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4.1 Introduction

* Arrays

— Structures of related data items

— Static entity (same size throughout program)
» A few types

— Pointer-based arrays (C-like)

— Arrays as objects (C++)
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4.2 Arrays

* Array
— Consecutive group of memory locations
— Same name and type (i nt ,char , etc.)
» To refer to an element
— Specify array name and position number (index)
— Format: arrayname[ position number ]

— Firgt element at position 0
* N-élement array ¢
c[] 0],c[ 2] ...c[ n- 1]

— Nth element as position N-1
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4.2 Arrays

» Array elements like other variables
— Assignment, printing for an integer array ¢
c[ 0] = 3;
cout << c[ 0 ];
» Can perform operations inside subscript
c[ 5 - 2] saneasc]| 3]
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4.2 Arrays

Nane of array (Note
that all elements of
this array have the
sal name, c)

c[0]
c[1]
c[2]
c[3]
c[4]
c[ 5]
c[ 6]
c[7]
c[ 8]
c[9]

c[10]

c[111

Posi ti on nunber of the
element within array c
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4.3 Declaring Arrays

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

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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4.4 Examples Using Arrays

 Initidizing 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 lement to same value
int n[ 5] ={ 0};

int n[] ={ 1, 2, 3, 4, 5 };
e 5initializers, therefore 5 element array
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If array size omitted, initializers determine size

=
1Al
1 /I Fig. 4.3: fig04_03. — H
L9 Aes 1GRRES. CPP ] Qutline
2 /I Initializing an array.
3  #include <iostreanm>
& fig04_03.cpp
5 using std::cout; s
: (Lof 2)
6 using std::endl;
7
8 #include <ionanip>
9
10 using std::setw;
1 Declare a 10-element array of
. . inteqers
12 int main() b u
1 . o .
14 int n[ 101;%// nis an array ofInitidlizearray to0 using a
15 / for loop. Note that the array
16 /1 initialize el enents of array Hias-alementsn{0]lton{ 9] —]
17 for(inti:O;i<‘_LO;i++)
18 n[ i ] =0; /] set element at |ocation i to O
19
20 cout << "Elenent” << setw( 13 ) << "Value" << endl;
21
22 /1 output contents of array n in tabular fornmat
23 for (int j =0; j < 10; j++)
24 cout << setw 7 ) << j <<setw 13 ) << n[ j ] << endl;
25
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[A] 9

26 return 0; // indicates successful termnation H
- m Outline
28 } // end main
El enent Val ue f|g04_03.cpp
0 0 (20f2)
1 0
2 0 figd4_03.cpp
3 0 output (1 of 1)
4 0
5 0
6 0
7 0
8 0
9 0
O 2003 Prentice Hall, Inc.
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1 /] Fig. 4.4: fig04_04.cpp IAI Outline 10
2 /] Initializing an array with a declaration. . -
3 #include <iostrean>
5 figd4_04.cpp
5 using std::cout; (1 of 1)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
11 e .
@ im0 Note the use of theinitializer
13 { list
14 /Il use initidlizer list toinitialize array n
15 int n[ 10 ]°={ 32, 27, 64, 18, 95, 14, 90, 70, 60, 37 };
16
17 cout << "Elenent” << setw( 13 ) << "Value" << endl;
18
19 /1 output contents of array n in tabular fornat
20 for (int i =0; i < 10; i++)
21 cout << setw( 7 ) << i <<setw 13 ) << n[ i ] <<endl;
22
23 return 0; // indicates successful termnation
24

25 } // end main
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El enent Val ue m 1

= Qutline

, 2 [\
2 @ fig04_04.cpp
3 18 —
n - output (1 of 1)
5 14
6 90
7 70
8 60
9 37
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4.4 Examples Using Arrays
» Array Sze

— Can be specified with constant variable (const )
e const int size = 20;
— Constants cannot be changed
— Congtants must be initialized when declared
— Also called named constants or read-only variables
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m 13

1 // Fig. 4.5: fig04_05.cpp H
2 // Initialize array s to the even integers from2 to 20. E Olee‘
3 #include <iostrean>
o fig04_05.cpp
5 using std::cout; (1 of 2)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
oo _ Note use of const keyword.
ﬁ '{”‘ 0 () Only const variables can
14 /'l constant variabl gTan b sed t seecﬁya’ray?zea
12 const int arraySize = ihe program becomesmore
17 int s[ arraySize]; [/ array as 10 e scaidal_ewhmwesetthe
18 4 arre_lystzeusmgaconst
19 for (int i =0; i <arraySize; i++ ) /[variable.We canchange
20 sfi]=2+2*i; arraySi ze, and dl the
21 loops will still work
22 cout << "Elenment” << setw( 13 ) << "Val ug (otherwise, we' d haveto
= update every loop in the
program).
O 2003 Prentice Hall, Inc.
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p—
24 /'l output contents of array s in tabular fornmat O tl 14
25 for (int j =0; j < arraySize; j++) uthne
26 cout << setw 7 ) << j <<setw 13 ) << s[ j ] <<endl;
i o o figo4_05.cpp
28 return 0; // indicates successful termnation (2 of 2)
29
30 } // end main i
fig04_05.cpp
El ement Val ue output (1 of 1)
0 2
1 4
2 6
3 8
4 10
5 12
6 14
7 16
8 18
9 20
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1 // Fig. 4.6: fig04_06.cpp

2 /] Using a properly initialized constant variable.

3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7 Proper initialization of
8 int main() const variable.

9 {

10 const int x ES 7; I/ initialized constant variable
11

12 cout << "The value of constant variable x is:

13 << x << endl;

14

15 return 0; // indicates successful term nation

16

17 '} // end main

The val ue of constant variable x is: 7

m 15

E Outline
fig04_06.cpp
(1of 1)

fig04_06.cpp
output (1 of 1)
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1 /] Fig. 4.7: fig04_07.cpp Outline 16
2 /] A const object must be i AT t

3 : Uninitialized const results

4 int main() In asyntax error. Atter_nptl ng .

