
cl->re*c2->re - cl->infc2->m
cl->re*c2->im+ cl->infc2->re);
}

Programming in C++
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doubl e cpl x_real (Compl ex *c) {
return c->re;
}

doubl e cpl x_i mag( Conpl ex *c) {
return c->im

}

void cpl x_print(Conplex *c) {
printf("(%,%i)", c->re,
}

int min() {
/* calculate r=(cl+c2)*c3 */
Complex c1, c2, c3, r, t;
cplx_init(&l, 1, 1);
cplx_init(&2, 2, 2);
cpl x_init(&3, 3, 3);
cpl x_add( &, &cl, &c2);
cpl x_mult (&, &, &c3);
printf("r =");
cpl x_print(&r);
printf("\n");

c->im;
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More Class Examples Conpl ex (Simple C++)

#i ncl ude <stdi o. h> doubl e cpl x_real (const Conpl ex& c) {

struct Conpl ex { return c.re;

double re, im }
}s doubl e cpl x_i mag(const Conpl ex& c) {

voi d cpl x_i nit(Conpl ex& c, return c.im

double r, double i) { |}
c.re=r; c.im=i; voi d cpl x_print(const Conplex& c) {
} printf("(%,%i)", c.re, c.im;
}
int main() {
/1 calculate r=(cl+c2)*c3
Complex c1, c2, c3, r, t;

voi d cpl x_add( Conpl ex& res,
const Conpl ex& c1,

const Conpl ex& c2) { cplx_init(cl, 1, 1);
cplx_init(res, cl.re+c2.re, cplx_init(cz, 2, 2):
cl.imkc2.im; cpl x_init(c3, 3, 3);
} cpl x_add(t, c1, c2);
void cpl x_mul t (Conpl ex& res, cplx_ mult(r, t, c3);
const Conpl ex& c1, printf("r =");
const Conpl ex& c2) { cpl x_print(r);
cplx_init(res, printf("\n");
cl.re*c2.re - cl.inmtc2.im }
cl.re*c2.im+ cl.infc2.re);
}
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More Class Examples Conpl ex (Operator Overloading)
#i ncl ude <stdi o. h> doubl e cpl x_real (const Conpl ex& c) {

struct Conpl ex { return c.re;

double re, im }
b doubl e cpl x_i mag(const Conpl ex& c) {

voi d cpl x_i nit (Conpl ex& c, return c.im

double r, double i) { |}
c.re=r; c.im=i; void cpl x_print(const Conplex& c) {

} printf("(%,%i)", c.re, c.im;
Conpl ex operator+(const Conpl ex& c1, }
const Conmplex& c2) { | int main() {

Conpl ex res; /1 calculate r=(cl+c2)*c3
cplx_init(res, cl.re+c2.re, Compl ex c1, c2, c3, r;
cl.imc2.im; cplx_init(cl, 1, 1);
return res; cplx_init(c2, 2, 2);
} cplx_init(c3, 3, 3);

r = (cl + c2) * c3;
printf("r =");
cplx_print(r);
printf("\n");

Compl ex operator*(const Conpl ex& cl,
const Conpl ex& c2) {
Conpl ex res; cplx_init(res,
cl.re*c2.re - cl.infc2.im
cl.re*c2.im+ cl.inmc2.re); }
return res;

}
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More Class Examples

Conpl ex (Declartions, | OStreams)

#i ncl ude <i ostreane
usi ng nanespace std;

struct Conpl ex {
double re, im };

voi d cpl x_init(Compl ex& c,
doubl e r, double i) {
c.re=r; c.im=i;

}

Conpl ex oper at or +(const Conpl ex& c1,
const Compl ex& c2) {

Compl ex res;
cplx_init(res, cl.re+c2.re,
cl.imc2.im;

return res;

}

Conpl ex operator*(const Conpl ex& cl,
const Conpl ex& c2) {
Complex res; cplx_init(res,
cl.re*c2.re - cl.infc2.im
cl.re*c2.im+ cl.imc2.re);
return res;

}
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doubl e cpl x_real (const Conpl ex& c) {
return c.re;
}

doubl e cpl x_i mag(const Conpl ex& c) {
return c.im
}

ostrean&
oper at or <<(ostreami ostr,
const Conpl ex& c) {

return
ostr << "(" << c.re
<< II,II << C_im<< Ili)ll;

}

int main() {
/1l calculate r=(cl+c2)*c3

Conplex cl1; cplx_init(cl, 1, 1);
Compl ex c2; cplx_init(cz2, 2, 2);
Conplex c3; cplx_init(c3, 3, 3);
Conplex r = (cl1 + c2) * c3;
cout << "r =" << r << endl;
}
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Conpl ex (Simple" Class')

#i ncl ude <i ostreanp
usi ng nanespace std;

struct Conpl ex {

double re, im

void init(double r, double i) {
this->e =r; this->im=1i;

}

Conpl ex

oper at or +( const Conpl ex& c2) const {
Conpl ex res;
res.init(this->re+c2.re,

this->imc2.inm;

return res,;

}

Compl ex

oper at or *(const Conpl ex& c2) const {
Conpl ex res;
res.init(
this->re*c2.re-this->nfc2.im
this->re*c2.imtthis->infc2.re);
return res,;

}

Programming in C++
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doubl e real () const {
return this->re;
}

doubl e i mag() const {
return this->im

}
b
ostrean&
oper at or <<(ostrean& ostr,
const Conpl ex& c) {
return

ostr << "(" << c.re
<< n n << C.|m<< ||i)ll.

}

int main() {
/1l calculate r=(cl+c2)*c3

Conplex cl; cl.init(1, 1);
Compl ex c2; c2.init(2, 2);
Conplex ¢3; ¢3.init(3, 3);
Conplex r = (cl1 + c2) * c3;

cout << "r =" << r << endl;

}
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More Class Examples

Conpl ex (t hi s Not Necessary)

#i ncl ude <i ostreanp doubl e real () const {
usi ng nanespace std; return re;
struct Conpl ex { }
double re, im doubl e i mag() const {
' return im
void init(double r, double i) { }
re=r; im=i; .
} b
trean&
Conmpl ex 0S
oper at or +( const Conpl ex& c2) const { operat or <<(ostream& ostr,
Conpl ex res; const Conpl ex& c) {
res.init(retc2.re, imc2.in; return .
return res: ostr << "(" << c.re
} ' << "," << c.im<< i)y
Conpl :
npl ex : :
oper at or *(const Conpl ex& c2) const int main() {
P Conplei res: Pt ex ) { /] calculate r=(cl+c2)*c3
res.init(re*c2.re - infc2.im Conpl ex le cl.!n!t(l, 1)f
re*c2.im+ intc2.re); Conplex c2; c2.init(2, 2);
return res: ' Conplex ¢3; ¢3.init(3, 3);
} ' Conplex r = (¢l + c2) * c3;
cout << "r =" << r << endl;
}
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More Class Examples Conpl ex (Access Control)
#i ncl ude <i ostreanp doubl e real () const {
usi ng nanespace std; return re;
cl ass Conpl ex { }
privat e: doubl e imag() const {
double re, im } return im
public: _
void init(double r, double i) { b
re =r; im=i; ostrean&

}

Conpl ex

oper at or +( const Conpl ex& c2) const {
Conpl ex res;
res.init(re+c2.re, im-c2.im;
return res;

}

Conpl ex

oper at or *(const Conpl ex& c2) const {
Compl ex res;
res.init(re*c2.re - imc2.im

re*c2.im+ intc2.re);

return res;

}

oper at or <<(ostream& ostr,

}

const Conpl ex& c) {

return
ostr << "(" << c.real ()
<< II,II << C.in.ag() << Ili)ll;

int main() {

}

/1l calculate r=(cl+c2)*c3
Conplex cl; cl.init(1, 1);
Complex c2; c2.init(2, 2);
Conplex ¢3; ¢3.init(3, 3);
Conplex r = (cl1 + c2) * c3;
cout << "r =" << r << endl;
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More Class Examples

Conpl ex (Constructor)

#i ncl ude <i ostreane
usi ng nanespace std;

cl ass Conpl ex {

private:
double re, im
publi c:
Conpl ex(doubl e r, double i) {
re =r; im=i;
}
Conpl ex

oper at or +( const Conpl ex& c2) const {
Conpl ex res(re+c2.re,
i mrc2.1im;
return res;

}

Conpl ex
oper at or *(const Conpl ex& c2) const {
Conmpl ex res(re*c2.re-infc2.im
re*c2.imrintc2.re);
return res,;

Proarammina in C++
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doubl e real () const {

return re;
}
doubl e imag() const {
return im
}
}
ostreant&

oper at or <<(ostream& ostr,
const Conpl ex& c) {
return
ostr << "(" << c.real ()
<< """ << c.imag() << "i)";

}

int min() {
/1 calculate r=(cl+c2)*c3

Conplex c1(1, 1);
Conpl ex c2(2, 2);
Compl ex c3(3, 3);
Conplex r = (cl1 + c2) * c3;

cout << "r =" << r << endl;

}
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Conpl ex (Final Tweaks)

#i ncl ude <i ostreanp
usi ng nanespace std;

cl ass Conpl ex {

private:
double re, im
public:
Compl ex(doubl e r
doubl e i

re =r;, im=i,

oo
(o Ne]
N -
~~

}

const Conpl ex
oper at or +( const Conpl ex& c2) const {
return Conpl ex(re+c2.re,
imtc2.im;
}

const Conpl ex
oper at or *( const Conpl ex& c2) const {
return
Conpl ex(re*c2.re - inmfc2.im
re*c2.imrintc2.re);
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doubl e real () const {
return re;
}
doubl e i mag() const {
return im
}
1
ostreant&

oper at or <<(ostream& ostr,
const Conmpl ex& c) {
return
ostr << "(" << c.real ()
<< """ << c.imag() << "i)";

}

int min() {
/1 calculate r=(cl+c2)*c3

Conplex c1(1, 1);
Conpl ex c2(2, 2);
Compl ex c3(3, 3);
Conplex r = (cl1 + c2) * c3;

cout << "r =" << r << endl;
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More Class Examples FSt ack ClassInterface (.h)

#i f ndef FSTACK H
#defi ne FSTACK H

cl ass FStack {
public:
FStack(int sz = FStack _def _size);
FSt ack(const FStack& src);
~FSt ack() ;
FSt ack& operat or=(const FStacké& src);
voi d push(float val);
float pop();

bool enmpty();

private:
static const int FStack def size = 7;

float* vals;
int top, size;

void init(int tp, int sz, float* vs);

b

#endi f
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More Class Examples FSt ack Class Implementation (.cpp)

[0 Default constructor, helper function and standard member functions

FSt ack: : FStack(int sz) { init(0, sz, 0); }
void FStack::init(int tp, int sz, float* vs) {

top = tp;

Size = sz;

vals = new f| oat[ si ze];
assert (vals !'= 0);

for (int i=0; i<top; ++i) vals[i] = vs[i];
}

voi d FStack: : push(float val) {
assert (top <= size);
val s[top++] = val

}

float FStack::pop() {
assert (top > 0);
return val s[--top];

}
bool FStack::enpty() { return (top == 0); }
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More Class Examples FSt ack ClassImplementation (.cpp)

[0 FSt ack has pointer data member
[0 need copy constructor, destructor, and assignment operator

FSt ack: : FSt ack(const FStack& src) {
init(src.top, src.size, src.vals);

}
FSt ack: : ~FStack() { delete [] vals; }

[0 assignment operator: don’t forget self test, deep copy, and to return *t hi s!

FSt ack& FSt ack: : operat or=(const FStack& src) {
if ( this !'= &src ) {
delete [] vals;
init(src.top, src.size, src.vals);

}

return *this;
}
[0 Don't forget to define static data members!

const int FStack::FStack def size;
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More Class Examples Enpl oyee ClassInterface (.h)

#i f ndef EMPLOYEE_H
#def i ne EMPLOYEE_H
#i nclude "String. h"

cl ass Enpl oyee {

publi c:
Enpl oyee(const String& nane, int id);
String nane() const;
int ident() const;
const Enpl oyee* manager () const;
voi d set Manager (const Enpl oyee* ngr);
bool isDirector() const;

privat e:
Enpl oyee& oper at or =(const Enpl oyee&) ;
Enpl oyee(const Enpl oyeeg&);
String enaneg;
int eid,
const Enpl oyee* enyr;
3
#endi f
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More Class Examples Enpl oyee Class | mplementation (.cpp)

[0 Employee has pointer data member: why no copy constructor, destructor?
0 Pointer “used as’ pointer / link / reference (not for implementation of dynamic storage)!
O initializeto O or address of other object

[0 make copy constructor and assignment operator private if it makes sense

[0 Constructor: use member initialization lists for efficiency!

Enpl oyee: : Enpl oyee(const String& nane, int id)
enane(nane), eid(id), engr(0) {}

[0 Accessfunctions. const

String Enpl oyee::nane() const { return enane; }
i nt Enpl oyee::ident() const { return eid; }
const Enpl oyee* Enpl oyee::manager() const { return engr; }

[0 Other members:

voi d Enpl oyee: : set Manager (const Enpl oyee* ngr) { enmgr = ngr; }

bool Enployee::isDirector() const { return (enmgr == 0); }
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More Class Examples Rat i onal Class Definition (.h)

[0 Allow multiple inclusion of class header file; Include necessary system headers

#i f ndef RATI ONAL_H
#def i ne RATI ONAL_H

#i ncl ude <i ostreanp
usi ng nanmespace std;

cl ass Rational {

[0 private part: class specific data + any necessary helper functions

privat e:

| ong num /'l numer at or

| ong den; /1 denom nator (keep > 0!)

| ong gcd(l ong, |ong); /'l hel per function for normalization
public:

[0 Define standard member functions: constructors

Rational () : nun(0), den(1l) {}
Rational (long n, long d = 1);
/'l Rational (const Rational & rhs) : nunm(rhs. nun), den(rhs. den){}
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More Class Examples Rat i onal Class Definition (.h)

[0 Standard member functions. destructor, assignment operators
/'l ~Rational (void) {} /| conpil er generated

/'l Rational & operator=(const Rational & rhs); [// conpiler gen.
Rat i onal & operat or=(1ong rhs);

[0 Accessfunctions. const + typicaly inline!

| ong nunerator(void) const { return num }
| ong denom nat or (void) const { return den; }

[0 Unary operators. const + returnvaue!

Rati onal operator+(void) const { return *this; }
Rati onal operator-(void) const { return Rational (-num den); }
Rati onal invert(void) const { return Rational (den, num; }

[ Binary short—cut operators. not const + returnconst reference + takeconst reference!

const Rational & operator+=(const Rational & rhs);
const Rational & operator-=(const Rational & rhs);
const Rational & operator*=(const Rational & rhs);
const Rational & operator/=(const Rational & rhs);
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More Class Examples Rat i onal Class Definition (.h)

[ Binary short—cut operators for mixed mode arithmetic

const Rational & operator+=(long rhs);
const Rational & operator-=(long rhs);
const Rational & operator*=(long rhs);
const Rational & operator/=(long rhs);

[0 Increment / decrement iterators: not const + returnconst

const Rational & operator++();
const Rational operator++(int);
const Rational & operator--();
const Rational operator--(int);

[0 Conversion operator: const + no return type!

/1l -- better inplenented as explicit conversion
/1l -- function toDouble (see bel ow)
/'l operator doubl e(void) const { return double(num/den; }

b
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More Class Examples Rat i onal Class Definition (.h)

[0 Binary operators. global to get conversion on both arguments + return const value!
const Rational operator+(const Rational & |, const Rational & r);
const Rational operator-(const Rational & |, const Rational & r);
const Rational operator*(const Rational & |, const Rational & r);
const Rational operator/(const Rational & |, const Rational & r);
[J Boolean operators: global to get conversion on both arguments + takeconst reference!
bool operator==(const Rational & | hs, const Rational & rhs);
bool operator!=(const Rational & | hs, const Rational & rhs);
bool operator<=(const Rational & | hs, const Rational & rhs);
bool operator>=(const Rational & | hs, const Rational & rhs);
bool operator<(const Rational & | hs, const Rational & rhs);
bool operator>(const Rational & | hs, const Rational & rhs);
[0 Output operator: global + takeconst referencel
ostream& operator<< (ostream& s, const Rational & r);
[J Other global functions: takeconst reference
Rati onal rabs(const Rational & rhs);
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More Class Examples Rat i onal Class Definition (.h)
[0 Multi-line inline function definitions (should really beinRat i onal . i nl)

0 Assignment operators
(no self—test as there are no pointer members and probably no speed improvement)

[l conpil er generated:
/1 inline Rational & Rational::operator=(const Rational & rhs) {

[/ num = rhs. num den = rhs. den;
/1 return *this;
Il }

inline Rational & Rational::operator=(long rhs) {
num = rhs; den = 1;
return *this;

}

[0 Explicit conversion function Rat i onal - doubl e: takeconst reference

i nline doubl e toDouble (const Rational & r) {
return doubl e(r.nunerator())/r.denom nator();

}
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More Class Examples

Rat i onal Class Definition (.h)

[0 Explicit conversion functionsRat i onal — | ong: takeconst reference

I nline long trunc(const
return r.nunerator() /

}

inline |l ong floor(const
long g = r.nunerator() /

Rational & r) {
r.denom nator () ;

Rational & r) {
r.denom nator () ;

return (r.nunerator() < 0 && r.denomnator() !'=1) ? --q : Q;

}

inline long ceil (const Rational & r) {

long g = r.nunerator() /

r.denom nator();

return (r.nunerator() >= 0 && r.denomnator() !=1) ? ++q : q;

}

[0 Explicit conversion function doubl e - Rat i onal

Rati onal toRational (doubl e x,

O Dont't forget thisl ; -)

#endi f /1 RATI ONAL_H

Proarammina in C++
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Rational Helper Function (.cpp)

[0 Greatest common divisor: euclid’s agorithm
[0 keepclassRati onal loca

| ong Rational ::gcd(long u,
long a = | abs(u),

| ong tnp;

if (b >a) {

tnp = a; a = b;

}
for(;;) {
if (b == 0L)
return a;
else if (b ==
return b;
el se {
tnmp = b; b
}

}

Programming in C++

b = tnp;

a %b; a

long v) {
b = labs(v);

tnp;
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More Class Examples Rat i onal Constructor (.cpp)

[0 Put object in well-defined state
#1 ncl ude <stdlib. h>

Rational :: Rational (long n, long d) { // default values in header!
if (d == 0L) {
cerr << “Division by Zero” << endl;
exit(1);
}
/| always keep sign in nunerator
if (d<OL { n=-n d=-d; }

if (n == 0L) {
num = OL; den = 1L
} else {
/'l always keep nornalized form
long g = gcd(n, d);
num = n/g; den = d/g;

}
}
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More Class Examples Rat i onal Addition (.cpp)

[0 Start withoper at or +=()

[0 To keep operators consistent

O More efficient this way
[J Takeconst reference + returnconst reference!
[0 Avoid overflow!

const Rational & Rational ::operator+=(const Rational & rhs) {
l ong gl = gcd(den, rhs.den);
if (gl == 1L) { /1 61% probability!
num = num‘rhs. den + den*rhs. num
den*r hs. den;

long t = num* (rhs.den/gl) + (den/gl)*rhs. num
|l ong g2 = gcd(t, gl);

num = t/g2;

den = (den/gl) * (rhs.den/g2);
}
return *this;

}
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More Class Examples Rat i onal Addition (.cpp)

[ Binary short—cut operators for mixed mode arithmetic

0 g1l == 1 and rhs.den == 1 aways. simplifies considerably!

const Rational & Rational::operator+=(long rhs) {
num = num + den*r hs;
return *this;

}

[0 Binary addition operator: define out of oper at or +=()
[0 global to get conversion on both arguments
[0 Takeconst references

[0 returnconst vauel

const Rational operator+(const Rational & |, const Rational & r) {
return Rational (I) += r;
}
Proarammina in C++ 0 Dr. Bernd Mohr. FZ Jillich. ZAM Page 207
More Class Examples Rat i onal Substraction (+ O -) (.cpp)

const Rational & Rational::operator-=(const Rational & rhs) {

| ong g1 = gcd(den, rhs.den);

if (gl == 1L) { /'l 61% probability!
num = nuntrhs. den - den*rhs. num
den = den*rhs. den;

} else {

long t = num* (rhs.den/gl) - (den/gl)*rhs. num

|l ong g2 = gcd(t, gl);

num = t/g2;

den = (den/gl) * (rhs.den/g2);
}

return *this;

}

const Rational & Rational::operator-=(long rhs) {
num = num - den*rhs; return *this;

}

const Rational operator-(const Rational & |, const
return Rational (1) -=r;

}
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More Class Examples Rat i onal Multiplication (.cpp)

[0 Apply the same guidelines to multiplication operators

const Rational & Rational ::operator*=(const Rational & rhs) {
l ong g1 = gcd(num rhs.den);
| ong g2 = gcd(den, rhs.nunm;
num = (num gl) * (rhs.num g2);
den = (den/g2) * (rhs.den/gl);
return *this;

}

const Rational & Rational::operator*=(long rhs) {
| ong g = gcd(den, rhs);
num *= rhs/g;
den /= g;
return *this;

}
const Rational operator*(const Rational & |, const Rational & r) {
return Rational (1) *=r;
}
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More Class Examples Rat i onal Division (.cpp)

[0 Apply the same guidelines to division operators

[0 but do not forget specia case of division by zero!

const Rational & Rational ::operator/=(const Rational & rhs) {

if (rhs == 0) {
cerr << “Division by Zero” << endl;
exit(1);

}

l ong g1 = gcd(num rhs.nunm;

| ong g2 = gcd(den, rhs.den);

num = (num gl) * (rhs.den/g2);

den = (den/g2) * (rhs.num gl);

if (den < OL) { num= -num den = -den; }

return *this;
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More Class Examples Rat i onal Division (.cpp)

const Rational & Rational::operator/=(long rhs) {

if (rhs == 0L) {
cerr << “Division by Zero” << endl;
exit(1l);

}

long g = gcd(num rhs);

num /= g;

den *= rhs/g;

if (den < OL) { num= -num den = -den; }

return *this;

}
const Rational operator/(const Rational & |, const Rational & r) {
return Rational (1) /= r;
}
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More Class Examples Rat i onal Increment/Decrement (.cpp)

[0 Prefix operators. define out of binary shortcut operator + returnconst reference

const Rational & Rational::operator++() {
return (*this += 1);

}

const Rational & Rational::operator--() {
return (*this -= 1);

}

[0 Postfix operators. define out of prefix operators + return const vaue

const Rational Rational::operator++(int) {
Rati onal oldval = *this;
++(*this);
return ol dval ;

}

const Rational Rational::operator--(int) {
Rational oldval = *this;
--(*this);
return ol dval ;

}
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More Class Examples Rat i onal Boolean Operators(.cpp)

[1 Boolean operators
[0 global to get conversion on both arguments
[0 Takeconst references

0 returntype bool

bool operator==(const Rational & | hs, const Rational & rhs) {
return (I hs.nunerator() == rhs. nunerator() &&
| hs. denom nator () == rhs.denom nator());

}

bool operator!=(const Rational & | hs, const Rational & rhs) {
return (I hs.nunerator() !'= rhs.nunerator() ||
| hs. denom nator() != rhs.denom nator());
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More Class Examples Rat i onal Boolean Operators(.cpp)

[0 Inasense thisisacheat : -)
but simple and efficient implementation

bool operator<(const Rational & | hs, const Rational & rhs) {
return (toDoubl e(lhs) < toDouble(rhs));

}

bool operator>(const Rational & | hs, const Rational & rhs) {
return (toDoubl e(lhs) > toDouble(rhs));

}

[0 Define <= and >= outof < and == or > and == repectively

bool operator<=(const Rational & | hs, const Rational & rhs) {
return ((lhs <rhs) || (Ilhs == rhs));

}

bool operator>=(const Rational & | hs, const Rational & rhs) {
return ((lhs >rhs) || (Ihs == rhs));

}
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More Class Examples Rat i onal Global Functions (.cpp)

Example of related global function: take const reference + return value!
[0 Could overload abs, but named r abs in consistency with abs, | abs, and f abs

Rati onal rabs(const Rational & r) {
if (r.numerator() < 0) return -r; else return r;

}

[0 Output operator: takeconst reference + take/return referenceto ost r eam

ostream& operator<< (ostream& s, const Rational & r) {
if (r.denomnator() == 1L)
S << r.nunerator();
el se {
S << r.nunerator();
s << "/";
S << r.denom nator();

}

return s;
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More Class Examples t oRat i onal Conversion (.cpp)

[ Explicit conversion function doubl e - Rat i onal
[0 Uses method of continued fractions:
repeatedly replace fractional part of number to convert x with %(

[0 Example:

1 1 1 1

78333686 L, 1 J._ 1 1
1.199949 1+ 1 L1
5.00126 1
5+ =
787

0.12765 =

1/787 is very small, so approximate it with 0, then simplify:

7+ 1 7+-——l 7+—1— 7+§ #0 ar
1+-——l 1+} 6 OUell
5+0 5 [0

[J Only Problem left:  how to implement the termination rule?
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More Class Examples t oRat i onal Conversion (.cpp)

[0 Recursive implementation of method of continued fractions

static Rational toRational (double x,
double limt,
int iterations) {
doubl e intpart;
doubl e fractpart = nodf(x, & ntpart);
double d = 1.0 / fractpart;
long left = long(intpart);

if (d>1limt || iterations == 0 ) {
/| approxinmati on good enough, stop recursion
return Rational (left);
} else {
/'l remenber left part and add inverted approximtion
/1l of fractional part
return Rational (left) +

toRational (d, limt * 0.1, --iterations).invert();
}
}
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More Class Examples t oRat i onal Conversion (.cpp)

[0 Wrap internal recursive function for general usage:

Rational toRational (double x, int iterations) {
if ( x ==0.0 |]
X < nunmeric_limts<long>:mn() |
X > nunmeric_limts<long> :nmax() ) {

/'l x==0 or x too small or too large to represent in a |ong
return Rational (0, 1);

} else {

/'l setup recursive cal

/| take care of negative nunbers!

int sign = x <0.07?-1: 1;

return sign * toRational (sign * x, 1.0el2, iterations);
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More Class Examples

Example Usage: Harmonic Numbers

[0 Harmonic Number definedas H,=1/1+1/2+ 1/3+ ... + A/

Rati onal harnonic(int
Rational r = 1;
for (int i=2; i<=n;
return r;

}

n) {

++i )

r += Rational (1,i);

[0 Approximate Euler's constant y=0.57721560ut of H, =logn +y + (1/2) — (1/12%) + O(1/4n®)

int main() {

cout <<
for (int

g -=(1.0/(2*n))

cout << “n\tEuler Approx.\tHarnonic(n)” << endl;
::::::::::::::::::::::::::::::::::::::::” << endl ,
n=1; n<25; ++n) {
Rational r = harnonic(n);
double g = toDouble(r) - log(n);
* (1.0 - (1.0/(6*n)));
cout << n << “\t’ << g << \t’' << r << endl;

Proarammina in C++
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Har monic Output

n Eul er Appr ox.
1 0. 58333333
2 0. 57768615
3 0. 57731364
4 0.57724731
5 0. 57722875
6 0. 57722201
7 0. 5772191
8 0. 57721768
9 0. 57721693
10 0. 57721649
11 0.57721623
12 0. 57721607
13 0. 57721596
14 0. 57721588
15 0. 57721583
23 0. 57721569

24

o

. 57721569

Programming in C++

Har noni c( n)

137/ 60

49/ 20

363/ 140

761/ 280

7129/ 2520
7381/ 2520
83711/ 27720
86021/ 27720
1145993/ 360360
1171733/ 360360
1195757/ 360360

444316699/ 118982864
1347822955/ 356948592
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More Class Examples Example Usage: Bernoulli Numbers

: . o 0
- m+10 -
[0 Bernoulli Numbers defined as B, = EFKZ:OD « OB (+D) and B, = 1

[J great importance for the construction of asymptotic series

Rati onal bernoulli(int n) {
if (n <0) { cerr << “index out of range” << endl; exit(1); }
else if (n ==0) return 1;
elseif (n ==1) return Rational (-1, 2);
if (n %2) return O;
Rational r = O;
for (int k=0; k<n; ++k) {

r -= binomal (n+1l, k) * bernoulli(k);
}
r /= n+1;
return r;

}

[0 need routine for binomial coefficients
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More Class Examples Bernoulli Numbers

[0 Useequation % = [(n—k+1)/K] EH(E]E and use binomialsin the form of rationals

Rational binomal (int n, int k) {
if (n <0) { cerr << "“1st out of range” << endl; exit(1l); }
if (k <O0|] k>n) {
cerr << “2nd out of range” << endl; exit(1l); }
if (k >n-k) k = n-k;
if (k ==0) return 1;
return Rational (n-k+1, k) * binomal (n, k-1);
}

[0 Tabulate Bernoulli numbersfrom O to 23 (for all but n=1 the odd numbers are zero)

int main() {
cout << endl << “n\tBernoulli(n)” << endl;

cout << “==========================—==—============" << endl|;
Rati onal b;
for (int n=0; n<23; ++n) {

I f ((b=bernoulli(n)) '=0) cout << n << ‘\t’ << b << endl;
}

}
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More Class Examples

Bernoulli Output

Proarammina in C++

Ber noul 1'i (n)

-691/ 2730
716

-3617/ 510
43867/ 798
-174611/ 330
854513/ 138

More Class Examples
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Reference Counting

[0 Reference Counting : = instead of deep copy (for assignment or copy initialization) do

O useif

shallow copy but count how many objects share the data

[0 objects are often copied (through assignment or parameter passing!) and

[0 copying is expensive because objects are large / complex

[0 Example: String sl =

str

str

Programming in C++

"foo bar", s2 = s1;

flolo] |bla]r |\

0| rep

flolo| |blajr |\

0] rep

"without reference count”
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More Class Examples The Body Class
[ Reference Counting is special case of handle/body classidiom
[0 Handleclass : = user visible class
[J Body class : = Helper classfor datarepresentation
0 handleclassisfri end of body class
0 all membersof body classarepri vat e
(0 contains (typically) only ctor/dtor and necessary data members
class StringRep {
friend class String;
privat e:
StringRep(const char *s = 0) { set _str(s); } /'l constructor
~StringRep(void) { delete [] str; } /| destructor
voi d set _str(const char *); /1 auxiliary help function
char *str; /'l pointer to string val ue
int rc; /] reference counter
3
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More Class Examples

The Handle Class

O

Handleclass Stri ng
O implements extraintelligence to do the reference counting

0 forwards/ usesthebody class St ri ngRep

Private data now pointer to body class St ri ngRep

class String {
private:
StringRep *rep;

Default constructor allocates St r i ngRep object and sets reference count to 1

public:
String(const char *s = 0) {
rep = new StringRep(s); rep->rc = 1;

}

Copy constructor just copies St r i ngRep object and increments reference count

String(const String& rhs) { rep = rhs.rep; rep->rc++,
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More Class Examples The Handle Class

[1 Destructor deletes St ri ngRep object if it isno longer referenced
~String(void) { if (--rep->rc <= 0) delete rep; }

[0 Access functions "forward" operationto St r i ngRep object
const char *c_str(void) { return (const char *) rep->str; }

int length(void) const { return strlen(rep->str); }

[0 Other member functions ...

