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Arrays

e Array
— Consecutive group of memory locations
— Samename and type (i nt, char, etc.)
e Torefer to an element
— Specify array name and position number (index)
— Format: arrayname][ position number ]
— First element at position O
* N-element array ¢
c[ 0],c[] 1] ..c[ n- 1]
— Nth element as position N-1
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Arrays

« Array elements like other variables
— Assignment, printing for an integer array ¢
c o] = 3
cout << c[ 0 ];
¢ Can perform operations inside subscript
c[ 5 - 2 ]sameasc[3]

O 2003 Prentice Hall, Inc. All rightsreserved.

©

Declaring Arrays

* When declaring arrays, specify
— Name
— Typeof array
« Any datatype
— Number of elements
— typearrayName[ arraySize] ;
int ¢c[ 10]; // array of 10 integers
float d[ 3284 ]; // array of 3284 floats
» Declaring multiple arrays of same type

— Use comma separated list, like regular variables
int b[ 100 ], x[ 27 ];
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Examples Using Arrays

« Initializing arrays
— For loop
* Set each element
— Initiaizer list
« Specify each element when array declared
int n[f 5] ={ 1, 2, 3, 4, 51},
« |If not enough initializers, rightmost elements 0
« If too many syntax error
— To set every element to same value
int n[ 5] ={ 0};
— If array size omitted, initializers determine size
int n[] ={ 1, 2, 3, 4, 51};
« 5initializers, therefore 5 element array
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Examples Using Arrays

e Strings
— Arraysof characters
— All stringsend withnul | (*\ 0")
— Examples
« char stringl[] = "hello";
— Nul | character implicitly added
— stringl has 6 elements
e char stringl[] ={ 'h'", e, "I', "I",
o', '\0' };
— Subscripting isthe same
Stringl[ 0 ] is'h'
stringl[ 2 ]is'l"’
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Examples Using Arrays

¢ Input from keyboard
char string2[ 10 ];
cin >> string2;
— Putsuser input in string
« Stopsat first whitespace character
* Addsnul | character
— If too much text entered, data written beyond array
» Wewant to avoid this
 Printing strings
—cout << string2 << endl;
« Does not work for other array types
— Characters printed until nul | found
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Examples Using Arrays

* Recall static storage

— If stati c, local variables save values between function
cals

— Visibleonly in function body

— Candeclarelocal arraysto be static
« Initialized to zero
static int array[3];

 |f not static
— Created (and destroyed) in every function call
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Passing Arrays to Functions

« Specify name without brackets
— TopassarraynyArray tomyFunction
int nyArray[ 24 ];
nyFunction( nmyArray, 24 );
— Array size usually passed, but not required
« Useful toiterate over all elements
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Passing Arrays to Functions

* Arrays passedhy-reference
— Functions can modify original array data
— Value of name of array is address of first element
« Function knows where the array is stored
« Can change original memory locations
¢ Individual array elements passed by-value
— Likeregular variables
— square( nyArray[3] );
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Passing Arrays to Functions

* Functions taking arrays

— Functionprototype
« void modifyArray( int b[], int arraySize );
*« void nodifyArray( int [], int );

— Names optional in prototype

« Both take an integer array and a single integer

— No need for array size between brackets
« Ignored by compiler

— If declare array parameter asconst
« Cannot be modified (compiler error)
« voi d doNot Modi fy( const int [] );
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Sorting Arrays

* Example:
— Go left to right, and exchange elements as necessary
« One pass for each element
— Origina: 34276

— Pass1l: 324 6 7 (elementsexchanged)
— Pass2: 23467

— Pass3: 234 6 7 (nochangesneeded)
— Pass4: 23467

— Pass5: 23467

— Small elements "bubble" to thetop (like 2 in this example)
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Multiple- Subscripted Arrays

* Multiple subscripts
—al i 1[0 ]
— Tableswith rows and columns
— Specify row, then column
— “Array of arrays’
» a[ 0] isanarray of 4 elements
« a[ 0] [ 0] isthefirst element of that array

Col um 0 Col um 1 Col unm 2 Col um 3
Row 0 af 0J[ 0] Jal O]J[ 1] [al 0][ 2] a[ 0 1[ 3]
Row 1 al 10 0] Jal 1]0 1] Jal 110 2] Jal 1][ 3]
rwz [ 21001 [al 211 11 Jal 210 2] [al 211 3]
|_mnmn subscri pt
Array name

Row subscri pt
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Multiple- Subscripted Arrays :|
* Toinitialize

— Defaultof 0

— Initializersgrouped by row in braces

)
int b[ 2 ][ 2] ={{1 2}, {3 4} };

Row 0 Row 1
_ 2 Jo]
int b[ 210 21 ={ {1}, {3 4} }; 2 [4]

© 2003 Prentice Hall, Inc. All rights reserved.

