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Chuong 4 — Mang

Pé muc

4.1 Gi16i thiéu

4.2 Miéng

4.3 Khai bao mang

4.4 Vi du vé st dung mang
4.5 Truyén tham s6 cho ham

4.6 Sap xép mang

4.7 Vi du: Dung mang tinh Mean, Median va Mode

4.8 Tim kiém trén mang: Tim kiém Tuyén tinh va tim kiém Nhi phan
4.9 Mang nhiéu chiéu
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4.1 Gidithiéu

 Mang (array)
— Cau tric cua nhitng phan ttr dir liéu ¢6 lién quan
— Thyec thé tinh (gilt nguyén kich thudc trong sudt chuong
trinh)
* Mot val loa1 mang
— mang dua vao con tro (Pointer-based arrays) (C-like)
— mang 1a d6i twong (Arrays as objects) (C++)
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4.2 Mang

 Mang
— Tap hop cac ving nhd lién tiép
— Cung tén, cung kiéu (int, char, ...)
o Truy nhap dén 1 phan tir
— Chi ra tén mang va vi tri - position (chi so - index)
— Clphép: tén_mang[ chi sé ]
— Phan tir dau tién & vi tri 0
 Mang ¢ ¢6 n phan tir
c[ 0 ],c[ 1] ...c[ n-11]
— Phan tir thir N & vi tri thr N-1
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4.2 Mang

* Phan tr cia mang cliing nhu cac bién khac
— Gén gia trj va in mang s6 nguyén ¢
c[l 0] = 3;
cout << c[ 0 ];

e (Co thé sir dung cac phép toan trong cip ngoic vudng
c[ 5 - 2 ]cilng giéngc[3]
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Tén mang

(Lutu v rang moi phan tu
ctia mdng nay déu cdéd cung
tén, @c)

l

c[0]
cl[1l]
cl[2]
c[3]
c[4]
c[5]
c[6]
c[7]
c[8]
c[9]
c[10]
c[11]

Chi sb cua phén tu
trong mang c
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4.3 Khai bao mang

Khi kha1 bao mang, chi ro
— Tén
— Kiéu cua mang
« Bat cur kiéu dir liéu nao

— S6 phan tir
— type arrayName [ arraySize ] ;
int c[ 10 ]; // mang cia 10 sé nguyén

float d[ 3284 ]; // mang cuia 3284 sé thuc
Khai bao nhiéu mang cung ki€u

— Str dung dau phay nhu véi cac bién binh thuong
int b[ 100 ], x[ 27 1;
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4.4 Vidu vé str dung mang

Khoit tao mang
— Dung vong lap khdi tao timg phan tur
— Khoi tao ca danh sach
« Chi 16 timg phan tir khi khai bao mang
intn[ 51 =4{1, 2, 3, 4, 5 };
« Néu trong dgmh sach khong co du sb gia tri khai tao, cac phan tir &
bén phai nhat s€ nhan gid tr1 0
« Néu danh sach thira s& gay 15i ¢t phap
— Khoi tao gia tri bang 0 cho tat ca cac phan tir
intn[ 5] ={0};
— Néu khong khai béo kich thuéc mang, kich thudc ciia danh sach
cac gia tri khoi tao s& quyét dinh kich thudc mang
int n[] ={1, 2, 3, 4, 5 };
* (C0 5 gia tri khoi tao, do d6 mang ¢6 5 phﬁn tur
« Néu khong khai béo kich thuéc mang thi phai khoi tao khi khai bao
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// Fig. 4.3: £ig04 03.cpp
// Initializing an array.

#include <iostream>

fig04 _03.cpp

using std::cout; (10of2)
using std::endl;

#include <iomanip>

using std: :setw;

Khai bao mang 10 phan tir s6 nguyén.

int main ()

{

int n[ 10 ]; // n is an array of 10 integ Bﬂuntaornmugbangvonglapfor
Chi y rang mang gom cac phan tir

// initialize elements of array 5 0 UIn[O](iﬂln[Q]
for ( int 1 = 0; i < 10; i++ )
n[ i ] = 0; // set element at location i to O

cout << "Element”" << setw( 13 ) << "Value" << endl;
// output contents of array n in tabular format

for ( int j = 0; j < 10; j++ )
cout << setw( 7 ) << jJ << setw( 13 ) << n[ j ] << endl;
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fig04_03.cpp
(20f 2)

fig04_03.cpp
output (1 of 1)
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// Fig. 4.4: £ig04 04.cpp
// Initializing an array with a declaration.

