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Arrays

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

* When declaring arrays, specify
— Name
— Type of array
» Any datatype
— Number of elements
— typearrayName[ arraySze] ;

int ¢[ 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 1;
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Examples Using Arrays

* Initidlizing arrays
For loop
* Set each element
Initializer list
* Specify each element when array declared
int n[ 5] ={1, 2, 3, 4, 5};
« If not enough initializers, rightmost elements 0
« If too many, syntax error
To set every element to O
int n[ 5] ={ 0 };
If array size omitted, initializers determine size
int n[] ={ 1, 2, 3, 4, 5};
» 5initializers, therefore 5 element array

e static int array[3]; ?7?
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Examples Using Arrays

» Strings
— Arraysof characters
— All stringsendwithnul | (*\0")
— Examples
e char stringl[] = "hello";

— Nul | character implicitly added
— stringl has6elements

e char stringl[] ={ 'h",
‘o', '"\0 };
— Subscripting is the same
Stringl[ O ]is'h'
stringl[ 2 ]is'l’
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Examples Using Arrays

* Input from keyboard
char string2[ 10 ];
cin >> string2;
— Puts user input in string
* Stops at 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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Passing Arrays to Functions

» Specify name without brackets
— Topassarray nyArray tonyFuncti on
int nyArray[ 24 ];
nyFunction( nyArray, 24 );
— Array size usualy passed, but not required

» Useful toiterate over all elements
» Arrays passed-by-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
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Passing Arrays to Functions

» Functions taking arrays
— Function prototype

e void nodi fyArray( int b[], int arraySize );

e void nodi fyArray( int [], int );
— Names optional in prototype
» Both take an integer array and asingle integer

— No need for array size between brackets
* Ignored by compiler
— If declare array parameter asconst

 Cannot be modified (compiler error)
e voi d doNot Modi fy( const int [] );
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Sorting Arrays

» Example:
— Go léft to right, and exchange elements as necessary

* One pass for each element
Origind: 34276
—Passl: 3246 7 (ddementsexchanged)
—Pass22. 23467
— Pass3: 234 6 7 (nochangesneeded)
—Pass4: 23467
— Pass5: 23467

— Small elements "bubblée" to the top (like 2 in this example)
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Multiple-Subscripted Arrays
» Multiple subscripts e Toinitidize
_ :;bIIeS\]NEtthoavsand ~ Defaitof 0
columns — Initializers grouped by row in
— Specify row, then column braces
~ "Amay of arrays” int bl 210 21={ { 1, 2}, {3 4}}
» a[0] isanarray of 4 int bl 21021 =( (1), (3 4})

elements
* a[0][0] isthefirst
element of that array

Colum 0 Colum 1 Colum 2 Colum 3
Row 0 al 0J[ 0] Jaf oJ[ 1] Jaf OJ[ 2] Ja[ O][ 3]
Row 1 al 110 0] Jal 110 1] Ja[ 110 2] Ja[ 1][ 3]
Row 2 al 2]l 0] Jal 2]0 1] Jal 210 21 Jal 21[ 3]

Col um subscri pt

Array nane
Row subscri pt
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Pointer Variable Declarations and Initialization

* Pointer variables
— Contain memory addresses as values
— Normally, variable contains specific value (direct reference)
— Pointers contain address of variable that has specific value
(| ndil‘eCt reference) count Ptr count
* Indirection
— Referencing value through pointer

 Pointer declarations
— * indicates variable is pointer
int *nyPtr;
declarespointer to i nt , pointer of typei nt *

— Multiple pointers require multiple asterisks
int *nmyPtrl, *myPtr2;

count
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Pointer Operators

* & (address operator) — yPtr “pointsto” y
— Returns memory address — * - indirection/
of its operand dereferencing operator)
— Example — *yPtr returnsy
int y = 5; dereferenced pointer is
int *yPtr; lvalue
yPtr = &y; s *yptr =9 ??

yptr y
ypi/h 5000000 600000 | 67)00

address of y
i s val ue of
yptr

O 2003 Prentice Hall, Inc. All rights reserved.