/| assignnment operators
String& operator=(const char *rhs);
String& operator=(const String& rhs);

/1l equality test operator
bool operator==(const String& rhs);

/'l concat enati on operator
const String operator+(const String& rhs);

3
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More Class Examples Assignment Operators

[0 String assignment operator
[0 deletesold St ri ngRep object if no longer referenced
0 just copies St ri ngRep object and increments reference count
0 inaddition to the usual self-test and returning areference for daisy-chaining

String& String::operator=(const String& rhs) {
if (rep == rhs.rep) /1l includes (this == & hs)!
return *this;
if (--rep->rc <= 0) delete rep;
rep = rhs.rep;
rhs. rep->rc++;
return *this;

}
[0 (char *) toString Assgnment
String& String::operator=(const char *rhs) {
if (--rep->rc <= 0) delete rep;
rep = new StringRep(rhs); rep->rc = 1,
return *this;

}
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More Class Examples Equality Test Operator

[0 Equality test operator
[J compares pointersfirst for speed
[0 "forwards' operationto St ri ngRep object

bool String::operator==(const String& rhs) {
if (rep == rhs.rep) /1 time saver
return true;
return !'strcnp(rep->str, rhs.rep->str);

}
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More Class Examples Concatenation Operator

0 (Inefficient) St r i ng concatenation operator
0 new dynamically generated character string is copied againin St r i ngRep constructor
0 could be avoided by providing additional St r i ngRep constructor that either
[0 takestwo character strings as parameters or

[0 doesn’t copy its argument

const String String::operator+(const String& rhs) {
/'l construct new val ue
char *buf = new char [length() + rhs.length() +1];
assert(buf '= 0);
strcpy(buf, rep->str);
strcpy(buf + length(), rhs.rep->str);

/'l construct result String and StringRep objects
String result(buf);

delete [] buf;

return result;

}
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Advanced I/0 Basics

[J C++ introduces a new concept for handling I/O: streams

include the C++ header file<i ost r ean® instead of <st di 0. h>
[0 IOstreams are part of the standard C++ library

usi ng nanmespace std;

[J each stream has some source or sink which can be
standard input

standard output

afile

O O O O

an array of characters

[0 Advantages of C++ stream I/O
0 typesafety
O runtime efficiency
0 extensbility
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Advanced |I/0O Theost r eamClass

|

Streams used for output are objects of this class

[0 Theinsertion oper at or <<() writesdatato anost r eam

[0 put () member function writesone char toanostream
ostream& put (char);
0 write() member function writeschar sto an ost r eam

ostrean& write(const char *buf, int nchars);

[0 Predefined ost r eam
[0 cout connected to standard output

0 cerr and cl og connected to standard error

[0 Hint: use parenthesisto guarantee order of action when printing expressions

cout << a + b; /'l OK: + has higher precedence

cout << (a + b); /1l t han <<

cout << (a & b); /'l << has higher precedence than &

cout << a & b; /'l probably error: (cout << a) &b
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Advanced |/0O Buffered Output

[ Output to ost r eamobjectsis buffered by default (like C stdio).

[0 Generaly, buffers flush only when:
O Full
[0 Program terminates
O flush() function
t

A f | ush manipulator isinserted into the stream (explained in a second)

[0 Predefined ostream
0 cout and cl og isbuffered
0 cerr isunit-buffered (i.e., its buffer is flushed after every insertion operation)

0 cout isasoflushed whenever ci n or cerr streams are accessed
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Advanced 1/0 Overloading oper at or <<()

[0 Recall: operator<<() canbeoverloaded to allow writing of user-defined types
[0 takesost r eam& asitsfirst argument

[0 returnsthe same ost r eamto allow daisy-chaining

cout << soneval ue << anot herval ue;

[0 Typica definition

ostream& operat or<<(ostreanm& ostr, const T& val) {
/1 write conponents of T
return ostr;

}

[0 Example: Conpl ex: : oper at or <<()

ostream& oper at or<<(ostream& ostr, const Conpl ex& rhs) {
return ostr << "(" << rhs.real () <<
n , n << rhS_ i rrag() << Ili )II;

}
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Advanced |/O Thei st reamClass

[ Streams used for input are objects of this class
[0 Theextraction oper at or >>() readsdatafromani stream

[0 get () member function readsonechar fromani stream

i nt get();

[0 getline() andread() member functionsread char sfromani st ream

| stream& getline(char *buf, int nchars, char delinm\n");
| stream& read(char *buf, int nchars);

[0 Predefined ci n connected to standard input
[0 Ingenera, leading whitespace characters (spaces, newlines, tabs, form-feeds, . . . ) areignored

[0 i streamcan be tested whether extraction was successful

if ( cin >> sonmevalue ) { // reading sonmevalue X ... }
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Advanced 1/0 Overloading oper at or >>()

[0 Recall: operator>>() can beoverloaded to allow reading of user-defined types
[0 takesi stream&asitsfirst argument
[0 converts charactersfromi st r eam stores them in second argument

[0 returnsthe samei st r eamto alow daisy-chaining

cin >> soneval ue >> anot herval ue;

[0 Typical definition

| stream& operator>>(istream& istr, T& val) {
/'l read conponents of T
/'l check validity I!!
return istr;

}

[0 Checking validity of istream and input charactersisnon-trivial!

O "robust" oper at or >>() for compound types hard to write

Proarammina in C++ 0 Dr. Bernd Mohr. FZ Jillich. ZAM Page 237

Advanced |/O Overloading oper at or >>()

Some useful i ost r eamfunctionality for implementing oper at or >>()

[0 Reading arbitrary text: st r i ng extractor (skips |eading whitespace, reads until next whitespace)
string buffer; cin >> buffer;

[0 If string notavalable, usethe (char *) extractor
char buffer[80]; cin >> setw(80) >> buffer;

[0 Reading any single character (e.g., if skipping leading whitespace is a problem)

int c2;
c2 = cin.get();

[0 Peeking at input (look at next character without extracting it)
I f (cin.peek() !'= ch)
[0 Pushing back a character into the stream
ci n. put back(ch);
[0 Ignorethe next count charactersor until delimiter del i misread (whatever comes first)

cin.ignore(count, delim;
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Advanced 1/0 Overloading oper at or >>()

[0 Conventions for implementing oper at or >>()

[0 After callingoper at or >>(),i streamshould "point" to thefirst illegal character

O Incaseof format errors, seti os_base: : fai | bi t and do not change output parameter

[0 Example: Rati onal : : operator>>()
accepted formats. # and #/ # where # isinteger number

| stream& operator>> (istrean& istr, Rational & r) {
long n =0, d = 1;
istr >> n;
if ( istr.peek() =="/") {
istr.ignore(l);
istr >> d;
}
if (istr ) r = Rational (n,d);

return istr;

}
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[0 Example: Conpl ex: : operat or>>()
accepted formats. #, (#) , (#, #) ,and (#, #1 ) where# isfloating-point number
| stream& operator>>(istream& i str, Conplex& rhs) {
double re = 0.0, im= 0.0;
char ¢ = 0;
istr >> c;
if (c=="(") {
istr > re >> c;
if (c ==",") istr >> im>> c;
If (c =="1") istr >> c;
if (c!=")") istr.clear(ios_base::failbit); /'l set state
} else {
i str. put back(c);
istr >> re;
}

if (istr) rhs = Conplex(re, im;
return istr;

}
[0 «till not complete: doesn’'t handle#i , (#i),. . .
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Advanced |/0 Filel/O

[0 Use"#i ncl ude <fstreanp"

[0 Instantiate object of correct stream class

| fstream Read-only files
of stream Write-only files
fstream Read/Writefiles

[0 Associate stream object with external file name by using open() function or initializer list

[0 Typical usage
ifstreamfoofile("foo"); /| open existing file "foo" readonly
of stream foofil e("foo"); /[l create new file "foo" for witing

/'l overwite if already existing
if (!foofile) cerr << "unable to open file '"foo'" << endl;

[0 use normal stream operations to read from and writeto file

foofil e << soneval ue << anot herval ue << endl;
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Advanced |/0O Fileopen Modes

[0 Set file open mode by using optional second argument

0 ios_base::in open for reading

(0 ios_base:: out open for writing

[0 ios_base::ate start position at end of file

0 ios_base::app append mode: all additions at end of file
0 ios_base::trunc delete old file contents at open

O ios_base::binary open file in binary mode

[0 Themodeis constructed by or-ing the predefined values

/'l append to file foo
of stream foofile("foo", ios_base::out|ios_base::app);
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Fileopen Modes

[0 Only the combination
of flags shown in the
table are allowed!
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Advanced I/O
[0 Comparison open mode flagswith st di o equivalents (ignoringi os_base: : at e)
I 0s_base Flag combination stdio
binary| in out |trunc| app equivalent
+ "r"
+ "W
+ + "W
+ + "a"
+ + "4
+ + + "W
+ + "rb"
+ + "wbh"
+ + + "wh"
+ + + "ab"
+ + + "r+b"
+ + + + "w+b"
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Filel/O

[0 Declaringi st r eamwithout connecting to afilename
and opening thefile later with open() (also has optional 2nd argument for file open mode)

of stream outfil e;

outfile.open("foo");

[0 Closing fi

0 fstreamdestructor closesfile automatically

les

0 manually by using cl ose()

ifstreaminfile;

f or

infile.close();
infile.clear();

Programming in C++

(char** f=&argv[1];
I nfile.open(*f,

*f

++f) {
| 0S_base::in);
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Advanced |/0

File /O Example

[0 Complicated way to calculate harmonic number Hqqg

#i ncl ude <fstreanp
usi ng nanmespace std;
#i ncl ude <stdlib. h>

int main(int, char**) {
of stream out ("i otest.out");

if (lout) {

cerr << "error opening 'iotest.out'"

}

for (int n=1;

n<=100; ++n) out << (1.0/n) << endl;

double d, sum = 0.0;
ifstreamin("iotest.out");

if (1in) {
}

cerr << "error opening 'iotest.out'"”

while (in >> d) sum += d;

<< endl; exit(1l);

<< endl; exit(1);
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cout << "sum << sum << endl;
}
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Advanced |/0O Format Control
[0 Format flags describe the stream’s current format state
Flag Flag Group Description
ski pws skip leading whitespace on input
left / right adj ustfi el d|left/rightjustification
i nt ernal padding after sign or base
dec / oct / hex basefield decimal / octal / hexadecimal conversion
fixed floatfield |fixedpoint notation
scientific exponential notation
0 genera format (default)
showbase show base indicator on output (i nt)
showpos show + sign if positive
showpoi nt always show decimal point (f | oat )
upper case uppercase hex/exponent output
uni t buf flush al streams after insertion
stdio synchronize with C stdio (non-std!)
bool al pha insert/extract booleans as text (new!)

0 All constants are part of classi os_base, eg.,i 0s_base: : showpos
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-Advanced 1/0O Format Control

[0 Stream class member functions

O

to get format flags

frmflags flags()

to set format flags (flags combined by using | " operator): fl ags = f
fnmflags flags(long f)

to set or unset additional flags: flags |= f or flags &= ~f

fmflags setf(fntflags f) frmflags unsetf(fntflags f)
fmflags setf(fntflags f, fntflags field)

to set minimum field width (Only for next value!)
int width(int) R

[0 to set number of significant digits
i nt precision(int) 1 return old values
O tofill character (default: space)
char fill (char) D,
[0 or aternatively: Stream class manipulators (inserted in stream instead of values)
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Advanced I/O Format Control Example
inline void ifnt(ostream& s, int w, io0os_base::fntflags b)
{s.width(w); s.setf(b,ios_base::basefield);}
inline void ffnt(ostream& s, io0s_base::fntflags f)
{s.setf(f,ios _base::floatfield);}
int i = 12345; double d = 3.1415;

cout. fill(" .");
cout.setf (i os_base:: showbase);

i fmt (cout, 10,i 0os_base::dec); cout << i; [ "%#10d"
i fmt(cout, 10,i 0os_base::oct); cout << i; [l "%#100"
I ft (cout, 10,i 0s_base:: hex); cout << i; [ " %#10x"

cout << endl:
cout. precision(3);

ffnt(cout,ios base::fntflags(0)); cout << d << " "; Il "% 39"

ffnt(cout,ios base::scientific); cout << d << " "; Il "% 3e"

ffnt (cout,ios base::fixed); cout << d << endl; Il "% 3f"
prints:

.. 12345....030071....0x3039

3.14 3.142e+00 3.142

Programming

in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 248



Advanced I/O Predefined Manipulators

[0 Predefined manipulators:
istreamistr; ostreamostr;

Predefined M anipulator Description
ostr << dec, istr >> dec makes the integer conversion base 10
ostr << oct, istr >> oct makes the integer conversion base 8
ostr << hex, istr >> hex makes the integer conversion base 16
ostr << endl inserts anewline character ' \ n’ ) and
calsostream : fl ush()
ostr << ends insertsanull character (' \ 0" ) .
useful when dealing with st r st r eam
ostr << flush calsostream : fl ush()
istr >> ws extracts whitespace characters
(Skips whitespace) until a non-white
character is found

[0 Also: [ no] bool al pha, [no] showbase, [ no]skipws, [no]showpoint,
[ no] showpos, [no]uppercase, scientific, fixed, left, right,

I nt er nal
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Advanced |/0O Additional Manipulators
[J Additional manipulators (those with arguments) defined in "<i omani p>"

long f; int n; char c;

istreamistr; ostreamostr;

Predefined M anipulator Description

ostr << setbase(n) Set the integer conversion base to n

I str >> set base(n)

ostr << setw(n), istr >> setw(n) |setstheminimal fieldwidthton
Only for next value!

ostr << resetiosflags(f) clears the flags bitvector according to the
Istr >> resetiosflags(f) bitssetin f

ostr << setioflags(f), sets the flags bitvector according to the
istr >> setioflags(f) bitssetin f

ostr << setfill(c), setsthefill character to c

istr >> setfill(c) (for padding afield)

ostr << setprecision(n), sets the floating-point precision

i str >> setprecision(n) ton digits
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Advanced I/O Defining a Plain Manipulator

[0 A plain manipulator is afunction that
O takesareferenceto astream
[0 operateson itin some way

O returnsits argument

[0 Example: atab manipulator

ostream& tab(ostream& ostr) {
return ostr << '"\t’;

}

cout << x << tab <<y << endl;

Thisisjust asimple example; for tabs better use

const char tab = "\t’;

cout << x << tab << y << endl;
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Advanced |/0O Defining a Plain M anipulator

[J A more complex example: switch floating-point format

#i ncl ude <i ostreanp
#i ncl ude <i omani p>
usi ng nanmespace std;

ostream& general (ostrean& ostr) {
ostr.setf(ios_base::fnmflags(0), ios_base::floatfield);
return ostr;

int main() {
doubl e pi = 3. 1415;
cout << scientific << pi << endl;
cout << general << pi << endl;
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Advanced |/0

Format Manipulators Example

#i ncl ude <i ostreanp
#i ncl ude <i omani p>
usi ng namespace std;

/1 define mani pul at or general here

int main(int, char**) {
int 1 = 12345; double d = 3. 1415;

cout << setfill (' ') << showbase;

cout << setw10) << dec << i; [ "%810d"
cout << setw(10) << oct << i; [l "%#100"
cout << setw(10) << hex << | << endl; [ "%#10x"
cout << setprecision(3);
cout << general << d << " " Il "% 39"
cout << scientific << d << " ", Il "% 3e"
cout << fixed << d << endl; Il "% 3f"
}
prints,
_____ 12345 030071___ 0x3039
3.14 3.142e+00 3.142
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Advanced |/0O Binary I/O
[0 Usage

outfile.wite((char *) &, sizeof(x));

infile.read ((char *) &x, sizeof(x));

[0 Becareful if type of x isaclass

O with pointer fields

00 virtual member functions

[0 which requires non-trivial constructor actions

O restrict usage to input/output of built-in types
[0 Example: binary read and write of doubl e:

doubl e d;

outfile.wite((char *) &d, sizeof(double));

infile.read ((char *) &d, sizeof(double));
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[l or: sizeof(d)
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Advanced I/O String 1/0

Source or sink are C++ standard library strings (st ri ng)

[0 C++equivdenttosscanf andsprintf

Use #i ncl ude <sstreane
Hasclasses ostringstream istringstream and stringstream

[0 sstream member functionst r () returns constructed string

[0 Example

#i ncl ude <sstreanr
#i ncl ude <string>
usi ng nanespace std;

ostringstream os;

int i =15, j, k;

0S << i << " is a nunber, in hex: 0Ox" << hex << i;
string s = os.str();

istringstreamis("15 18 798");

is > i > | > k;
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Advanced |1/0O Overloading oper at or <<()

[0 Problem: oper at or <<() for compound types does not obey wi dt h stream attribute

[0 useostringstreamfor temporary buffering!

[0 Example: Conpl ex: : operat or <<()

#i ncl ude <sstreanp
usi ng namespace std;

ostrean® operat or<<(ostream& ostr, const Conpl ex& rhs) {
ostri ngstream buf;
buf.flags(ostr.flags()); /'l copy stream fl ags
buf . precision(ostr.precision()); [/ copy precision

buf << "(" << rhs.real() << "," << rhs.imag() << "i)";
ostr << buf.str();
return ostr;
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Advanced 1/0 Overloading oper at or <<()

[0 Another example: Rati onal : : oper at or <<()

#i ncl ude <sstreane
usi ng nanespace std;

ostream& operator<< (ostream& ostr, const Rational & r) {
if (r.denomnator() == 1L)
ostr << r.nunerator();

el se {
ostringstream buf;
buf.flags(ostr.flags()); /1 copy stream fl ags
buf . fill(ostr.fill()); /'l copy fill character

buf << r.nunerator() << "/" << r.denom nator();

ostr << buf.str();

}

return ostr;

}
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Advanced |/0O Random File Access

Theget Pointer
[J ldentifies the current extraction point from an input stream
[0 Advances automatically when stream data is extracted
[ Can be explicitly re-positioned using the seekg() function:
| stream& seekg(streanoff nbytes, seekdir base);

[0 Current valueisreturned by thet el | g() function: streanpos tellg();

The put Pointer

[1 Identifies the current insertion point into an output stream

[0 Advances automatically when stream datais inserted

[ Can be explicitly re-positioned using the seekp() function:
ostream& seekp(streanoff nbytes, seekdir base);

[0 Current valueisreturned by thet el | p() function: streanpos tellp();

Base Position Specification
[0 base canbe i os_base: : beg (beginning of file), cur (current position), end (EOF)
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Advanced 1/0 Stream (Error) State Handling

[0 Stream Stateis represented internally for each stream by the flags
0 eof bit: EOF oninput
O failbit: format errors(e.g., number begins with |etter)
0 badbi t: no spaceleft on deviceor read from ost r eamor writeoni st r eam

[0 Use stream class methods to determine current stream state

stream state function Description

I nt good() const no state flag set?

int eof() const eof bi t set?

int fail() const fail bit orbadbit set?

I nt bad() const badbi t set?

i nt operator! () const likefail ()

oper ator void*() const returnOif f ai | bi t or badbi t set
otherwiset hi s

[0 Check stream state after any stream operation that might produce error (especially input)

[0 There are also methods for clearing or setting stream state (r dst at e, cl ear, set st at e)
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Advanced I/0 Books

Books on C++ iostreams

[0 Josuttis, The C++ Standard Library — A Tutorial and Reference,
Addison-Wesley, 1999, ISBN 0-201-37926-0.

[0 Most up-to-date and complete book on whole C++ standard library
(including iostream, string, complex, ...)

[0 Coversalso more advanced topics like streambufs and internationalization

[0 Langer and Kreft, IOStreams and Locales. Advanced Programmer's Guide and Reference,
Addison-Wesley, Januar 2000, |SBN 0-201-18395-1.

[0 Everything you want and do not want to know about iostreams

General C++ Books (but cover iostreams quite well)
[0 Stroustrup, The C++ Programming Language, Third Edition
[0 Lippman and Lajoie, C++ Primer, Third Edition
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(1] Array Redesign (I
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Array Redesign Motivation

The problems of C and C++ built-in arrays

O

The size must be a constant
0 sometimes hard to decide on in advance

[0 certainly not changed later

The array does not carry around its own size

[0 when passing arrays, size hasto explicitly passed, too

Cannot assign:

arrayl = array2; /'l error!

No range checking:

cout << arraylf-3]; /| conpiles! bad!
/1l often no runtinme error nessage

[0 Want what arrays can do, plus more...
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Array Redesign FArray Con/Destructors

O

Default constructor

const int def farray_size = 7; /1 outside class definition
FArray(int def _size = def farray_size); /1 in public: section
int len = 23; FArray fal(len); /'l note: len not const!
[0 Allocate additional memory for the array safely

0 Zeroout or initialize the array

Copy constructor

FArray(const FArray&); /1 called by

FArray fa2(fal), fa3 = faz;

Prototype to initialize with "normal™ array

FArray(const float *, int); // called by

float normal _c_array[22] ={ -4.3, 5.7, [*...*], 84.23 },
FArray fad4(normal _c_array, 22);

Destructor: primarily to deallocate free store memory
~FArray(void);
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Array Redesign FAr r ay Other Member functions

O

Assignment operator

FArray& operator=(const FArrayg&); /'l called by
fal = fa4;

Array index operator (name: operator[]())

float & operator[](int); /1l called twi ce by
fa4[ 2] = fa3[5]; /1l fad.operator[](2) = fa3.operator[](5)

[0 Returnvaue: areferenceto afloat to alow usage on |hs of assignments

const Array index operator
const float& operator[](int) const;
[0 toalow indexing constant FArray’s

0 Note: overloading based on return type is not allowed, but it is on constness of function

Getting size of an FAr r ay

int size(void) const; /'l called by
cout << "size of fa2: " << fa2.size() << endl;
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Array Redesign | nformation to be stored

[J What should internal representation look like?

privat e:
float *fa,; /1l pointer to nenory hol ding val ues
int sz; /1l size of array

[0 private: soaccessonly alowedto member functions

0 What have we paid?
[0 Eight extrabytes

[0 What have we gained?
0 extrafour bytes: FArray can be assigned and reassigned

[0 another four bytes. retain size information

[0 What dowe have so far?
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Array Redesign FAr r ay Definition (f array. h)

const int def farray_size = 7;
class FArray { /1 float array

public:
/1l constructors and destructor
FArray(int def_size = def_farray_size);
FArray(const FArray&);
FArray(const float *, int);
~FArray(void);

/1 other menber functions

FArray& operator=(const FArray&);
float & operator[] (int);

const float& operator[](int) const;
int size(void) const;

privat e:
float *fa; /1l pointer to nenory hol ding val ues
int sz; /1l size of array

3
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Array Redesign A Helper Function for Constructors

[0 Motivation: all three constructors do similar things
[0 For assistance in defining other constructors (and assignment operators)

[0 Therefore, declared in pri vat e: section of FAr r ay definition:
privat e:
void init(const float *, int);
[0  Arguments
0 optionally takeanf | oat array for initialization
[0 target array size

[0 Responsibilities
[0 Free store alocate memory for new array
[0 Check for success

0 Optiondly initialize
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Array Redesign FArray: :init() Definition

#i ncl ude <assert. h>

void FArray::init(const float *array, int size) {
/'l check vality
assert(size >= 0);

/1l initialize all class data nenbers

Sz = size;
fa = new float [size];
assert(fa !'= 0); /1 quit if new() failed

/1l initialize array values if specified
for (int index=0; index<size; index++) {
/1l did we receive an initialization array?
fa[index] = (array !'= (float *)0) ? array[index] : 0.0;

}

0 FArray:: scope
0 otherwisei ni t () would be global
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Array Redesign FArray Constructor Definitions

cl ass FArray {

public:
FArray(int def _size = def farray_size) {
init((const float *) 0, def _size);

}

FArray(const FArray& rhs) {
init(rhs.fa, rhs.sz);

}

FArray(const float *array, int size) {
init(array, size);

}

[/
}i

[1 Make constructor definitions (implicitly) i nl i ne for speed

[0 Note: init() itself cannot bei nl i ne asit includesaloop
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Array Redesign FAr r ay Destructor Definition

[0 Recall: constructors called just after allocation of memory for data members, i.e., f a and sz

[0 Symmetrically, destructors called just before deallocation of data members
[0 no need to reset the data members (f a and sz)

[0 Aside from these bytes, what €l se needs to be done?

[0 freeing up memory of free store alocated array

class FArray {

publi c:
/] constructors here

~FArray(void) { delete [] fa; } /'l note [] !
Il

[0 Note: asomadei nli ne for speed
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Array Redesign FArray: : operat or =() Definition

FArray& FArray::operator=(const FArray& rhs) {

if (this !'= &hs) { /'l self-test
delete [] fa; /]l free up current nenory
init(rhs.fa, rhs.sz); /'l copy rhs to | hs

}

return *this; /'l ref returned for daisy-chaining

}

[0 Recal: this containsthe address of calling object, e.g.,

fad = fail; /1l in FArray::operator=(), this == &f a4

O If self-testistrue, return early (aswith St r i ng)
[0 safetime (nothing to do)
[0 avoid catastrophic self-assignment
FArray & a5 = fa3, *pfa = &f a2;
/[l...later
fa3 = fab; /1l or viceversa
*pfa = fa2; [// ditto
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Array Redesign operator[] () andsi ze() Definitions
float& operator[](int index) { return fa[index]; }
const float& operator[](int index) const { return fa[index]; }
int size (void) const { return sz; }
[0 Recall: operator[] () returnsareferenceto alow for, e.g.,
fa3[4]--;
faz2[7] = fa5[2];
[0 Inlining:

0 operator=(): probably not

0 operator[]() andsi ze(): yes
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Array Redesign Using FAr r ay Class

#i ncl ude <i ostreanp
usi ng nanespace std;
#i nclude "farray. h"

voi d renove_hot (FArrayg&)

int main(int, char**) { [l for conpiler: | know that main has
[l arguments, but | don’t use them
const int numdays = 6;
fl oat tenperature[numdays] =
{ 23.1, 28.5, 21.3, 33.2, 35.5, 27.5 };// probably read in
FArray all_tenp(tenperature, num days),
not too_hot = all _tenp;

renove_hot (not _too_hot);

cout << "Tenperature of nice days:
for (int day=0; day<not_too _hot.size(); day++)

cout << " " << not_too_hot[day];
cout << endl;
}
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Array Redesign remove_hot () Definition

voi d renove_hot (FArray& day_tenp) {
const float too hot = 30.0;
int numnice = 0;
i nt day;

for (day=0; day<day_ tenp.size(); day++) {
I f (day_tenp[day] < too_hot)
num ni ce++;

}

FArray dumrmy(num nice); /1 works for numnice==0 too:
/'l creates enpty array!
num ni ce = O;
for (day=0; day<day tenp.size(); day++) {
i f (day_tenp[day] < too_hot)
dumry[ num ni ce++] = day_tenp[day];
}

day tenp = dummy;
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Array Redesign FSt ack Example

[0 UseFArray for dynamic storage

cl ass FStack {
public:
FStack(int size = FStack _def size) : vals(size), top(0) {}

voi d push(float val) {
assert(top <= vals.size()); vals[top++] = val;

}
float pop() { assert(top > 0); return vals[--top]; }

bool enmpty() { return (top == 0); }

privat e:
static const int FStack def size = 7,
FArray val s;
int top;

3

const int FStack::FStack def_ size;
[J definition of copy constructor, assignment operator, and destructor no longer necessary!
[0 si ze member no longer necessary!
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Class Templates M otivation

O

O

H

FArray finefor f | oat , but what about i nt, short,char,doubl e, etc. ?

Solution: use class templates, as with function templates

[ classtemplates describe a set of related classes much like
classes describe a set of related objects

Class definitions are generated (instantiated) by the compiler on the fly when needed:

Array<int> ia6(16); /'l generates code for array of int
Array<char> cal,; /'l generates code for array of char

doesn’'t save code compared to manual copying
but saves programming time and is less error-prone!

Some people might prefer more "natural” type names:

typedef Array<float> FArray;
FArray fa6(16);

Note: use only when the type of the objects does not affect the implementation!

What doesit look like?
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Class Templates array. h

const int def array size = 7;

t enpl at e<t ypenane T> /'l historically: <class T>
class Array { /'l name of class, ctors, dtor: Array
public: /'l otherw se: Array<T>

Array(int def_size = def_array_size) {

init((const T *) 0, def_size); }
Array(const Array<T>& rhs) { init(rhs.a, rhs.sz); }
Array(const T* ay, int size) { init(ay, size); }
~Array(void) { delete [] a; }

Array<T>& operat or=(const Array<T>§&);

T& operator[](int index) { return a[index]; }

const T& operator[](int index) const { return a[index]; }
int size(void) const { return sz; }

privat e:
T *a;
int sz;
void init(const T*, int);
¥
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Class Templates Member Definition outside of Class Definition

[0 Definition of member functions outside the template class definition also requires the
t enpl at e<. .. > specification

tenpl at e<typenane T> class Array {

public:
Array(int def_size = def_array_si ze);
/...