©

Pointers

* Pointers

— Powerful, but difficult to master

— Simulate passby-reference

— Closerelationship with arrays and strings
¢ Can declare pointers to any data type
« Pointer initialization

— Initialized to 0, NULL, or address

« 0 or NULL points to nothing
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Pointer Variable Declarations and Initialization ]

 Pointer variables
— Contain memory addresses as values i
— Normally, variable contains specific value (direct reference)
— Pointers contain address of variable that has specific value
(indirect reference) ‘e B
* Indirection
— Referencing value through pointer

» Pointer declarations
— * indicatesvariableispointer
int *myPtr;
declares pointer toi nt, pointer of typei nt *
— Multiple pointers require multiple asterisks
int *myPtrl, *nyPtr2;
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Pointer Operators

* & (address operator)
— Returns memory address of its operand

— yPtr “pointsto” y

yptr
Vi 500000 600000

address of y
is val ue of
yptr
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— Example
int 'y =25;
int *yptr;
yPtr = &y; /1 yPtr gets address of y

y

(€@

Pointer Operators

« * (indirection/dereferencing operator)
— Returns synonym for object its pointer operand points to
— *yPtr returnsy (becauseyPt r pointstoy).
— dereferenced pointer islvalue
*yptr = 9; /'l assigns 9 toy

e * and & are inverses of each other
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Calling Functions by Reference

« 3 ways to pass arguments to function
— Pass-by-value
— Pass-by-reference with reference arguments
— Pass-by-reference with pointer arguments
e return canreturn one value from function
« Arguments passed to function using reference
arguments
— Modify original values of arguments
— Morethan onevalue*“returned”
int Cube(int *x) {

Function call: Cube( &a)
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Using const with Pointers

e const qudifier
— Value of variable should not be modified
— const used when function does not need to change a variable
— Principle of least privilege
e const pointers
— Always point to same memory location
— Default for array name
— Must beinitialized when declared
» Four ways to pass pointer to function
— Nonconstant pointer to nonconstant data
« Highest amount of access
— Nonconstant pointer to constant data
— Constant pointer to nonconstant data
— Constant pointer to constant data
« Least amount of access
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/I Fig. 5.13: fig05_13.cpp

/1 Attenpting to nodify a constant pointer to
/1 non-constant data.

fig05_13.cop
(Lof 1)

i

2

s

L

5 int main()
3

7 int x, y;
3

fig05_13.cop

lo I/ ptr i's a constant pointer to an iLmptr iSconstant pointer to output (1 of 1)
o /1 be modified through pifCanmodify x (pointedtoby

11 /1 same memory | oc: i = n

o int * const ptian; Cmnotnndlfyptr to point

= to new addresssincept r is

T owed: *p| CONStant.
Il error: ptr s const; car]

ha  sptr =7
5 ptr = &y;

Line 15 generates compiler
17 return 0, 1/ indicates successiu” " er|CHONDYEIEMPtiN 0 ESSN
18 new address to constant

19 } // end main pointer.

1\ cppht p4_exanpl es\ ch05\ Fi g05_13. cpp(15) : error C2166:
I-val ue specifies const object

All rightsreserved

Outline
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/I Fig. 5.14: fig05_14.cpp
/I Attenpting to nodify a constant pointer to constant data.
#incl ude <i ostream»

Outline

fig05_14.cpp
using std:: cout; (1of 1)
using std::endl;
int main()
int x =5, y;

pt r isconstant pointer to
nstant.