Calling Functions by Reference

» 3 waysto pass arguments to function
— Pass-by-vaue
— Pass-by-reference with reference arguments
— Pass-by-reference with pointer arguments
» Arguments passed to function using reference
arguments
— Modify origina values of arguments
— More than one value “returned”
int Cube(int *x) { .}
Function call: Cube( &a)
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Using const with Pointers

* const qualifier
— Value of variable should not be modified
— const used when function does not need to change avariable
— 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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1 // Fig. 5.13: fig05_13.cpp

2 /] Attenpting to nodify a constant pointer to

3 // non-constant data.

4

5 int main()

6 {

7 int x, y;

8 . B

9 /1 ptr is a constant pointer to an,i,mi pt r_isconstant pointer to
10 /1 be nodified throu.gh Canmodifyx (pointedto by

11 /'l same nenory |oc - "

12 int * const p Cannot modify pt r to point

13 to new addresssincept r is

14 *ptr = 7, al | owed: * || constant.

15 tr = &; // error: ptr Ts const; carf , . E
- o J o Line 15 generates compiler
17 return 0; // indicates success te e"orbyattemptmgtoassgn
18 new address to constant

19 } // end main pointer.

d: \ cppht p4_exanpl es\ ch05\ Fi g05_13. cpp( 15) error C2166:

I -val ue specifies const object

B oune ©
Outline

fig05_13.cpp
(1of 1)

fig05_13.cpp
output (1 of 1)
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1 // Fig. 5.14: fig05_14.cpp

2 /] Attenpting to nodify a constant pointer to constant data.

3 #include <iostreanr

4

5 using std::cout;

6 using std::endl;

7

8 int main()

9 {

10 int x =5, vy;

11 N N

12 // ptr is a constant pointer to G ptl’ IS constant pointer to
13 /1 ptr always points to thesane |o| INt€ger constant.

14 /1 at that location c ot be nodified.

12 const It feonst ptr = 4 Cannot modify x (pointed to

17 cout << *ptr << el ; Cannot modify pt r to point

18 to new addresssincept r is

19 *ptr =7, [ rror: *pt{ constant. val ue
20 ptr = &y;” // error: ptr TS COMNST, canmot_assrgm mew addr ess
21

22 return 0; // indicates successful ternination

23

24 } /] end main

B e "
Outline

fig05_14.cpp
(1of 1)
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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

* S5dementi nt array onamachineusing 4 bytei nt's
— vPtr pointstofirst lementv[ O ], whichisat location 3000

vPtr = 3000 oetion e s o

—VvPtr += 2;sasvPtr to3008

- tv[O 1 2 3 4]
VPt r pointstov[ 2 ] Ml VRN EE EEN EE
pornter variable vPtr
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Pointer Expressions and Pointer Arithmetic

* Subtracting pointers
— Returns number of elements between two addresses
vPtr2 = v[ 2 ];
vPtr = v[ 0 ];
vPtr2 - vbPtr ==
* 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 to voi d (typevoi d *)
» Generic pointer, represents any type
» No casting needed to convert pointer tovoi d pointer
 voi d pointers cannot be dereferenced

O 2003 Prentice Hall, Inc. All rights reserved.




Pointer Expressions and Pointer Arithmetic

* Pointer comparison
— Use equality and relational operators
— Comparisons meaningless unless pointers point to members
of same array
— Compare addresses stored in pointers

» Example: could show that one pointer pointsto higher
numbered element of array than other pointer

— Common use to determine whether pointer is O (does not
point to anything)

O 2003 Prentice Hall, Inc. All rights reserved.
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Relationship Between Pointers and Arrays

» Arraysand 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
e &[ 3 ] sameasbPtr + 3
— Array name can be treated as pointer
e b[ 3] sameas *( b + 3)

— Pointers can be subscripted (pointer/subscript notation)
e bPtr[ 3 ] sameasb[ 3 ]