3

t enpl at e<t ypenane T>
Array<T>::Array(int def _size) {

init((const T *) 0, def_size),;
}

[0 Problem: Template member function definitions need to be known to the compiler

[0 cannot compiled away in separate. cpp file

[0 Solution:
0 put everything in header file
O #incl ude corresponding . cpp file at the end of header file (recommended)
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Class Templates stack. h

[0 We can finally write down a general implementation of our stack example:

tenpl at e<typenane T> class Stack {
public:
Stack(int size = def_size) : vals(size), top(0) {}

voi d push(const T& val) {
assert(top <= val s.size());
val s[top++] = val;

}
T pop() {

assert(top > 0); return vals[--top];
}

bool enpty() { return (top == 0); }

private:
static const int def _size = 7,
Array<T> val s;

int top;
3
tenpl at e<typenane T> const int Stack<T>::def_size;
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Class Templates General Remarks

[0 Main usage of classtemplates. container types

O Array<T> [0 stack<T>
0 queue<T> 0 deque<T>
O list<T> O map<K, T>
0 set<T> ]

[J But also useful for specifying base type size or precision

0 Conpl ex<T> T = float | double | | ong double

0 Rational <T> T =short | int | long | long |ong
O String<T> T = char | wchar_t | unicode |

O
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Class Templates Constraints on Template Arguments

[0 C++ provides no direct support for specifying constraints on template arguments

0 e.g., template argument to Rat i onal <T> must bei nt eger -liketype

[J Best solution so far:
[0 Write well-documented, special constraint template classes of the following form:

tenpl ate<class T> struct Is_integer like {
static void constraints(T a) { T b(0), c(1); b=a%; a<b; ..}
Is integer like() { void(*p)(T) = constraints; }
}s
[0 Constraints can be checked (inside template source code, e.g., constructor) by instantiating a
temporary constraint template class object:

| s_integer |ike<T>();
[0 Constraints can use full expressiveness of C++
[0 No codeisgenerated for a constraint using current compilers

[0 Current compilers give acceptable error messages, including the word “constraints’ (to give
the reader a clue), the name of the constraints, and the specific error that caused the failure
(e.g. “expression must have integral or enum type”)
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Function Templates Definition

[0 Defineafamily of related functions
Function template argument list is used to specify different functionsin family

Normally, each function template argument must be used as a type of some function argument in
the function argument list

[0 Different functionsin the family have different function signatures (argument list profiles)

t enpl at e<t ypenane TYPE>

inline void swap(TYPE& v1, TYPE& v2) {
TYPE t np;
tnp = vl; vl = v2; v2 = tnp;

}

doubl e x, v;

int i, j;

swap(x, y); [/ conpiler generates double version automatically
swap(i, j); // again for int

swap(x, i); [/ error! good!
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Function Templates Versus...

..Macros

Function templates are easier to read because they ook just like regular function definitions
Function template instantiation is |ess prone to context-related errors than macro expansion
Diagnostics for errors in template functions are better than for errorsin macros

Function templates have scope (e.g., they can be part of ananespace or cl ass)

Pointers to function template specializations are possible

Function templates can be overloaded or specialized

O O 0o o oo d™d

Function templates can be recursive

...Overloaded Functions

[ Use overloaded functions when behaviour of function differs depending on type of function
argument(s)

[0 Use function template when behaviour of function does not depend on type of function
argument(s)
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Function Templates Example: Defining Math Operators

Operators +, * , and prefix and postfix ++ can be defined out of +=and * = [ use function templates

tenpl ate<cl ass T> const T operator*(const T& | hs, const T& rhs) {
return T(lhs) *= rhs;

}

tenpl ate<cl ass T> const T operator+(const T& | hs, const T& rhs) {
return T(lhs) += rhs;

}

tenpl ate<cl ass T> T& operator++(T& t) {
t += T(1); return t;
}

tenpl ate<cl ass T> const T operator++(T& t, int) {
T old(t); ++t; return old;

}

cl ass Conpl ex { /* only need oper at or +=, oper at or *=, and Conpl ex( 1) */ };
[0 Disadvantage 1. function templates are global and might cause problems with other classes!
[1 Disadvantage 2: automatic conversion on arguments no longer works!
[0 will be fixed in Chapter Inheritance!
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Advanced Templates Template Specialization

[

Consider function template for afunction to compute the absolute value of a number:

t enpl at e<t ypenane T>
inline T abs(T x) {
if (x <0)
return -x;
el se
return Xx;

}

works for any type T that supports copying, unary - , and binary < (e.g.i nt or doubl e)
doesn’t work for complex numbers (not totally ordered, so typically no oper at or < defined!)
Conplex c1(2.3, 7.8), c2 = abs(cl); // error!

use template specialization

tenpl ate<> inline doubl e abs(Conplex z) {
return sqrt(z.real ()*z.real () + z.imag()*z.img());

}
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Advanced Templates Template Specialization

O

O

Class templates may also be specialized:

t enpl at e<t ypenane T>
class Array {
public:
/1l definition of an array of any type ...
3
tenpl at e<>
cl ass Array<bool > {
public:
/1l definition of an array of bool’s => bitvector
/Il e.g., pack 8 bits per byte
3
Array<int> x(10); /'l uses Array<T>
Array<bool > bvec(64); /'l uses Array<bool >

Specialized class
[0 has specialized implementation

[0 can have specialized or different interface
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Advanced Templates Advanced Templates

[J Template function overloading

tenpl ate<cl ass T> void foo(T); Il #1

tenpl ate<cl ass T> void foo(T*); /] #2

tenpl ate<cl ass T> void foo(T**); /'l #3

int i;

int *pi = & ;

int **ppi = &pi;

foo(i); Il calls #1
foo(pi); /'l calls #2
foo(ppi); /'l calls #3

[0 Explicit qualification of template functions (if type cannot be deduced from supplied arguments)

tenplate<class T> inline T min(T x, Ty) { return(x<y ? x : vy); }
int i; long I;

int a=mn<int>(i, |);

tenpl ate<class T, class U> T nmake(U u);

Thing t = make<Thi ng>(1. 23);
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Advanced Templates Member Templates

[0 Problem: implicit type conversions are not inherited by template container classes!
tenpl ate <typenane T> class Array { /*...*/ }

Array<int> vi1;
Array<short> v2;
vl = v2; /] Error!

[ use member templates to define generic assignment operator

tenpl at e<typenane T> class Array { /1 old

public:
Array<T>& operat or=(const Array<T>&);
Il
3
U
tenpl at e<typenane T> class Array { /'l new
publi c:

t enpl at e<t ypenane T2>
Array<T>& operat or=(const Array<T2>&);
I

b
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Advanced Templates Member Templates

[0 Implementation of member templates outside class definition requires the usual prefixes:

t enpl at e<t ypenane T>

t enpl at e<t ypenane T2>

Array<T>& Array<T>::operator=(const Array<T2>&) {
Il

}

[0 Of course, member templates can be used for other member functions as well

[0 eg., generic constructors

[0 Member templates can implement generic member functions inside
O classtemplates

0 "ordinary" classes
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Advanced Templates Template Parameters

[0 Template parameters are not restricted to one type ("t enpl at e<t ypenane Type>")
there can also be

[0 more than one parameter
00 integra constants (i nt, bool ,char, ...)
[0 pointer types and pointer to functions

/[l Two type paraneters
tenpl at e<t ypenane typel, typenane type2> ...

/'l One type paraneter, one integral paraneter
tenpl ate<typenane T, int N> ...

/'l Pointer to function paraneter
t enpl at e<doubl e Tfunc(double)> ...

/1l NMonstrosity
tenpl ate<typenane T, T Tfunc(T), int N, bool Flag> ...

[0 Note: template parameter may not be floating-point constants
because the result could differ between platforms
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Advanced Templates Default Template Parameters

[0 Template parameters can aso have defaults (very much like function default parameters)

tenplate<int N = 10, typenane T = char>
cl ass Fi xedArray {

T data[ N ;
I
3
Fi xedArray<100, int> alO0_ints; /1 1ike int a]100];
Fi xedArray<256> b256 char; /'l char b[256];
Fi xedArray<> cl1l0_char; /'l not: FixedArray c10 char; !

[J Note: onlysclasstemplates can have default template parameters!
(not function or member templates)
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Templates Final Remarks
[0 templates : = intelligent macros that support C++ naming, typing, and scope rules

[0 Template Design
[0 write concrete example class or function first and test it
[0 possibly: use"pseudo" parameters like
typedef T <concrete-type-like-int>;
to write concrete example class or function
[0 will be easier to convert to template | ater

[0 then re-write astemplate(s)

[0 Templatesalow so-called Generic Programming in C++ (more later)
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| nheritance M otivation

[0 What has FAr r ay bought us?

[0 Thesizeof the FAr r ay need not be constant [

0 TheFArray knowsitsownsize [

00 FArray assgnment: fa4 = fa6; [

0 Rangechecking: cout << fa2[-3]; [/ still bad! [O
[0 What are our options for FAr r ay range checking?

[0 Addthiscapabilityto FArray: : operator[] ()

[0 Problem: thismay be slow, not aways desired, e.g.:

for(int i=0; i<fa3.size(); i++) fa3[i]=0.0; /1 just fine
VS.

cin >> farray_i ndex; /1l unsaf e!

cout << fal[farray_ i ndex];

[0 Defineanew classsaf eFAr r ay
[0 Problem: thiswill repeat lots of code, error prone
O Inheritance: Create a subclass!
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| nheritance Basic Idea

[0 Goal: anew, derived class (subclass) whose objects are both UML: (Unified Modeling
0 objects of the base class (superclass), and also Language)
[ specific, specialized objects of the base class base
derived

[0 singlemost important rule: aderived object is-a base object, but not vice versa

[0 Inheritance is commonly used in two ways
0 reuse mechanism
[J away to create anew class that strongly resembles an existing one (like saf eFAr r ay)
[J abstraction mechanism:
[J atool to organize classes into hierarchies of specialization
[0 describe relationships between user-defined types
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| nheritance Theisa Test

[J Suppose our triangle class

class triangle { private: Coord v1, v2, v3; /*...*] };

[ Possible derived classes:
[0 particular characteristic: right _triangle
[0 additional field (col or): col or _triangle
[0 they passtheis-a test

[0 Not possible derived classes:
[0 particular characteristic: tri angl ar _pi pe (isapi pe,butnotatri angl e)
[0 additional field (v4): rectangl e

0 they fal theis-a test

[0 Note: triangl ar_pi pe will probably includet ri angl e data member (hasA)
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| nheritance Basics

[0 Derived classinherits member functions and data members from base class
[0 inaddition to its own members

[0 exceptions. constructors, destructors, oper at or =() , and friends are not inherited

[0 Accessrulesfor derived class implementation:

members of base class | can be accessed in | can be accessed in compare to:
which are base class derived class client code
public l [ O
private [ [ W
prot ect ed [ H O
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I nheritance Derived Class Definition

[0 General form of derived class definitions:

cl ass DerivedC assNanme : AccessMet hod BaseC assnane ({
[* ... %]
3

where AccessMet hod isone of the following:
public inherited publ i ¢ base class members stay publ i ¢ in derived class

(private inherited publ i ¢ base class members become pr i vat e in derived class)

[0 does affect accessrights of client code and classes which derive from derived classes

[0 specifying AccessMethod publ i ¢ isimportant asthe defaultis pri vat e!

[0 Note: theis-atest only appliesto publ i ¢ inheritance!
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| nheritance

Summary: Access Control

Public inheritance

class b {
private: int prv;
protected: int prt;
publ i c: I nt pub;
void f() {
[/l access to pub, prt, prv
}
1
class d: public b {
private: I nt dprv;
publ i c: I nt dpub;
voi d df () {
/1l pub, prt, dpub, dprv, f
}
3

void func() { /1b::pub, b::

/1d::pub, d::dpub, d::f, d:

}

Proarammina in C++

| nheritance

f
df

O Dr. Bernd Mohr. FZ Jilich. ZAM

Private inheritance

class b {

private: int prv;

protected: int prt;

publ i c: I nt pub;
void f() {
/] access to pub, prt, prv
}

1

class d: private b {

private: I nt dprv;

public: I nt dpub;
voi d df () {
/1l pub, prt, dpub, dprv, f
}

3

void func() { /1Db::pub, b:
//M d: dpub>< d : df

Page 301

saf eFArray

[0 how about our saf eFAr r ay class?

#include "farray. h"

cl ass safeFArray :
public:

/'l new constructors needed (not

/| destructor and operator= not

public FArray {

UML:

FArray

‘f

safeFArray

i nherited)
i nherited but default OK

/'l override definition of operator[]() and operator[]() const

b

[0 Placedin"saf ef array. h"

Programming in C++
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| nheritance Constructors and Destructors

[0 Constructors for the base class are always called first, destructors for base classeslast. e.g.,

cl ass base { public:
base() { cout << "constructing base" << endl; }
~base() { cout << "destructing base" << endl; }

3
cl ass derived : public base {
public:
derived(){ cout << "constructing derived" << endl; }
~derived(){ cout << "destructing derived" << endl; }
3
int main(int, char **) {
derived d;
}
will print out

constructing base
constructing derived
destructing derived
destructing base
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| nheritance saf eFArr ay Constructors

[0 Problem: if not otherwise specified, default constructor of base classis called

0 forsaf eFArray, weawayswould end up with FArray(def _farray_si ze)

[0 Solution: use the following syntax to specify the base constructor to call:
(special case of general member initialization list)

class safeFArray : public FArray {

public:
safeFArray(int size = def _FArray_size) : FArray(size) {}

saf eFArray(const FArray& rhs) : FArray(rhs) {}

saf eFArray(const float* fa, int size) : FArray(fa, size) {}

[/
b

[0 Note: nothing else needs to be constructed
[0 copy constructor cantake FArray’s

[0 Note: only direct base classinitialization possible
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Inheritance saf eFArray: : operator[] ()

[0 welike and keep declaration/interface and must match return value as well, but
[1 definition needs reworking, e.g.,

#i ncl ude <assert. h>
#i ncl ude "safefarray. h"

float & saf eFArray: :operator[] (int index) {
assert(index >= 0 & index < size()); /Il exit on failure
return FArray::operator[](index); // reuse base inplenentation

}

const float& safeFArray::operator[](int index) const {
/'l same as above. ..

}
[0 both versionsof oper at or[] (), const and non-const, must be overridden
[0 if possible, reuse base function definition
[0 Placedin"saf ef array. cpp”
[0 safeFArray::operator[]() replacesFArray: :operator[]() !!!
(unlike constructors/destructors)
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| nheritance Automatic Conversions

[0 Rule: derived objects, pointersto derived objects, and references to derived objects are
automatically converted to corresponding base objects if necessary:

class base { /*...*] },; class car { /*...*] };

cl ass derived : public base { class rv : public car {
[*. .. %] [*. .. %]

b 3

voi d base func (base& b); void drive (caré& c);

voi d devd_func (derived& d); void live_in (rv&r);

base b; car c;

derived d; rv r;

base_func(b); drive(c);

base func(d); /1l dis-a base drive(r); [l r is-a car

devd_func(d); live in(r);

devd_func(b); /1 error! live_in(c); Il error!

[0 C++ permissions follow is-a model.
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|nheritance Static Binding

O if ainherited member function is overridden by a derived class and called through a pointer or
reference, the type of the pointer/reference object itself determines what function gets called:

cl ass base { class car {

voi d foo(void); voi d park(void);
3 b
cl ass derived : public base { class rv : public car {

voi d foo(void); voi d park(void);
3 3
derived d, *pd=&d, &rd2=d; rvr, *pr=&, &rr2=r
base b, *pb=&b, & b=b, &rdil=d; car ¢, *pc=&c, &rc=c, &rl=r;
pb->f oo(); /1 base::foo() pc->park(); // parks car
rb. foo(); rc. park();
pd- >f oo(); /'l derived::foo() pr->park(); [/ parks rv
rd2.foo(); rr2.park();
pb = pd; /1l or: pb = &d; pc = pr; /'l rv is-a car
pb->f oo(); /1 base::foo()!!! pc->park(); // parks rv like
rdl. foo(); rrl.park(); // a car (ouch!)

[0 static binding, i.e., type of member function determined at compile time
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|nheritance Dynamic (or Late) Binding

[0 if avi rt ual member function is overridden by a derived class and called through a pointer or
reference, the type of the pointed to/referenced object determines what function gets called:

cl ass base { class car {
virtual void foo(void); virtual void park(void);
} b
cl ass derived : public base { class rv : public car {
virtual void foo(void); virtual void park(void);
b ¥
derived d, *pd=&d, &rd2=d; rv r, *pr=&, &rr2=r;
base b, *pb=&b, &rb=b, &rdil=d; car ¢, *pc=&c, &rc=c, &rl=r;
pb->f oo(); /1 base::foo() pc->park(); // parks car
rb.foo(); rc. park();
pd->f 0o() ; /1 derived::foo() pr->park(); // parks rv
rd2. foo(); rr2. park();
pb = pd; /1l or: pb = &d; pc = pr; /1l rv is-a car
pb->f oo(); /'l derived::foo() pc->park(); [/ parks rv like
rdi. foo(); /1 good! rrl.park(); // a rv (good!)

[0 dynamic binding, i.e., type of member function determined at run time
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|nheritance Virtual Functions Design | ssues

Rule: Never redefine an inherited non-virtual function!
Derived class by adding fields to subclass:
O likely oper at or =() and oper at or ==() (at least) will change
0 makethemvi rtual inbaseclass
[J Destructor called through pointer when using new/ del et e
[ static/ dynamic binding rules applies
base *pb; derived *pd = new derived;

/Il ... later
pb = pd; delete pb; // only calls base::~base()!!!

[0 makedestructorsvi rt ual inbaseclass (if base has>1 virtual member function;
if not, shouldn’t be base class in the first place)

0 But: virtual functions cause run-time (indirect call) and space (virtual table) overhead
If function needsto bevi r t ual
[0 another reason to use member vs. global function

[0 Virtual functions supply subclasses with default definitions
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| nheritance Pure Virtual Functions

[0 What if thereisno (useful) default definition?
cl ass Shape {

public:
virtual double area(void) const = O; /'l pure virtual
I

3

class Rectangle : public Shape { /* ... */ };

class Crcle : public Shape { /* ... *| };

[0 effectsof = 1 pure virtual function(s)
[0 Shape isan abstract base class (ABC)
[0 cannot create objects of class Shape
[0 but can build subclasses on top of Shape
[0 subclasses (Rect angl e and Gi r cl e) must
O implement pure virtual functions (and become concrete subclasses), or

O inherit them, and become an ABC themselves
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|nheritance Dynamic Binding Example

[0 Example:
Define framework for geometrical shapes like rectangles and circles.
Each shape has a center (X, y) and methods to move the object and to calculate its area.

UML:
Shape
# x: int
#y: int
+ nmove()
+ area() + - public member
# - protected member
- - private member
Rectangle Circle abstract member
- h: int - r:oint
- W int
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| nheritance Dynamic Binding Example
[0 shape. h:

cl ass Shape {
protected: int x , y ; [/ center
publi c: Shape(int x, int y) : x_(x), y_(y) {}
virtual double area() const = O;
void nove(int dx, int dy) { x_ +=dx; y_ += dy; }

}
cl ass Rectangle : public Shape {
private: int h, w;
public: Rectangle(int x, int y, int h, int w
Shape(x, y), h_(h), w_(w {}
virtual double area() const { return h_*w_; }
3
class Crcle : public Shape {
private: int r_;

public: Crcle(int x, int y, int rad) : Shape(x, y), r_(rad) {}
virtual double area() const { return r_*r_ *3.1415926; }

b
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|nheritance Dynamic Binding Example

[J Main program:

#1 ncl ude <i ostreane
usi ng nanmespace std;
#i ncl ude "shape. h"

doubl e area(Shape *s[], int n) {
doubl e sum = 0. 0O;
for (int i=0; i<n; ++i) sum+= s[i]->area();
return sum

}

int main(int, char**) {
Shape *shapes|[ 3];

shapes[ 0] = new Rectangl e(2, 6, 2,10);
shapes[1] = new GCircle(0,0,1);
shapes[ 2] = new Rectangl e(3,4,5,5);
cout << "area: " << area(shapes, 3) << endl;
for (int i=0; i<3; ++i) shapes[i]->nove(1l0, -4);
}
O prints. area: 48.1416
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|nheritance Dynamic Binding Example without I nheritance

cl ass Shape {
public: enum kind { REC, CIR };
Shape(int x, int y, int h, int w)

x_(x), y_(y), h_(h), w(w, t_(REQ, r_(0) {}
Shape(int x, int y, int r)

x_(x), y_(y), h_(0), w(0), t (AR, r_(r) {}
void nove(int dx, int dy) { x_ +=dx; y_ += dy; }
doubl e area() {

switch (t_) {

case REC. return h_*w;

case CIR return r_*r_*3.1415926;

defaul t: return 0.0;

}
b
private: int x , vy, h, w, r_;
kind t_;
3
[0 Adding new shape requires changes everywhere ki nd is used (don’t forget one!)

[0 Recompilation of al source files necessary which depend on Shape!
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|nheritance Member Function Virtuality

Summary: for publ i ¢ inheritance (derived is-a base), the following rules apply:

[0 pure virtual function
O function interface only isinherited

[0 concrete subclasses must supply their own implementation

[0 simple (non-pure) virtual function
0 function interface and default implementation is inherited

[0 concrete subclasses can supply their own implementation

[0 non-virtual function
00 function interface and mandatory implementation is inherited

[0 concrete subclasses should not supply their own implementation

[0 Function virtuality isan important C++ feature
[0 But: polymorphism isnot the solution to every programming problem (KI1SS principle!)
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| nheritance Virtualizing Global Functions

[0 Only member functions can bevi rt ual

[0 Problem: how to make class related global functions (e.g., oper at or <<() )
behave correctly for inheritance

introduce publ i ¢ vi rt ual helper method (e.g., print())

[0 derived classes can redefine helper method if necessary

class foo {
public:
virtual ostream& print(ostrean& ostr) {
/1 usual inplenmentation of output operator here

.

ostream& operator<<(ostream& ostr, const foo& f) {
return f.print(ostr);

}
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| nheritance

Gotcha: Slicing

cl ass base {
publi c:

vi rtual
¥
class drvd :
public:

vi rtual
¥
voi d gen _func(base b) { b.func(); }

void func() const { cout << "base::func" << endl; }

publ i c base {

void func() const { cout << "drvd::func" << endl; }

derived d; gen_func(d); /1l prints: base::func !!!

Problem: argument b of gen_f unc is passed by value

0 copy constructor isinvoked

0 b isnot areferenceor pointer [0 static binding [0 copy constructor of base isinvoked
[0 copiesonly base part (dlicing)

Another reason to pass class obj ects by reference:

voi d gen_func(const base& b) { b.func(); }

Proarammina in C++
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Gotcha: Assignment Operator

[0 Recall rules:
[0 Assignto al members
0 Check for assignment to self

[0 Returnareferenceto*t hi s

[0 New rule: derived class's assignment operator must also handle base class members!

cl ass base {
privat e:
int Xx;
public:
base(int i)

}

x(i) {}

deri ved& oper at or =( const
if (this

return *this;

}

Programming in C++

&r hs)
base: : operat or=(rhs);
if (y) { *y = *(rhs.y);

cl ass derived : public base{
private:

int *y;

publ i c:

derived(int i) base(i), y(0) {}

derived& operator=(const derived& rhs);
b
derived& rhs) {
return *this;
/1l don't forget this
} else { y =newint(*(rhs.y)); }
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| nheritance M or e Gotchas

Rulesfor overloading base class functionsin derived classes:

cl ass base { cl ass Derived: public Base {
public: publ i c:
virtual void f(int) {} voi d f(Conplex) {}
virtual void f(double) {}
virtual void g(int i = 10) {} void g(int i = 20) {}
3 3

Base b; Derived d; Base *pb = new Derived,;

[0 A derived function with the same name but without a matching signature hides all base class
functions of the same name

d.f(1.0); /1 Derived::f(Conplex) !'!!
[0 use"using" declarations to bring them into scope

[0 Never change the default argument values of overridden inherited functions

b.g(); /| Base::g(int = 10)

d.g(); /1l Derived::g(int = 20)

pb->g(); /1l Derived::g(int = 10) !!!

[0 default taken from base class function because compiler does it at compile time
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| nheritance Derived Class Templates
[0 Wehad an Ar r ay<T> template; how about saf eAr r ay<T>? UML: T

#i ncl ude <assert.h> Array |

#i nclude "array. h" ?
\771:73

tenpl at e<cl ass T>
class safeArray : public Array<T> { safeArray

public:
safeArray(int size = def _array_size) : Array<T>(size) {}
safeArray(const Array<T>& rhs) : Array<T>(rhs) {}
saf eArray(const T* ay, int size) : Array<T>(ay, size) {}

T& operator[](int index) {
assert(index >= 0 && index < Array<T>::size());
return Array<T>::operator[](index);

}
b

[0 Instantiation: saf eArray<fl oat> ssa(14); causesbaseand derived class generation
Note: renove_hot () should also be re-written into a function template
tenpl at e<cl ass T> voi d renove_hot (Array<T>& day_t enp);
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|nheritance Example: 10Streams

[0 User-defined input and output operators work for all |0Streams
because | OStream classes actually form inheritance hierarchy!

[oS
istream ostream
ifstream istrstream jostream ofstream ostrstream
fstream strstream
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| nheritance Example: Arrayswith Arbitrary Bounds

[0 Allow arrays with arbitrary bounds (not just O to n- 1):

t enpl at e<cl ass T> /'l boundarray. h
cl ass boundArray : public safeArray<T> {
public:
boundArray(int |ow dx, int highldx)
saf eArray<T>( hi ghl dx-1ow dx+1), |low(|low dx) {}
boundArray(const boundArray<T>& r hs)
saf eArray<T>(rhs), lowmrhs.low) {}
boundArray(int |ow dx, int highldx, const T* ay)
saf eArray<T>(ay, highldx-low dx+1), [ow(low dx) {}

boundAr ray<T>& oper at or =(const boundArray<T>& rhs);

T& operator[](int index);
const T& operator[](int index) const;

int | owerBound() const { return |low, }
i nt upperBound() const { return | owtsafeArray<T>::size()-1; }

privat e:
int |ow

H
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|nheritance Example: Arrayswith Arbitrary Bounds

/| boundarray. cpp

t enpl at e<cl ass T>
boundAr r ay<T>& boundArray<T>: : oper at or =(const boundArray<T>& r hs)
{

if (this == &hs) return *this;

saf eArray<T>:: operator=(rhs);

| ow = rhs. | ow,

return *this;

}

t enpl at e<cl ass T>
T& boundArray<T>::operator[](int index) {
return saf eArray<T>::operator[](index - |ow;

}

t enpl at e<cl ass T>
const T& boundArray<T>::operator[](int index) const {

return saf eArray<T>::operator[](index - |ow;
}
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| nheritance Example: Defining Math Operators

[ Better solution for automatically defining mathematical operators:

tenpl ate<cl ass T> class Ring { /'l inconplete
public:

/1 inline friend: defines global function wthin class
friend const T operator*(const T& I hs, const T& rhs) {
return T(lhs) *= rhs;

}

friend const T operator+(const T& I hs, const T& rhs) {
return T(lhs) += rhs;

}
T& operator++() { return ((T& *this) += T(1); }

const T operator++(int) {
T old((T& *this); ++(*this); return old;
}
3
[0 Now, number classes only define base operators +=, * = and T( 1) , then derive from Ri ng<T>:

class Conplex : public R ng<Complex> { ... };
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| nheritance

Example: Defining Math Operators

[0 Why stop with R ng<T>? [ define classesfor other algebraic structures as well

AbelianSemiGroup

!

AbdianMonoid

!

T
AbelianGroup

T

T
SemiGroup S
? T
Monoid IS
? T
Group
A
Proarammina in C++
| nheritance

T
Ring
T
RingWithUnit
T
Field
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Design Guidelines

Not every is-a relationship in our natural environment is a candidate for inheritance

[0 Do not use inheritance

O if not all methods of the base class make sense for the derived class

[0 if methods would have adifferent semantic in the derived class

O if the meaning of components would change in the derived class

[0 if values or properties of components would be restricted in the derived class

Example: A Squar e isaRect angl e but the method change_wi dt h() or
change_hei ght () would not make sense for square!

[ For every possible derived object, it must make senseto assign it to a object of the corresponding
base class. In doing so, new (additional) components of the derived class are ignored.

[0 Do not mistakeis-like-a for is-al

[0 Useinheritance carefully!

Programming in C++

U Dr. Bernd Mohr, FZ Jilich, ZAM

Page 326



Multiple Inheritance I ntroduction

Multipleinheritance : = inherit from more than one base class

class derived : public basel, public base2 { /* ... */ };

Experts are disagreeing whether multiple inheritance is useful or not
O Itisessentia to the natural modeling of real-world problems

O Itisdow, difficult to implement, and no more powerful than single inheritance

Object-orient Languages:
[0 C++, Eiffel, Common LISP Object System (CLOS) offer multiple inheritance
0 Smaltalk, Objective C, Object Pascal do not

[0 Javadoes not, but allows the implementation of multiple interfaces

Fact: multiple inheritance in C++ opens up a Pandora’ s box of complexities

Use multipleinheritance judiciously
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Multiple Inheritance Ambiguity of Base ClassMembers

O

O

[

If aderived class inherits a member name from more than one class, any usage of that nameis
inherently ambiguous

O you must explicitly say which member you mean

class Lottery { cl ass GraphicQbj {
public: publ i c:
virtual int draw); virtual int draw);
b b
cl ass LotterySinul ation: public Lottery, public GaphicOb {...};

LotterySinmul ation *pls = new LotterySi nul ati on;
pl s->draw) ; /1l error! anbi guous
pl s->Lottery::draw); Il K
pl s->G aphi cQoj : : draw() ; Il OK

By explicitly qualifying avirtual function, it doesn’t act virtual anymore

Itisimpossiblethat Lot t er ySi nul at i on can redefine both of thedr aw( ) functions
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Multiple Inheritance Ambiguity?: the Diamond

[J Sooner or later, you come across the following inheritance relationship:

class A{ /* ... *[ }; UML.:
class B : public A{ /* ... */ }: A
class C: public A{ /* ... *| };

class D: public B, public C{ /* ... */ };

[0 Dincludestwo copiesof A

e
e

O unnecessary duplication D

0 no syntactic means of distinguishing them

[0 Solution: virtual base classes

class A{ /* ... *[ };

class B : virtual public A{ /* ... *| };
class C: virtual public A{ /* ... * };
class D: public B, public C{ /* ... *I };

O only first copy of A isused

0 Problem: specification hasto be done of class designer (user/client may not have access)
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Multiple Inheritance Ambiguityz: the Diamond

[0 Another problem: an object of class D may have up to five different addresses:

class A{ /* ... * };

class B: public A{ /* ... *| };

class C: public A{ /* ... *| };

class D: public B, public C{ /* ... *I };

D d;

DF pdl = &d; /1l pdl is address of D part of D

B* pd2 = &d; /[l pd2 is address of B part of D

C* pd3 = &d; /[l pd3 is address of C part of D

A* pd4 = (B*) &d; /1l pd4 is address of A part of B part of D
A* pd5 = (C*) &d; /1l pd5 is address of A part of C part of D

[0 our simple self-test for oper at or =() fails (by checking the address of the object):
if (& hs == this) return;

[J amost impossible to come up with efficient solution
(best solution:  implement unique object identificator)
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Multiple Inheritance More Problems

[0 Passing constructor arguments to virtual base classes
O normally, classes at level n of the hierarchy pass arguments to the classes at level n- 1
0 For virtual base classes, arguments are specified in the classes most derived from the base

[0 Dominance of virtual functions

class A { virtual void nf(); /* ... */ };

class B : public A{ virtual void nf(); /* ... */ };
class C: public A{ /* ... *| };
class D: public B, public C{ /* ... *| };

D *pd = new D

pd->nf () ; [l A :nf() or B::nf()?