5 { tomodify the const is ]E'lggﬁ;ﬂ":pp
6 const int Il Error: x ¥Or

7

8 X =7, & // Error: cannot nodify a const variable f|904_07-cpp
9 output (1 0of 1)
10 return 0O; /]l indicates successful term nation

11

12 '} // end main

d: \ cppht p4_exanpl es\ chO4\ Fi g04_07. cpp(6) : error C2734: 'Xx'
const object nmust be initialized i f not extern

d: \ cppht p4_exanpl es\ ch04\ Fi g04_07. cpp(8) : error C2166:
| -val ue specifies const object
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Fig. 4.8: fig04_08.cpp E 1

L = OQutline
2 // Conpute the sumof the elenents of the array. m I—
3 #include <iostrean>
& ) figo4_08.cpp
5 using std::cout; (1 of 1)
6 using std::endl;
7
8 int main() fig04_08.cpp
9 { output (1 of 1)
10 const int arraySize = 10;
11
12 int a[ arraySize] ={ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };
13
14 int total = 0;
15
16 /'l sum contents of array a
17 for (int i =0; i < arraySize; i++ )
18 total +=a[ i ];
19
20 cout << "Total of array elenent values is " << total << endl ;
21
22 return 0; // indicates successful termnation
23
24 '} |/ end main
Total of array el enent values is 55
O 2003 Prentice Hall, Inc.
All rights reserved.
1 /] Fig. 4.9: fig04_09.cpp IAI Outline 18
2 /] Histogram printing program . -
3 #include <iostrean>
5 figd4_09.cpp
5 using std::cout; (1 of 2)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
11
12 int main()
13 {
14 const int arraySize = 10;
15 int n[ arraySize] = { 19, 3, 15, 7, 11, 9, 13, 5, 17, 1 };
16
17 cout << "Elenment" << setw( 13 ) << "Value"
18 << setw( 17 ) << "Histogranm! << endl;
19
20 /1l for each elenment of array n, output a ba
21 for (int i =0; i < arr.ayS\ ze; i++ ) { Printsaste’iskscorreponding
2 cout <<setw( 7 ) << << set ) |tosize of array element
23 << n[ i ] << setw 9 ) g ?
24 4 LREN
25 for ( int j jo<nl i ]; j+t) /1l print one bar
26 cout << '
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. B .. ©
. — Outline
28 cout << endl; // start next line of output m I—
29
30 } // end outer for structure fig04 09.Cpp
31 o
20f 2
32 return 0; // indicates successful termnation ( )
33 .
34 } // end main fig04_09.cpp
output (1 of 1)
El ement Val ue Hi st ogram
0 19 Kk kR kK R kR
1 3 *kk
2 15 ok kR kR R KRR KK
3 7 Fa—
4 11 K kAR KR KR KR
5 9 T
6 13 KKK KKK KKK
7 5 S
8 17 Rk KKK KK KK KKK X
9 1 5
O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 4.10: fig04_10.cpp IAI O | 20
T - [T71 utline
2 /] Roll a six-sided die 6000 times.
3 #include <iostrean>
& fig04_10.cpp
5 using std::cout; (1 of E)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
11
12 #incl ude <cstdlib>
13 #include <ctine>
14
15 int main() Remake of old program to
16 { roll dice. An array is used
17 const int arraySize = 7; |nsteadof6regularvar|able£,
18 int frequency[ arraySize | ={ 0 }; and the proper element can be
19 updated easily (without
20 srand( time( 0 ) ); // seed rand needing aswi t ch).
21
22 /1 roll die 6000 tines This creates a number
23 for (int roll =1; roll <=, 6000; rol | ++ ) == 1l &gl B, wiie
24 ++frequency[ 1 + rand() %6 ]; // replac d R th .’d £
25 /1 of Fig eterminesthe index o

frequencyl[] that should
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i, E ] 21
— Outline
27 cout << "Face" << setw( 13 ) << "Frequency" << endl; m I—
28
29 /1 output frequency elenments 1-6 in tabular format fig04 lO.Cpp
30 for ( int face = 1; face < arraySize; face++ ) (ZOfE)
31 cout << setw( 4 ) << face
32 << set 13 << frequenc face << endl;
2 W 13) quency| ] fig04 10.cpp
34 return 0; // indicates successful ternination output (1 of 1)
35
36 } // end main
Face Frequency
1 1003
2 1004
8] 999
4 980
5 1013
6 1001
O 2003 Prentice Hall, Inc.
All rights reserved.
1 // Fig. 4.11: fig04_11.cpp IAI o tl 22
2 /] Student poll program Luting
3 #include <iostrean>
5 figd4 11.cpp
5 using std::cout; (1 of 2)
6 using std::endl;
7
8 #include <ionanip>
9
10 wusing std::setw;
11
12 int main()
13 {
14 /'l define array sizes
15 const int responseSize = 40; /'l size of array responses
16 const int frequencySize = 11; // size of array frequency
17
18 /1l place survey responses in array responses
19 int responses[ responseSize ] ={ 1, 2, 6 4, 8 5, 9 7, 8
20 10, 1, 6, 3, 8, 6, 10, 3, 8, 2, 7, 6, 5, 7, 6, 8, 6, 7,
21 5, 6, 6 5 6, 7, 5 6, 4 8, 6 8, 10 };
22
23 /1 initialize frequency counters to O
24 int frequency[ frequencySize] = { 0 };
25
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26 /1 for each answer, select value of an el enent of array E OUtline 23

27 /'l responses and use that value as subscript in array m -

28 /1 frequency to determine el ement to increnent

gg for (fint ansm[er = 0; ansE/ver < r]esponseSuze; answer ++ ) figO4_11.cpp
++f r equency[ responses[answer ;

. . (20f 2)

s 11 display results \requnses[ansmer] is

33 cout << "Rating" << setw( 17 ) << theratl_ng (fl’Oﬁ?ltO]:O).ThIS

2% determinesthe index in

85 /1 output frequencies in tabular f ffequenCY[] to increment.

36 for (int rating = 1; rating < frequencySi ze; rating++ )

37 cout << setw( 6 ) << rating

38 << setw( 17 ) << frequency[ rating ] << endl;

39

40 return 0; // indicates successful term nation

41

42 } // end main

O 2003 Prentice Hall, Inc.
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. 1Al 24

Rat i ng Frequency .