O 2003 Prentice Hall, Inc. All rights reserved.
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Arrays of Pointers
» Arrayscan contain pointers
— Commonly used to store array of strings
char *suit[ 4] = {"Hearts", "Dianonds",
"Cl ubs", "Spades" };
— Each lement of suit pointsto char * (astring)
— Array does not store strings, only pointers to strings
sui t[0] e—[F [¢ TJTa v [t [s [0 |
suit[1] .__| D |’|' |’a‘ |’nr1 |'o' |‘n | d | S | \0 |
suit[2] .__|’C |’I' |’u' I’b‘ |'s‘ |‘\0‘ |
suit[3] .__|S |p |a |d |e‘ |s' |'\0‘ |
— sui t array hasfixed size, but strings can be of any size
O 2003 Prentice Hall, Inc. All rights reserved.
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Function Pointers

 Calling functions using pointers
— Assume parameter:
* bool ( *compare ) ( int, int )
— Execute function with either
e ( *conpare ) ( intl, int2)
— Dereference pointer to function to execute
OR
e conpare( intl, int2)
— Could be confusing

» User may think conpar e name of actual function in
program

O 2003 Prentice Hall, Inc. All rights reserved.
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1 // Fig. 5.25: fig05_25.cpp m Outline 23
2 // Miltipurpose sorting programusing function pointers. -
3 #include <iostreanr
g using std::cout; figOS_25.cpp
6 using std::cin; (lOfS)
7 using std::endl ;
8
9 #include <iomani p>
10 E 2
11 wusing std::setw; Parameter |sp0|nter to
12 function that receivestwo
13 // prototypes integer parameters and
14 void bubble( int [], const int, bool (*)( int, int ) ); returnsbool result.
15 void swap( int * const, int * const );
16 bool ascending( int, int );
17 bool descending( int, int );
18
19 int main()
20 {
21 const int arraySize = 10;
22 int order;
23 int counter;
24 int a[ arraySize] = { 2, 6, 4, 8, 10, 12, 89, 68, 45 37 };
25
O 2003 Prentice Hall, Inc.
All rights reserved.
26 cout << "Enter 1 to sort in ascending order,\n" m Outline 24
27 << "Enter 2 to sort in descending order: "; -
28 cin >> order;
29 cout << "\nData itens in original order\n"; fi905_25.cpp
» o (20f 5)
31 // output original array
32 for ( counter = 0; counter < arraySize; counter++ )
33 cout << setw( 4 ) << a[ counter ];
34
35 /1 sort array in ascending order; pass function ascending
36 // as an argunent to specify ascending sorting order
37 if (order == 1) {
38 bubbl e( a, arraySize, ascending );
39 cout << "\nData items in ascending order\n";
40 }
41
42 /'l sort array in descending order; pass function descendi ng
43 /1 as an agrunent to specify descending sorting order
44 else {
45 bubbl e( a, arraySize, descending );
46 cout << "\nData items in descending order\n";
47 }
48

O 2003 Prentice Hall, Inc.
All rights reserved.
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49

51

BLeHLA

// output sorted array

for ( counter = 0; counter < arraySize; counter++ )
cout << setw( 4 ) << a[ counter ];

cout << endl ;

return 0; // indicates successful term nation

} /1 end main

/1 multipurpose bubble sort; paraneter 0 CO"Pare |sp0|n_tert0
// the conparison function that d T m nes function that receives two

Tnt size, [ iNteger parametersand

voi d bubbl e( int work[], con

B oue *
Outline

fig05_25.cpp
(30f 5)