0 normally ambiguous, but B: : nf () dominatesif Aisvirtual base class for both B and C
[0 Casting restrictions

[0 C++ prohibitsto cast down from a pointer/reference to a virtual base classto aderived class

[0 Thereare cases where multipleinheritance might be useful
[0 Rule: trytoavoid virtual base classes (diamond-shaped class hierarchy)
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Moreon Arrays Motivation

[0 What have we got so far with our ar r ay redesign?
[0 sizeof array need not be constant and known at compile-time
[0 array assignment and re-assignment
[0 optional range checking through derived saf ear r ay
[0 generic usage through templates

[0 What else could be done?
[0 adding mathematical operatorsto get aclass vect or
[0 vect or can easily implemented by inheriting fromar r ay or saf earry
0 what about multi-dimensional arrayslike matri x, array3d, ...?
0 implementation?
[0 performance of vect or or mat r i x operations compared to hand-coded loop expressions?
for (int i=0; i<size; i++) a[i] =Db[i] * ¢ + d[i];
0 Functionsfor selecting partsof anar r ay or vect or (e.g., projections)

[0 Sparsearrays, BLAS, LAPACK,. ..
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Moreon Arrays Simplevect or Implementation

[0 Derivevect or fromar r ay and add mathematical operations

#i nclude "array. h"
#i ncl ude <assert. h>

tenpl at e<cl ass T> class vector : public array<T> {

publi c:
vector(int size = def_array_size) : array<T>(size) {}
vector (const array<T>& rhs) : array<T>(rhs) {}
vector(const T* ay, int size) : array<T>(ay, size) {}

vect or <T>& operator+=(const vector<T>& rhs) { // elem add
assert (sz == rhs.sz); /'l same size?
for (int i=0; i<sz; ++i) ia[i] +=rhs.ia[l];
return *this;

}

vector<T>& operator+=(T rhs) { // elenentw se scal ar add
for (int i=0; i<sz; ++i) ia[i] += rhs;
return *this;

}
/1]
3
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Moreon Arrays Simplevect or Implementation

[0 Define elementwise addition out of oper at or += asusual:

t enpl at e<cl ass T>

vect or <T> vect or <T>:: operat or +(const vector<T>& rhs) {
return vector<T>(*this) += rhs;

}

t enpl at e<cl ass T>
vect or <T> vector<T>::operator+(T rhs) {
return vector<T>(*this) += rhs;

}

[1 Global definition of oper at or + to get conversion on both arguments not helpful here, as
conversion not defined (for T=i nt even disastrousasvect or of zeroesof size nisadded!)

[0 Tocompletesmplevect or implementation also implement
[0 elementwise substraction, multiplication, division, . . .
elementwise trigonometrical (si n, cos, . . . ) and other mathematical functions (abs, . . .)

O
00 dot product, norm, minimum and maximum value or index
O
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Moreon Arrays mat r i x Data Layouts

O Implementations of mat ri x( 2, 3) ; {(0’0) 0.1) (0’2)}

(1,0) (1,1) (1,2

° »0,0(0,1(0,2(1,0(1,1(1,2 ° »0,0(1,0(0,1(1,1(0,2(1,2
row-major order (C), contiguous column-major order (Fortran), contiguous
el .+ —+0,0[01]0,2 o+ «—0.0]1,0
° »0,1(1,1
*T—1,0|1,1]2,2
*—T—=0,2|1,2
non-contiguous, row vectors non-contiguous, column vectors
[ 4 > [ ] [ 2 @ > [ ] 9 [ 4
\ \ \ V \
0,0/0,1(0,2(1,0(1,1]|1,2 0,0(1,0(0,1(1,1(0,2]|1,2
contiguous, row vectors contiguous, column vectors
[0 even more layouts (sparse, symmetric, packed, . . . representations)
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Moreon Arrays Subarray Selection

[ overloaded versionsof oper at or [ ] not possible, e.g., operator[] (i nt,int)
[0 but we can use overloaded versions of oper at or () to specify subarray selections
O operator()(int) isjustareplicated version of oper at or [ ]
const T& operator()(int index) const { return ia[index]; }
0 operator()(int,int) canbeusedtoselectasubarray [ start, end]

array<T> operator()(int start, int end) const {
return array<T>(ia+start, end-start+l);

}
O operator()(int,int,int) thenforstrided subarrays| start, end, stri de]

array<T> operator()(int start, int end, int stride) const {
array<T> r((end-start+stride)/stride);
for (int i=start, j=0; i<=end; i+=stride) r.ia[j++t] =ia[i];
return r;

}

[0 Not recommended: coulduseoper at or[] for indexing with range check, oper at or ()
without or vice versa (can you remember which is which?)
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Moreon Arrays Subarray Selection with Range Objects

[0 Overloaded oper at or () for subarray selection is only sub-optimal solution

0 e.g., how do you implement it for classmat ri x?

[ Better solution:
[0 useoverloaded oper at or () for indexing in different dimensions
0 useRange objects (Regi on for mat ri x, ...) for subarray selection

cl ass Range {
public:
Range (i nt base);
Range (int base, int end, int stride = 1);

.

tenpl ate <class T>
array<T> array<T>::operator()(const Range&) { /*...*/ }

array<doubl e> a(100), b(100);
a = b(Range(4, 9));
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Moreon Arrays Multi-dimensional Array Design
[0 Mathematical relationships between vector, matrix, . . . callsfor systematic design

[0 but multi-dimensional array design can be done in avariety of ways

O different uses of arrays require different trade-offs among time, space efficiency,
compatibility with existing code (e.g. Fortran libraries), and flexibility

[0 no singlearray class can cope with the wide range of requirementsin practice

[0 Asanexample, we have alook on the design used in [Barton and Nackman]
They distinguish two levels of flexibility:

[0 Rigidarrays: dimensionality and shape fixed at compile time
0 Formedarrays. dimensionality fixed, but shape determined/changeable at runtime
And they distinguish two kinds based on the way clients can use them:

O Interfaced arrays. shares common interface base classes with other array classes; all classes
with the same interface can be used interchangeably in client functions

[0 more efficient in code space and programmer time
[0 Concretearrays. no common interface base class; no virtual function call overhead

[0 more efficient in function-call time (runtime)
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Moreon Arrays Non-type Template Arguments

[0 How can weimplement rigid arrays using templates?
O Non-type template arguments

tenplate<int N, class T>
class array {

private:
T data[ N ;
/1
3
Array<100,int> a; /1 like int a[100];
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Moreon Arrays Multi-dimensional Array Design

[J Example concrete array classes indented for use by client functions

Classname Storage layout

Concr et eFor medAr r ay1d<T> Row major, contiguous
Concr et eRi gi dArrayl1d<T, n0> Row major, contiguous
Concret eFortranArrayld<T> Column major, contiguous
Concr et eFor medAr r ay2d<T> Row major, contiguous
Concr et eRi gi dArray2d<T, nO, n1> Row major, contiguous
Concr et eFortranArray2d<T> Column major, contiguous

Concr et eFort ranSynPackedAr r ay2d<T> | Upper triangular, packed

Concr et eFor nedAr r ay3d<T> Row major, contiguous

Concr et eRi gi dArray3d<T, n0O, nl1, n2> Row major, contiguous

Concr et eFortranArray3d<T> Column major, contiguous
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Moreon Arrays Multi-dimensional Array Design

[0 Interfaced array class hierarchy overview

Ar r ayShape | Array3d

A 1 1
t T b For medAr r ay3d ‘—‘—T——‘
Array2d | T

Lt For medAr r ay2d - T, n0, n1, n2!

Ri gi dArray3d 2=

Ri gi dArray2d - f.n0, nt
T
Arrayld
e
P For medArrayld: -~
— FortranArrayld ;-
******** _ Interface
Ri gi dArrayid 7"[7[197 dass | = gase O ass
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Moreon Arrays Multi-dimensional Array Design

[0 Class hierarchy details for For nedAr r ay2d<T> showing
2-dimensional interfaces, projections and accessors

Arr ayShape

? ("-IZT

Const Array2d |

el N

,,,,,,,,,,,

I nterfacedArrayProjecti on2d>j"’l AccessedArrayZdT

I nterf acedArrayZd T :
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Moreon Arrays Simple Rigid vect or Implementation

[0 vect or classdefinition

tenplate <class T, int N>
cl ass vector {
privat e: T *begi n, *end;
publ i c: vector ();

vector (const vector<T, N>& rhs);
~vector();
T& operator[](int n);
vect or <T, N>& oper at or =(const vector<T, N>& rhs);
vect or <T, N> oper at or +(const vect or<T, N>& rhs);

b
[1 Constructor: allocate data space and set end pointer

tenplate <class T, int N>
vector<T, N>::vector() : begin(new T[N ), end(begin+N) {}

[0 Destructor: free data space

tenplate <class T, int N>
vector<T, N>:: ~vector() { delete [] begin; }
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Moreon Arrays Simple Rigid vect or Implementation

[J Copy Constructor: allocate data space and copy data over

tenplate <class T, int N>
vect or <T, N>: : vector (const vector<T, N>& rhs)
begi n(new T[N} ), end(begi n+tN) {
T* dest = begin;
T* src = rhs. begin;
while (src !'=rhs.end) *dest++ = *src++;

}

[0 Assignment Operator: after self-test, copy data over
[0 can reuse data space as we know that the vectors have same length

tenplate <class T, int N>
vect or <T, N>& vector <T, N>: : operat or=(const vector<T, N>& rhs) {
if (& hs ==1this) return *this
T* dest = begin;
T* src = rhs. begin;
while (src !'= rhs.end) *dest++ = *src++;
return *this

}
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Moreon Arrays Simple Rigid vect or Implementation

[1 Addition Operators. elementwise addition, define oper at or +() out of oper at or +=()

tenplate <class T, int N>
vect or <T, N>& vect or <T, N>: : oper at or +=(const vector<T, N>& rhs) {
T* dest = begin;
T* src = rhs. begin;
whil e (dest!=end) *(dest++) += *(src++);
return *this

}

tenplate <class T, int N>
vect or <T, N> vect or <T, N>. : operat or +(const vector<T, N>& rhs) {
return vector<T,N>(*this) += rhs;

}

[0 Index Operator: nothing new here

tenplate <class T, int N>
T& vector<T, N>::operator[](int n) { return begin[n]; }

[0 Rest of class methods |eft as exercise for the reader!
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Moreon Arrays Standard Optimization: Unroll / Inline

Problem: Overhead for short vect or lengths
[0 Template member function specialization using manual loop unrolling and inlining

i nl i ne vector<doubl e, 3>&
vect or <doubl e, 3>:: operat or =(const vector<doubl e, 3>& rhs) {
if (& hs ==this) return *this;

doubl e *dest = begin; /'l or:

doubl e *src = rhs. begi n; /1 begin[0] = rhs. begin[0];
*dest ++ = *src++; /'l begin[l] = rhs. begin[1];
*dest ++ = *src++; /'l begin[2] = rhs. begin[?2];

*dest = *src;
return *this;

side note: partial specialization would be better (double I T)
but not yet supported by mainstream compilers

tenpl ate<cl ass T> inline vector<T, 3>&
vect or <T, 3>:: operat or=(const vector<T,3>& rhs) { /*...*] }
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Moreon Arrays M or e Perfor mance Problems

O

Example: elementwise vect or addition
vector<T,N> u, v, w

Il later... /'l typical C (or Fortran-like version)
u=v+w for (int i=0; i<N;, ++i) u[i]=v[i]WMi];

Generated code (GHOST vector not generated if compiler features " Return Value Optimization™)

V. oper at or +(w)
] vect or <T, N> NoNane(v);
0 NoNare. begin = new T[N]; | oop NoNane[i] « v[i];
NoNane. oper at or +=(w) ;
[ | oop NoNane[i] += wWi];
return NoNane;
[ vect or <T, N> GHOST( NoNarne) ;
[ GHOST. begin = new T[N ;
O | oop GHOST[i] ~ NoNane[i];
NoNane. ~vector () ;
u. oper at or =( GHOST) ;
[ |l oop u[i] « GHOST[I];
GHOST. ~vector () ;
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Moreon Arrays Standard Optimization: Memory Allocation

O

Problem: Too many temporary objects; eg. u = v + w; O 2new/del et e cals!

implement own memory allocation:
del et e putsobject in freelist; new uses freelist objects first

Implementation using Al | ocat e class modelled after STL:

tenplate <class T, int N>
cl ass vector {
privat e: T *begin, *end;
static Allocator<T, N> all ocator_dat a;
public:
vector() : begin(allocator_data.allocate()), end(begin+N {}
~vector() { allocator_data. deall ocate(begin); }

}i
[/ Definition

tenplate <class T, int N>
Al l ocat or <T, N> vect or<T, N>:: al | ocat or _dat a;

/1 with preallocation: ... ::allocator_data(100);
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Moreon Arrays ClassAl | ocat or

[0 Class definition

tenplate <class T, int N>
class Allocator {

private: uni on { /'l data used either for
T content[ N ; /1l - vector storage
Al | ocator<T, N>* next; // - pointer in freelist
1
public: Al | ocator(); /1l default constructor
Al l ocator(int n); /[l ctor with preallocation
T *al |l ocate(void); [l "new
voi d deal | ocate(T* s); [l "del ete"
~Al | ocat or () ;

b

[0 Default Constructor: setup empty freelist

tenplate <class T, int N>
inline Allocator<T,N>::Allocator() { next=0; }

Proarammina in C++ 0 Dr. Bernd Mohr. FZ Jillich. ZAM Page 351

Moreon Arrays ClassAl | ocat or

[0 Constructor with Preallocation: allocate block of memory and setup freelist

tenplate <class T, int N>
inline Allocator<T,N>::Alocator(int n) {
Al'l ocat or <T, N>* bl ock = new Al | ocat or<T, N>[ n];
for (int i=0; i<n-1; ++i) block[i].next = & block[i+1]);
bl ock[ n- 1] . next = O;
next = bl ock;

}
Example: Al | ocat or <doubl e, 3> vect or <doubl e, 3>:: al | ocat or _data(4);
bl ock >
) ) ) )
al | ocat or _dat a. next — A A A

0 Destructor

tenplate <class T, int N>
inline Allocator<T,N>::~Allocator() {
i f (next) del ete next; /'l recursive !

}
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Moreon Arrays ClassAl | ocat or

0 Allocate Function ("new")

tenplate <class T, int N>
inline T* Allocator<T, N> :allocate(void) {
if (next) {
T* vec = next->content;
next = next->next;
return vec;
} else {
Al l ocator<T, N>* tnp = new Al | ocat or <T, N>;
return tnp->content;

}
}
all ocator _data.next
) )
4 4
vec
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Moreon Arrays ClassAl | ocat or
[J Deadlocate Function ("delete")
tenplate <class T, int N>
inline void All ocat or<T, N>::deal | ocate(T* vec) {
Al l ocator<T, N> *tnp = (Al |l ocat or<T, N>*) vec;
t np- >next = next;
next = tnp;
}
(T ™)
vec —————= ;7
/7 <
/ \\
tnp ‘oz N
\\\\\ \\\
/
al | ocat or _dat a. next ——» « « « .
A A A
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Moreon Arrays Standard Optimization: Reference Counting

Problem: copy loops

[0 avoid unnecessary copying using "copy-on-write" idiom (implemented by Reference Counting)

[0 Implementation this time without using handle/body class idiom

[0 each reference-counted object now has pointer to (shared) reference counter

O

vect or <doubl e, 4> v1,
vi[0] = 3.6;
vli[ 1] 1.2;

v2

vl1:

Proarammina in C++
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reference counter also managed by optimized memory managment
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Standard Optimization: Reference Counting

[0 Classvect or definition

tenplate <class T, int N>
cl ass vector {
privat e:
T *begin, *end,
unsi gned int *repN, /'l reference counter pointer (new)

static Allocator<T, N>
static Allocator<unsigned int,

public:
vector();

al | ocat or dat a;
1> al | ocator _repN,

[l (new)

vector (const vector<T, N>& rhs);

~vector();

T& operator[](int n);

/11
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Moreon Arrays Standard Optimization: Reference Counting

[0 Constructor now also allocates reference counter and setsitto 1

tenplate <class T, int N>
vector<T, N>::vector(void) : begin(allocator_data.allocate()),
end(begi n+N), repN(allocator _repN. allocate()) {
*repN = 1,
}

[1 Copy constructor: shallow copy plusincrement of the counter

tenplate <class T, int N>
vect or <T, N>: : vect or (const vector <T, N>& r hs)
begi n(rhs. begin), end(rhs.end), repN(rhs.repN) {
(*repN) ++;
}

[0 Destructor only destructsif reference counter goes down to zero

tenplate <class T, int N> vector<T, N>::~vector() {
it (1(--("repN))) {
al | ocat or _repN. deal | ocat e(repN);
al | ocat or _dat a. deal | ocat e(begin); }

}
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Moreon Arrays Standard Optimization: Reference Counting

[J Assignment operator: shallow copy plusincrement of the counter

tenplate <class T, int N>
vector<T, N>& vector<T, N>::operator=(const vector<T, N>& rhs) {

/'l self-test
if (this == &hs) return *this;

/'l destroy lhs if no | onger referenced

if (1(--(*repN))) {
al l ocat or _repN. deal | ocat e(repN);
al | ocat or _dat a. deal | ocat e( begi n) ;

}

/1 1 ncrenment counter
(*rhs. repN) ++;

/'l shall ow copy of nenbers
repN = rhs.repN;, begin = rhs. begin; end = rhs. end;
return *this;
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Moreon Arrays Standard Optimization: Reference Counting

[0 Index operator: if vector isreferenced more than once, make copy

tenplate <class T, int N>
T& vector<T, N>::operator[](int n) {
it ((*repN == 1)
return begin[n];

el se {
(*repN)--; /'l count
repN = allocator _repN. allocate(); // create
*repN = 1;

/'l create new data space and copy over
T* tenp = allocator _data.allocate();

down ol d
new ref counter

mencpy((voi d*) tenp, (void*) begin, size t(Nsizeof(T)) );

begin = tenp;
end = begi n+N;
return begin[n];
}
}
[0 reference counter especially effective for large arrays
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Base Class |diom

[0 Temporary Base Class Idiom = "Reference Counting without counting"
Idea: shallow/deep copy flag encoded in types
temporary vectors are represented by class Tvect or

tenplate <class T, int N>
cl ass Tvector {
privat e:
T *begin, *end,
static Allocator<T, N> all ocator_dat a;

public:
[0 "Standard" Constructor
Tvector() : begin(allocator _data.allocate()),
[0 Copy constructor does "shallow" copy only

Tvect or (const Tvector <T, N>& r hs)
begi n(rhs. begin), end(rhs.end) {}

[0 Extraconstructor for vect or copy constructor
Tvector(T* b) : begin(b), end(b+N) {}
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Moreon Arrays Optimization: Temporary Base Class |diom

[0 Destructor empty as destruction is al handled by classvect or
(vi rtual becausevect or will bederived from Tvect or)

virtual ~Tvector() {}
[0 "Standard" mathematical operators

Tvect or <T, N> operator+(const Tvector<T, N>& rhs);
Il

[0 Optimization (see below)
Tvect or <T, N> operator+(const vector<T, N>& rhs);
[J Wealso need to declare classvect or afriend:
friend class vector<T, N>;
If your compiler doesn’t yet support friends of templates, we need to use the following "hack"

//protected: T* start() const { return begin; }

}
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[0 vect or classnow subclassof Tvect or

tenplate <class T, int N>
class vector : public Tvector<T, N> {
public:

[0 Default constructor empty as construction isdone by Tvect or ()
vector() {}
[J Deallocate here, as Tvect or doesn’'t delete anything!
~vector() { allocator_data.deall ocate(begin); }
[0 Copy constructor (see below)
vector (const vector<T, N>& rhs);
[0 Assignment and Indexing handled here

T& operator[](int n) { return begin[n]; }

vect or <T, N>& oper at or=(const vector<T, N>& rhs);
vect or <T, N>& oper at or =(const Tvector <T, N>& rhs);
Tvect or <T, N> operator +(const vector<T, N>& rhs);

Hi
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Moreon Arrays Optimization: Temporary Base Class |diom

[0 Copy constructor uses special Tvect or constructor and does deep copy

tenplate <class T, int N>
vect or <T, N>: :vector (const vector<T, N>& rhs)
Tvect or<T, N>(al | ocator _data. all ocate()) {
T* dest = begin; T* src = rhs. begin;
while (dest !'= end) *(dest++) = *(src++);

}

[0 temporary variables as well as return type of mathematical operators
are now of type Tvect or

tenplate <class T, int N> inline Tvector<T, N>
vector <T, N>:: operator+ (const vector<T, N>& rhs) {
Tvector<T, N> t;

T* sunml = begin;
T* sun = rhs. begin;
T* dest = t. begin; /'l can use t.start() if

/1l friend tenplates don’'t work
while (sunml !'= end) *(dest++) = *(sunml++) + *(sunR++);

return t;
}
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Moreon Arrays Optimization: Temporary Base Class |diom

[J specia assignment operator turnaTvect or intoavect or and handles"del et e"

tenplate <class T, int N>

i nline vector<T, N\>&

vect or <T, N>: : operator= (const Tvector<T, N>& rhs) {
al | ocat or _dat a. deal | ocat e( begi n);
begin = rhs.begin; // or if necessary: begin = rhs.start();
end = rhs. end; [/ end = begi n+N;

}

[0 specia optimization for mathematical Tvect or operations
if t hi s isaready temporary vector (e.g. (v1+v2) if u = vl + v2 + v3)

tenplate <class T, int N>

i nline Tvector<T, N>

Tvect or <T, N>: : operator+ (const vector<T, N>& rhs) {
T* suml = begin;
T* sun = rhs. begin;
while (suml !'= end) *(sunil++) += *(sunR++);
return *this;
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Moreon Arrays Even More Advanced Optimization

[0 Chained Expression Objects
[0 Overloaded operators don’t perform the operation but build an expression stack at runtime
[0 Assignment operator matches expression stack with library of tuned expression kernels
X =V + W will execute as remenber expr. "vector + vector"
execute "add(x,v,w"
[ Expression templates
0 Avoid temporary objectsin the first place by automatically transform
u=yv + w /'l vector u, v, w
at compile time (more-or-less) into

for (int i=0; i<u.length(); ++i) {
ufi] = v[i] + Wil];
}

using Template Meta-Programming (or "Compile-Time Programs")

0 SeeBlitz++ (http://oonunerics.org/blitz/)
and PETE (htt p: // www. acl . | anl . gov/ pete/)
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The C++ Standard Library Namespaces

[0 Namespaces
[0 provide away to partition the global scope
[0 anamespace is NOT amodule; but it supports techniques related to modularity

nanmespace Chrono {
class Date {
[* ... */
b
enum Month { Jan, Feb, Mar, Apr, My, Jun,
Jul, Aug, Sep, Cct, Nov, Dec };

bool | eapyear(int y);
Dat e next weekday(Date d);

}

[0 A namespace may only be defined
0 atfile scope

0 or nested directly in another nanmespace
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The C++ Standard Library Namespaces

[

Names declared inside a namespace can be accessed from outside the namespace by using the
fully qualified name

Chrono: : Date d(15, Chrono:: My, 1998);
0 alows mix’n’match between components from different libraries
Anot her Package: : Date d2(1998, 5, 15);

A namespace can be "unlocked" for the purpose of name lookup with a using-directive
usi ng nanmespace Chrono;
Date d(15, My, 1998);
O "if name lookup reaches file scope before the name has been found
[0 search all unlocked namespaces

[0 aswell asfile scope (which is considered a " special-name" namespace)"

Anindividual name can be imported into the current scope with a using-declaration
usi ng Chrono: : Dat €;
Date d(15, Chrono:: My, 1998);
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The C++ Standard Library Overview

The new C++ standard has now an extensive standard library

O

O

Support for the standard C library (but slightly changed to fit C++’s stricter type checking)
Support for strings (st ri ng)

Support for localization and internationalization

Support for I/O O standardized /O streams

Support for numeric applications
0 complex numbers: conpl ex

[0 specia array classes: val arr ay

Support for general-purpose containers and al gorithms
[0 Standard Template Library (STL)
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The C++ Standard Library Everythingisa Template...

The name Sandard Template Library is not particularly descriptive because almost everything in the
C++ Sandard Library isatemplate

[0 Standard st ri ng classisactualy

tenplate <class charT,
class traits = string char _traits<charT>,
class All ocator = all ocator>

cl ass basic_string;

t ypedef basic_string<char> string;
[0 Classconpl ex isactualy

t enpl at e<cl ass T> cl ass conpl ex;
cl ass conpl ex<f | oat >;

cl ass conpl ex<doubl e>;

cl ass conpl ex<l ong doubl e>;

[0 Sameistrueforval array,i os,i streamostream..

[0 Note: no longer possible to use aforward declaration of these types:

cl ass ostream /'l does no | onger worKk!
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Standard C++ Library Portability Notes
[0 Standrad C++ library headers use a"new" style (note the missing . h!):

<i ostreanp <string> <vect or>

<fstreanr <conpl ex> <list>

0 Do not mix pre-standard old headers and new style headers!
(e.g., <i ostream h>and<vect or >)

[0 New C++ headersfor C library facilities (not available yet for many compilers)

<cassert> <Ci s0646> <csetj nmp> <cstdio> <ctine>

<cctype> <climts> <csi gnal > <cstdlib> <cwchar>
<cerrno> <cl ocal e> <cstdar g> <cstring> <cwctype>
<cfl oat > <cmat h> <cst ddef >

[0 All C++ standard library objects (including the C library interface) are now in namespace st d !!!

[0 Compiler vendors often supply migration headers:
eg. <vect or. h>:

#i ncl ude <vector>
usi ng std::vector;
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Generic Programming Basics

[0 Generic Programming is NOT about object-oriented programming

[0 Although first research papers appeared 1975, first experimental generic software was not
implemented before 1989

[0 not many textbooks on generic programming exist

[0 First larger example of generic software to become important outside research groups was
STL (“Sandard Template Library”)
[0 designed by Alexander Stepanov and Meng Lee of HP
O added to C++ standard in 1994

[0 available as public domain software first from HP and now from SGI
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Generic Programming Basics

[J New programming techniques were always based on new abstractions

0 often used sequences of instructions [0 subroutines
[0 data+ interface [0 abstract data types
[0 hierarchies of polymorphic ADT's [0 inheritance

[J For generic programming:

[0 set of requirements on datatypes [ concept

[0 Generic algorithm has
[0 generic instructions describing the steps of the algorithm
[0 set of requirements specifying the properties the algorithm arguments must satisfiy
only first part can be expressed in C++

[0 templates
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STL Basics

[0 STL isbased on four fundamental concepts
[0 containers hold collections of objects
[0 bitset,vector,list,deque,gueue,stack,set, nap, ...
[0 iterators are pointer-like objects to walk through STL containers
[0 algorithms are functions that work on STL containers
O find,copy,count,fill,renove,search,..