" ) . Outline

2 2

j g figd4 11.cpp

5 5 output (1 of 1)

6 11

7 5

8 7

9 1

10 3
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4.4 Examples Using Arrays

e Strings (morein ch. 5)
— Arraysof characters
— All stringsendwithnul | ("\0")
— Examples
e char stringl[] = "hello";

— Nul I character implicitly added
— stringl has6elements
e char stringl[] ={ 'h",
‘o', "\O0 };
— Subscripting is the same
Stringl[ O ] is'h'
stringl[ 2 ]is'l"’

m—
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4.4 Examples Using Arrays

* Input from keyboard
char string2[ 10 ];
cin >> string2;
— Puts user input in string
» Stopsat first whitespace character
e Addsnul | character
— If too much text entered, data written beyond array
* Wewant to avoid this (section 5.12 explains how)

* Printing strings
— cout << string2 << endl;
« Does not work for other array types

— Characters printed until nul | found

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 /] Fig. 4_12: fig04_12.cpp m H 27

2 /Il Treating character arrays as strings. E OL'IHE\

3 #include <iostrean>

g using std::cout ; figO4_12.cpp

6 using std::cinm (1 of 2)

7 using std::endl;

8 Two different ways to declare

9 int main() strings. st ri ng2 is

0 / initialized, and its Size

n char stringll 20 ], /| determined automatically .

12 char string2[] = "string litera

13 Examples of reading strings

14 /1 read string fromuser i fromthekeyboardmd

15 cout << "Enter the printing them out.

16 cin >> stringl; " // hel | 0" [space term nates input]

17

18 /'l output strings

19 cout << "stringl is: " << stringl

20 << "\nstring2 is: " << string2;

21

22 cout << "\nstringl with spaces between characters is:\n";

23
O 2003 Prentice Hall, Inc.
All rights reserved.
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24 /'l output characters until null character is reached O tl 28

25 for (int i =0; stringl[ i ] !="\0"; i++) uthne

26 cout << stringl[ i ] <<" U5

2] _ - ) ) Can accessthe charactersina [ig04_12.cpp

28 cin >> s‘tlrl ngl; // reasis therg sIring using aray notation. 2 of 2)

29 cout << "\nstringl is << stringl << en

- The loop ends when the

31 return 0; // indicates successful term na—f\;bbl#—@ha‘%@a’—l—s—f@uﬂd.—‘igm_lchp

7l output (1 0of 1)

33 } // end main

Enter the string "hello there":

hello there

stringl is: hello

string2 is: string literal

stringl with spaces between characters is:
hell o

stringl is: there

O 2003 Prentice Hall, Inc.
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4.4 Examples Using Arrays

» Recall static storage (chapter 3)

— If stati c, loca variables save values between function
cdls

— Vigble only in function body

— Can declare loca arraysto be static
« Initialized to zero
static int array[3];

 If not static
— Created (and destroyed) in every function call

O 2003 Prentice Hall, Inc. All rights reserved. = =
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1 // Fig. 4.13: fig04_13.cpp O tl 30
2 /] Static arrays are initialized to zero. Luting
3 #include <iostrean>

5 figd4_13.cpp

5 using std::cout; (1 of 3)

6 using std::endl;

7

8 void staticArraylnit( void); /1 function prototype

9 void automaticArraylnit( void ); /1 function prototype

10

11 int main()

12 {

13 cout << "First call to each function:\n";

14 staticArraylnit();

15 autonmati cArraylnit ();

16

17 cout << "\n\ nSecond call to each function:\n";

18 staticArraylnit();

19 autonmati cArraylnit ();

20 cout << endl ;

21

22 return 0; // indicates successful term nation

23

24 '} /] end main

25

O 2003 Prentice Hall, Inc.
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26 // function to denpbnstrate a stati B L. E H 31
27 void staticArraylnit( void) &atl_c anay, |_n|t|ai|zed to zero E OL'IHQ
28 { on first function call.
gg 11 ipiti'alizes ell[ 3m]stoOfirst time function is called figO4 13.Cpp
static int array H =
. (20f 3)
32 cout << "\nValues on entering staticArraylnit:\n";
88
34 /'l output contents of arrayl
35 for (int i =0; i <3; i++)
36 cout << "arrayl[" << i << "] =" << arrayl[ i ] << " "
g; cout << "\nValues on exitin Arra-y-dataISChangaj; the
0 modified values stay.
40 /1 nodify and outp, contents of arrayl
41 for (int j =0; j <3; j++)
42 cout << "arrayl[" << j <<"] ="
43 << (arrayl[ j ] +=5) << " ";
44
45 } // end function staticArraylnit
46
O 2003 Prentice Hall, Inc.
All rights reserved.
—
: : IAlT 32
47 |/ function to denpbnstrate an automatic |ocal arra; : Outline
48 void automaticArraylnit( void ) Automatic array, recreated
o { /fh every-function-calk.
50 /1 initializes elenments each ti unction is called figO4 13.Cpp
51 int array2[ 3] ={ 1, 2, 3}, 4 (30f§)
52
53 cout << "\n\nValues on entering automaticArraylnit:\n";
54
55 /'l output contents of array2
56 for (int i =0; i <3; i++)
57 cout << "array?[" << i << "] =" <<
zg cout << "\nValues on exiting auto AIthough_the_arrayls
changed, it will be destroyed
60 ] ;
61 /1 nodify and output conjents of array2 whmthefunct_lone(ltsand
62 for (int j =0; j <3; j++)
63 cout << "array2[" << j <<"] ="
64 << (array2[ j ] +=5) <<" %
65
66 } // end function automaticArraylnit

O 2003 Prentice Hall, Inc.
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First call to each function: m

Val ues on entering staticArraylnit: m
arrayl[0] = 0 arrayl[1l] = 0 arrayl[2] =0

Val ues on exiting staticArraylnit:

arrayl[0] =5 arrayl[1] =5 arrayl[2] =5

Val ues on entering automaticArraylnit:

array2[0] =1 array2[1l] =2 array2[2] =3

Val ues on exiting automati cArraylnit:

array2[0] = 6 array2[1l] =7 array2[2] =8

Second call to each function:

Val ues on entering staticArraylnit:

arrayl[0] =5 arrayl[1l] =5 arrayl[2] =5
Val ues on exiting staticArraylnit:

arrayl[0] = 10 arrayl[1] = 10 arrayl[2] = 10

Val ues on entering automati cArraylnit:

array2[0] =1 array2[1l] =2 array2[2] =3
Val ues on exiting automati cArraylnit:
array2[0] = 6 array2[1l] =7 array2[2] =8

O 2003 Prentice Hall, Inc.
All rights reserved.

fig04_13.cpp
output (1 of 1)

4.5 Passing Arrays to Functions

 Specify name without brackets
— Topassarray nyArray tonmyFuncti on
int myArray[ 24 ];
myFunction( nyArray, 24 );
— Array size usually passed, but not required
« Useful toiterate over all elements

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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4.5 Passing Arrays to Functions

