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By its very nature, the library provided with a programming language is a mixed bag.
PJ. Plauger
The Standard C Library, p. x

B F1 Functions

C++inherits many free (non-class) functions from GuAction library is a collection of
cohesive functions that have a common domain. For example, the heagenfé¢h>
imports mathematical functions, the fdkectype> imports character functions, and
the library<cstdlib>  imports “standard” algorithms like the C-based functiatws
andatof . In addition to the function libraries inherited from C, C++ includes several
standard class libraries. In particular, Beandard Template Libraryor STL, provides
implementations of functions, algorithms, and container classes like vector. We use some
of the ideas from STL, for example in the clagsctor  and in the sorting functions of
sortall.h, but a complete discussion of STL is beyond the scope of this book. Complete
though terse information on STL is available in [Str97]; a description of why the library
works as it does and a wonderful book on generic programming is [Aus98].

The function libraries imported using header files of the faroXXX> are instd
namespace. For abriefintroduction to namespaces see Section A.2.3in Howto A. Func-
tionsinthe global namespace are imported usiKgX.h>. For example, usecmath>
for functions in thestd namespace, butmath.h> for functions in the global names-
pace. Older libraries/environments typically support only.theersions of the function
libraries.

F.1.1 The Library <cmath>

Functions in the standard math librakgmath> , are given in Table F.1. On older sys-
tems this library is callegmath.h> . All trigonometric functions use radian measure.
See the functions imathutils.h , Program G.9 for functions to convert between
degrees and radians.

Most of the functions inkcmath> are described sufficiently in Table F.1. The
arguments t@tan2 are presumed to be x- and y-coordinates, so #ta2(1,1)
is the same aatan2(3,3) oratan( w/4).
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Table F1 Some functions in <cmath>

function name prototype returns
double fabs (double x) absolute value of x
double abs (double x) absolute value of x (C++only)
double log (double x) natural log of x
double logl0 (double Xx) base-ten log of x
double sin (double x) sine of x (x in radians)
double cos (double x) cosine of x (x in radians)
double tan (double x) tangent of x (x in radians)
double asin (double x) arc sine of x Fr/2, m/2]
double acos (double x) arc cosine of x [0r]
double atan (double x) arc tangent of xf /2, /2]
double atan2 (double x, atan(x/y)

double vy)
double sinh (double x) hyperbolic sine of x
double cosh (double x) hyperbolic cosine of x
double tanh (double x) hyperbolic tangent of x
double pow (double x, x¥

double vy)
double sqrt (double x) /%, square root of x
double fmod (double d, floating-point remainder d/m

double m)
double Idexp (double d, d*pow(2,i)

int i)
double floor (double x) largest integer value x
double ceil (double x) smallest integer value x

F.1.2 The Library <cctype>

The functions irccctype> operate orchar values, they’re summarized in Table F.2.

On older systems this library is calledtype.h> . You would expect functions with

the prefixis, such asslower andisalnum ,to have returntypbool. However,

to ensure compatibility with both C and C++ code, many libraries use integer values
for the return type of these predicatesdicctype>.  These boolean-valued functions
return some nonzero value for true, but this value is not necessarily one. All the functions
useint parameters, but arguments are expected to be in the range aftegalvalues.

B F2 Constants and Limits

Several header files import constants and functions that encapsulate platform-specific
limits on the maximum and minimal values of different built-in types. Unfortunately,
the C++ standard does not requireiah to be represented by 32 bits, nhodauble
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Table F2 Some functions in <cctype>

function prototype returns true when
int isalpha(int c) c is alphabetic (upper or lower case)
int isalnum(int c) c is alphabetic or a digit
int islower(int c) c is a lowercase letter
int isdigit(int c) c is a digit character '0’-'9’
int iscntrl(int c) c is a control character
int isprint(int c) c is printable character including space
int ispunct(int c) C is a punctuation

(printable, not space, not alnum)
int isspace(int c) c is any white-space character,

1 1,1 \tl,l \n:,| \Vl’ 1 \r1’1 \fl
int isupper(int c) C is an uppercase letter

returns

int tolower(int c) lowercase equivalent of ¢
int toupper(int c) uppercase equivalent of ¢

to be represented by 64 bits, although these are the standard sizes on 32-bit computers
and are the standard sizes used in languages like Java.

F2.1 Limitsin <climits>

The header fileclimits>  (or<limits.h> )imports the constants shownaidlim-
its.cpp Program F.1. However, the valldT_MIN , for example, is almost certainly a
preprocessottdefine rather than a C++ constant. Although these constants are sim-
ple to use, consider using the constants and classes defirkaits> , whose use is
shown in Program F.2 below.