[0 functors are function objects used by the algorithms

[0 To understand these concepts, consider afunctionto find avalueinani nt array:

int find(int array[], int len, int value) {
int idx;
for (idx=0; idx<len; ++idx) if (array[idx]==value) return idx;
return -1;

}

[0 can beimproved by using pointers to specify begin of search, end of search, and result

[0 alsoalowsfor searchin subarrays
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STL Basics

[J To understand the basic principle of STL, look at the rules of C++ (and C) arrays and pointers:
[0 apointer to an array can legitimately point to any element of the array

O orit can point to one el ement beyond the end of the array (but then it can only be compared to
other pointersto the array and it cannot be dereferenced)

and rewritef i nd to search intherange[begi n, end):

int* find(int* begin, int* end, int value) {
while (begin = end &k *begin != val ue) ++begin;
return begin; /'l begin==end if not found

}

[0 Youcouldusefi nd function like this:

i nt val ues[50];
int *firstFive = find(val ues, val ues+50, 5);

if (firstFive!=values+50) { //5 found...} else { //not found...}

[0 Youcanasousefind to search subranges of the array:

int *five = find(val ues+10, val ues+20, 5);
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STL Basics

[0 Nothing inherent inthef i nd function that limitsit to array of i nt , so should bet enpl at e:

t enpl at e<cl ass T>

T* find(T* begin, T* end, const T& value) {
while (begin = end &k *begin != val ue) ++begin;
return begin;

}

[0 Nice, but still to limiting: ook at the operations on begi n and end
[0 inequality operator, dereferencing, prefix increment, copying (for result!)
[0 Why restrict begi n and end to pointers?
00 allow any object which supports the operations above: iterators

tenpl ate<cl ass Iterator, class T>

Iterator find(lterator begin, Iterator end, const T& value) {
while (begin !'= end & *begin != value) ++begin;
return begin;

}

[0 Thisversion isthe actual implementation of f i nd inthe STL!
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STL Basics

[0 Wecanapply fi nd to every STL container, CoFy e+ [y

eg.list * * !
| i st<char> cLi st begi n() L end()
[/ fill cList with values...

list<char>::iterator it = find(cList.begin(), cList.end(), "X );
if (it !'=cList.end()) { // found 'x ... }

[0 begi n() andend() areSTL container member functionswhich return iterators pointing to
the beginning and end of the container

0 Furthermore, C++ pointers are STL iterators, so e.g.,
i nt val ues[50];
[/ fill values wth actual values ...

int *firstFive = find(val ues, values+50, 5); // calls STL find
if (firstFive !'= values+50) { // found 5 ... }
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Generic Programming Concepts and Models

[0 A set of requirements (e.g., like for iterator) is called a concept

[J A concept can be defined in two (equivalent) ways
O list of type requirements
0 asetof types

[0 AtypeTisamodel of aconcept Cif
O T satisfiesal of C stype requirements
0 T belongsto the defining set of types

[0 Concept requirements cannot fully be described as needed set of member functions (O classes)
0 eg., char* ismodel of concept iterator but has no member functions

[0 but can be seen as list of valid expressions
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STL |terator Concepts
[J Iterator concepts. categorize iterators based on their functionality
I nput
Forward— Bidirectiond —— Random-Access
Output
Functionality needed:
P I T T T g . '[]i_j'+r}<j"”

Input iterator | : *1 may only be read once
Output iterator O * Omay only be written once
Forward iterator F:  * F may be read or written multiple times

[0 RelationCl —= C2 iscalled arefinement if concept C2 satisfies all of C1 requirements and
possibly additional requirements

0 al modelsof C2 are also models of C1

[0 Modeling  isrelationship between atype and a concept
Refinement  is relationship between two concepts
(inheritance s relationship between two types)
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STL Basics

[0 STL isjust acollection of class and function templatesthat adhereto a set of conventions
[0 Basicideabehind STL isssimple

[0 STL isextensible: you can add your own collections, algorithms, or iterators aslong you
follow the STL conventions

[0 STL isefficient: thereis no big inheritance hierarchy, no virtual functions, ...
[0 STL: Ccontainers+ A algorithms
[0 Traditional Library: Ttypesx Cx A

[0 STL isportable

[ Disadvantages
0 no error checking (use "safe-STL"!)

0 unusua programming interface

[0 Using traditional librariesis better than using no library!
e.g., RogueWave'st ool s. h++ (Cray: CCtoallib), mat h. h++, | apack. h++ (CCmathlib)
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STL Containers

[ Containers store collections of objects (or pointers to objects)

[0 All STL containers have a standardized interface. Apart from minor differences they provide the
same constructors, member functions, and public types

[0 STL containers are grouped into four categories
[0 seguence containers
[0 linear unsorted collections (vect or , deque, | i st)
O insert position depends on time/ place not value
[J sorted associative containers
[0 rapidinsertion and deletion based on keys (set , map, nul ti set, mul ti map)
[J insert position depends on value
O “almost” containers(st ri ng, built-in arrays, bi t set , val arr ay)
[0 container adapters (st ack, queue, priority_queue)
[0 There are no hashed containers in the C++ Standard STL

[0 public domain SGI STL provides them as an extension
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STL Containers Public Types

[0 Every STL container declares at |east these public typesasnested t ypedef s:

Typename Description

val ue_type Type of element stored in container (typically T)

size_type Signed type for subscripts, e ement counts, ...

di fference_type Unsigned type of distances between iterators

i terator Type of iterator (behaveslikeval ue_t ype*)

const _iterator Type of iterator for constant collections

(behaveslikeconst val ue_type*)

reverse_iterator For traversing container in reverse order

const _reverse_iterator | Samefor constant collections

reference Type of reference to element (behaveslikeval ue_t ype&)

const _reference Behaveslikeconst val ue_type&

Associative containers provide al so:

key type Type of key

mapped_type Type of mapped value

key conpare Type of comparison criterion
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STL Containers Example: Public Types

#i ncl ude <i ostreanp
#i ncl ude <vect or>
usi ng nanmespace std;

int main() {
vect or <f | oat > x(5);

/Il Get iterators positioned at first and behind "l ast" el enent
vector<float>::iterator first=x.begin(), |ast=x.end();

/] Get reference to first elenent and change it
vector<float>::reference z = x[0];

z = 8.0;

cout << "x[0] =" << x[0] << endl;

// Find the size of the collections
vector<fl oat>::size type size=last - first;
cout << "Size is " << size << endl;

}
[1 Output:

x[0] = 8
Size is 5
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STL Containers Constructors and Destructor

[0 Every container Cont ai ner providesthe following constructors:
[0 Default constructor to create empty container
Cont ai ner () ;
[0 Copy constructor: initialize elements from container of same type
Cont ai ner (const Cont ai ner &) ;
O Initialize container from container of other type through iterators
[0 element types must be assignment compatible

tenpl ate<cl ass Iterator>
Container(lterator first, Iterator |ast);

[0 Destructor: destroy container and all of its elements

~Cont ai ner () ;
[0 Examples
vector<int> a; /1l calls default ctor
vector<int> b(a); /1l calls copy ctor

| i st <doubl e> c(a. begin(), a.end()); [// calls ctor(iter,iter)
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STL Containers |terators

[J Every STL container provides the following member functions to obtain iterators.

M ethod Pointsto Associated type

begi n() |first element Cont ai ner::iterator

end() one-past-last element

rbegi n() |first element of reverse sequence Cont ai ner::reverse_iterator
rend() one-past-last element of reverse sequence

[0 For const containers, iterator typeisconst i terator orconst _reverse_iterator
[0 vector,deque,string,val array, and built-in arrays have random-access iterators

O list,map,nul ti map,set,andnul ti set have bidirectional iterators

[ Example: output all values of avector not: i t <x. end()
int data[5] = { 23, 42, 666, -89, 5 }; 0 would require random access!

vector<int> x(data, data+b);
for(vector<int>::iterator it=x.begin(); it!l=x.end(); ++it)
cout << *it << endl; A

note: ++it nore efficfient than it++
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STL Containers Example: Creating Containersfrom Iterators

#i ncl ude <i ostreane
#i ncl ude <vector>

#1i ncl ude <list>

usi ng nanmespace std;

int main() {
vect or<const char *> nathies(3);

mat hi es[0] = "Alan Turing";
mat hi es[ 1] = "Paul Erdos";
mat hi es[ 2] = "Emmy Noet her";

| i st<const char *> nmmathi es2(mat hi es. begin(), mathies.end());

for(list<const char *>::iterator it=mathies2. begin();
it!=mathies2.end(); ++it)
cout << *it << endl;

}
[J Output:

Al an Turing
Paul Erdos
Emry Noet her
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STL Containers Comparison

[J STL containers can be compared using the usual comparison operators
[0 Equality operator oper at or ==()

O returnst r ue if the containers are the same size

[0 and the corresponding elements of each container are equal

Container elements are compared using T: : oper at or ==()

Inequality is defined accordingly to determine if two containers are different
[J The other comparison operators

[0 operator<()

oper at or <=()

|

oper at or >()

O

oper at or >=()

O

returnt r ue if first container is lexicographically less/less or equal/greater/greater or equal
than second container

[0 Containers are compared element by element; first element which differs determines which
container isless or greater
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STL Containers Other Member Functions

Cont ai ner a, b;
[l fill a and b ...

[J Assign the contents of one container to the other
a = b;

[1 Exchange the contents of the two containers

a. swap(b);

[0 Get the current number of elements stored in container

Contai ner::size_type n = a.size();

[0 Get the size of the largest possible container

Cont ai ner::size_type maxn = a. nmax_si ze();

[0 Check whether container is empty (has no elements)
bool isEnmpty = a.empty();
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STL Sequence Containers Overview

[J Sequence containers provide
O linear (U elements have a predecessor and successor), unsorted collections of elements

O insert position depends on time/ place not value

[1 STL provides three sequence containers:

- vector<t> (T[T —

[0 dynamic array

O fast random access, fast insert and delete at the end

o deque<T> ~— Tl —
[0 “double-ended queue”

[0 fast random access, fast insert and delete at both the beginning and end

7 lister> — e e e e —

[0 doubly-linked list

[0 slow random access, fast insert and delete anywhere
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STL Sequence Containers Additional Constructors

[0 Inaddition to the general constructorsfor all STL containers
0 Container();
0 Cont ai ner (const Contai ner&);

[0 tenpl ate<cl ass Iterator>
Container(lterator first, Iterator |ast);

sequence containers SeqCont ai ner also provide

[0 Create container with n default values
SeqCont ai ner (si ze_type n);

[0 Create container with n copies of an element x

SeqCont ai ner(si ze_type n, T X);

[0 Examples
vector<int> x(5); /[l == { 0, 0, O, O, O}
| i st <doubl e> y(3, 3.14); [l =>{ 3.14, 3.14, 3.14 }
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STL Sequence Containers | nserting and Deleting Elements
SeqgCont ai ner a; [l Fill a...
SegqContainer::iterator it, r; // Point sonewhere into a
SeqContainer::iterator f, |; // Two nore iterators

SeqgCont ai ner: :value_type val; // Sonme value to insert
[0 Insert element val right beforetheiterator i t

r = a.insert(it, val); /1l r points to inserted val
[0 Insert n copies of element val right before theiterator i t

Cont ai ner::size_type n;
a.insert(it, n, val); /[l void

[0 Inserts elements described by iterator range [f , | ) right before the iterator i t
a.insert(it, f, 1); // void

[0 Remove element pointed to by iteratorit  or range of elements described by [f , 1)

r = a.erase(it); [l r = ++it
r = a.erase(f, 1); [l r =1
[0 Remove al elements
a.clear(); /1 == a.erase(a.begin(), a.end());
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STL Sequence Containers Assignment

[0 Sequence containers also provide overloaded forms of amember function assi gn
[0 x.assign(...) hasthesameeffectsas x.clear(); Xx.insert(x.begin(), ...)
but more efficient
[0 Assign n default valuesto container
assign(size_type n);
[0 Assign n copiesof an element x to container
assign(size type n, T X);
[0 Assign elements from container of other type described by iterators to container
0 element types must be assignment compatible
tenpl at e<cl ass Iterator>
assign(lterator first, Iterator |ast);
[0 Example
vector<int> x;
x.assign(3, 42); [ =>{ 42, 42, 42 }
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STL Sequence Containers Optional Operations
[0 These operations are provided only for the sequence containers for which they take constant time:

Expression Semantics Container

Getting the first or last element:
a.front() *a. begi n() vector, |ist, deque
a. back() *--a.end() vector, list, deque

Adding (push) or deleting (pop) elements at the beginning or end:

a.push_front(x) |a.insert(a.begin(),x) |list, deque

a. push_back( x) a.insert(a.end(), x) vector, |ist, deque
a. pop_front() a.erase(a. begin()) list, deque

a. pop_back() a.erase(--a.end()) vector, |ist, deque
Random access to elements:

al n] *(a. begin() + n) vector, deque
a.at(n) *(a.begin() + n) vect or, deque

[0 at () providesbounds-checked access [0 throwsout of rangeifn >= a. size()
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STL vect or <T> Basics
[0 Sequence container vect or <T> provides fast random access to elements
[0 vect or <T> can be seen as C style array with a C++ wrapper

O but will automatically resize itself when necessary

[0 adheresto the STL conventions (i.e., defines public types, iterators, ...)
0 Usage:

#i ncl ude <vector>

usi ng std::vector;

vect or <f | oat > x(10);
[0 vect or <T> provides random-access iterators

[0 all STL agorithms may be applied to them
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STL vect or <T> Basics
[J vect or <T> aso replacement for built-in (especially) dynamic arrays

vector<int> x(len); /linsteadof: int *x = newint[len];

.; delete[] x;

for (int i=0; i<x.size(); ++i) {

x[i] =1 + int(6.0*rand()/(RAND MAX+1.0)); //throw dice

}
[0 Advantages:

[0 Size does not have to be constant
00 vect or <T> knowsitssize

(0 STL compliant, e.g., STL algorithms and iterator access works too:

for (vector<int>: :iterator it=x.begin(), it!=x.end();

cout << " " << *it;

}

++it) {

0 candynamically increase size (automatically withi nsert () or push_back(),not[]!!)

[0 vect or <T> objects can be assighed

[0 bounds checking possible using at ()
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STL deque<T> Basics

[1 Sequence container deque<T>
[0 providesfast random access to e ements very much likevect or <T>
[0 can be seen as avector which can grow dynamically on both ends

[0 Unlikevect or <T>, deque<T> supports also constant time insert and erase
operations at the beginning or end

[0 Aswithvect or <T>, memory allocation and resizing is handled automatically
but deque<T> does not provide methodscapaci ty() andr eserve()

0 Usage

#i ncl ude <deque>
usi ng std::deque;

deque<f| oat > x(10);

[0 deque<T> provides randontaccess iterators

0 all STL agorithms may be applied to them
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STLIist<T> Basics

[J Sequencecontainer | i st <T>
[0 provides constant timeinsert and erase anywhere in the container

O unlikevect or <T> or deque<T>, insert or erase operations never
invalidate pointers or iterators

[0 has automatic storage management

[0 doesnot support random access

O |1 st<T>istypicaly implemented as a doubly-linked list
[0 additional storage overhead per node (at |east two pointers)

[J Usage:

#include <list>
using std::list;

| i st<float> x(10);

[0 |1 st<T> provides bidirectional iterators
[0 not all STL algorithms may be applied tothem (e.g.sort ()!)
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STLIist<T> Example: I nsertion

#i ncl ude <i ostreanr
#i ncl ude <list>
usi ng namespace std;

int main() {
| i st<const char *> nmanmal s;
mamal s. push_back("cat");
manmal s. push_back("dog");

i st<const char *>::iterator it = mammal s. begin();

++it; /[l it is now at "dog"
manmal s.insert(it, "cow'); [l it is still at "dog"
const char *others[] = { "horse", "pig", "rabbit" };
mammal s.insert(it, others, others+3);// "it’ is still at "dog"
for(it=mammal s. begin(); it!=mammals.end(); ++it)
cout << " " << *it;
}
[ Output:

cat cow horse pig rabbit dog
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STLIist<T> List Reordering: Sorting

[0 STL generic sorting algorithms require random-access iterators (which | i st <T> doesn’'t have)
O |ist<T>providesitsown efficient sort () member function
0 Example

#i ncl ude <i ostreane
#include <list>

#i ncl ude <string>
usi ng nanespace std;

Int main() {
const char *places[] ={ "Paris", "Ront, "London", "Juelich" };

| ist<string> pl acelLi st (pl aces, places+4);
pl acelLi st.sort();

for(list<string>: :iterator it=placeList.Dbegin();
it!=placeList.end(); ++it)
cout << " " << *it;

}
[0 Output:

Juelich London Paris Rom
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STL Sequence Containers Final Remarks

[0 What sequence container should be used?
0 Usevect or <T> when
0 fast, random-access is needed to the contents
[0 insertions and deletions usually occur at the end of the sequence

[0 sizeof the collection is reasonably constant
or occasional resizing can be tolerated
or sizeisknown in advance

O If frequent insertions and deletions at the beginning of the sequence are aso required,
consider using deque<T>

O If frequent insertions and del etions are necessary everywhere in the sequence, usel i st <T>

[0 STL provides adaptors which turn sequence containers into containers with restricted interface
O Inparticular, no iterators provided; can only be used through the specialized interface
[0 No*“red” STL containers (STL algorithms cannot be used with the adapted containers)
Therearest ack<T>, queue<T>,andpriority_queue<T>
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STL Container Adaptors st ack<T>

tenplate <class T, class Container = deque<T> > class stack {
public: typedef typenane Contai ner::val ue_type val ue_type;
t ypedef typenane Container::size_type size_type;

explicit stack(const Container& = Container());
bool enmpty() const;
size_type size() const;
val ue_type& top(); /1l get top el enent
const val ue_type& top() const;
voi d push(const value type& x); [/ add elenent on top
voi d pop(); /'l renmove top el enent
b
[0 Cont ai ner canbeany STL container withenpt y(),si ze(),back(),pop_back(),and
push_back()

[0 Example:

#i ncl ude <stack>
usi ng std:: stack;

st ack<char > s1; /'l uses deque<char> for storage
st ack<int, vector<int> > s2; /] uses vector<int>
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STL Container Adaptors queue<T>

tenplate <class T, class Container = deque<T> > class queue {
public: // the sanme typedefs as stack

explicit queue(const Container& = Container());
bool enpty() const;
size _type size() const;

val ue_type& front(); /1 get front el enent
const value_type& front() const;
val ue_type& back(); /'l get back el enent

const val ue_type& back() const;
voi d push(const value type& x); [/ add elenent to back
voi d pop(); /'l remove front el enment
}s
[0 Cont ai ner canbeany STL container withenpt y(),si ze(),front (), back(),
push_back(),andpop_front() O vector cannot be used!

O Example:

#i ncl ude <queue>
usi ng std:: queue;

gueue<char > q1;
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STL Container Adaptors priority_queue<T>

tenplate <class T, class CGr = vector<T> class Cmp =
| ess<typenanme Cir::value_ type> > class priority _queue {
public:
/'l the sane typedefs as stack

explicit priority_queue(const Cmp&=Cnp(), const Cr&=Cr());
bool enpty() const;
size_type size() const;

const val ue_type& top() const; /1 get "top" el enent
voi d push(const val ue type& x); /1 add el enent
voi d pop(); /'l remove "top" el enment

};

[0 "top" element : = element with highest priority [0 largest element based on Cnp
Container Ct r must provide random-accessiterators [1 | i st cannot be used!
[0 Example:

#i ncl ude <queue>
using std::priority_queue;

priority_queue<char> pql;
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STL Associative Containers Overview

[0 Associative containers

[0 storethe elements based on keys
[0 aresorted (based on keys)

set <int>
[0 STL provides four associative containers:
O map<Key, T>
[0 collection of (key, value) pairs
[0 fast retrieval based on keys
0 eachkeyinmapisunique O onevalue per key
U set<T>
O map wherekey isvaueitself
O mul timap<Key, T>andnul ti set <T>
[0 versionsof map and set where keys must not be unique mul ti map<char, i nt >
[0 more than one value per key
[0 maps called associative array or table, multimap dictionary, and multiset bag in other languages
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STL Associative Containers Internal Sorting
[J  Associative containers are sorted
[0 basedonkey type::operator<() or
0 auser-specified predicate Crp
0 Cnp must define strict weak ordering ([ 1] +[ 2] ispartial ordering)
[1] OCmp(x,x) is false /'l irreflective
[2] If Cmp(x,y) and Cp(y, z), then Cnp(Xx, z) /| transitive
[3] If equiv(x,y) and equiv(y,z), then equiv(Xx, z)
[J Associative containers have an optional extratemplate parameter
specifying the sorting criterion [0 defaultiskey type: : operat or<()
[0 Equality of keysistested using key _t ype: : oper at or ==()
0 with user-specified sorting criterion Cnp
equi v(x,y) isdefinedas ! (Cmp(x,y) || Cm(y, X))
[0 Note: operator<() for Cstylestrings(char *) compares pointers not the contents!

0 use: bool strlLess(const char *pl, const char *p2)
{ return strcnp(pl, p2) < 0; }
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STL Associative Containers Finding Elements

[1 The member functions return iterator end( ) to indicate “not found”

[0 There are five member functions for locating akey k in an associative container ac
[0 Return iterator to element with key k
iterator it = ac.find(k);
0 Find number of elements with key k
size_type ¢ = ac.count (k);
O Find first element with key greater equal than k
iterator it = ac.l|ower_bound(Kk);
0 Find first element with key greater than k
iterator it = ac.upper_bound(Kk);
[0 Get subsequence [l ower _bound, upper _bound) at once

pair<iterator,iterator> p = ac.equal range(k);

[0 Of course, the last three member functions are more useful for nul ti set andmul ti map
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STL set<T>andnul ti set <T> Basics

Associative container set <T> keeps a sorted collection of unique values
Associative container nul t i set <T> keeps a sorted collection of values

forset andnul ti set, key isvalueitself!

O O O d

T==val ue_type ==key_t ype

[J Usage:

#i ncl ude <set>
usi ng std::set;

set <f | oat > x; /] sorted by <
set<int, greater<int> > vy; /'l sorted by >

std::nmulti set<doubl e> z;

0 set<T>andmnul ti set <T> provide bidirectional iterators

0 not al STL algorithms may be applied to them
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STL set<T>and nul ti set <T> |nserting and Deleting Elements

[0 The position of elementsin an associative container are determined by the sorting criterion
O insertion member functions do not have iterator parameter specifying position for insert
[0 Twomoreformsof i nsert areprovided for aset ornul ti set container Set Cont ai ner
O Insertvalueval
Set Cont ai ner c;
SetContainer::iterator it = c.insert(val);
[0 Add elements from other container described by iterator range [f , | )
c.insert(f, I|); /] void
[0 Forset, keysareonly inserted if they do not already occur in the container.
Also, instead of returning an iterator, i nsert (val ) returnsapai r <i t er at or, bool >
where the second part isf al se when the value was aready present and was not inserted.
[0 Inaddition to the usual ways of deleting elements (er ase(it),erase(f, 1), and
cl ear () ), associative containers also allow deletion based on keys (== values for sets):
c. erase(key);
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STL set <T> Example
#i ncl ude <i ostreane
#i ncl ude <set >
usi ng nanespace std;
int main() {
set<int> x;
X.insert(42);
X.1nsert(496);
X.insert(6);
X.insert(42);
x.insert(-5);
for(set<int>::iterator it=x.begin(); it!=x.end(); ++it)
cout << " " << *it;
cout << endl;
}
[0 Output:
-5 6 42 496
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STL mul ti set <T> Example

#i ncl ude <i ostreanp
#i ncl ude <set >
usi ng namespace std;

int main() {

mul tiset<int> x;
X.insert(42);

X.1nsert (496);

X.insert(6);

X.insert(42);

X.insert(-5);

for(multiset<int> :iterator it=x.begin(); it!=x.end(); ++it)

cout << " " << *it,
cout << endl;

}

[ Output:
-5 6 42 42 496
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STL map<Key, T>and nul t i map<key, T> Basics

Associative container map<Key, T> keeps a sorted collection of unique (key, value) pairs

[0 Associative container mul t i map<Key, T> keeps a sorted collection of (key, value) pairs

[0 map andmul ti map havethe sameformsof i nsert (ander ase) likeset s, but
their val ue_t ype isdefined aspai r <const Key, T>

O i nsert member functions take parameter of type pai r <const Key, T>
[0 iteratorspoint to pai r <const Key, T>

(const Key because changing keys could destroy sorting)

[J Usage:

#i ncl ude <map>
usi ng std:: map;

map<i nt,int> m [l int ->int
std::nul ti mp<char*,int,strLess> nm [/ char* -> int
O map<Key, T>and nul ti map<Key, T> provide bidirectional iterators

[0 not al STL algorithms may be applied to them
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STL pai r<T1l, T2>

[0 STL provides small utility classpai r <T1, T2> which essentially looks like this:

tenpl ate<cl ass T1, class T2> struct pair {

T1 first;

T2 second;

pair(const T1& f, const T2& s) : first(f), second(s) {}
}s

[0 Exampleof map i nsert

map<string, f| oat > nunbers;
nunbers.insert(pair<string,float>("Pi", 3.141592653589));
nunbers.insert(pair<string,float>("e", 2.718281828459));

[0 Tomake pai r sdightly lessugly, STL providesnmake_pai r () function:
nunbers. i nsert(make _pair("Pi", 3.141592653589));

[0 Inaddition, map (but not mul t i map) provides an overloaded oper at or [ ] :
numbers["Pi "] = 3.141592653589;
[0 lookup key and return reference to value; if not found, insert pai r (key, T())!

O For lookup without modifying map usef i nd() or count ()!
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STL map<Key, T> Example

#i ncl ude <i ostreanr
#i ncl ude <map>

#i ncl ude <string>
usi ng nanmespace std;

int main() {
map<stri ng, doubl e> pri ces;

prices["sugar"] = 2.99;
prices["salt"] = 1.87;
prices["flour"] = 2.49;

cout << "Sugar costs " << prices["sugar"] << endl;

map<string, double>::iterator h = prices.find("salt");
cout << "Salt costs " << h->second << endl;

}

[ Output:

Sugar costs 2.99
Salt costs 1.87
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STL mul ti map<Key, T> Example

#i ncl ude <i ostreanp

#i ncl ude <map>

#i ncl ude <string>

usi ng nanmespace std;

t ypedef pair<string,string> Pair;

t ypedef nmul ti map<string, string> strMap;

t ypedef pair<strMap::iterator, strMap::iterator> iterPair;

int main() {
strMap phonebook;
phonebook. i nsert (Pair ("Hans", "0123 / 454545"));
phonebook. i nsert (Pair("Lisa", "0999 / 12345"));
phonebook. i nsert(Pair("Mni", "0180 / 999999"));
phonebook. i nsert (Pair("Hans", "0771 / 16528"));

iterPair ip = phonebook. equal range("Hans");
for(strMap::iterator it=ip.first; it!=ip.second; ++it)
cout << "Hans's phone nunber is " << it->second << endl;

}
[ Output: Hans's phone nunber is 0123 / 454545
Hans's phone nunber is 0771 / 16528
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STL Algorithms

[J STL provides alarge assortment of algorithms which can be applied to any data structure which
adheres to the STL conventions (especially provides iterators)

[0 Defined in the header file <al gorit hnp

[ STL agorithms can be grouped into four categories:

[0 Nonmutating sequence algorithms operate on containers without making changes to their
contents (e.g., f i nd)

[0 canalso beappliedto const container

[0 Mutating sequence algorithms operate on containers changing their contents (e.g., fi | I).
Often, mutating algorithms comein two versionsf oo() andf oo_copy() :

[0 In-place version: replacesorigina contents of container with results
[0 Copying version: placesthe result in anew container

[0 Sorting-related algorithms sort containers or operate only on sorted containers
[0 set<T>, map<T>, sortedvect or <T>s, ...

[0 Generalized numeric algorithms defined in header <nuneri c>
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STL Algorithms Function Parameters

Some STL agorithms have a version which takes an extra function parameter.
For example, one version of sort () hasthe following prototype:

t enpl at e<cl ass Random ter, class Conpare>
void sort(Randomter first, Randomter |ast, Conpare cnp);

cnp isafunction parameter specifying the sorting criterion for sorting therange[fi rst,| ast)

[J For example, suppose we have avery ssmple class Per son:

struct Person {
Person(const string& first, const string& | ast)
firstName(first), |astNane(last) {}
string firstNanme, |astNaneg;
3
ostream& operat or<<(ostrean®& ostr, const vector<Person>& fol ks) {
vect or<Person>::const iterator it;
for (it=folks.begin(); it!=folks.end(); ++it)
ostr << jit->firstName << " " << jt->|astName << endl;
return ostr;

}
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STL Algorithms Function Parameters

[0 We now want to be able to sort a vector of Per son according to either the first or last name

[0 Function parameters can be expressed in two ways.
[0 aspointer to functions:

bool conpareFirst Nane(const Person& pl, const Person& p2) {
return pl.firstNanme < p2.firstNane;

}

0 asfunction objects or functors : = objects which behave like functions
[0 object with function call operator oper at or () defined

struct conparelLast Nane {
bool operator()(const Person& pl, const Person& p2) {
return pl.lastNane < p2.| ast Naneg;

}
b

[0 biggest advantage: function objects can have local state
[0 aso: more efficient because can be inlined (no indirect function calls!)