» Arrays passed-by-reference
— Functions can modify origina array data
— Vaue of name of array is address of first element
» Function knows where the array is stored
« Can change original memory locations
 Individua array elements passed-by-vaue
— Like regular variables
—square( myArray[3] );

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

35

4.5 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 a single integer

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

— If declare array parameter asconst
¢ Cannot be modified (compiler error)
« void doNot Modi fy( const int [] );

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 // Fig. 4.14: fig04_14.cpp H
2 |/ Passing arrays and individual array elements to functions. E OL'IHQ
3 #include <iostrean>
“ ) figd4_14.cpp
5 using std::cout; (1 of 3)
6 using std::endl;
7
i #i ncl ude <i omani p> _Syntax for ; ting an array
10 wusing std::setw; n parameter list.
11 &
12 void nodi fyArray( int [], int ); // appears strange
13 void nodifyEl ement( int );
14
15 int main()
16 {
17 const int arraySize = 5 /'l size of array a
18 int a[ arraySize] ={ 0, 1, 2, 3, 4}; [// initialize a
19
20 cout << "Effects of passing entire array by reference:"
21 << "\n\nThe val ues of the original array are:\n";
22
23 /'l output original array
24 for (int i =0; i < arraySize; i++)
25 cout << setw 3 ) << a[ i ];
O 2003 Prentice Hall, Inc.
All rights reserved.
% _ IAI i 38
R —— Pass array name () and size [ Quiline
o8 to function. Arrays are
29 /1 pass array a to nodifyArray figO4 l4.Cpp
30 nmodi f yArray( a, arraySize ); (20f§)
2l
32 cout << "The values of the nodified array are:\n";
33
34 /1 output nodified array
35 for (int j =0; j < arraySize; j++)
36 cout << setw 3 ) <<a[ j ];
37
38 /1 output value of a[ 3]
39 cout << "\n\n\n"
40 << "Effects of passing array { q
41 << "\ n\nThe val ue of a[3 Pasasmgle.array dementby
. value; the original cannot be
43 /'l pass array el emegt a[ 3] by val@de'
44 nodi fyElement( a[ 3] );
45
46 /'l output value of a[ 3]
47 cout << "The value of a[3] is " << a[ 3 ] << endl;
48
49 return 0; // indicates successful termnation
50
51 } // end main

O 2003 Prentice Hall, Inc.
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53 // in function nodifyArray,
54 // the original array "a" i

55 void nodifyArray( int b[], int sizeOfArray )
56 {

57 /1l multiply each array el ement by 2

58 for (int k =0; k < sizeOfArray; k++ )
59 b[ k] *= 2;

60

It can modify a’s data.

Although named b, thearray
pointstotheoriginal array a.

) 39
Outline

61 } // end function nodifyArray

63 // in function nodifyEl enent,
64 // array element a[ 3 ] pa

d from nain

Individual array elements are

passed by value, and the
originals cannot be changed.

65 void nodifyElement( int e )

66 {

67 /'l multiply paraneter by 2

68 cout << "Value in nodifyEl ement is "
69 << (e *=2) << endl;

70

71 } // end function nodifyEl enent

904 _14.cpp
(30of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.

Effects of passing entire array by reference:

The val ues of the original
0 1 2 3 4

The val ues of the nodified array are:
0 2 4 6 8

array are:

Effects of passing array el ement by val ue:

The value of a[3] is 6
Val ue in nodifyEl enent
The value of a[3] is 6

is 12

E . 40
Outline

fig04_14.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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1 // Fig. 4.15: fig04_15. H

ig (11904_15. cpp - = Outline

2 // Denonstrating the const type qualifier. m I—

3 #include <iostrean>

‘5‘ Lol e std - cout - Array parameter declaredas | fig04_15.cpp

S ng R const . Array cannot be (10f2)

- < o ' p modified, even thoughitis

8 void tryToMdifyArray( const int [] ); // passed by reference.

9

10 int main()

1 {

12 int a[] ={ 10, 20, 30};

13

14 tryToModi fyArray( a );

15

16 cout << a[ 0] <<’ << ag[ 1] << << a[ 2] << '\n';

17

18 return 0; // indicates successful termnation

19

20 } // end main

21
O 2003 Prentice Hall, Inc.
All rights reserved.
=

22 // In function tryToMdifyArra "b" cannot be used IAI H 42

) yIORAL TyATray, T cant [y] Qutline

23 // to nodify the original array "a" in nain.

24 void tryToModifyArray( const int b[] )

%4 figo4_15.c

26 b[ 0] /=2 Il error (ZgofE) pp

27 b[ 1] /=2 Il error

28 b[ 2] /=2 Il error i

29 figo4_15.cpp

30 } // end function tryToModifyArray output (1 0of 1)

d: \ cppht p4_exanpl es\ ch04\ Fi g04_15. cpp( 26) error C2166:

| -val ue specifies const object
d: \ cppht p4_exanpl es\ ch04\ Fi g04_15. cpp( 27) error C2166:
| -val ue specifies const object
d: \ cppht p4_exanpl es\ ch04\ Fi g04_15. cpp( 28) error C2166:

| -val ue specifies const object

O 2003 Prentice Hall, Inc.
All rights reserved.
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4.6 Sorting Arrays

» Sorting data
— Important computing application
— Virtualy every organization must sort some data
* Massive amounts must be sorted

» Bubble sort (sinking sort)
— Severd passes through the array
— Successive pairs of elements are compared
« If increasing order (or identical), no change
« |f decreasing order, elements exchanged
— Repeat these steps for every element

O 2003 Prentice Hall, Inc. All rights reserved. = =
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4.6 Sorting Arrays

o Example:
— Go left to right, and exchange elements as necessary
* One pass for each element
— Origind: 34276
— Pass1l: 3246 7 (elementsexchanged)
—Pass22 23467
— Pass3: 2 3 4 6 7 (nochanges needed)
—Pass4. 23467
— Passh: 23467
— Small elements "bubble" to the top (like 2 in this example)

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




4.6 Sorting Arrays

» Swapping variables
int x =3,y =4
y =X
X =y,
» What happened?
— Bothxandy are 3!
— Need atemporary variable

» Solution
int x =3,y =4, tenp = 0;
temp = x; [// tenp gets 3
X =y; /] x gets 4
y =tenp; // y gets 3

O 2003 Prentice Hall, Inc. All rights reserved. = =
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11
12
13
14
15
16
17
18
19
20
21
2
23

/'l Fig. 4.16: fig04_16.cpp
/1 This program sorts an array's val ues into ascending order.
#i ncl ude <i ostrean>

using std::cout ;
using std::endl ;

#i ncl ude <i omani p>
using std::setw;

int main()
{

const int arraySize = 10; // size of array a
int a[ arraySize] ={ 2, 6, 4, 8, 10, 12, 89, 68, 45 37 };
int hold; // tenporary |location used to swap array el enents

cout << "Data items in original order\n";
/1 output original array

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

46

1A]
Outline

fig04_16.cpp
(1of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.