62 bool (*conpare)( int, int ) )| returnsbool result.
63 {
64 /1 1oop to control passes Parenth@&cnecmyto
65 for ( int pass = 1; pass < size; passS++| : 1 - -
ot indicate pointer to function
67 /1l loop to control nunber of X
68 for ( int count = 0; coun 9 Call function
69 conpar e; dereference
70 /1 if adjacept-@l enents ardq Pointer to execute function.
71 if ( (*conpare)( work[ count ], work[ count + 1] ) )
72 swap( &work[ count ], &work[ count + 1] );
O 2003 Prentice Hall, Inc.
All rights reserved.
26
73 m O H
utline
74 } I/ end function bubble -
75
76 |/ swap values at nmenory |ocations to which figOS 25 cpp
77 |l element1Ptr and el enment 2Ptr point (4 of g)

78
79

81

BIZRRBN

89
90
91
92
93

void swap( int * const elenentlPtr, int * const element2Ptr )
{

int hold = *el enent 1Ptr;

*el ement 1Ptr = *el ement 2Ptr;

*el ement 2Ptr = hol d;

} /1 end function swap

/'l determ ne whether elements are out of order
/1 for an ascendi ng order sort

bool ascending( int a, int b)

{

return b < a; /1 swap if b is less than a

} /1 end function ascendi ng

O 2003 Prentice Hall, Inc.
All rights reserved.
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94 // determ ne whether elenments are out of order

95 // for a descending order sort

96 bool descending( int a, int b))

97 {

98 return b > a; Il swap if b is greater than a

99
100 } // end function descendi ng

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

Data itens in original order

2 6 4 8 10 12 89 68 45 37
Data itens 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

Data items in original order

2 6 4 8 10 12 89 68 45 37
Data itens in descendi ng order

89 68 45 37 12 10 8 6 4 2

m ] 27
Outline

fig05_25.cpp
(50f 5)

fig05_25.cpp
output (1 of 1)

O 2003 PrenticeHall, Inc.
All rights reserved.

Function Pointers

— Menu-driven systems
functions

types

O 2003 Prentice Hall, Inc. All rights reserved.

» Arrays of pointersto functions

28

— Pointers to each function stored in array of pointers to
« All functions must have same return type and same parameter

— Menu choice - subscript into array of function pointers

14



1 /] Fig. 5.26: fig05_26.cpp m Outline 29
2 |/ Denpnstrating an array of pointers to functions. -
3 #include <iostreanr
g using std::cout; figOS_ZG.Cpp
6 using std::cin; (10f3)
7 using std::endl ;
8
9 // function prototypes
10 void functionl( int );
11 void function2( int );
12 void function3( int );
13
o min0 Array initialized with names
{ N . X
16 // initialize array of 3 poin s to fu of threefunct_lons, function
17 I/ take an int argunent return void names are pointers.
18 void (*f[ 3])( int ) = { functionl, function2, function3 };
19
20 int choice;
21
22 cout << "Enter a number between 0 and 2, 3 to end: “;
23 cin >> choi ce;
24
O 2003 Prentice Hall, Inc.
All rights reserved.
25 /| process user's choice m Outline 30
26 while ( choice >= 0 && choice < 3 ) { -
27
28 /1 invoke function at |ocation choice in array f figOS 26.cpp
29 /1 and pass choice as an argunment (Zof §)
30 (*f[ choice ])( choice );
31
32 cout << "Enter a nu between 0 and 2, 3 to end: “;
33 cin >> choice; -
2 } Call chosen function by
35 dereferencing corresponding
36 cout << "Program execution conpl| elementinarray.
37
38 return 0; // indicates successful termnation
39
40 } // end main
41
42 void functionl( int a)
43 {
44 cout << "You entered " << a
45 << " so functionl was called\n\n";
46
47 } // end functionl
48

O 2003 Prentice Hall, Inc.
All rights reserved.
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49 void function2( int b)) m . 31

5 | Outline
51 cout << "You entered " << b m

52 << " so function2 was cal | ed\n\n"; figOS_ZG.Cpp
53 _ (30f3)

54 } // end function2

55 .