[0 Non-modifying Functions or functors which return bool are also called predicates
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STL Algorithms Function Parameters

#i ncl ude <i ostreanr

#i ncl ude <vector>

#i ncl ude <string>

#i ncl ude <al gorithne
usi ng nanmespace std;

int main() {
vect or <Per son> f ol ks;

fol ks. push_back( Person("Hans", "Lustig"));
f ol ks. push_back(Person("Lisa", "Somer"));
f ol ks. push_back( Person("Mni", "Hauser"));
f ol ks. push_back( Person("Herbert", "Hauser"));

/'l -- sort with function pointer
sort (fol ks. begin(), folks.end(), conpareFirstNanme);

cout << "Sorted by first name:" << endl << folks << endl;

/' -- sort with functor; note the () to call default ctor to get an object!

sort (fol ks. begin(), folks.end(), conpareLastName());
cout << "Sorted by last nane:" << endl << folks << endl;
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STL Algorithms Reference General Remarks

[0 To keep the following description of the STL algorithms compact
O thet enpl at e<. .. > specification was omitted

[0 secondary forms of the same algorithm are not described in full detail
(e.g., the_copy version or versions with an additional optional parameter)

[0 thetemplate parameter names are significant:

Name Meaning

I n input iterator

Qut output iterator

For forward iterator

Bi bidirectiona iterator

Ran random-access iterator

o, BinOp unary and binary operation (function or functor)
Pred, Bi nPred |unary and binary predicate

Cnmp sorting criterion with strict weak ordering
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STL Nonmutating Sequence Algorithms

Linear Search
[0 Find first element equal to val ue; return| ast when not found
In find(In first, In last, const T& val ue);
[0 Find first element for which unary predicate pr ed istrue
In find_if(ln first, In last, Pred pred);

0 Example: usefind_if tofind all persons whose last name matches a string
(usingstring::find()!)

O define predicate functor

struct | ast NaneMatch {
| ast NaneMat ch(const string& pattern) : patt(pattern) {}

bool operator()(const Person& p) {

return p.lastNane.find(patt) != string::npos;
}
private:
string patt;
b
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STL Algorithms Example: find if

Int main() {
vect or <Per son> f ol ks;

fol ks. push_back( Person("Hans", "Lustig"));

fol ks. push_back(Person("Lisa", "Somer"));
fol ks. push_back( Person("Mni ", "Hauser"));
fol ks. push_back(Person("Herbert", "Hauser"));

vector<Person>::iterator it = folks.begin();

while (true) {
it =find_if(it, folks.end(), |astNameMatch("use"));
iIf (it == folks.end()) break;

cout << jit->firstName << " " << jt->|astName << endl;
++it;
}
}
[ Output:
Moni Hauser

Her bert Hauser
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STL Nonmutating Sequence Algorithms

Linear Search (cont.)
[0 Find first element out of any valuesin[first2,] ast 2)intherange[first1,| ast1)
For find first _of (For firstl, For lastl, For first2, For |ast?2);
[0 Find first consecutive duplicate element
For adjacent find(For firstl, For lastl);
[0 Find first occurrence of subsequence[first2,l ast2)in[firstl1,l astl)
For search(For firstl, For lastl, For first2, For |ast2);
[0 Find last occurrence of subsequence[first2,l ast2)in[first1,l astl)
For find_end(For firstl, For lastl, For first2, For |ast?2);
[0 Find first occurrence of subsequence of count consecutive copiesof val ue

For search_n(For firstl, For lastl, Size count, const T& val ue);

All return | ast 1 for indicating not found

[0 Thesefive algorithms are also available with an additional parameter pr ed specifying a binary
predicate to be used instead of oper at or ==(') to check for equality
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STL Nonmutating Sequence Algorithms

Counting Elements
[0 Count number of elements equal to val ue

di fference_type count(In first, In last, const T& val ue);
[J  Count number of elements that satisfy predicate pr ed

difference_type count if(In first, In last, Pred pred);

Minimum and Maximum
[0 Return the minimum or maximum of two e ements

const T& mn(const T& a, const T& b);
const T& max(const T& a, const T& b);

[0 Find smallest and largest element

For m n_elenent (For first, For |last);
For max_el enent (For first, For |ast);

[0 Thesefour functions are also available with an additional parameter cnp specifying a sorting
criterion to be used instead of oper at or <() for comparing elements
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STL Nonmutating Sequence Algorithms

Comparing Two Ranges

[0 Israngel equal to range2 (i.e., same elementsin same order)?
bool equal (In firstl, In lastl, In first2);

[0 Find first position in each range where the ranges differ
pair<inltl, Inlt2> msmatch(In firstl, In lastl, In first2);
Second range starting at f i r st 2 must be at least aslong asrangel [fi rst 1,1 ast 1)
Both also available with additional parameter specifying binary predicate pr ed

[0 Israngel lexicographically less than range2?

bool | exicographical _conpare(ln firstl, In last1l,
In first2, In last2);

[0 Also available with additional parameter specifying sorting criterion cnp

for_each

[0 Apply unary function or function object f to each element in the sequence
Return f (useful for functors which keep / calculate state information)

Qo for_each(ln first, In last, Op f);
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STL Mutating Sequence Algorithms
Copying Ranges

[0 Copyrangel[first,| ast)torange2 startingatr esul t
Qut copy(In first, In last, Qut result);

[0 Copyrangel[first,| ast)torange2 endingatresul t backwards
0 usethisversion if rangel and range2 overlap (start of range2 is betweenfi r st and| ast)
Bi copy_backward(Bi first, Bi last, Bi result);

[0 Theresult range must have enough elements to store result!
(the elements are assigned the result values, they are not inserted)

[0 Example:

bl ock<int,6> x ={ 1, 2, 3 4, 5 6 };
vect or <i nt > not _ok, ok(x.size());

copy(x. begin(), x.end(), not_ok.begin()); /1 undefi ned!
copy(x. begin(), x.end(), ok.begin()); Il K
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STL Mutating Sequence Algorithms

Transforming Elements
[0 Apply unary operation op() toelementsinrange([first,| ast)andwritetores
Qut transform(In first, In last, Qut res, Op op);

[  Apply binary operation op() to corresponding elementsinrangel [first1,] ast 1) and
range2 starting at f i r st 2 and writeto range starting at r es

Qut transform(In firstl, In lastl, In first2, Qut res, BinOp op);
[0 Example:

inline int Square(int z) { return z*z; }

bl ock<int,6> x ={ 1, 2, 3 4, 5, 6 };

vector<int> res(x.size());

transformx. begin(), x.end(), res.begin(), Square);

for (vector<int>::iterator it=res.begin(); it!=res.end(); ++it)
cout << *jit << " "
cout << endl:

Output:

149 16 25 36
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STL Mutating Sequence Algorithms

Replacing Elements
[0 Replace all elements with value ol d in-place with value new
voi d repl ace(For first, For last, const T& old, const T& new);
[0 Replace all elements satisfying predicate pr ed in-place with value new
void replace if(For first, For last, Pred pred, const T& new);
[0 Alsoavallableasr epl ace_copy andr epl ace_copy_i f with additional third parameter
describing result range starting at output iterator out
Filling Ranges
[0 Assignval ue toal elementsinrange[first,last)or[first,first+n)

void fill (For first, For last, const T& val ue);
void fill _n(Qut first, Size n, const T& val ue);

[0 Assignresult of caling gen() toall elementsinrange[first,last)or[first,first+n)

voi d generate(For first, For |last, Generator gen);
void generate_n(Qut first, Size n, Generator gen);
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STL Mutating Sequence Algorithms

Removing Elements
[0 “Remove’ al elementsequal toval ue
For renove(For first, For last, const T& val ue);
[0 “Remove’ al elements which satisfy predicate pr ed
For renove_ if(For first, For last, Pred pred);
[0 “Remove’ all consecutive duplicate elements (using oper at or ==() or predicate pr ed)

For uni que(For first, For |ast);
For uni que(For first, For last, BinPred pred);

[0 Alsoavallableasr enove_copy,renove_copy_i f,anduni que_copy with additional
third parameter describing result range starting at output iterator out

[0 Note: These functions do not really remove the elements from the sequence but move them to
the end returning the position where the “removed” elements start

[J Toreally delete the elements from a Container Cuseer ase( ) , eg., forr enove:
C. erase(renove(C. begin(), Cend(), x), Cend());
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STL Mutating Sequence Algorithms

Permuting Algorithms
[0 Reverserange in-place or copy reverse rangeto range starting at r es

void reverse(Bi first, Bi last);
Qut reverse_copy(Bi first, Bi last, Qut res);

[0 Exchange[first,m ddl e)and[m ddl e,| ast) in-placeor copy tor es

void rotate(For first, For mddle, For last);
Qut rotate_copy(For first, For mddle, For last, Qut res);

[0 Transform range into next or previous lexicographical permutation

bool next_pernutation(Bi first, Bi last);
bool prev_pernutation(Bi first, Bi |ast);

[0 also available with additional parameter specifying sorting criterion cnp
[0 Randomly re-arrange elements (using the internal or an user-specified random-number generator)

voi d random shuffle(Ran first, Ran |ast);
voi d random shuffle(Ran first, Ran |ast, RandomNunber Gen& rand);
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STL Mutating Sequence Algorithms

Partitions

[0 Reorder the elements so that all elements satisfying pr ed precede the elementsfailing it
Bi partition(Bi first, Bi last, Pred pred);

[1 Same as partition but preserves relative order of elements

Bi stable partition(Bi first, Bi last, Pred pred);

Swapping Elements
[0 Exchange values of elementsa and b
void swap(T& a, T& b);
[0 Exchangevaluesof elementspointedtobyitlandit2 (swap(*itl, *it2))
void iter_swap(For itl, For it2);
[J Swap the corresponding elements of rangel [f i r st 1,1 ast 1) and range2 startingat f i r st 2

For swap_ranges(For firstl, For lastl, For first2);
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STL Sorting Algorithms

Sorting Ranges

[0 Sort elementsin ascending order (smallest element first)
void sort(Ran first, Ran |ast);

[0 Likesort () but preservestherelative order between equivalent elements
void stable sort(Ran first, Ran |ast);

[0 Putsmallestm ddl e-first elementsinto[first,m ddl e)in sorted order
void partial _sort(Ran first, Ran mddle, Ran |ast);

O Putsmallestrl ast-rfirst elementsof [first,last)into[rfirst,rfirst+N)in
sorted order; Nisminimumof | ast-first andrl ast-rfirst

Ran partial _sort _copy(In first, In last, Ran rfirst, Ran rlast);
[0 “Sort” sequence so that element pointed to by nt h isat correct place

O elementsin[fi rst,nth)aresmaller than the elementsin[nt h, | ast)

[0 good for calculating medians or other quantiles

void nth_elenent(Ran first, Ran nth, Ran |ast);
[0 All functions also available with additional parameter specifying sorting criterion cnp
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STL Algorithms on Sorted Ranges

Binary Search

[0 Determine whether val ue isinsequence[fi r st,| ast) using binary search
bool binary search(For first, For last, const T& val ue);

[0 Returnsfirst/ last position where element equal to val ue could be inserted
without destroying ordering
For | ower bound(For first, For last, const T& val ue);
For upper bound(For first, For last, const T& val ue);

[0 Returnpai r <l ower bound, upper _bound>

pai r <For, For> equal range(For first, For |ast, const T& val ue);

Merging Two Sorted Ranges

[0 Combinesortedranges[firstl,lastl)and[first2,|ast?2)intores

Qut nerge(ln firstl, In lastl, In first2, In last2, Qut res),;
[0 Combine the two consecutive sorted ranges[f i r st , m ddl e) and [m ddl e, | ast) in-place

void inplace_nerge(Bi first, Bi mddle, Bi |ast);
[0 All functions on page also available with additional parameter specifying sorting criterion cnp
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STL Algorithmson Sorted Ranges
Set Operations
0 lIseveryelementin[firstl1,lastl)includedinrange[first2,| ast2)?

bool includes(ln firstl, In lastl, In first2, In |last2);
[1 Determine set-like union, intersection, difference, and symmetric difference of the ranges

[firstl,lastl)and[first2,]ast?2)andwritetores

Qut set _union(ln firstl, In |ast1l,

In first2, In last2, Qut res);
Qut set _intersection(ln firstl, In lastl,
In first2, In last2, Qut res);
Qut set _difference(ln firstl, In lastl, In first2,
In last2, Qut res);
Qut set _symmetric _difference(ln firstl, In lastl,
In first2, In last2, Qut res);

[0 Input ranges need only be sorted, they must be no real sets (duplicate elements allowed)
[0 All functions also available with additional parameter specifying sorting criterion cnp

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 434



STL Algorithms on Sorted Ranges

Heap Operations

[0 heap (here) isatree represented as a sequential range where each node is less than or equal to its
parent node 1 *fi r st islargest element

0 Turnrange[first,| ast) into heap order

voi d make heap(Ran first, Ran |ast);
[0 Addelementat| ast-1toheap[first,last-1)

voi d push_heap(Ran first, Ran |ast);
[0 “Remove’ (move to the end) largest element

voi d pop_heap(Ran first, Ran |ast);
[ Turn heap into sorted range

void sort _heap(Ran first, Ran |ast);

[0 All functions also available with additional parameter specifying sorting criterion cnp
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STL Generalized Numeric Algorithms

[0 Caculatethesumofi ni t val plusall theelementsin[first,| ast)
using T: : oper at or +() or binary function op

T accurul ate(In first, In last, T initval);
T accurmul ate(ln first, In last, T initval, BinQp op);

[0 Caculatethesumofi ni t val plustheresultsof first1[i]*first2[i] fortherange
[firstl,|astl)usngoperator+(),operator*() orbinary functionsopl, op2

T inner_product (Inputl firstl, Inputl |astl,
Input2 first2, T initval);
T inner_product(lnputl firstl, Inputl |astl,
Input2 first2, T initval, BinOQp opl, BinQp op2);

[0 Caculate running sum of all elements (or running result of op( ) )

Qut partial _sum(In first, In last, Qut result);
Qut partial _sum(In first, In last, Qut result, BinOp op);

[0 Caculate differences x; - X; . 1 for elementsin[first +1,| ast) (or useop() instead of - )

Qut adj acent _difference(ln first, In last, Qut result);
Qut adj acent _difference(ln first, In last, Qut result, BinQp op);

[0 Thesefunctions are defined in header <nuneri c¢>
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Advanced STL: Containers Example: bl ock

[0 bl ock: minimal container which adheresto STL container convention (like built-in array)
#i ncl ude <stddef. h>

tenplate <class T, size_t N>
struct bl ock {

T data[ N ; /'l public data

/'l -- public types --

typedef T val ue_type;

typedef T& reference;

t ypedef const T& const reference;
typedef ptrdiff_t difference_type;
typedef size t size type;

/Il -- iterators --
typedef T* iterator;
typedef const T* const_iterator;

iterator begin() { return data; }
const iterator begin() const { return data; }

iterator end() { return data+N, }
const _iterator end() const { return data+N;, }
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Advanced STL: Containers Example: bl ock (cont.)
/] -- nenber access --

b

reference operator[](int i) { return data[i]; }
const _reference operator[](int i) const { return data[i]; }

/'l -- other nenber functions --

size_type size() const { return N, }

size_type max_size() const { return N, }

bool enpty() const { return N==0; }

voi d swap(bl ock& x) {

for (size_.t n =0; n <N ++n)

std::swap(data[n], x.data[n]);

}

operator T*() { return data; } [l provided for conpatibility
[l with built-in arrays

[0 Because bl ock isdefined asaPOD (Plain Old Data) type, initiaization syntax still works!
bl ock<int, 6> x ={ 1, 4, 7, 3, 8, 4 };
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Advanced STL: Containers Example: bl ock (cont.)

[J Westill need to define global comparison operatorsoper at or ==() and oper at or <()

tenplate <class T, size_t N>
bool operator==(const bl ock<T, N>& | hs, const bl ock<T, N>& rhs) {
for (size_t n =0; n < N ++n)
if (lhs.data[n] !'= rhs.data[n])
return false;
return true;

}

tenplate <class T, size t N>
bool operator<(const bl ock<T, N>& | hs, const bl ock<T, N>& rhs) {
for (size_t n =0; n <N, ++n)
if (Ihs.data[n] < rhs.data[n])
return true;
else if (rhs.data[n] < | hs.data[n])
return false;
return fal se;

}
[0 STL contains algorithm adaptors which define oper at or ! =() , oper at or <=(),

oper at or >( ), and oper at or >=() out of the two operators above
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Advanced STL: Containers Example: bl ock (cont.)
[0 If wewant bl ock to be areversible container, we need to add also

#i nclude <iterator>

tenplate <class T, size t N>
struct bl ock {
...
typedef std::reverse iterator<iterator> reverse iterator;
typedef std::reverse_iterator<const_iterator>
const _reverse_iterator;

reverse iterator rbegin() { return reverse_ iterator(end()); }
const _reverse_iterator rbegin() const {
return const _reverse iterator(end());

}

reverse iterator rend() { return reverse_ iterator(begin()); }
const _reverse_ iterator rend() const {
return const _reverse iterator(begin());

}
/1
b
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Advanced STL: Sequence Containers Invalidating Iterators/Pointers

[0 vect or <T> and deque<T> member functions which modify the container (i nsert, er ase)
can invalidate iterators and pointers into the container

[0 invalidated iterator : = theiterator pointsto another element or becomesinvalid
Thisisnot truefor | i st <T> with the exception of aiterator/pointer to a deleted element
[0 Example:

vect or<i nt > x(5);
vector<int>::iterator i0=x.begin(), il=x.begin()+2,
I 2=x. begi n() +4;

b b+

i0 il i2 i 0 )/f yf

list<int> x(5);

list<int>::iterator i0=x.begin(), i1l=i0, i2;

++i 1, ++i 1, 12=11; ++i2; ++i 2;

m—-—-—-—- 7777777777777 > m—-——_—-
Xx.erase(il);

A 4 4 A A A

i0 i1 i 2 i0 g i 2
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Advanced STL: vect or <T> Resizing Behavior

[0 When adding elementsto afull vect or <T>, automatic resizing occurs

How this resizing occurs is implementation dependent
resizing vector one by one element would be horribly inefficient

[0 usua methods are to double the size of the vector or to add fixed-sized blocks
and copy over old elements

[0 vect or <T> hastwo counts associated with it
0 itssize : = the number of elements currently stored in the vector
O itscapacity : = the number of elementswhich could be stored without resizing

0 aways. size <= capacity

[0 Thefollowing member functions related to resizing are available:
[0 Get the size of avector
vector<T>::size type size();
0 Get the capacity of avector
vector<T>::size type capacity();
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Advanced STL: vect or <T> Resizing Behavior

[0 Resizethe vector to be of length n

resize(size_type n, T initValue = T());

O ifn < size() elementsat the end are removed

O ifn > size() additiona elementsinitialized withi ni t Val ue are added to the end
[0 Ensure that the capacity isat least n

reserve(size type n);

[0 can be used to pre-allocate vector memory if approximate size if known in advance

[0 saves memory allocations and copies!

[0 Example

const int n = 9000000;

vect or <f | oat > nunbers;

nunbers. reserve(n);

for (int i =0; 1 < n; ++i) nunber. push_back(randon());

0 without r eser ve, severa dozens of resizes would occur. With the last resize, vect or
would probably allocate a 64Mbyte buffer, copy over the 32Mbyte old values, and 29Mbyte
would be wasted.
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Advanced STL: | i st<T> List Reordering: Splicing

[0 Ali st <T> hasthe advantage that it can be reordered by changing links

[0 list reorder functions don’t copy elementslikei nsert () rather they modify the list data
structures that refer to the elements

[0 Thefollowing reorder member functions are provided:

0 Movecontentsof | i st 2 intol i st 1 justbeforeiter,leavel i st 2 empty

[ist<T> listl, |ist2;
list<T>::iterator iter; /[l points into listl
listl.splice(iter, list2);

[0 Moveelement pointedtobyiter2fromlist2intolistljustbeforeiter.
Element isremoved froml i st 2.l 1 st1andl i st 2 may bethesamelist

l[ist<T>::iterator iter2; /1l points into list2
listl.splice(iter, list2, iter2);

0 Movetherange[i 2,] 2)fromlist2intoli st 1 justbeforeiter.
Therangeisremoved from| i st 2

list<T>::iterator i2, j2; /1l point into list2
listl.splice(iter, list2, i2, j2);
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Advanced STL: | i st<T> List Reordering: Other Functions

[0 Combine two sorted lists by moving elementsfrom| i st 2 intol i st 1 while preserving order.
listl. merge(list2);
O if oneof thelistisnot sorted, mer ge still produces one list (however unsorted)

[0 Thereareasosort and nmer ge with a second argument specifying the ordering criterion cmp

listl. sort(cnp);
listl. nmerge(list2, cnp);

[0 (Redly) remove duplicates that appear consecutively or
elements that appear consecutively and both satisfy the predicate pr ed

listl. unique();
| i st1.unique(pred);

[0 (Redly) remove al elementswith thevalueval or
that satisfy predicate pr ed

listl.renove(val);
listl.renmove_if(pred);

[0 Reverseall dementsinthelist

listl.reverse();
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Advanced STL “Almost” Containers

[0 C-stylebuilt-inarrays, st ri ngs, val arr ays, and bi t set sare also containers
0 however, each lacks some aspect or the other of the STL standard containers

0 these“amost” containers are not completely interchangeable with STL containers

[0 Built-inarrays
[0 supplies subscripting and random-access iterators in the form of ordinary pointers
[0 provides no public types and doesn’t know itssize (like J bl ock<T>)
[0 std::stringdefinedin<string>
0 provides subscripting, random-access iterators, and most of STL conventions
0 but implementation is optimized for use as a string of characters
[0 std::bitset<N>definedin<bitset>

0 likeavect or <bool > but provides operations to manipulate bits, is of fixed sizeN, and is
optimized for space

[0 std::val array definedin<val array>

O isa(badly defined) vector for optimized numeric computation

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 446



Advanced STL Predefined Functors

[0 STL library also provides some predefined predicates and functorsin header <f uncti onal >
[0 unnecessary to invent tiny functions just to implement trivial function objects

[0 Thefollowing basic predicates and arithmetic functors are defined:

Predicate #Args| Op Arith.Func. |#Args|Op
equal _to 2 == pl us 2 +
not equal to |2 = m nus 2 -
greater 2 > multiplies|2 *

| ess 2 di vi des 2 /
greater_equal |2 >= nodul us 2 %
| ess_equal 2 <= negat e 1 -

| ogi cal _and 2 &&

| ogi cal _or 2 | |

| ogi cal _not 1 !

[0 These basic predicates and functors are all templates with one parameter specifying the base type

[0 greater<foo> isafunctor behaving likef 0o: : oper at or >()
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Advanced STL Predefined Functor Adaptors

[J more complex functors can be composed out of trivial ones with the help of functor adaptors

[0 Thefollowing adaptors are provided by the STL:

Function #Args| Action of Generated Functor

bi nd2nd(f, y) 1 Call binary STL functor f withy as 2nd argument

bi nd1st (f, x) 1 Call binary STL functor f with x as 1st argument

not 1(f) 1 Negate unary predicate f

not 2(f) 2 Negate binary predicate f

mem fun(f) Oor 1 | Transform O- or 1-argument member function f into functor

(call through pointer)

mem fun_ref (f) [Oorl | Transform O- or 1-argument member function f into functor
(call through reference)

ptr_fun(f) 1 or 2 | Transform pointer to unary or binary function f into functor

[0 adapters are simple forms of a higher-order function : = takesafunction argument
and produces a new function from it
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Advanced STL Example: Predefined Functors

[0 Example: write function that deletes all numbers smaller and including 1000 in a sorted vector

[0 First, we could write our usual predicate function:
bool bigger1000(int n) { return n > 1000; }

[0 Then, we use STL algorithms, to find and erase elements in the vector:

voi d gl(vector<int>& nunbers) {
vector<int>: :iterator vi =
find_if(nunbers. begin(), nunbers.end(), bigger1000);
nunbers. erase( nunbers. begi n(), vi);

}

[0 Caneven do away with thelocal variable vi

voi d g2(vector<int>& nunbers) {
nunber s. er ase( nunber s. begi n(),
find_i f(nunbers. begin(), nunbers.end(), bigger1000));

}
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Advanced STL Example: Predefined Functors

[0 Usebinary functor “greater” gr eat er <T>
greater<int> gt; /1l gt(3,4) => fal se
[0 Need adapter functor “apply with 2nd argument bound to value” bi nd2nd( ) to fix value 1000

(bi nd2nd(gt, 1000)) (999) /'l => fal se
(bi nd2nd(gt, 1000)) (1001) /'l => true

[0 Now we can replace bi gger 1000 by predicate function:

voi d g3(vector<int>& nunbers) {
greater<int> gt;
nunber s. erase( nunbers. begi n(),
find_if(nunbers. begin(), nunbers.end(), bind2nd(gt, 1000)));

}

[0 Of course, default constructor call gr eat er <i nt >() canreplacelocal variable gt :

voi d g4(vector<int>& nunbers) {
numnber s. er ase( nunber s. begi n(),
find_if(nunbers. begin(), nunbers.end(),
bi nd2nd(greater<int>(), 1000)));

}
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Advanced STL Example 2: Predefined Functors

[0 Read persons from standard input and store them sorted by first namein alist
O First, define appropriate comparison function

bool cnpPtrFirstName(const Person* pl, const Person* p2) {
return pl->firstName < p2->firstNane;

}

[0 Next, useit to find the right place to insert the new person in the list

i st<Person*> fol ks;
string nane, fnane;

while ( cin >> fnane >> name ) {
Person* p = new Person(fnanme, nane);
list<Person*>::iterator it = fol ks. begin();
while (it !'=folks.end() ) {
I f ( cnpPtrFirstName(p, *it) ) break;

++it;
}
folks.insert(it, p);
}
[0 How about using STL algorithms (and predefined functors)?
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Advanced STL Example 2: Predefined Functors

[0 UseSTLfind_if agorithmandbi ndlst and ptr _f un functor adaptors
to find theright placein the list

while ( cin >> fnane >> nane ) {
Person* p = new Person(fnanme, nane);
| ist<Person*>::iterator it
= find_if(fol ks.begin(), folks.end(),
bi ndlst (ptr_fun(cnpPtrFirstNanme), p));
folks.insert(it, p);

}

[0 Can even do without local variablei t

while ( cin >> fnane >> nane ) {
Person* p = new Person(fnane, nane);
folks.insert(find_if(folks.begin(), folks.end(),
bi ndlst (ptr_fun(cnpPtrFirstNane), p)), p);

}

[0 Isit possible to avoid the need for functor adaptor pt r _f un?
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Advanced STL Example 2: Predefined Functors

[

H

O

Write STL compatible functor by deriving
frombi nary_function<argl_type, arg2_type, ret_type> heperclass

struct cnpPtrFirst NaneFt or
public binary_function<const Person*, const Person*, bool> {

bool operator()(const Person* pl, const Person* p2) const {
return pl->firstName < p2->firstNane;
}
b

Then:

while ( cin >> fnane >> nane ) {
Person* p = new Person(fname, nane);
folks.insert(find_if(folks.begin(), folks.end(),
bi nd1lst (cnpPtrFirstNameFtor(), p)), p);

}

Can we do without functor adaptor bi nd1st ?
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Advanced STL Example 2: Predefined Functors

O

Implement unary functor with state (remembering the person to compare to):

struct cnpPtrWthFirstNanme :
publ i c unary_function<const Person*, bool > {

cnpPtr Wt hFi rst Nane(const Person *pers) : ref(pers) {}

bool operator()(const Person *other) const {
return ref->firstNane < ot her->firstNaneg;

}

const Person* ref;
¥
Usage:

folks.insert(find_if(folks.begin(), folks.end(),
cnpPtr Wt hFirst Nane(p)), p);

Note! Probably more efficient to simply insert personsinto the list and sort them once:

while ( cin >> fnane >> nane )
fol ks. push_back(new Person(fnane, nane));
fol ks. sort (cnpPtrFirstNane);
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Advanced STL |terator Adaptors

The STL header <it er at or > provides
(I iterator primitives: utility classes and functions to simplify the task of defining new iterators
[J iterator operations:
O Increments (or decrements for negative n) iterator i by n
voi d advance(lnputlter& i, Distance n);
0 Returnsthe number of increments or decrements needed to get fromf i r st tol ast
difference_type distance(lnputlter first, Inputlter |ast);
[0 predefined iterators:

O Insertiterators [0 assignment to iterator inserts value in container
back i nserter(Container& x);
front _inserter(Container& x);
inserter(Container& x, lterator i);

[0 Stream iterators [1 stepping iterator means reading/writing values from/to stream
istream.iterator(istrean& s);
ostream.iterator(ostream& s, const char* delim;

0 Reverseiterators (see bl ock<T> example)
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Advanced STL Example: Stream lterators

[0 ostream.iteratorsuseful for printing container (cont <T> C) if oper at or << for type
of container element T exists. Instead of

for (cont<T>::iterator it=C begin(); it!=C end(); ++it)
cout << *it << "\n";

you Can use

copy(C. begin(), C end(), ostream.iterator<T>(cout, "\n"));

[0 Also useful for directly printing results of mutating sequence algorithms:
inline int Square(int z) { return z*z; }

bl ock<int,6> x = { 1, 2, 3, 4, 5, 6 };
ostreamiterator<int> ot(cout, " ");

transforn(x.rbegin(), x.rend(), ot, Square);

cout << "--- "

transform x. begin(), x.end(), x.rbegin(), ot, multiplies<int>());
cout << endl;

Output:
36 25 16 9 41 --- 6 10 12 12 10 6
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Advanced STL Example: Insert Iterators

[0 Result range of mutating sequence algorithms (e.g., t r ansf or m) must have enough elementsto
store result (because the elements are assigned the result values, they are not inserted)
[J Make sureresult container is large enough:
bl ock<int,6> x1 = { 1, 2, 3, 4, 5 6 };
vector<int> resl(xl.size());
copy(x1.begin(), xl.end(), resl.begin()); Il K
O resl: {1,2,3,4,5,6}
copy(x. begin(), x.end(), resl.rbegin()); /'l reversed!
O resl: {6,5,4,3, 2,1}
[0 Or useiterator adaptors:
bl ock<int,6> x2 = { 1, 2, 3, 4, 5 6 };
list<int> res2;
copy(x2.begin(), x2.end(), back_inserter(res2)); [/ K
0 res2: {1,2,3,4,5,6}
copy(x2. begin(), x2.end(), front _inserter(res2)); // reversed!
O res2: {6,54,3,2,1,1,23,4,5,6}
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STL Iterator Adaptors Example: Sort Numbersin File
#i ncl ude <fstreanr /Il get the I/Ofacilities
#i ncl ude <vector> /'l get the vector facilities
#i ncl ude <al gorithnp /'l get the operations on containers
#i ncl ude <iterator> /'l get the iterator facilities

usi ng nanespace std;

int main (int argc, char *argv[]) {
ifstreamii(argv[1]); // setup input
of stream oo(argv[2]); // setup output
vect or <i nt > buf; /'l vector used for buffering

/[l initialize buffer fromi nput
copy(istreamiterator<int>(ii),
I stream.iterator<int>(), /'l def ctor => EOF iterator
back i nserter(buf));

/1l sort the buffer
sort (buf. begin(), buf.end());

/| copy to out put
copy( buf. begin(), buf.end(), ostreamiterator<int>(oo,"\n"));

}
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Advanced STL Copying of Objects

[ STL Containers always contain copies of objects
[0 adding objectsto or getting objects from a container means copying
[0 moving objectsin a sequence container (because of i nsert or er ase) means copying

[0 changing order in a sequence container (because of sort , r ever se, ...) means copying

[0 make sure copying objects works correctly
0 pointer members [0 deep copy?!
[0 derived objects [0 dlicing!