24 /] bubble sort Do apassfor each dementin |, 47
25 /1l loop to control number of passes thearray. -
26 for ( int pass = 0; pass < arraySize® 1; pass++ ) =TI
2 _ figd4_16.cpp
28 /'l 1oop to control nunber of conparisons per pass (20f§)
29 for (int j =0; j <arraySize - 1; j++)
30
31 /I conpare side-by-side elenments and swap t||f the el ement on the |eft
32 /Il first elenent is greaterw (indexj )islargerthanthe
ij 1 f}ola([:i I ;[ > a][_‘ A4l element on theright (index;
= alj] = al[ j’+ 17 + 1), then we swap them.
% al | +1] = hol d; ' Re_nembertheneedofatemp
37 variable.
38 } // end if
39
O 2003 Prentice Hall, Inc.
All rights reserved.
=
40 cout << "\nData itens in ascending order\n"; IAI O | 48
ps utline
42 /'l output sorted array
43 for (int k =0; k < arraySi ze; k++ ) figO4 16. cpp
44 cout << setw( 4 ) << a[ k ]; o
o (30f3)
46 cout << endl ; .
a7 fig04_16.cpp
48 return 0; // indicates successful ternination output (1 0of 1)
49

50 } // end main

Data itens in original

or der

6 4 8 10 12 89 68 45 37

Data items in ascending order

4 6 8 10 12 37 45 68 89

O 2003 Prentice Hall, Inc.
All rights reserved.
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4.7 Case Study: Computing Mean, Median

and Mode Using Arrays

* Mean

— Average (sum/number of elements)
* Median

— Number in middle of sorted list

- 1,23 4,5 (3ismedian)

— If even number of eements, take average of middle two

* Mode

— Number that occurs most often
-1,1,1,2 3 3 4,5(1ismode)

O 2003 Prentice Hall, Inc. All rights reserved. = =
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/'l Fig. 4.17: fig04_17.cpp

/1 This program introduces the topic of survey data analysis.

/1 It conputes the nean, nedian, and node of the data.
#i ncl ude <i ostrean

using std:: cout;
using std::endl ;
using std::fixed;

usi ng std::showpoi nt;

#i ncl ude <i onani p>

using std::setw;
usi ng std::setprecision;

void mean( const int [], int );
void median( int [], int );

void mode( int [], int [], int );
voi d bubbleSort ( int[], int );

void printArray( const int[], int );

int main()
{

const int responseSize = 99; // size of array responses

E . 50
Outline

fig04_17.cpp
(1of 8)

O 2003 Prentice Hall, Inc.
All rights reserved.




E 51

;673 int frequency[ 10] ={ 0 }; // initialize array frequency = Outline

28 /1l initialize array responses m

3(9) int re's?ogse[7 rgspgnszsiée ]8 =9 . figO4_17.cpp

31 7,8 9,5 9,8, 7, 8 7, 8, (20f8)

32 6, 7, 8 9, 3, 9, 8 7, 8, 7,

33 7,8 9,8 9, 8 9, 7, 8,09,

34 6, 7, 8 7, 8, 7, 9, 8 9, 2,

35 7, 8 9, 8 9, 8 9, 7, 5 3,

36 5 6, 7, 2, 5 3, 9, 4, 6, 4,

37 7, 8 9, 6, 8 7, 8 9, 7, 8,

38 7, 4, 4, 2, 5, 3, 8, 7, 5, 6,

39 4, 5, 6, 1, 6, 5, 7, 8, 71};

40

41 /'l process responses

42 nean( response, responseSize );

43 nedi an( response, responseSize );

44 node( frequency, response, responseSize );

45

46 return 0; // indicates successful term nation

47

48 } // end main

49
O 2003 Prentice Hall, Inc.
All rights reserved.
1Al 52

50 // calculate average of all response val ues T Outline

51 void mean( const int answer[], int arraySize) . -

52 {

zj int total = 0; figO4_l7.cpp

55 cout << "FExEXEXF\ o Mean\ prrrExExF\ vy (30f8)

56

57 // total response val ues

58 for (int i =0; i < arraySize; i++)

59 total += answer[ i ];

60

61 /1 format and output results

62 cout << fixed << setprecision( 4 );

63

64 cout << "The nean is the average value of the data\n"

65 << "items. The nean is equal to the total p&

66 << "all the data itens divided by the n

67 << "of data itens (" << arraySize We,caStto.adOUblemga

68 << "). The nean val ue for\nthi d_mmd pomts_fortheaverage

69 << total << " / " << arraySize << " =" g

70 << static_cast< double >( total ) / arraySize

71 << "\n\n";

72

73 } I/ end function nmean

74

O 2003 Prentice Hall, Inc.
All rights reserved.




E 53

75 |/ sort array and determ ne nedian el enent's val ue = OUtline
76 void median( int answer[], int size ) m I—
7 {
78 cout << ::\n********\n Medi an\n********\ n" figd4 17.cpp
;g << "The unsorted array of Sortqrraybypngittoa (40f 8)
81 printArray( answer, e ); I/ funCtlon'ThISkeepSthe
- < program modular.
83 bubbl eSort ( answer, size ); // sort array
84
85 cout << "\n\nThe sorted array is";
86 printArray( answer, size ); // output sorted array
87
88 /'l display nedian el enent
89 cout << "\n\nThe nedian is elenent " << size / 2
90 << " of\nthe sorted " << size
91 << " elenment array.\nFor this run the nmedian is "
92 << answer[ size / 2 ] << "\n\n";
ek
94 } // end function nedian
95
O 2003 Prentice Hall, Inc.
All rights reserved.
. IAI 54
96 // determ ne nost frequent response T Outline
97 void nmode( int freq[], int answer[], int size ) . -
98 {
99 int largest = 0; Il represents |argest frequency figO4 17.Cpp
100 int nodeValue = 0; // represents nost frequent response (50f§)
101
102 cout << "\p*Frxxxxx\pn \Mpde\p**FFFFxxx\ nt
103
104 /1 initialize frequencies to O
105 for (inti =1; i <=9; i++)
106 freql i 1 =0
107
108 /1 summarize frequencies
109 for (int j =0; j < size; j++)
110 ++freq[ answer[ j ] ];
111
112 /'l output headers for result colums
113 cout << "Response" << setw 11 ) << "Frequency"
114 << setwW( 19 ) << "Histogramin\n" << setw( 55 )
115 << "1 1 2 2\n" << setw( 56 )
116 << "5 0 5 0 5\ n\n";
117

O 2003 Prentice Hall, Inc.
All rights reserved.