56 void function3( int c ) f|905_26'Cpp
57 { output (1 of 1)
58 cout << "You entered " << c

59 << " so function3 was cal | ed\n\n";

60

61 } // end function3

Enter a nunber between 0 and 2, 3 to end: 0
You entered 0 so functionl was call ed

Enter a nunber between 0 and 2, 3 to end: 1
You entered 1 so function2 was called

Enter a nunber between 0 and 2, 3 to end: 2
You entered 2 so function3 was cal |l ed

Enter a nunber between 0 and 2, 3 to end: 3
Program executi on conpl et ed.

O 2003 Prentice Hall, Inc.
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Fundamentals of Characters and Strings

» Character constant

— Integer value represented as character in single quotes
' z' isinteger valueof z
+ 122in ASCII

e String
— Series of characters treated as single unit
— Caninclude letters, digits, special characters +,-,* ...
— String literal (string constants)
» Enclosed in double quotes, for example:
"I like C++"

— Array of characters, ends with null character ' \ 0
— String is congtant pointer
* Pointer to string’ sfirst character
— Like arrays

O 2003 Prentice Hall, Inc. All rights reserved.

16



Fundamentals of Characters and Strings

» String assignment
— Character array
e char color[] = "blue";
— Creates5 elementchar array col or
* last elementis' \ O
— Vaiable of typechar *
e char *colorPtr = "blue";
— Createspointer col or Pt r toletter b in string“ bl ue”
* “bl ue” somewhere in memory

— Alternative for character array
e char color[] ={ ‘b, “I", “u, ‘e, ‘\0

O 2003 Prentice Hall, Inc. All rights reserved.
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Fundamentals of Characters and Strings

Reading strings
— Assigninput to character array wor d[ 20 ]
cin >> word
 Reads characters until whitespace or EOF
» String could exceed array size
cin >> setw( 20 ) >> word;
» Reads 19 characters (spacereserved for' \ 0')

O 2003 Prentice Hall, Inc. All rights reserved.
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Fundamentals of Characters and Strings

e cin.getline
— Read line of text
—cin.getline( array, size, delimter );
Copiesinput into specified ar r ay until either
* Onelessthansi ze isreached
e del i m t er characterisinput
— Example
char sentence[ 80 ];
cin.getline( sentence, 80, '\n" );

O 2003 Prentice Hall, Inc. All rights reserved.
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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 strings into logical pieces)

O 2003 Prentice Hall, Inc. All rights reserved.
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String Manipulation Functions of the String-

handling Library

har *strcpy( char *sl1, const
char *s2 );

Copiesthestring s2 into the character
array s1. Thevalueof sl isreturned.

char *strncpy( char *s1, const
char *s2, size_t n);

Copies at most n characters of the string s 2
into the character array s 1. Thevalueof s1 is
returned.

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

Appendsthe string s2 tothestrings 1. The
first character of s2 overwritestheterminating
null character of s1. Thevalueofs1is
returned.

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

Appends at mostn charactersof string s2 to
string s1. Thefirst character of s 2 overwrites
theterminating null character of s 1. Thevalue
of s1 isreturned.

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

Comparesthestring s 1 with thestrings 2. The
function returns avalue of zero, less than zero
or greater than zero if s1 isequal to, lessthan
or greater than s2, respectively.

O 2003 Prentice Hall, Inc. All rights reserved.
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String Manipulation Functions of the String-

handling Library

/i/nt strncnp( const char *sl1, const
N char *s2, size_t n);

Compares up ton characters of the string
s1 withthestring s 2. Thefunction returns
zero, less than zero or grester than zero if
s1 isequal to, lessthan or greater thans 2,
respectively.

*s2);

char *strtok( char *sl1, const char

A sequence of callstost rt ok breaks
string s1 into“tokens’'—logical pieces
such aswordsin aline of text—delimited
by characters contained in string s 2. The
first call contains s1 asthefirst argument,
and subsequent callsto continue tokenizing
the same string containNULL asthefirst
argument. A pointer to the current to-kenis
returned by each call. If there are no more
tokens when the function is called, NULL is
returned.

size_t strlen( const char *s );

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

O 2003 Prentice Hall, Inc. All rights reserved.
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