/1 ptr is a constant pointer to_a
I/ ptr alvays points to thesf
/] at that location capw6i be nodified

const int *const ptr”= &= modify x (pointedto

cout << *ptr << g Cannot modify pt r to point
/mna/vaddrassinoeptr is
*ptr = 7; 7/ Lfror: *ptr|constant.
71 error -

ptr = &y; ptr T ess

return 0; // indicates successful ternination

} /1 end main
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Pointer Expressions and Pointer Arithmetic

Pointer arithmetic

— Increment/decrement pointer (++ or - -)

— Add/subtract an integer to/from apointer(+or +=, - or - =)

— Pointers may be subtracted from each other

— Pointer arithmetic meaningless unless performed on pointer to

array
¢ 5elementi nt array on amachine using 4 bytei nt s

— vPtr pointsto first elementv[ 0 ],whichisat location 3000
vPtr = 3000

- VvPtr += 2; setsvPtr to 3008
vPtr pointstov[ 2 ]

Iocation
3000 3004 3008 3012 3016

pornter variable vPtr

© 2003 PrenticeHall, Inc. All rightsreserved.

©

O 2003 Prentice Hall, Inc. Al rightsreserved.

@

Pointer Expressions and Pointer Arithmetic

e Subtracting pointers
— Returns number of elements between two addresses
vhPtr2 = v[ 2 ];
vPtr = v[ 0 ];
vPtr2 - vPtr == 2

» Pointer assignment
— Pointer can be assigned to another pointer if both of same
type

— If not same type, cast operator must be used

— Exception: pointer tovoi d (typevoi d *)
« Generic pointer, represents any type
« No casting needed to convert pointer to voi d pointer
« voi d pointers cannot be dereferenced




Pointer Expressions and Pointer Arithmetic

« Pointer comparison

— Useequality and relational operators

— Comparisons meaningless unless pointers point to members
of same array

— Compare addresses stored in pointers

« Example: could show that one pointer points to higher
numbered element of array than other pointer

— Common use to determine whether pointer is 0 (does not

point to anything)
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Relationship Between Pointers and Arrays

* Arrays and pointers closely related
— Array name like constant pointer
— Pointers can do array subscripting operations
* Accessing array elements with pointers
— Elementb[ n ] canbeaccessedby *( bPtr + n )
« Called pointer/offset notation
— Addresses
« &[ 3 ] sameasbPtr + 3
— Array name can be treated as pointer
*«b[ 3 ]sameas*( b + 3)
— Pointers can be subscripted (pointer/subscript notation)
« bPtr[ 3 ] sameasb[ 3 ]
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Arrays of Pointers

« Arrays can contain pointers

— Commonly used to store array of strings
char *suit[ 4] = {"Hearts", "Dianonds",
"Clubs", "Spades" };
— Eachelement of suit pointstochar * (astring)

— Array does not store strings, only pointersto strings

suit[0] o—{7 [° [= [° ™ 15 [ ]
sit() | @q— T T & W Jo W Ja ] ]
suit[2] o1—1T [T ™ 1% 5 [0 ]

wid e Tv = JT T T 1]

— sui t array hasfixed size, but strings can be of any size
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Function Pointers

¢ Calling functions using pointers
— Assume parameter:

* bool ( *conpare ) ( int, int )
— Execute function with either
« ( *conpare ) ( intl, int2)

— Dereference pointer to function to execute
OR
« conpare( intl, int2)
— Could be confusing