118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

/] output results
for (int rating = 1; rating <= 9; rating++ ) {

cout << setw( 8 ) << rating << § i
<< freq[ rating ] << * The mode is the value that
occurs most often (hasthe

/1 keep track of & val ue and [highestvalueinfreq).

if ( freq[ rating ] > largest ) {
largest = freq[ rating ];
nodeVal ue = rating;

} /1 end if
/'l output histogram bar representing frequency val ue

for (int k =1; k <= freq[ rating ]; k++ )
cout << '*';

cout << '\n'; // begin new line of output
} // end outer for

/'l display the node val ue
cout << "The npode is the nost frequent val ue.\n"
<< "For this run the node is " << nodeVal ue
<< " which occurred " << |argest << " tinmes." << endl;

143} // end function node

E 55

E Outline
fig04_17.cpp
(60f 8)

O 2003 Prentice Hall, Inc.
All rights reserved.

144

145 // function that sorts an array with bubble sort algorithm
146 voi d bubbl eSort( int a[], int size )

147 {
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

int hold; // tenporary location used to swap el enents

/1 loop to control nunmber of passes
for ( int pass = 1; pass < size; pass++ )

/'l loop to control nunber of conparisons per pass
for (int j =0; j <size - 1; j++)

/'l swap elenments if out of order
it Caljl>aj+1]){
hold = a[ j ];
al j ] =aj +1];
a[ j +1] = hold;

Y/ end if

164 } // end function bubbl eSort

165

56

1A]
. Outline

fig04_17.cpp
(7 of 8)

O 2003 Prentice Hall, Inc.
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166 // output array contents (20 val ues per

r ow)

167 void printArray( const int a[], int size)

168 {
169 for (int i
170
171 if (i %

=0; i <size; i++) {

20 == 0) /I begin new line every 20 val ues

172 cout << endl;

173

174 cout << setw 2 ) << a[ i ];

175
176 } // end for
177
178 } // end functi

on printArray

m 57

E Outline
fig04_17.cpp
(80f 8)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Mean
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The nean is the average val ue of the data

itenms. The nean is
all the data itens
of data itenms (99).
this run is: 681 /

Kok ok kK k kK

Medi an

Kok ok kK kK ok

The unsorted array
67898

6
6
5
7
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8
8
7
4

The sorted array
12223333

© 0 ~N O,

© 0N oON
o ~

© 0N O

© 0N O

©
©

equal to the total of
di vided by the nunmber
The mean val ue for
99 = 6.8788

of responses is

978959878738
778 989789
27898989753
47896878978
6456165787
44445555555
67777777777
77778888888
888888888838
9999999999

The nedian is el enent 49 of
the sorted 99 el ement array.
For this run the nedian is 7

58

1A]
. Outline

fig04_17.cpp
output (1 of 2)

O 2003 Prentice Hall, Inc.
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— Outline

Mode m E—
Response Frequency Hi st ogr am figO4 17.Cpp
outpat (20f 2)

1 1 *

2 3 * kK

3 4 kkk

4 5 e

5 8 KKK KKKk K

& 9 Kok ok ok ok k kK

7 23 KK KKK KKK R KKK E KKK KK

8 27 KA KA KRR AR AR KRR AR AR KRR R AR
9 19 Kk Kk Kk K K KKKk Kk K K K

The node is the nobst frequent val ue.
For this run the node is 8 which occurred 27 tinmes.

O 2003 Prentice Hall, Inc.
All rights reserved.
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4.8 Searching Arrays: Linear Search and
Binary Search

» Search array for akey value

 Linear search
— Compare each lement of array with key value
« Start at one end, go to other
— Useful for small and unsorted arrays
* Inefficient
« If search key not present, examines every element

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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4.8 Searching Arrays: Linear Search and
Binary Search

* Binary search
— Only used with sorted arrays

— Compare middle element with key
« If equal, match found

 |If key < middle
— Repeat search on first half of array
 |If key > middle
— Repeat search on last half
— Very fast

« At most N steps, where 2N > # of elements
« 30 element array takes at most 5 steps
2° > 30

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

—
1 // Fig. 4.19: fig04_19.cpp o tl 62
2 /I Linear search of an array. Luting
3 #include <iostrean>

5 N figd4_19.cpp

o LBliG) ek ety Takes array, search key, and (Lof 2)

6 using std::cin; iz

7 using std::endl ; =

8 a

9 int linearSearch( const int [], int, int ); // prototype

10

11 int main()

12 {

13 const int arraySize = 100; // size of array a

14 int a[ arraySize ]; /] create array a

15 i nt searchKey; /! value to locate in a

16

17 for (int i =0; i < arraySize; i++) [/ create some data

18 a[ i ] =2 *i;

19

20 cout << "Enter integer search key: "

21 cin >> searchKey;

22

23 /| attenpt to |ocate searchKey in array a

24 int elenent = linearSearch( a, searchKey, arraySize );

25

O 2003 Prentice Hall, Inc.
All rights reserved.




26 // display results E OUtline 63

27 if (element 1= -1) m

28 cout << "Found value in element " << elenent << endl;

gg o val f ound di figo4_19.cpp
cout << "Value not found" << endl; >

' 20f 2

o (20f2)

32 return 0; // indicates successful termnation

88

34 } // end main

35

36 // conpare key to every element of array until location is

37 // found or until end of array is reached; return subscript of
38 // elenment if key or -1 if key not found
39 int linearSearch( const int array[], int key, int sizeOfArray )

40 {

41 for (int j =0; j < sizeOArray; j++ )

42

43 if (array[ j ] == key ) [// if found,

44 return j; /'l return |ocation of key
45

46 return -1; // key not found

47

48 } // end function |inearSearch

O 2003 Prentice Hall, Inc.
All rights reserved.