[ for “heavy” objects or in the presence of inheritance:
use containers of pointersto objects

better: use smart pointers for automatic memory management
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Advanced STL Example: Copying of Objects
class P {
public:

P(const string& n) : n(_n), i(1) { print(cout, "Construct"); }
P(const P& p) : n(p.n), i(p.i+1) { print(cout, "Copy"); }
P& operat or=(const P& p) {

print(cout, "Delete"),;

n=mpn i =p.i+l;

print(cout, "Copy Assign");

return *this;

}
~P() { print(cout, "Delete"); }

ostrean® print(ostream& ostr, const char* action) const {
return ostr << action << "(" << n << i << ")\n";

}
privat e:
string n; /! My nane is "n"
int i; /1 1 amthe i-th copy

H

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 460



Advanced STL

Example: Using Objects

ostream& oper at or <<(

ostrean& ostr,

const P& p) {

return p.print(ostr, "Qut");
}

vect or <P> vecl, vec2;

vecl. push back( P("Bob") );
vecl. push_back( P("Joe") );
vecl. push_back( P("Sue") );

vec2. push_back( vecl[O0] );
vec2[ 0] = vecl|2];

copy(vecl. begin(), vecl.end(),
ostream.i terator<P>(cout));

copy(vec2. begin(), vec2.end(),
ostream.terator<P>(cout));

Possible output (depends on resize behavior):
Construct (Bobl)

Copy( Bob2) [/ passi ng by val ue
Del et e( Bobl) /-

Const ruct (Joel)

Copy(Joe2) [/ passi ng by val ue
Del et e(Joel) /-

Construct ( Suel)

Copy( Bob3) [lvector resize
Copy( Joe3) /lvector resize
Copy( Sue2) [/ passi ng by val ue
Del et e( Bob2) /-

Del et e(Joe2) /-

Del et e( Suel) /-

Copy( Bob4)

Del et e( Bob4)

Copy Assi gn( Sue3)
Qut ( Bob3)

Qut (Joe3)

Qut (Sue?2)

Qut ( Sue3)

Del et e( Sue3l)

Del et e( Bob3)

Del et e(Joe3l)

Del et e( Sue2)

Proarammina in C++ 0 Dr. Bernd Mohr. FZ Jillich. ZAM Page 461

Advanced STL

Example: Using Pointer to Objects

ost ream& oper at or <<(

ostrean& ostr,

const P* p) {

return p->print(ostr, "Qut");
}

vect or <P*> vecl, vec2:

vecl. push_back( new P("Bob") );
vecl. push_back( new P("Joe") );
vecl. push_back( new P("Sue") );

vec2. push_back( vecl[O0] );
vec2[ 0] = vecl[2];

copy(vecl. begin(), vecl.end(),
ostream.terator<P*>(cout));

copy(vec2. begin(), vec2.end(),
ostream.terator<P*>(cout));

[ Output:

Construct ( Bob1)
Construct (Joel)
Construct ( Suel)
Qut ( Bob1l)
Qut (Joel)
Qut ( Suel)
Qut ( Suel)

/1 no Del et e?!

[0 Candomanua del et e but might get
complicated in larger program!

[0 Usesmart pointer!
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Advanced STL Example: Using Smart Pointer to Objects

t ypedef shared_ptr<P> PPtr;

ost ream& oper at or <<(
ostreanm& ostr,
const PPtré& p) {
return p->print(ostr, "Qut");

0 Output:

Construct (Bobl)
Construct (Joel)
Construct ( Suel)

Qut ( Bob1)
: Qut (Joel)
vector<PPtr> vecl, vec2; QJt(SUGl)
vecl. push_back(PPtr(new P("Bob"))); Qut (Suel)
vecl. push_back(PPtr(new P("Joe"))); Del et e( Bob1)
vecl. push_back(PPtr(new P("Sue"))); Del et e(Joel)

vec2. push_back( vecl[0] );
vec2[ 0] = vecl[?2];

Del et e( Suel)

[0 Note!l Suel gets(correctly) deleted

just once!
copy(vecl. begin(), vecl.end(),
ostream.iterator<PPtr>(cout));
copy(vec2. begin(), vec2.end(),
ostream.iterator<PPtr>(cout));
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Advanced STL Simple Smart Pointer Class

[0 Idea: Implement pointer-like class which automatically deletes content if necessary

[0 Example: Shared ownership based on reference counting

t enpl at e<t ypenane T>
cl ass shared_ptr {

privat e:

T* pX; /| contained pointer

| ong* pn; /'l pointer to reference counter
public:

b

explicit shared_ptr(T* p = 0) : px(p), pn(new long(1l)) {}
~shared ptr() { if (--*pn == 0) { delete px; delete pn; } }
shared _ptr(const shared ptr& r) : px(r.px) { ++*(pn =r.pn); }
shared ptré& operator=(const shared ptr& r);

T& operator*() const { return *px; }
T* operator->() const { return px; }
T* get() const { return px; }
bool wuni que() const { return *pn == 1; }
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Advanced STL Simple Smart Pointer Class

t enpl at e<t ypenane T>
shared_ptr<T>& shared_ptr<T>::operator=(const shared ptr<T>& r) {
if (pn !'=r.pn) {
/'l increment new reference counter
++*(r. pn);
/| decrenment old reference counter, delete if |ast
if (--*pn == 0) { delete px; delete pn; }
/| copy pointer and counter
pX r.px;
pn r.pn;

}

return *this;

}

[J Example smart pointer too simple for professional use
[0 other ownership models (no copy alowed, copy transfers ownership, shared, ...)
0 const and inheritance issues
O multi-threading?

[0 better: see smart pointer collection at boost . org
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Advanced STL Removing Objectsfrom Containers

[0 Toeliminate al objectsin acontainer Cthat have aparticular valueval :
[0 vector,deque,string: useerase/renove idiom
C. erase(renmnove(C begin(), Cend(), val), C. end());
O list: usel i st methodr enove(val)

[J associative container: use container method er ase( key)

[0 Toeliminate al objectsin acontainer that satisfy a particular predicate pr ed:
[0 vector,deque,string: useerase/renove_if idiom
O list: usel i st methodr enove i f (pred)
(1 associative container: user enove_copy_if andthen swap elements
AssocCr C, OK

renove_copy_i f(C. begin(), C. end(),
I nserter(OK, K. end()), pred);
C. swap( OK) ;
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Advanced STL

Finding Objectsin Containers

[0 Which method should be used to find objectsin STL containers?

[0 thefaster and simpler, the better!

[0 unsorted containers:

[0 sorted sequence containers:

[0 associative containers:

[0 Notel
others equivalence!

equality

=4

x1 X2

equivdence - !

Proarammina in C++

( x1 <x2) && !

can only use linear-time algorithmsf i nd,fi nd_i f,
count ,andcount _if

can usefaster bi nary_search, | ower bound,
upper bound, and equal _r ange algorithms

can usefaster bi nary_search, | ower bound,
upper _bound, and equal _r ange methods

the linear-time algorithms use equality to test whether two objects are the same, the

( x2 < x1)
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Advanced STL Finding Objectsin Containers
0 Summary:
What Y ou Want Algorithm to Use Member Function to Use
to Know Unsorted Sorted set ormap | nultiset or
Range Range mul ti map
Doesdesired valueexist?| find bi nary_search count find
Whereisfirst object find equal range find find or
of desired value? | ower bound
Whereisfirst object with | find i f | ower bound |l ower bound || ower bound
avalue not preceding
desired value?
Whereisfirst object find if upper _bound |upper bound  upper bound
with a value succeeding
desired value?
How many objects count equal range count count
have desired value?
Where are all objects find equal range |equal range |equal range
with desired value? (iteratively)

Programming in C++
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Advanced STL Passvect or or stri ng Datato C Functions

Usevect or <T> instead of built-in arraysand st r i ng instead of char *!
What about calling old code?

[0 Consider, we need to call an old C function
voi d doSonet hi ng(const int *plnts, size_t numnts);
but we have
vector<int> v;
[0 pass address of first element and size (But don’t forget empty vectors!)
if ( 'v.empty() ) { doSonething(&[0], v.size()); }

[0 What about
voi d doSonet hi ng(const char *pString);
string s;
0 Usestringmethod c¢_str ()
doSorret hi ng(s.c_str());
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STL Books

Bookson STL

[0 Austern, Generic Programming and the STL,
Addison-Wesley, 1998, ISBN 0-201-30956-4.

[0 Most up-to-date and complete book on STL, good tutorial and reference

[0 Josuttis, The C++ Sandard Library — A Tutorial and Reference
Addison-Wesley, 1999, ISBN 0-201-37926-0.

[0 Most up-to-date and complete book on whole C++ standard library
(including iostream, string, complex, ...)

[0 Meyers, Effective STL,
Addison-Wesley, 2001, 0-201-74962-9.

0 50 specific ways to improve your use of the standard template library

General C++ Books (but cover STL very well)
[0 Stroustrup, The C++ Programming Language, Third Edition
[0 Lippman and Lajoie, C++ Primer, Third Edition
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STL WWW
WWW STL Information
[0 SGI STL (public-domain implementation plus well-organized on-line documentation)
http://ww. sgi.comtech/stl/
[0 Adapted SGI STL (value-added and more portable version of SGI STL)
http://ww. stl port.org
[0 BOOST: free, peer-reviewed, portable C++ libraries
http://ww. boost. org
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STL Portability
[J Watch out for differences between original public domain STL from HP and the C++ standard:
HP (SGI) STL C++ Standard STL
container adaptors | Adapt or <Cont ai ner <T> > | Adapt or <T>
st ack, queue, ... Adapt or <T, Cont ai ner<T> >
iterator access (*iter).field iter->fieldor(*iter).field
scope of items global scope in namespace st d
headers <al go. h> <al gori t hne, <nuneric>
<function. h> <functional >
<st ack. h> <stack>, <queue>
<map. h>, <multimp.h> |<map>
<set.h> <multiset.h> |<set>
* functor ti mes<T> mul tiplies<T>
algorithms: int n = 0; int n;
count,count _if,[func(..., n); n = func(...);
di st ance
I/O iterators istream.iterator istream.iterator
(ostreamanalog) |<T, Di stance> <T,charT,traits, Di stance>

Programming in C++
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Advanced C++ Private Inheritance: Access Specifiers

[0 Private inheritance alows to implement a classin terms of another one:

0 eg. trytoimplement Set as Li st without head/tail andnew insert
through derivation with (compile-time) cancellation (but: not allowed in ARM C++!11)

class List { class Set: public List {

public: publ i c:
el ent head(); void insert(elemy;
elent tail(); private:
int size(); List::head; // error! in ARM C++
bool has(el en®); List::tail; [/ error! in ARM C++
voi d insert(el en&); }i

};

[0 However, it works the other way: O Innew C++ Standard:
class Set: private List { [0 derivation with cancellation now allowed
public:

[0 "using declaration" should be used

void insert(elenmg); instead of access specifiers:

Li st::size;
Li st:: has; usi ng List::size;
}i usi ng List:: has;
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Advanced C++

Private Inheritance

[0 But reuse through private inheritance has a severe limitation:

0 thefollowingisillegal because no class may appear as a direct base class twice

class Arm{ ... };
class Leg { ... };
class Robot: Arm Arm Leg, Leg {
privat e:

/| Robot specific nmenbers
public:

Robot () ;
1

/1l 1llegal!

[0 Solution: use class members or layering (nested classes)

cl ass Robot {

private:
Armleftarm rightarm
ri ghtleg;

Leg leftleq,
[0 avoid privateinheritanceif possible

Proarammina in C++

Advanced C++

O Dr. Bernd Mohr. FZ Jilich. ZAM

Page 475

Nested Classes

[0 Sometimes, the design of aclass requires an auxiliary class

0 Solution: nested classes

cl ass Stack {
privat e:
cl ass StackNode ({
T dat a;
St ackNode *next;
publ i c:
St ackNode( const T& d,
St ackNode *n)
data(d), next(n) {}
}s
St ackNode *t op;
public:
St ack();
~St ack() ;
voi d push(const T& data);
} T pop();

Programming in C++
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if compiler doesn’t support nested classes
use private global class with friend

cl ass StackNode {
private:
T dat a;
St ackNode *next;
St ackNode( const T& d,
St ackNode *n)

data(d), next(n) {}
friend class Stack;
b
cl ass Stack {
publ i c:
St ack();
~St ack() ;
Il
b
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Advanced C++ Nested Classes

[0 Nested classes can now be forward declared just like other classes:

class Quter {
cl ass I nner;

public:

| nner* get Cooki e();
privat e:

class Inner { /* ... *| };
3

[0 Thedefinition can now also be outside the class:

class Quter {

cl ass | nner;
public:

| nner* get Cooki e();

}s

class Quter::lnner { /* ... *[ };
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Advanced C++ New Cast Syntax

[0 C programmers are already familiar with the C style cast syntax:
(Type) Expr essi on /'l double d = (double) 5;

[0 C++ introduced the functional style cast syntax
Type( Expr essi on) /| double d = doubl e(5);

0 In specific circumstances, casts are useful (and necessary)

[0 But"old" style casts convert everything in everything (compiler believes you)

[0 4 new casts added to C++ to allow finer control over casting
0 new syntax xxX_cast <t ype>( expr) iseaser tolocate for tools/programmer
O itisharder to type (many believe: agood thing)

0 makes clear what kinds of casts are "meaningful” (useful)
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Advanced C++ New Cast Syntax

[0 const /vol atil e conversion
[l const _cast
[0 allows only to change the "constness" (of pointer and references) in a conversion:

voi d foo(doubl e&);

const double PI = 3.1415;

foo(const _cast <doubl e&>(Pl)); [ K

int d = const_cast<int&(Pl); /] error: nore than const!

[0 compile-time checked conversion
0 static_cast

[0 allowsto perform any conversion where there is an implicit conversion in the opposite
direction (most frequent use of castsin C):

int total = 500, days = 9;
doubl e rate = static_cast<double>(total) / days;

enum col or {red=0, green, blue}; int i = 2;

color ¢ = static_cast<color>(i); [l ¢ = Dblue;

foo(static_cast<int>(Pl)); /'l error: changes constness!
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Advanced C++ New Cast Syntax

[0 run-time checked conversion
0 dynam c_cast
[0 allowsto perform safe casts down or across an inheritance hierarchy

[0 Failed casts return null pointer (when casting pointers) or exception (with references)

base b, *pb;

derived d, *pd;

pb = &d; [l fine

Il ... later

pd = dynam c_cast <derived *>(pb); /1 non-null only if pb
/'l really points to
/1 derived object

d = dynam c_cast <deri ved>(b); /1 error: no pointer!

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 480



Advanced C++ New Cast Syntax

[0 unchecked conversion
O reinterpret cast
0 alowsto perform any conversion
[0 result is nearly always implementation-defined
[0 non-portable!

t ypedef voi d(*FuncPtr)();
FuncPtr funcPtrArray[ 10];

i nt doSonet hi ng();
funcPtrArray[0] = reinterpret_cast<FuncPtr>(&JoSonet hi ng) ;

[0 If your compiler doesn’'t support the new style casts yet, you can use the following approximation

#defi ne static_cast ( TYPE, EXPR) ( TYPE) ( EXPR)

#define reinterpret_cast(TYPE EXPR) (TYPE) (EXPR)

#def i ne const _cast ( TYPE, EXPR) ( TYPE) ( EXPR)

/1l doesn’t tell you when the casts fails; use with care

#defi ne dynam c_cast ( TYPE, EXPR) ( TYPE) ( EXPR)
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Advanced C++ Runtime Type Identification (RTTI)

[ Current C++ classlibraries often use their "home-brewed" dynamic type framework:
I f (shape_ptr->nyType() == Rectangl eType) {
Rectangle *rec_ptr = (Rectangle *)shape ptr;
/1
}

[0 Every major library came up with there own facility; therefore, a standardisation took place:

if (Rectangle *rec_ptr = dynam c_cast <Rectangl e *>(shape_ptr)) {
/'l rec_ptr in scope and not null

}

/[l rec_ptr no longer in scope

[0 Thereisasoatypeenquiry operatort ypei d returning areference to atype description object of
typet ype i nf o (it can be compared and has a name)
I f (typeid(*shape ptr) == typeid(Crcle)) {
/Il it’s a Crcle pointer

}

const type_info& rt = typei d(*shape_ptr);
cout << "shape_ptr is a pointer to " << rt.nane() << endl;
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Advanced C++ Exception Handling

[0 Recall operator[] fromsaf eArray:

#i ncl ude <assert. h>
#i ncl ude "safearray. h”

T& saf eArray<T>::operator[](int index) {
assert(index >= 0 && index < Array<T>::size());
return Array<T>::operator[](index);

}

[0 Printing error message and exit is sometimes too drastic

[0 error codes/ error return values not intuitive and error-prone
[0 sometimes error code cannot returned or error return value does not exist (see above)
0 canbeignored by caller
0 must be passed up calling hierarchy (in deeply nested function calls)
0 couldusesetjnp /1 ongj np; finefor C, but don’'t call destructors of local objects

[0 Solution: use exception handling!
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Advanced C++ Exception Handling

[0 Exception Handling consists of three parts:
[0 tryingto execute possibly failing code
0 t hr owing an exception in case of failure

[0 cat ching the exception and handling it (exception handler)

t ry Block:

try {
/'l code from which exception nmay be thrown

}

[0 Region of program from which control can be transferred directly to an exception handler
elsewhere in program

[0 Transferring control from try block to exception handler is called "throwing an exception™
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Advanced C++ Exception Handling

cat ch Block:
[J Syntax:
try {

/'l code from which exception may be thrown

} catch ( exception-type-1 &l ) {
/'l exception handling code for type 1 exceptions

} catch ( exception-type-2 &2 ) {
/'l exception handling code for type 2 exceptions

}

Region of program that contains exception-handling code

Each thrown exception has atype

When exception is thrown, control transfersto first catch block in an (dynamically) enclosing

block with matching type
[0 For efficiency, catch exceptions by reference
[0 avoids call to copy constructor of exception object

[0 avoidsdlicing (i.e. automatic conversion to base object) of exception object
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Advanced C++ Exception Handling

t hr ow Statement:
[ Syntax:
t hrow excepti on-type;

Copy of exception object isthrown (automatically)

Throwing an exception causes abnormal exit from afunction

O O O o

destructors for all objectsinstantiated since enteringt r y block
[ Order of destructor invocation isreverse of order of object instantiation
void foo (int i) {
String s1 = "a string";
Compl ex cl1(i,i);
if (some_error) {

t hrow SonmeExcepti on; [/ destructor called for c1,

}

String s2 = "another string";

}
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Causes immediate transfer of control to exception handler (cat ch block) of matching type

Normal exit calls destructor for all local objects. For consistency, throwing an exception invokes

t hen sl
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Advanced C++ Exception Handling

Default cat ch Blocks:

[J Syntax:
catch (...) {

/'l exception handling code for default case

}

[0 Matchesall exception types
[0 Useat most one default cat ch block for eacht r y block
[J Default cat ch block (if any) should bethelast cat ch block accompanying agivent ry block

[0 Good programming practice dictates that every t r y block should have adefault cat ch block
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Advanced C++ Exception Handling

Re-throwing Exceptions:

[0 alows some exceptionsto be handled locally, othersto be handled by high-level general purpose
exception handlers

[0 Re-throw current exception by placing throw statement with no type specifier: t hr ow;

Exception Hierarchies
[ Exception types can be user-defined (class) types

[0 Exception hierarchy = hierarchy (build using C++ inheritance mechanism) of user-defined
exception types

Exception base class = "category" of exceptions
Derived exception class = individual exception type

catch block for base type catches all exceptionsin category

O O O o

Example from Standard C++ Library:

class runtine_error : public exception {};
cl ass underflow error : public runtine_error {};
class range_error : public runtinme_error {};

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 488



Advanced C++ Standard Exceptions

[0 Standard exceptions thrown by the language: [ Standard exceptions hierarchy:
Name Thrown by | exception |
bad_al | oc new A# runtime_error |
A
bad_cast dynam c_cast __|range_error |
bad_typeid typei d ~loverflow error |
bad_excepti on exception specification . [underflowerror |
out _of range at [l ogic_error |
bi t set <>: : oper at or [ ] I [Tength_error |
i nvalid _argunment |bitset constructor | domai n_error |
overflow_ error bi tset<>::to_ul ong ~_out _of _range |
i os_base::failure|ios_base::clear % i nval i d_ar gunent \
| bad_al | oc |
[0 Standard exceptions do NOT include asynchronous —bad_cast ‘
events like UNIX signals (e.g., segmentation violation) — bad_exception |
or math library errors (e.g., overflow, div by zero)! | bad_typeid |
i os_base::failure
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Advanced C++ Advanced Exception Handling

Exception Specifications:
[0 allow to specify list of exceptions, functions might throw

void f1() throw El, E2); /1 f1 can throw E1 or E2 exceptions
void f2() throw); /1 f2 doesn’t throw exceptions
void f3(); /| exception spec for f3 unknown!

[0 ischecked at runtime
0 unexpect ed() iscaledif exception specification doesn’t hold
0 which by default callst er m nat e() (can be changed withset unexpected())

Function try blocks:
[0 alow to catch exceptionsin a method body and its member initialization list
derived: :derived(int i) try : base(i) {
/'l body ...

}
catch (...) {

/'l exception handler for initializer list + body ...

}
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Advanved C++ Exception Handling Example

[0 Improved version of classsaf eArr ay:
[0 Exception definedinsaf earray. h:

cl ass Invalidlndex {
public:
I nvalidlndex(int i) : idx(i) {}
int invalid() { return idx; }
private:
int idx;
b

[0 should actually be asubclassof excepti on,| ogi c_error,orout _of range
[0 should also be nested classinside saf eAr r ay

[0 New versionof operator[]:

T& saf eArray<T>::operator[](int index) {
iIf (index < 0 || index >= Array<T>::size())
t hrow I nval i dl ndex(i ndex);
return Array<T>::operator[](index);

}
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Advanved C++ Exception Handling Example

[0 Simple example for exception handling:

#i ncl ude <i ostreanr
#i ncl ude "safearray. h”

void initialize (safeArray<int>& a, int val) {
for (int i=0; i<=a.size(); ++i) a[i] = val;

}

int main(int, char**) {
saf eArray<i nt> a(10);

try {
initialize(a, 42);
} catch (Invalidlndex& idx) {
std::cerr << "Access to invalid index a["
<< idx.invalid() << "]" << std::endl;

[0 making programs fool-proof with exceptionsis still hard; not much experience for now

[0 For more details and guidelines see Stroustrup, 3rd. Edition or Meyers, More Effective C++
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Advanced C++ Unnamed Namespaces

[0 Compilation-unit local (filelocal) declarations possible through unnamed namespaces:

nanespace {
int internal version;
voi d check_fil ebuf();

}
is equivaent to

nanmespace Speci al Uni queNanme {
int internal version;
voi d check _fil ebuf();

}

usi ng nanmespace Speci al Uni queNane;

[0 useunnamed namespacesinstead of st at i ¢ declarations:

/'l -- deprecated!
static int internal version;
static void check filebuf();
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Advanced C++ Namespaces

[0 A shorter alias for along namespace name can aso be defined, e.g.,
nanespace Chrono = Chronol ogical _Utilities;
This allows you to mix’n’ match libraries more easily:

nanespace |ib = Modena;
/ I nanmespace |i b = RogueWave;
/I namespace lib std;

/'l never need to change this:
lib::string ny_nane;

[J Namespaces are not yet supported by many current compilers. Y ou can partition the global
namespace now by using st r uct and using fully qualified names to access them

struct MyNanespace {
static const float version = 1. 6;

cout << "Version " << MyNanespace::version << endl;

For convenience, you can provide typedefs, references, ... as short-cuts in a separate header file,
so people without global namespace problems can use them in a"normal™ way
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Advanced C++ Advanced Templates

Templates have been extended by the standard committee in many ways.
(beyond how they are described in most books)

[0 Template friend declarations and definitions are permitted in class definitions and class template
definitions.

0 Example: class definition that declares atemplate class Peer <T> asafri end:

cl ass Person {
privat e:
fl oat ny_noney;
tenpl ate<class T> friend cl ass Peer;
b
[0 Example: classtemplate that declares atemplate classf oo<T> asaf ri end:

tenpl ate <cl ass T>
cl ass bar {

T var;
friend class foo<T>;
b
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Advanced C++ Advanced Templates

[0 Thenew keywordt ypenane can be used instead of cl ass intemplate parameter lists
tenpl ate<typenane T> class List { /*...*/ };
It isalso used for resolving ambiguities:

t enpl at e<cl ass T> cl ass Probl em {

public:
voi d ack() {
typenane T.:A * B, /1 without typename, could be
} /'l interpreted as nultiplication
}i /[l T:.:A* B

[0 Templatesand st at i ¢ members:

tenplate <class T> class X {
static T s;

3

tenplate <class T> T X<T>.:s = 0;

If needed, specialization:

t enpl at e<> doubl e X<double>::s = 1.0;
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Advanced C++ Advanced Templates

[0 Template as template arguments

t enpl at e<cl ass T> cl ass Li st;
t enpl at e<cl ass T> cl ass Vector;

tenpl ate<class T, tenplate<class U> class C = List>
class Goup {

C<T> cont ai ner;

I, ..

b
G oup<i nt > group_int _|ist;
G oup<int, Vector> group_int_vector;

[0 Explicit instantiation (currently highly unportable)

tenpl at e<typenane T> class List {
bool has(T& { /* ... */ }

b
tenpl ate cl ass Li st<int>; /'l request inst. of List for T=int
tenpl ate bool List<elenr::has(elem&); // inst. of nenber ’has’
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Advanced C++ Advanced Templates

[0 Partial Specialization
tenpl ate<class U, class V> class relation; #1 primary tenplate

tenpl ate<> class relation<int, int>; #2 speci alization
tenpl ate<cl ass T> class relation<T*, T*>; #3 partial special.
rel ati on<char*, char*> rl1; # uses 3

relation<int*, char*> r2; # uses 1 (different pointer types!)

Note: function templates cannot be partial specialized, however similar results can sometimes be
achieved with template function overloading

[0 Useoft enpl at e to disambiguate template names (can only be necessary for calling member
template functions inside other templates)

class X {
public: tenplate<int Nt> X* alloc();
3
tenpl ate<class T> void f(T* p) {
T* pl = p->alloc<200>(); /'l ERROR < neans |ess than

T p2 = p->tenplate alloc<200>(); // OK
}
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Advanced C++ Advanced Templates

[0 Current compilerstypically only support the inclusion model for template usage

O

O

Bodies of

[0 member functions of class templates

[0 function templates

need to be “included” before they can be used

Cannot be “compiled away” in separate template implementation file (e.g., . cpp)

[0 New keyword export to support the so-called separation model:

/'l main. C
export tenplate<typenane T> T twi ce(T); /'l tenpl ate decl only

int main() {

}

int i = 2;
int j =twce(i);

/1l tenplate_ inplenentation. cpp:
export tenplate<typenanme T> T twice(T t) { return t*t; }
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Advanced C++ Classrelated constants
[0 Weknow already static class member:
[0 Declaration: inclassdefinition (in. h)
class Conmplex { .... static int numnunbers; ... };
0 Definition: needed elsewhere (in. C, notin. h)

i nt Conpl ex:: num nunbers = O;

[0 Astheinitialization occurs outside the class, this wouldn't allow class related constants

O
O

Initialization is now allowed for integral st ati ¢ const data members
Definition + Declarations now in class definition (in . h)

cl ass Data {
static const int max_size = 256;
/1 enum {max_size = 256}; // use this if above doesn’t work
char buffer[max_size];

}s
Definition elsewhere (in . C) no longer needed
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Advanced C++ Abstract and Concrete Constness

[0 Abstract constness of data members (const to the user/client), also called: conceptual constness

[0 Concrete constness of adata member (const to the implementation), also: bitwise constness

[0 Example: non-normalized Rat i onal class

cl ass Rational {
voi d reduce() const; /1l allowed for constant nunbers
/| because it doesn’'t change
/] "abstract" val ue
privat e:
nmut abl e | ong num
mut abl e | ong den;

3
voi d Rational::reduce() const {
long g = gcd(num den);

num /= g; /1 ERROR w t hout nutable
den /= g; // ERROR w t hout nutabl e
}
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Advanced C++ Non-converting Constructors
[0 Problem:
cl ass Vector {
public:
Vector(int len); /'l constructs a Vector len elenents |ong
b
voi d print(const vectoré& v);
print(3); /'l creates tenp Vector(3) and passes it to print!

[0 Obviously the constructors are needed but they are not always suitable as conversions as well

[0 Solution: mark constructor "non-converting” withexpl i ci t (disalowsimplicit conversions)

cl ass Vector {
public:
explicit Vector(int len);

3

print(3); /'l now error!

Vector v1(3), v2 = Vector(3); Il OK
Vector v3 = 3; /[l error!
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Advanced C++ Miscellany

[0 Variables can be declared inside conditions (and for statements)

If (int d = prin(345)) { while (Wrd& w = readnext ()) {
i /= d; process(w);
br eak; }

}

[0 You can now overload functions on enumeration types

enum Status { OK, Busy, Stopped };
voi d process(Status s);
voi d process(int n); /1 was error, now OK

[0 There are now separate versions of newand del et e for array allocation for overloading

cl ass Foo {

voi d* operator new(size t); /| already avail abl e
void operator delete(void *);

voi d* operator new](size_t); /'l recently added to C++
void operator delete[](void *);

b

[0 pointertoextern " C' functionsisnow adifferent type than pointer to global C++ function
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Advanced C++ Standard C++ Portability Notes

[0 Scope of declaration insidef or loop changed
0 now only valid inside loop body
[0 Template name lookup and template instantiation procedures changed

[0 newnow throwsbad_al | oc exception when out of memory

OLD: NEW . NEW2.
#i ncl ude <new> #i ncl ude <new>
try {
X *p=new X; X *p=new not hr ow) X; X *p=new X;
I f (p==NULL) { i f (p==NULL) { } catch(bad alloc & {
do_sonet hi ng(); do_sonet hi ng(); do_sonet hi ng();
} } }

[0 Good summary:

Jack W. Reeves
(B)leading Edge: Moving to Sandard C++
C++ Report, Jul/Aug 1997
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Advanced C++ Standard C++ i ost r eamChanges

[

Incompatibilities between Cfront'si ost r eamand Standard i ost r eam Biggest changes are:

O

O O O O O

The Standard C++ library puts most library identifiers in the namespace st d, e.g.,
ostream isnow std::ostream

[0 import identifiers using nanespace declarations

stream classes are now templates taking the character type as parameter

t ypedef basic_istreanxchar, char_traits<char> > istream
Base classiosis split into character type dependent and independent portions

0 ios::flags nowarei os_base: : fl ags

Can now throw exceptions in addition to setting error flag bits
Internationalization using locale

Assignment and copying of streamsis prohibited

File descriptors (through member function f d( ) ) are not supported any longer

stringbasedstringstreamclassreplaceschar * based st r st r eam
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Advanced C++ Deprecated Features

O

char *p = "a string";

O

String literalsare now const char *

Postfix oper at or ++ on bool operand

O

Don't useit

st at i ¢ keyword to declare objectslocal to file scope

O

Use unnamed namespace

access declaration

O

using declarations

strstreamclass

O

Usestri ngst reamclass

Standard C Library headers

O

use new C++ C Library headers
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Object-Oriented Design M otivation

[0 Ranking of software lifecycle activities
1) Design
2.) Design
3.) Design

4)) Implementation

[0 "Thetime-consuming thing to learn about C++ is not syntax, but design concepts.” [ Stroustroup]

[0 "If the designisright, the implementationistrivial.
If you get stuck how to implement something, go back to design.”
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Object-Oriented Design General Design Basics

[0 The most important single aspect of software development isto be clear about what you are
trying to build
[0 Successful software development is along-term activity
[0 The systemswe construct tend to be at the limit of complexity that we and our tools can handle
[0 There are no "cookbook" methods that can replace intelligence, experience, and good taste in
design and programming
[0 Experimentation is essential for all nontrivial software development
[0 Design and programming are iterative activities
[0 Thedifferent phases of a software project, such as design, programming, and testing, cannot be
strictly separated
[J Programming and design cannot be considered without also considering the management of these
activities
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Object-Oriented Design Domain Set Relationships
Concrete - > Abstract
Application
Domain
Entities | Types
i i
 domain analysis  domain analysis
_______ J- - - - - - ______
| |
\ \
Objects ~| Classes Solution
Domain
0 Inaddition,

[ type relationships can be modelled with inheritance (public or private)
O entity relationships can be modelled with object hierarchies
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Object-Oriented Design Activities

O

H

|dentify the entitiesin your application domain

[0 resources, events, (hardware) parts, software interfaces, concepts, . . .

|dentify the behaviours of the entities

[0 services, tasks, functionality, responsibilities, . . .

| dentify relationships/dependencies between entities

O isa, iskind-of, islike, has-a, is-part-of, uses-a, creates-a, . . .