Program F1 oldlimits.cpp

#include <iostream>

#include <iomanip> /I for setw

#include <climits>

#include <string>

using namespace std;

/I illustrates range of values for integral types

const int FIELD_SIZE = 13; /I size of field for output chunk

void Print(const string& type, long low, unsigned long high);

int main()
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cout << setw(FIELD_SIZE) << "type"
<< setw(FIELD_SIZE) << "low"
<< setw(FIELD_SIZE) << "high" << endl << endl;

Print("char", CHAR_MIN, CHAR_MAX);

Print("uchar", 0, UCHAR_MAX);
Print("short", SHRT_MIN, SHRT_MAX);
Print("ushort",0, USHRT_MAX);
Print("int", INT_MIN, INT_MAX);
Print("uint", 0, UINT_MAX);
Print("long", LONG_MIN, LONG_MAX);
Print("ulong", 0, ULONG_MAX);
return 0;

}

void Print(const string& type, long int low, unsigned long int high)
/I postcondition: values printed in field width FIELD_SIZE
{
cout << setw(FIELD_SIZE) << type
<< setw(FIELD_SIZE) << low
<< setw(FIELD_SIZE) << high << endl, I
} oldlimits.cpp

O U Py T

prompt> oldlimits
type low high
char -128 127
uchar 0 255
short -32768 32767
ushort 0 65535
int -2147483648 2147483647
uint 0 4294967295
long -2147483648 2147483647
ulong 0 4294967295

F.2.2 Double Limits in <cfloat>

The header file<cfloat>  (or <float.h> ) imports several constants including
DBL_MIN and DBL_MAXwhich specify the minimal and maximadouble values,
respectively.
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F2.3 Limitsin <limits>

The header fil&limits>  imports atemplated classimeric_limits that provides
values related to all the built-in types. Clients can create versiamgoéric_limits

for programmer-defined classes. For example, we could create a version for the class

Bigint . All the methods and constantsimimeric_limits are static, so no vari-
ables of typenumeric_limits are created.

We use only four of the methods available in the clagsieric_limits . There
are many more, for example, in the classneric_limits<double> specifically
for floating point values. In the functioprintLimits we use the standard C++
operatortypeid , imported from<typeinfo> . Basically,typeid allows types to

be compared for equality, and provides access to a string form of a type’s name. For

more information omumeric_limits andtypeid see [Str97].

#include
#include
#include
#include

Program F2 limits.cpp

<iostream>
<limits>
<typeinfo>
<iomanip>

using namespace std;

/I print class-specific limits using numeric_limits from <limits>

template

<class Type>

void printLimits(const Type& t)
/I post: print max,min values and # bits used by t

{
cout << "\ninformation for " << typeid(t).name() << endl;
cout << "min =\t" << numeric_limits<Type>::min() << endl;
cout << "max =\t" << numeric_limits<Type>:max() << endl;
cout << "#bits=\t" << numeric_limits<Type>:digits << endl;
cout << "is integral? "
<< boolalpha << numeric_limits<Type>:is_integer << endl;
}
int main()
{
printLimits(0);
printLimits(Ou);
printLimits(OL);

printLimits(‘a’);
printLimits(static_cast<unsigned char>('a"));
printLimits(0.0);
printLimits(static_cast<float>(0.0));

return O;

limits.cpp
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U PR T

prompt>  limits
information for int

min =  -2147483648
max = 2147483647
#bits= 31

is integral? true

information for unsigned int

min = 0
max = 4294967295
#bits= 32

is integral? true

information for long

min = -2147483648
max = 2147483647
#bits= 31

is integral? true

information for char

min =  -128 actually prints a char, not an int
max = 128 actually prints a char, not an int
#bits= 7

is integral? true

information for unsigned char

min = 0
max = 255
#bits= 8

is integral? true

information for double

min = 2.22507e-308
max = 1.79769e+308
#bits= 53 # bits in mantissa

is integral? false

information for float

min = 1.17549e-38
max = 3.40282e+38
#bits= 24 # bits in mantissa

is integral? false
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F2.4 ASCIIValues

Since most C++ environments use ASCII coding for characters, Table F.3 provides ASCI|I
values for all the standard characters.

Table E3 ASCII values

ASCII character set

decimal char decimal char decimal char decimal char
0 @ 32 space 64 @ 96

1 “A 33 ! 65 A 97 a
2 "B 34 " 66 B 98 b
3 C 35 # 67 C 99 c
4 D 36 $ 68 D 100 d
5 “E 37 % 69 E 101 e
6 “F 38 & 70 F 102 f
7 "G 39 ! 71 G 103 g
8 “H 40 ( 72 H 104 h
9 7 41 ) 73 I 105 i
10 ~J 42 * 74 J 106 i
11 “K 43 + 75 K 107 k
12 L 44 , 76 L 108 |
13 ™M 45 - 77 M 109 m
14 "N 46 . 78 N 110 n
15 o) 47 / 79 (0] 111 0]
16 P 48 0 80 P 112 p
17 Q 49 1 81 Q 113 q
18 "R 50 2 82 R 114 r
19 °S 51 3 83 S 115 S
20 T 52 4 84 T 116 t
21 “U 53 5 85 U 117 u
22 Vv 54 6 86 \% 118 v
23 W 55 7 87 W 119 w
24 "X 56 8 88 X 120 X
25 Y 57 9 89 Y 121 y
26 Z 58 : 90 Z 122 z
27 escape 59 ; 91 [ 123 {
28 fs 60 < 92 \ 124 |
29 gs 61 = 93 ] 125 }
30 rs 62 > 94 - 126 -
31 us 63 ? 95 127 del
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