Enter integer search key: 36 IAI Outline 64
Found val ue in el ement 18 ]
Enter integer search key: 37 fi

ig04_19.c
Val ue not found gua_ pp

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 4.20: fig04_20.cpp H
2 |/ Binary search of an array. E OL'IHQ
3 #include <iostrean>
g using std::cout ; figO4_20.cpp
6 using std::cinm (1 of 6)
7 using std::endl;
8
9 #include <ionanip>
10
11 using std::setw;
12
13 // function prototypes
14 int binarySearch( const int [], int, int, int, int);
15 void printHeader( int );
16 void printRow const int [], int, int, int, int );
17
18 int main()
19 {
20 const int arraySize = 15; // size of array a
21 int a[ arraySize ]; I/l create array a
22 int key; /'l value to locate in a
23
24 for (int i =0; i < arraySize; i++) // create some data
25 a[ i ] =2 *i;
26
O 2003 Prentice Hall, Inc.
All rights reserved.
27 cout << "Enter a nunber between 0 and 28: "; IAI o) tl 66
28 cin >> key; Lutling
29
30 printHeader( arraySize ); figO4_20.cpp
2 _ (20f 6)
32 /| search for key in array a
33 int result =
34 bi narySearch( a, key, 0, arraySize - 1, arraySize);
35
36 /'l display results
37 if (result I=-1)
38 cout << '\n' << key << " found in array el ement
39 << result << endl;
40 el se
41 cout << '\n' << key << " not found" << endl;
42
43 return 0; // indicates successful termnation
44
45 } // end nmain
46

O 2003 Prentice Hall, Inc.
All rights reserved.




47 |/ function to perform binary search of an array E OUtline 67

48 int binarySearch( const int b[], int searchKey, int |ow, m I—

49 int high, int size)

22 “ t middle; figo4_20.cop

int m e; (3 of 6)

52

53 /'l loop until |ow subscript is gr . . |

54 while ( low <= high) { Determine middle el ement

55

56 /'l determine m e el enent of subarray being searched

57 mddle = ( low + high ) / 2;

58

59 /'l display subarray used in this loop iteration

60 printRow b, low, mddle, high, size);

61
O 2003 Prentice Hall, Inc.
All rights reserved.
=

62 /'l if searchKey matches niddle elenment, return mddle Outllne 68

63 if ( searchKey == b[ md 1) /1 ﬂ

; . v .

<l FERATD Rl GE Usetherule of binary search: |

® If key equalsmiddle, maich | figd4 20.cpp

66 el se
(4of 6)

67

68 /'l if searchKey |ess than middle elfleS search low end

69 /'l set new high el ement

: : 1€ In iy s

70 if ( searchKey < b[ middle ] ) rgreate-Searertgreht

71 high = mddle - 1; // search |

2 o ) ~ | Loop setslow, middle and

73 i f searchKey greater n m high dynamically. If

74 /1l set new low ele . .

= e searching the high end, the

76 low = middle + 1; /] search neNIqustheeIementabove

77 } Lthemiddle

78

79 return -1; // searchKey not found

80

81 } // end function binarySearch

O 2003 Prentice Hall, Inc.
All rights reserved.
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e . = OQutline
83 // print header for output m I—
84 void printHeader( int size )
22 { cout << "\nSubscripts:\n"; figO4_20'Cpp
o (50f 6)
88 /'l output columm heads
89 for (int j =0; j < size; j++)
90 cout << setw( 3 ) << j <<' ';
91
92 cout << '\n'; // start new line of output
ek
94 /1 output line of - characters
95 for (int k =1; k <= 4 * size; k++)
96 cout << '-';
97
98 cout << endl; // start new line of output
99
100 } // end function printHeader
101
O 2003 Prentice Hall, Inc.
All rights reserved.
102 // print one row of output show ng the current

103 // part of the array being processed

E ) 70

104 void printRow const int b[], int low int md,

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

int high, int size) fig04_20.cpp
(6 of 6)

/1 1oop through entire array
for (int m=0; m< size; mt+ )

/1 display spaces if outside current subarray range
if ( m<low]|| m> high)
cout << "

/1 display middle el enent marked with a *
el se

if ( m==md) /1 mark m ddl e val ue
cout << setw( 3 ) << b[ m] <<'*';

/1 display other elements in subarray
elise!

cout << setw 3 ) << b[ m] <<'

cout << endl; // start new |ine of output

126 } // end function printRow

O 2003 Prentice Hall, Inc.
All rights reserved.




Enter a nunber between O and 28: 6

Subscri pts:
0O 1 2 3 4 5 6 7 8

0 2 4 6 8 10 12 14* 16
0 2 4 6* 8 10 12

6 found in array elenent 3

Enter a nunber between 0 and 28: 25

9 10

11 12 13

18 20 22 24 26 28

m 71

E Outline
fig04_20.cpp
output (1 of 2)

Subscri pt s:
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0 2 4 6 8 10 12 14* 16 18 20 22 24 26 28
16 18 20 22* 24 26 28
24 26* 28
24*
25 not found
O 2003 Prentice Hall, Inc.
All rights reserved.
Enter a nunmber between 0 and 28: 8 IAI . 72
. Outline
Subscri pts:
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

0 2 4 6 8 10 12 14* 16 18 20 22 24 26 28

0 2 4 6* 8 10 12
8 10* 12

8 found in array el ement 4

fig04_20.cpp
output (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.




* Multiple subscripts

_a[

Il

]

— Tables with rows and columns

— Specify row, then column

— “Array of arrays’

e a[ 0] isanarray of 4 elements
e a[ 0] [ O] isthefirst element of that array

4.9 Multiple-Subscripted Arrays

Colum 0 Colum 1 Col umm 2 Column 3
Row 0 al 010 0] jaf 0J[ 1] fpf OJ[ 2] Jal 01][ 3]
Row 1 al 110 0] jal 1J0 1] fp[ 2J0 2] Jal 110 3]
Row 2 al 2 ][ 0] faf 210 1] Jal 2][ 2] Ja[ 21][ 3]

Col um subscri pt

Array namj

Row subscri pt

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

73

4.9 Multiple-Subscripted Arrays

* Toinitialize
— Default of O
— Initiaizers grouped by row in braces

int bl 21 2] ={{1, 21}, {3 4} 1},
Row 0 Row 1
int b[ 210 2] ={{1}, {3 41} }

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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4.9 Multiple-Subscripted Arrays

» Referenced like normal
cout << b[ O ][ 11];
— Outputs 0 3 |4
— Cannot reference using commas
cout << b[ 0, 1 1];
e Syntax error

 Function prototypes

— Must specify sizes of subscripts
 First subscript not necessary, as with single-scripted arrays
—void printArray( int [][ 3] );

[
o

O 2003 Prentice Hall, Inc. All rights reserved. = =
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[A]

1 /] Fig. 4.22: fig04_22.cpp — H
2 /[ Initializing nultidinmensional arrays. C)L“ne‘
3  #include <iostreanm>

4 Note the format of the figo4 _22.cpp
5 using std::cout; pretotype: (1 of E)

6 using std::endl;

7 > Note the variousinitialization

8 wvoid printArray( int [][ 31 ); stI&s The dementsin

o _ arr ay2 areassigned tothe

10 int main() .