« User may think conpar e name of actual functionin
program
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L 1/ Fig. 5.25 fig05_25.cpp Outline 26 cout << "Enter 1 to sort in ascending order,\n: 1Al Outline
o // Miltipurpose sorting program using function pointers _ 7 << "Enter 2 to sort in descending order: *; _
5 #include <iostream s cin >> order;
k fig05_25.cop o cout << "\nData itens in original order\n"; fig5_25.cpp
5 using std:: cout; (Lof 5) 0 (20t 5)
6 using std::cin: 1 // output original array
|7 using std::endl; 32 for ( counter = 0; counter < arraySize; counter++ )
s 33 cout << setw( 4 ) << a[ counter ];
o #include <i omani p> "
Lo — 5 // sort array in ascending order; pass function ascending
11 using std::setw PERTEETEIED 56 // as an argunent to specify ascending sorting order
o function that receives two - i1 ( order =
13 1/ prototypes integer parameters and 58 bubbl e( a, arraySize, ascending );
14 void bubble( int [], const int, bool (*)( int, int ) ):|returnsbool result. 39 cout << "\ nData itens in ascending order\n";
15 void svap( int * const, int * const ); ko 3
16 bool ascending( int, int ); a1
17 bool descending( int, int ); 2 7/ sort array in descending order; pass function descending
18 3 7/ as an agrument to specify descending sorting order
1o int main() ba  else {
o { s bubbl e( a, arraySize, descending );
1 const int arraySize = 10; e cout << "\ nData items in descending order\n";
b2 int order; b7 3
3 int counter: s
ba  int af arraySize] ={ 2, 6, 4, 8 10, 12, 89, 68, 45, 37 };
o5
O 2003 Prentice Hall, Inc. O 2003 Prentice Hall, Inc.
Al rights reserved Allrights reserved.
ko 1/ output sorted array Outline 73 1Al Outline 2
50 for ( counter = 0; counter < arraySize; counter++ ) _— 74 } 1/ end function bubbl e I
51 cout << setw( 4 ) << a[ counter ]; 75
52 i 76 1/ swap values at memory locations to which ]
53 cout << endl; Elg[())?_sZ)S,qu 77 1/ element1Ptr and el enent2Ptr poi nt Iﬁ?‘éfcm
54 78 void swap( int * const elementiPtr, int * const el enent2Ptr )
55 return 0; // indicates successful ternination 79 {
56 0 int hold = *el enent 1Ptr;
57 } // end main 61 element1Ptr = *element2Ptr;
58 — 2 *elenent2Ptr = hold;
5o /7 multi purpose bubbl e sort; pararet er_egi| COPAI € iSpainterto ls3
50 // the comparison function that dgeefm nes | fUNCtion that receives two l64 } /7 end function swap
61 voi d bubbl e( int work[], conseTnt size, integer parameters and lss
62 bool (*conpage)( int, int ) ) |returnsbool result. IB6 // deternine whether elements are out of order
63 ( 7 /1 for an ascending order sort
64 // 1oop to control passes Parentheses necessary to 88 bool ascending( int a, int b)
s for (int pass = 1 pass < size; pass++ |jngicae pointer to function 9 -
66 00 return b <a; // swap if bis less than a
67 /1 100p to control number of c 7 o1
63 for (int count = 0; Call passedfunction o2 } // end function ascending
o conpar e; dereference b3
b0 /1 it adjacent pointer to execute function.
71 it ( (*conpare)( work[ count J, workl count = IT ) )
72 swap( &work[ count ], &work[ count + 1] );




[Enter 1 to sort in ascending order,
Enter 2 to sort in descending order: 1

[Dat a i tens in original order
2 6 4 8 10 12

04 // determine whether el enents are out of order Outline
05 // for a descending order sort _
96 bool descending( int a, int b) /]
o7 { fig05_25.cop
o8 returnb > a; // swap if bis greater than a (50f5)
oo
100 } // end function descending X

fig05_25.cop

output (1 of 1)

89 68 45 37

Data items in ascending order
2 4 6

8 10 12 37 45 68 89

[Enter 1 to sort in ascending order,
Enter 2 to sort in descending order: 2

[Dat a i tens in original order
2 6 4
IData i tems in descending order

89 68 45 37 12 10 8 6 4 2

8 10 12 89 68 45 37
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Function Pointers

« Arrays of pointersto functions
— Menu-driven systems

— Pointersto each function stored in array of pointersto
functions

« All functions must have same return type and same parameter
types
— Menu choice - subscript into array of function pointers

© 2003 Prentice Hall, Inc. All rights reserved.

/1 Fig. 5.26: fig05_26.cpp Qutline
/1 Demonstrating an array of pointers to functions _
#include <i ostreanp

fig05_26.cpp
using std:: cout; (1of 3)
using std::cin;

using std::endl;

/1 function prototypes

voi d functionl( int );

void function2( int );

void function3( int );

‘("‘ naiin() Array initialized with names

11 initialize array of 3 poiprerd to fuf Of threefunctions; function
/1 take an int argument Teturn voi d|N@Mesare pointers.
void (*f[ 3])( int ) ={ functionl, function2, function3 };

int choice;

cout << "Enter a number between 0 and 2, 3 to end: ";
cin >> choi ce;

O 2003 Prentice Hall, Inc.
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Il process user's choice Al Outline
while ( choice >= 0 & choice < 3) { M
/|
/1 invoke function at |ocation choice in array f figo5_26.cop
/1 and pass choice as an argument (20f 3)

(*f[ choice ])( choice ):

cout << "Enter a nu
cin >> choice;

} Call chosen function by
dereferencing corresponding
cout << "Program execution conpl { €l€ment in array.

between 0 and 2, 3 to end:

return 0; // indicates successful termnation
} /1 end main

void functionl( int a)

{
cout << "You entered " << a
<< " so functionl vas called\n\n";
} /1 end functionl