Broaden Design (Guideline: should be implementablein at least 2 different ways)
[0 tobeableto reuselater (design + source code!)

0 helpsthe system evolve/ maintain

[0 to be sure the implementation can fulfil its requirements

Create a C++ design structure from the entities

[0 define classes (and their interfaces!), objects, inheritance and object hierarchy, . . .

Implement, Fine-Tune, Test, Maintain

Note: thisisnot asequential process rather than a back-and-forth or cyclic one
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Object-Oriented Design Tranglation to C++

Summary:

O
[

Say what you mean
understand what you are saying

A common base class means common characteristics

Public inheritance meansis-a or is-kind-of
class derived : public base { /* ... *| };
[0 every object of typeder i ved isalso an object of type base, but not vice-versal

00 Liskov substitution principle:
can every usage of an object of type base be replaced by an object of classderi ved?

[0 additional functionality and/or data makes good subclass!
Don't mistake is-like-a for is-a!

00 find higher abstraction, make parent: e.g. set islike-a |l i st,derivefromcol | ecti on
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Object-Oriented Design Trandation to C++

[0 Private inheritance means is-implemented-in-ter ms-of
class derived : private base { /* ... */ };
[0 implementation issue; no design-level conceptional relationship
[0 useonly if accessto protected members needed or to redefine virtual functions, otherwise use
layering
[0 Layering (nested classes) means has-a, is-part-of, or is-implemented-in-terms-of between classes

class Inner { /* ... *| };
class Quter { Inner |; /* ... *| };

[0 Class member(s) means has-a, is-part-of, or is-implemented-in-terms-of between objects

class foo { /* ... *[ };
class barl { foo I; /* ... *| }; /1 1-to-1 mapping
class barN { foo *I; /* ... *| }; /1 1-to-n mapping

[0 Member function(s) that take parameter of another class means uses-a

foo::func(const bar& b) { /* ... */ }
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Object-Oriented Design General Principles

[J The Open/Closed Principle (Bertrand Meyer): Software entities (classes, modules, etc) should
be open for extension, but closed for modification.

[0 New features can be added by adding new code rather than by changing working code
0 Thus, the working code is not exposed to breakage

[0 The Liskov Substitution Principle: Derived classes must be usable through the base class
interface without the need for the user to know the difference.

[0 Principle of Dependency Inversion: Details should depend upon abstractions. Abstractions
should not depend upon details.

0 All high level functions and data structures should be utterly independent of low level
functions and data structures.

[0 Dependenciesin the design must run in the direction of stability. The dependee must be more
stable than the depender. (stability : = probable change rate)

[0 Themorestableaclasshierarchy is, the moreit must consist of abstract classes. A completely
stable hierarchy should consist of nothing but abstract classes.

[0 Executable code changes more often than the interfaces
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Object-Oriented Design Some more Guidelines

0 Use classes to represent concepts

[0 Keep things as private as possible
[0 Onceyou publicize an aspect of your library (method, class, field), you can never take it out

[J Watch out for the "giant object syndrome"
[0 Objects represent concepts in your application, not the application itself!
[0 Don't add features "just in case"

[0 If you must do something ugly, at least localize the uglinessinside a class

[0 Don't try technological fixes for sociological problems
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Object-Oriented Design Class Design == Type Design

[0 How should objects be created and destroyed?
(constructors, destructor, class specific new/del et e)

[0 How does object initialization differ from assignment? (constructors, oper at or =() )
[J What does it mean to pass objects of new type by value? (copy constructor)

[0 What are the constraints on legal values for the new type?
(error checking in constructors and oper at or =() )

[0 Doesthe new typefit into an inheritance graph? (virtuality of functions, ...)
Wheat kind of conversions are allowed? (constructors, conversion operators)
[0 What operators and functions make sense for the new type? (public interface)
0 Strivefor classinterfaces that are complete and minimal
What standard operators and functions should be explicitly disallowed? (declare private)
Who should have access to the members of the new type? (access modes, friends)

[0 How general isthe new type? (class template?)

Goal: user-defined classes should be indistinguishable from built-in types!
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Object-Oriented Design Books

Object-Oriented Design (both books use C++ for examples)

[0 Booch, Object-Oriented Analysis and Design with Applications, Second Edition,
Benjamin/Cummings Publishing, 1994, ISBN 0-8053-5340-2.

[0 Budd, Introduction to Object Oriented Programming, Second Edition,
Addison-Wesley, 1996, ISBN 0-201-82419-1.
Aspects of Object-Oriented Design in C++

[0 Gamma, Helm, Johnson, and Vlissides,
Design Patterns: Elements of Reusable Object-Oriented Software,
Addison-Wesley, 1995, ISBN 0-201-63361-2.

0 Provides an overview of the ideas behind patterns
and a catalogue of 23 fundamental patterns

[0 Carroll and Ellis, Designing and Coding Reusable C++,
Addison-Wesley, 1995, ISBN 0-201-51284-X.

[0 Discusses many practical aspects of library design and implementation

[J But remember:
Design and programming, like bicycle or swiming, cannot be learned by reading books!
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std::string Overview

[J string : = sequence of characters: = objects of typechar T (includingeg.,” \ 0" )
[0 Standard st ri ng classisactualy

nanmespace std {
tenpl ate <class charT,
class traits = string_char_traits<charT>,
class Allocator = allocator>
cl ass basic_string {

public:
static const unsigned npos = -1;
[* ... */

}

t ypedef basic_string<char> string;
t ypedef basic_string<wchar t> wstring;

}
[0 To keep description of st d: : st ri ng ssimplein the following pages
[0 stringisusedinstead of std: : basi c_string<char>

0 traitsandAl | ocat or objectsareignored
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std::string Definitions

[0 Positionsin astring of n characters are specified
[0 asanobject of typesi ze_t (typically unsi gned i nt)
O intherangeO (first character) to n-1 (last character)

[0 Substrings are specified by the start position pos and the number of characters| en
[0 length of substring is determined by the minimum of | en and si ze() - pos

[0 thereisno separate subst ri ng classin the standard (but it is easy to define one)

[0 Thestring loca special constant npos
[J can be used to specify the length “ all the remaining characters’

O isused by the search algorithms to indicate the result “ not found”

[0 Member functionsof st ri ng throw an exception
0 out _of range if aspecifiedpos isnotintherangeOton-1

O length_error ifaspecified| en would construct astring larger than the
maximal possible length
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std::string Example Definitions

[J Object definitions for al examplesinthest d: : st ri ng chapter:

#i ncl ude <string>
usi ng nanmespace std;

const string strQ = "***":

const string strl = "0123456789";
string str2 = strl;

string str3 = "345";

const char *cstrQ = "**x*":

const char *cstrl = "abcdefghij";
char cstr2[16];

const char *cstr3 = "345";
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std::string Member Function Argument Categories

[0 Argumentsto st ri ng member functionsfall into the following categories.

1.) anobject of classst ri ng or asubstring of it

(... const string& str, size t pos=0, size t |en=npos ...)
Examples:
strl /'l => "0123456789"
strl, 6 /[l => "6789"
strl, 3, 4 /1l => "3456"
strl, 3, 20 /[l => "3456789"

2.) aC/C++ built-in string (zero-terminated array of char ) or thefirst | en characters of it

(... const char* s, size_t |en=npos ...)
Examples:
cstrl [l => "abcdefghij"
cstrl, 5 /'l => "abcde"
Mxk*%k*%xn // => LLEE % S S O L
"*****l" 3 // =S "kkx™"
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std::string Member Function Argument Categories

3.) arepetition of | en charactersc

(.... size_t len, char ¢ ...)

Examples:
5, T xR // => "HxkEkkE"
2, 'a [l => "aa"

4.) a(sub)st ri ng object specified by an iterator range

(.... Inputlterator first, Inputlterator last ...)
Examples:
strl. begin(), strl.end() /'l => "0123456789"
strl.begin()+2, strl.end()-2 [l => "234567"
strl.rbegin(), strl.rend() [l => "9876543210"
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std::string Constructor s/Destructor
[J Constructors

explicit string();

string(const string& str, size t pos =0, size_t len = npos);

string(const char* s, size t len);

string(const char* s);

string(size t len, char c);

t enpl at e<cl ass | nputlterator>

string(lnputlterator begin, Inputlterator end);
[J Destructor

~string();
0 Examples

string si; [/ =>""

string s2(strl, 3, 3); /] => "345"

string s3(cstrl, 3); /'l => "abc"

string s4(3, '*'); [] => "*xx*"

string s5(strl.begin(), strl.end()); /[l => "0123456789"

string s6(strl.rbegin(), strl.rend()); [l => "9876543210"
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std::string Assignment

[J Assignment operator with value semantics (i.e., conceptiona deep copy)

string& operator=(const string& str);
string& operator=(const char* s);
string& operator=(char c);

[0 Member functionassi gn: modifiesand returnst hi s

string&
string&
string&
string&
string&

assi gn( const
assi gn(const
assi gn(const
assi gn(const
assign(size_t

string&);
string& str,
char* s,
char* s);
| en, char c);

size t pos,
size_t len);

t enpl at e<cl ass | nputlterator>
string& assign(lnputlterator first,

[0 Examples

si ze t

| nput I terator

| en);

| ast);

str?2.
str2.
str2.
str2.

Programming in C++

assign(strl1, 3, 3)
assign(cstrl, 3)

assi gn( 3,
assign(strl. begin(),

Fxn)

/1

/1

/1
strl.end())

U Dr. Bernd Mohr, FZ Jilich, ZAM

= " 345n
= " aan
=> "k*xx"

[l => "0123456789"
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std::string Iterators

[0 string provides member types and operations similar to those provided by STL containers
(0 all STL algorithms can be appliedto st ri ng
O but only few are useful asst r i ng often provides more optimized versions directly

[0 examples of useful ones are comparison or searches based on user-defined predicates

[0 Most useful are the usual iterators pointing to the first and one-after-the-last position
[0 string iterators are random access iterators

iterator begin();

const iterator begin() const;
Iterator end();

const iterator end() const;

reverse_iterator rbegin();

const _reverse_iterator rbegin() const;
reverse iterator rend();

const _reverse_iterator rend() const;
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std::string Capacity
[0 LikeSTL'svect or <T>,stri ngshavea

O length : = number of characters stored in string

O capacity : = number of characters which could be stored in string

without new memory allocation

[J Length related member functions

size_t size() const; /' | returnslength
size_t length() const; /'l sameassize()
size t max_size() const; /| maximal possible length
bool enpty() const; /Il size() == 0?
[0 Capacity related member functions
size t capacity() const; /'] returns capacity
void resize(size t len, char ¢ = '\0"); // shrink or enlarge capacity tol en

/| new characters areinitialized with ¢

void reserve(size_t len = 0); /] informstri ng that at least| en
/ | characters are needed, change
/| capacity as needed
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std::string Element Access

O

Individual charactersof ast ri ng can be accessed through subscripting.
It comesin two forms: with and without range check

[0 Theresult of usingoper at or [ ] (pos) isundefined if pos >= si ze()

const _reference operator[](size_ t pos) const;
ref erence operator[](size_t pos);

0 Member function at ( pos) throwsout of range if pos >= si ze()

const _reference at(size t pos) const;
reference at(size_t pos);

Otherwise, both return the character at position pos
To access last character of astringstr usestr[str. size()-1]

Examples:

strl] 5] /[l =>"'5%
strl.at(5) [l =>"5

strl[42] /1 => undefi ned
strl.at(42) /1 => throws out_of _range
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std::string Comparisons

[
O

Strings can be compared to (sub)strings or (sub)arrays of characters

If posl and| enl are specified only this part of the string is compared

0 Returns

O 0O if the (sub)strings are equal
[0 anegative number if the string islexicographically before the argument character object
[0 apositive number otherwise

i nt conpare(const string& str) const;
I nt conpare(size_t posl, size_t lenl, const string& str) const;
i nt conpare(size_ t posl, size t lenl, const string& str,
size_ t pos2, size_t len2) const;
I nt conpare(const char* s) const;
I nt conpare(size_t posl, size_t lenl, const char* s,
size t |l en2 = npos) const;

Examples

strl.conpare(strl) /1 =>0
strl.conpare(3, 3, strl) /[l => >0
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std::string

Modifiers. append

[0 Member function append allows adding characters described by the arguments to the end
(short-cut for i nsert at the end of the string)

0 append modifiesthe string itself (*t hi s) and returns the modified string
string& append(const string& str);
string& append(const string& str, size t pos, size_ t |len);
string& append(const char* s, size t len);
string& append(const char* s);
string& append(size_t len, char c);
t enpl at e<cl ass I nputlterator>
string& append(lnputliterator first, Inputlterator |ast);
[J operat or += and push_back are provided as a conventional notation for the most common
forms of append
string& operator+=(const string& str);
string& operator+=(const char* s);
string& operator+=(char c);
voi d push_back(const char);
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std::string Examples. append
[0 Examples
str2. append(strl) /1l => "01234567890123456789"
str2.append(strl, 3, 3) /] => "0123456789345"
str2. append(cstrl, 3) /1 => "0123456789abc"
str2. append(cstrl) [l => "0123456789abcdef ghi "
str2.append(3, '*") /] => "0123456789***"
str2.append(strl.rbegin(), strl.rend())

str2
str2
str2

+= strl
+= cstrl

+= [N

str2. push_back(’*")

Programming in C++
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/] => "01234567899876543210"
[/ => "01234567890123456789"
/1 => "0123456789abcdef ghi | "
[/ => "0123456789*"
[l => "0123456789*"
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std::string

Modifiers: insert

[0 Member functioni nsert alows adding characters described by the arguments to the string

[0 characters can either be inserted

[0 beforetheindex position pos

[0 modifiesthe string itself (*t hi s) and returns the modified string

string& insert(size_t pos,
string& insert(size_t pos,
size_t pos2,

size_t

const string& str);
const string& str,
l en);

string& insert(size_t pos, const char* s, size_t |en);
string& insert(size t pos, const char* s);
string& insert(size t pos, size_t len, char c);
[0 before the position described by iterator into the same string p
iterator insert(iterator p, char c);
void insert(iterator p, size_t len, char c);
tenpl at e<cl ass | nputlterator>
void insert(iterator p,
| nputlterator first, Inputlterator |ast);
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std::string Examples. insert
[0 Examples
str2.insert(3, strO0) [l => "012***3456789"
str2.insert(3, str0, 1, 1) /[l => "012*3456789"
str2.insert(3, cstr0, 1) /1l => "012*3456789"
str2.insert (3, cstrO0) [l => "012***3456789"
str2.insert(3, 3, '*") /] => "012***3456789"
str2.insert(str2.begin(), '*") /1l => "*0123456789"
str2.insert(str2.begin(), 3, '*") /] => "***0123456789"
str2.insert(str2.begin(), strl.rbegin(), strl.rend())

Programming in C++
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[/ => "98765432100123456789"
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std::string Modifiers. erase

O

[

Member function er ase deletes arange of characters described by the arguments from the string

Delete arange of characters described by a start position pos and alength | en
string& erase(size t pos = 0, size t |len = npos);

Delete the single character specified by iterator posi ti on or
delete arange of characters described by iterator pair fi r st and| ast

[0 Returnsan iterator pointing to the element immediately following the element(s) being erased

iterator erase(iterator position);
Iterator erase(iterator first, iterator |ast);
void clear(); /'l == erase(begin(), end())

Examples

str2.erase(3, 3) [l => "0126789"
str2.erase(3) /[l => "012"
str2.erase(str2.begin()) [l => "123456789"

str2.erase(str2.begin(), str2.end()) [ =>""
str2.clear() [l =>""
str2. erase() [] => "
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std::string Modifiers: replace

[

Member function r epl ace alows changing arange of characters to other characters described
by the arguments

O replace : = assignment to a substring
r epl ace modifiesthe string itself (*t hi s) and returns the modified string

The range of characterstor epl ace can be described by
[0 astart position posl and thelength| enl

string& replace(size_t posl, size t lenl, const string& str);
string& replace(size_t posl, size_t lenl, const string& str,
size_t pos2, size_t |len2);
string& replace(size_t pos, size t lenl, const char* s,
size_t len2);
string& replace(size_ t pos, size t lenl, const char* s);
string& replace(size t pos, size t lenl, size t len2, char c);

or
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std::string Modifiers. replace

[0 apair of iteratorsi 1 andi 2
O i1andi 2 must bevalid iteratorsinto the string (*t hi s)
string& replace(iterator i1, iterator i2, const string& str);

string& replace(iterator il, iterator i2, const char* s,
size t len);

string& replace(iterator il, iterator i2, const char* s);
string& replace(iterator il, iterator i2, size_t len, char c);

t enpl at e<cl ass I nputlterator>
string& replace(iterator il, iterator i2,
Inputlterator j1, Inputlterator j2);
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std::string Examples: replace

[0 Examples
str2.replace(3, 3, str0) /[l => "012***6789"
str2.replace(3, 3, str0, 1, 1) /[l => "012*6789"
str2.replace(3, 3, cstr0, 1) /[l => "012*6789"
str2.replace(3, 3, cstr0) [l => "012***6789"
str2.replace(3, 3, 3, '*') [l => "012***6789"
str2.replace(str2.begin(), str2.end(), strO0) [ => "xx*n
str2.replace(str2.begin(), str2.end(), cstr0, 1) [l =>"*"
str2.replace(str2.begin(), str2.end(), cstrO0) [ => "**x*n
str2.replace(str2.begin(), str2.end(), 3, '*") [ => "xx*n

str2.replace(str2.begin(), str2.end(), str0.begin(), str0.end())
] => "xExm

Programming in C++ U Dr. Bernd Mohr, FZ Jilich, ZAM Page 538



std::string Miscellaneous

[0 Conversion to C/C++ style string
O returns pointer to st ri ng owned character array containing copy of string
const char* data() const;
0 thesamethingbut’ \ O’ terminated
const char* c_str() const;
O copy (parts of) string into user-supplied buffer (note: not’ \ 0’ -terminated!)
size_t copy(char* s, size t len, size t pos = 0) const;
[0 Exchange the contents of two strings
voi d swap(string&);
[0 Select substring (I en characters starting from position pos)
string substr(size_t pos = 0, size_t len = npos) const;
[0 Examples
int i = strl.copy(cstr2, 3, 3); cstr2[i] ="'\0 [l cstr2="345"
str2. swap(str3) /| => str2="345" str3="0123456789"
strl.substr (3, 3) /[l => "345"
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std::string Search: find/rfind
[0 Find substring described by arguments in string starting at position pos
size t find(const string& str, size t pos = 0) const;
size t find(const char* s, size t pos, size t len) const; [ *X*]
size t find(const char* s, size t pos = 0) const;
size_t find(char c, size_t pos = 0) const;
[0 Find substring described by arguments in string searching backwards from pos

size t rfind(const string& str, size t pos = npos) const;

size_t rfind(const char* s, size_t pos, size_t len) const; [*X*/
size t rfind(const char* s, size_t pos = npos) const;

size t rfind(char c, size_t pos = npos) const;

Note: informs marked / * X*/ | en characters of s are searched from position pos in*t hi s

Both return start position of substring in string, or st r i ng: : npos if not found

Examples

strl.find(str3, 0) /] => 3
strl.find(cstrl, 0) /[l => string::npos
strl.rfind(str3) /] => 3
strl.rfind('3", string::npos) Il =>3
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std::string

Search: find_first/last_of

[0 Find first/last character out of character set described by argumentsin string forward/backward

from position pos

size t fi

size t fi

nd first_of(const char* s,
const ;

size t find first_of(const char* s,

size t find first_of(char c,

size t find_|ast_of(const string& str,
size t find | ast_of(const char* s,
size t find | ast_of(const char* s,
size_t find_last_of(char c, size_t pos

nd_first_of(const string& str,
size t pos,

size_ t pos =
size_t pos,

size t pos =
= npos) const;

size_t pos = 0) const;
size_t len)

size t pos = 0) const;
size_t pos = 0) const;

npos) const;
size_t len) const;
npos) const;

[0 Both return start position of character in string, or st ri ng: : npos if not found

[0 Examples
strl.find first_of(str3, 0) Il
strl.find first _of(cstr3, 0, 3) [/

strl.find_last_of(cstr3,
strl.find last_of('3",

string::npos)
string::npos)
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std::string

[/l =>5
[l => 3
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Search: find_first/last_not_of

[0 Find first/last character not in character set described by arguments in string forward/backward

from position pos

size t find first _not_of (const string& str, size t pos = 0)
const ;

size t find_first_not_of(const char* s, size_t pos, size_t |en)
const ;

size t find first_not_of (const char* s, size_t pos = 0) const;

size_t find_first_not_of(char c, size_t pos = 0) const;

size t find |ast _not of(const string& str, size t pos = npos)
const ;

size t find_|ast _not_of(const char* s, size_t pos, size_t len)
const ;

size t find |ast _not_of(const char* s, size t pos = npos) const;

size t find_|ast _not_ of(char c,

size t pos =

npos) const;

Both return start position of character in string, or st ri ng: : npos if not found

[0 Examples
strl.find first _not of(cstr3, 0) /Il =>0
strl.find_last_not_of (str3, string::npos) /Il => 9
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std::string

Global Functions: Concatenation

[0 Concatenation isimplemented as global function oper at or +

0 toalow non-stri ng arguments (character arrays and single char ’s) on left side of

operator

[0 toavoid creation of temporary string objects resulting from automatic conversion

strin
strin
strin
strin
strin

g operator+(const string& | hs,

g operator+(const char* |hs,

g operator+(char
g operator+(const string& | hs,
g operator+(const string& | hs,

[0 Examples

strl

cstrl

+ strl

+ strl

Yo+ ostrl

strl
strl

+ cstrl

+l*l

Proarammina in C++

std::string

| hs,

/1 => "01234567890123456789"
[/ => "abcdef ghi ] 0123456789"

const string& rhs);
const string& rhs);
const string& rhs);

const char* rhs);

char

rhs);

[l => "*0123456789"

/1l => "0123456789abcdef ghi j "

[l => "0123456789*"
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Global Functions: Equality

[0 Theequality operatorsoper at or == and oper at or ! = are also implemented as global

functions for the same reasons

bool operat or==(const
bool operat or==(const
bool operat or==(const
bool operator!=(const
bool operator!=(const
bool operator!=(const
[0 Examples

strl == strl

cstrl == strl

strl == cstrl

strl != strl

cstrl I'=strl

strl !=cstrl

Programming in C++

string& | hs,
char* | hs,
string& | hs,
string& | hs,
char* | hs,
string& | hs,
[ =>
[ =>
[l =>
[ =>
[ =>
[ =>

const
const
const

const
const
const

true
fal se
fal se

fal se
true
true
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string& rhs);
string& rhs);
char* rhs);

string& rhs);
string& rhs);
char* rhs);
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std::string Global Functions. Comparison

O

So are the rest of the comparison operators

bool operator< (const string& | hs, const string& rhs);
bool operator< (const string& | hs, const char* rhs);
bool operator< (const char* | hs, const string& rhs);

bool operator> (const string& | hs, const string& rhs);
bool operator> (const string& | hs, const char* rhs);
bool operator> (const char* | hs, const string& rhs);

bool operator<=(const string& | hs, const string& rhs);
bool operator<=(const string& | hs, const char* rhs);
bool operator<=(const char* | hs, const string& rhs);

bool operator>=(const string& | hs, const string& rhs);
bool operator>=(const string& | hs, const char* rhs);
bool operator>=(const char* | hs, const string& rhs);

Examples

strl >= str1l [l => true
cstrl > str1l [l => true
cstrl < strl [l => fal se
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std::string Global Functions: 1/0O and swap

O

oper at or >> reads a whitespace-terminated word
[0 string is expanded as needed to hold the word
O initial and terminating whitespace is not entered into the string

| stream& operator>>(istream& i s, string& str);

oper at or << writes string contents to an output stream

ostream& operat or<<(ostreanm& o0s, const string& str);

get | i ne readsalineterminated by del i minto st r
[0 string st r isexpanded as needed to hold the line
[0 delimiter del i misnot entered into the string

i stream& getline(istream& is, string& str, char delim="\n");

Exchange the contents of the strings| hs and r hs

voi d swap(string& | hs, string& rhs);
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Programming in C++

(1] English — German Dictionary [

Dr. Bernd Mohr

b.mohr @fz-juelich.de
For schungszentrum Julich

abstract/concrete constness
access specifier
aligment

arithmetic types
array

automatic object
assignment
associativity

basic types

base class

catch block

cast

character

class

comment

compound statement

conditional compilation

Programming in C++

Germany
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Programming in C++ English — German Dictionary
abstract base class abstrakte Basisklasse

abstrakte(logische)/tatsachliche Unveranderbarkeit
Zugriffsspezifikation

(Speicher)Ausrichtung

arithmetische Typen

Feld

automatisches Objekt

Zuweisung

Assoziativitét

elementare Typen, grundlegende Typen
Basisklasse

Ausnahmebehandlungsblock

cast, explizite Typ(en)konversion/Typ(en)umwandlung
Textzeichen

Klasse

Kommentar

(Anweisungs)Block, Anweisungsfolge,
Zzusammengesetzte Anweisung

bedingte Ubersetzung
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Programming in C++

English — German Dictionary

constructor Konstruktor

control flow Steuerflufd

conversion (operator) (Typ)Umwandlungsoperator

diasy-chaining aneinanderreihen, verketten, kaskadieren

data hiding Geheimnisprinzip

data member Datenelement

declaration Deklaration

definition Definition

default parameter Standardparameter(wert), vorbelegte Parameter
Parameterwertvorgabe

derived class abgeleitete Klasse

derived types abgeleitete Typen

destructor Destruktor

do until loop Durchlaufschleife

dynamic binding dynamische Bindung

encapsulation Kapselung

enumeration Aufzéhlung

exception handling Ausnahme(fall)behandlung

expression Ausdruck
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Programming in C++ English — German Dictionary

floating-point Fliesskomma

for loop Zahlschleife

function body Funktionsrumpf

function call Funktionsaufruf

function head Funktionskopf

global global

header file Schnittstellendatei

heap dynamischer Speicher, Freispeicher

hide Uberdecken, verdecken

identifier Bezeichner

include directive Dateieinfligeanwei sung

indirection Dereferenzierung

inheritance Vererbung

inline inline

integer ganzzahlig

integral promotion integrale Promotion

integral types integrale Typen

iteration Schleife
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Programming in C++

English — German Dictionary

jump statement
keyword

label

labeled statement
literal

member function
member template
memory allocation
memory deallocation
memory management
multiple Inheritance
namespace

nested classes
operator

operator delete
operator new
overloading

runtime type identification (RTTI)

Proarammina in C++

Programming in C++

Sprunganwei sung

Schlisselwort, reservierter Bezeichner
Sprungmarke

benannte Anweisung

Literal (auch "Konstante™)
Elementfunktion, Methode
Elementschablone

Speicheranforderung

Speicherfreigabe

Speicherverwaltung

M ehrfachvererbung, mehrfache Vererbung
Namensraum, Namensbereich
(ein)geschachtelte Klassen

Operator

L 6schoperator, Speicherfreigabe
Erzeugungsoperator, Speicherbelegung
Uberladen

Typermittlung zur Laufzeit, Laufzeit-Typinformation
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English — German Dictionary

placement

poi nter
polymorphism
precedence
preprocessor directives
private member
protected member
public member
pure virtual
qualified name
recursive
reference
relational operator
return type

scope

signed

stack

Sstatement

static binding

Programming in C++

Plazierung

Zeiger

Polymorphie

Prioritéat

Préprozessordirektiven

privates Element

geschitztes Element
offentliches Element

rein virtuell, abstrakt
gualifizierter Bezeichner / Name
rekursiv

Verweis/ Referenz
Vergleichsoperator
Funktionswerttyp
Gltigkeitsbereich, Bezugsrahmen
vorzei chenbehaftet

Stapel

Anweisung

statische Bindung
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static member
static object
storage class
struct

template

throw exception
unsigned

union

virtual function
while loop
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Klassenmethode, Klassenvariable, objektloses Element
statisches Objekt

Speicherklasse

Struktur, Verbund, Rekord

Schablone, generische / parametrisierte Klasse, Musterklasse
Ausnahmebehandlungs(code) anstossen, Ausnahme auswerfen
vorzeichenlos

varianter Rekord

virtuelle Funktion

Abweisungsschleife
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