1 { Py

12 int arrayl[ 2 ][ 31 ={ { 1, 2, 3}, { 4 5, 61} 1}

13 int array2[ 2 ][ 31 ={ 1, 2, 3, 4 51},

14 int array3[ 2 ][ 31 ={ {1, 2}, { 4} };

15

16 cout << "Values in arrayl by row are:" << endl;

17 printArray( arrayl );

18

19 cout << "Values in array2 by row are:" << endl;

20 printArray( array2 );

21

22 cout << "Values in array3 by row are:" << endl;

23 printArray( array3 );

24

25 return 0; // indicates successful termnation

26

27 } // end main

O 2003 Prentice Hall, Inc.

All rights reserved.
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28

29 // function to output array with two Wws ForIOOpsanftmusedto
30 void printArray( int a[][ 3] ) |teratethrougha'rays Nested
3 p loops are helpful with

32 for (int i =0; i <2; i+ ) { // f/multiplesubscripted arrays.
83

34 for (int j =0; j < 3; j++) /1 output colum val ues

35 cout << a[ i J[ j ] <<' ',

36

37 cout << endl; // start new |line of output

38

39 } // end outer for structure

40

41 } // end function printArray

Values in arrayl by row are:
123
456
Values in array2 by row are:
123
450
Val ues in array3 by row are:
120
400

[al

E Outline
figd4_22.cpp
(20f2)

fig04_22.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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4.9 Multiple-Subscripted Arrays

» Next: program showing initialization

— After, program to keep track of students grades

— Multiple-subscripted array (table)
— Rows are students

— Columns are grades Quizl Quiz2

StudentO tos5

P
q

Studentl lsg—sgeo
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/'l Fig. 4.23: fig04_23.cpp
/| Doubl e-subscripted array exanple.
#i ncl ude <i ostreanm>

using std::cout ;
using std::endl ;
using std::fixed;
using std::left;

#i ncl ude <i omani p>

using std::setw;
using std::setprecision;

nunmber of
number of

const int
const int

students = 3; /1
exans = 4; 11

/'l function prototypes

int mnimum( int [][ exans ],
int maximum( int []J[ exans ],
doubl e average( int [], int );
void printArray( int [][ exans ],

int, int
int, int

int,

student s

exans

int );

E 79

E Outline
fig04_23.cpp
(1 of 6)
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

int main()
{

/1 initialize student

int student Grades|

{ { 77, 68, 86,

{ 96, 87, 89,

{ 70, 90, 86,

73 },
78 1},
81} 1}

/1 output array studentG ades
cout << "The array is:\n";
printArray( studentGrades, students,
/1 determne small est
cout << "\n\nLowest grade:

<< m ni mun( student G ades,

<< "\ nH ghest grade:

<< maxi mun( student Grades,

and | ar gest

cout << fixed << setprecision( 2 );

students ][ exams ] =

grades for three students (rows)

exams );

st udent s,

students,

grade val ues

exans )

exams ) <<

“\n'

80

1A]
Outline

fig04_23.cpp
(20f 6)
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/| calcul ate average grade for each student

for ( int
cout

person = 0;
<< "The average grade for

<< " js "

<< average( student G ades[ person ],

<< endl ;
A4

return 0; // indicates successful

} // end main

/1 find m ni num grade

int mnimm int grades[][ exans ], i
{

| owG ade = initialize

int 100; //

=0; i < pupils;
int j =0; j

if ( grades[ i ][ j
lowGrade = grades[ i ][ j

return | owG ade;

} // end function m ni num

person < students;

i++ )

person++ )

student " << person

exans )

[al

4

fig04_23.cpp
(30f 6)

Outline

Determines the average for
one student. We passthe
array/row containing the
student’ s grades. Note that
st udent G ades|[ 0] is
itself an array.

rm

nt pupi

to hi ghest possible grade

< tests; j++ )

] <lowGade )

1§
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72

/1 find maxi num grade
int maximum( int grades[][ exans ],
{

int

highGrade = 0; //

int i =0; i < pupils;

for (int j =0; j < tests;

if ( grades[ i ][ j
hi ghG ade = grades[ i

return highG ade;

} // end function maxi mum

int
initialize to | owest

i ++ )

pupils, int tests )

possi bl e grade

j++)

] > highG ade )
Iy o

(&
fig04_23.cpp
(40f 6)

Outline
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87 [/ determine average grade for particul ar student E OUtline 83
88 doubl e average( int setOf Grades[], int tests ) m I—
89 {
g;) int total = 0; flgO4_23Cpp
92 /1l total all grades for one student (50f 6)
93 for (int i =0; i < tests; i++)
94 total += setOfGrades[ i ];
95
96 return static_cast < double >( total ) / tests; // average
97
98 } // end function maxi mum
O 2003 Prentice Hall, Inc.
All rights reserved.
o 1Al , 84
. . Outline
100 // Print the array -
101 void printArray( int grades[][ exanms ], int pupils, int tests )
102 { o fig04_23.cpp
103 /Il set left justification and output colum heads (6 OfE)
104 cout << left << " [O] [1] [2] ([3]";
105
106 /| output grades in tabular format
107 for (int i =0; i < pupils; i++) {
108
109 /] output |abel for row
110 cout << "\nstudent Grades[" << i << "] ";
111
112 /'l output one grades for one student
113 for (int j =0; j < tests; j++)
114 cout << setw( 5) << grades[ i 1[ j 1:
115
116 } // end outer for
117

118 } // end function printArray

O 2003 Prentice Hall, Inc.
All rights reserved.




The array is:

[or [1]
student Grades[0] 77 68
student Grades[1] 96 87
student Grades[2] 70 90

Lowest grade: 68
Hi ghest grade: 96

The average grade for student 0 is 76.

[2]
86
89
86

[3]

78
81

00

The average grade for student 1 is 87.50
The average grade for student 2 is 81.75

E Outline %
™ ‘

fig04_23.cpp
output (1 of 1)
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