O 2003 Prentice Hall, Inc.
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37

49 void function2( int b)

50 {

51 cout << "You entered " << b

52 << " so function2 was called\n\n"; flgos_zequ
53

54 } 1/ end function2 (B0f3)

55 X

56 void function3( int ¢ ) fig05_26.cpp
57 { output (1 of 1)
58 cout << "You entered " << ¢

59 << " so function3 was called\n\n";

60

61 } // end function3

[Enter a nunber between 0 and 2, 3 to end
‘ou entered 0 so functionl was called

o

Enter a nunber between 0 and 2, 3 to end:

-

ou entered 1 so function2 was cal | ed

[Enter a nunber between 0 and 2, 3 to end
‘ou entered 2 so function3 was call ed

~

Enter a nunber betveen 0 and 2, 3 to end:
IPr ogr am executi on conpl et ed.

w
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Fundamentals of Characters and Strings

 Character constant
— Integer value represented as character in single quotes

' z' isinteger valueof z
« 122inASClI
e String

— Seriesof characterstreated as single unit

— String literal (string constants)
« Enclosed in double quotes, for example:
"I like C++"
— Array of characters, endswith null character ' \ 0°
— String is constant pointer
« Pointer to string’s first character
— Likearrays

© 2003 Prentice Hall, Inc. All rights reserved.

— Caninclude letters, digits, special characters +,- ,* ...
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Fundamentals of Characters and Strings

« String assignment
— Character array
e« char color[] = "blue";
— Creates 5 element char array col or
* lastelementis' \ 0
— Variableof typechar *
e char *colorPtr = "blue";
— Creates pointer col or Pt r to letter b instring “ bl ue”
* “bl ue” somewhere in memory
— Alternative for character array
e char color[] ={ ‘b, “I", ‘u, ‘e, “\0 },
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Fundamentals of Characters and Strings

Reading strings
— Assign input to character arraywor d[ 20 ]
cin > word
« Reads characters until whitespace or EOF
« String could exceed array size
cin >> setw( 20 ) >> word;
« Reads 19 characters (space reserved for ' \ 0' )
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Fundamentals of Characters and Strings

e cin.getline
— Read line of text
—cin.getline( array, size, delimter );
— Copiesinput into specifiedar r ay until either
* Onelessthansi ze isreached
« delimter characterisinput
— Example
char sentence[ 80 ];
cin.getline( sentence, 80, '\n' );
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String Manipulation Functions of the String-
handling Library

String handling library <cst r i ng> provides
functions to

— Manipulate string data

— Compare strings

— Search strings for characters and other strings

— Tokenize strings (separate stringsinto logical pieces)
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String Manipulation Functions of the String-
handling Library

)har *strcpy( char *sl1, const Copies the string s2 into the character
char *s2); array s1. Thevalueof s1 is returned.

Copiesat most n characters of the string s2
into the character array s1. Thevaueof s1 is
returned.

char *strncpy( char *sl1, const
char *s2, size_t n);

char *strcat( char *sl1, const
char *s2);

Appends the string s2 tothestring s1. The
first character of s2 overwrites the terminating
null character of s1 Thevaueof s1 is
returned.

char *strncat( char *sl1, const
char *s2, size_t n);

Appends at most n charactersof string s2 to
string s1. Thefirst character of s2 overwrites
the terminating null character of s1. Thevaue
of s1 is returned.

int strcnp( const char *si,
const char *s2);

Compares the string s 1 with the string s2 The
function returns a value of zero, less than zero
or greater than zero if s1isequal to, lessthan
or greater than s 2, respectively.
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String Manipulation Functions of the String- ©
}handling Library

Compares up to n characters of the string
s1 with the string s2. The function returns
zero, lessthan zero or greater than zero if
s1isequa to, lessthan or greater thans2,
respectively.

A sequence of callsto st r t ok breaks
string s1into “tokens”—logical pieces
such aswordsin aline of text—delimited
by characters contained in string s2. The
first call contains s1 as the first argument,
and subsequent calls to continue tokenizing
the same string contain NULL as the first
argument. A pointer to the current to-ken is
returned by each call. If there are no more
tokens when the function is called, NULL is
returned.

Determines the length of string s. The
number of characters preceding the
terminating null character is returned.

yht strncnp( const char *s1, const
Achar *s2, size_t n);

char *strtok( char *sl1, const char
*s2);

size_t strlen( const char *s );
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