#include <iostream>

fig04 _04.cpp

using std::cout; (1of1)
using std::endl;

#include <iomanip>

using std: :setw;

int main () khéi tao cho mang.

{

Luu y cach dung danh sach

// use initializer list to initialize array n
int n[ 10 ] = { 32, 27, 64, 18, 95, 14, 90, 70, 60, 37 };

cout << "Element" << setw( 13 ) << "Value" << endl;
// output contents of array n in tabular format
for ( int 1i = 0; 1 < 10; i++ )

cout << setw( 7 ) << i << setw( 13 ) << n[ 1 ] << endl;

return 0; // indicates successful termination

} // end main
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fig04_04.cpp
output (1 of 1)
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4.4  Vidu vé str dung mang

« Kich thudc cua mang
— C6 thé dugc xac dinh bang hang s6 (const)
e const int size = 20;
— Hang s6 khong thé thay do6i
— Héng phai dugc khoi tao khi khai bao

— Con duoc goi 1a “named constant” (gia tr1 dugc dat t€n) hoac
“read-only variable” (bi€n chi doc)
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// Fig. 4.5: £ig04 _05.cpp

// Initialize array s to the even integers from 2 to 20.

#include <iostream>

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

#include <iomanip>
using std: :setw;
int main ()

{

// constant wvariabl

const int arraySize

int s[ arraySize ]; // array s has 10 ele

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

s[ i1 =2+ 2 * i;

cout << "Element" << setw( 13 ) << "Value"

CuuDuongThanCong.com

fig04 _05.cpp
(1 of 2)

Chu y tr khoa const. Chi ¢6
cac bieén const dugc dung
dé khai bao kich thudc mang.

Chuong trinh dé thay d6i hon khi ta
dung hang (const) cho kich thuéc cua
mang.

Ta c6 thé thay doi arraySize, va tat
ca cac vong lip van hoat dong binh
thuong (néu khong, ta phai stra moi
vong lap trong chuong trinh).

Lo
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24 // output contents of array s in tabular format

25 for ( int j = 0; j < arraySize; j++ )
26 cout << setw( 7 ) << j << setw( 13 ) << s[ j ] << endl;
27 fig04_05.cpp
28 return 0; // indicates successful termination (2 of 2)
29
30 } // end main fig04_05.cpp
output (1 of 1)
Element Value
0 2
1 4
2 6
3 8
4 10
5 12
6 14
7 16
8 18
9 20
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// Fig. 4.6: £ig04 06.cpp
// Using a properly initialized constant variable.
#include <iostream>

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

Khoi tao hang

int main/()
{

const int x = 7; // initialized constant variable

cout << "The value of constant variable x is: "
<< x << endl;

return 0; // indicates successful termination

} // end main

The value of constant variable x is: 7

CuuDuongThanCong.com https://fb.com/tailieudientucntt

fig04 _06.cpp
(10f1)
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output (1 of 1)
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1 // Fig. 4.7: £ig04 _07.cpp

2 // A const object must be initialized.

3 Li ct phap do khong khai tao hang.
4 int main() Stra gia tri ctia hang cling 12 mot 15i.
SHE|

6 const int x; x must be initialized

-

8 x=17; // Error: cannot modify a const variable

9

10 return 0; // indicates successful termination

11

12 } // end main

d:\cpphtp4_ examples\ch04\Fig04 07.cpp(6) : error C2734: 'x'
const object must be initialized if not extern

d:\cpphtp4 examples\ch04\Fig04 07.cpp(8) : error C2166:
l-value specifies const object
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fig04 _07.cpp
(1 of 1)

fig04 _07.cpp
output (1 of 1)


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

© 00 N O O W N P

N NNNRRRPRRRRRRERPR
WINEFEPO®OOWMNOOOUNMWNIERO

24

// Fig. 4.8: £ig04 08.cpp
// Compute the sum of the elements of the array.

#include <iostream>

)4_08.cpp
using std::cout; f 1)
using std::endl;

)4_08.cpp

put (1 of 1)

int main/()

{

} // end main

const int arraySize = 10;
int a[ arraySize ] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };
int total = 0;
// sum contents of array a
for ( int i = 0; i < arraySize; i++ )
total += a[ i ];

cout << "Total of array element values is " << total << endl;

return 0; // indicates successful termination

Total of array element values is 55
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fig04 _09.cpp

// Fig. 4.9: £ig04 09.cpp (1 of 2)
// Histogram printing program.
#include <iostream> Element Value Histogram
0 19 Kkkkkkhkhkhkkkkkkkkkk
using std: :cout; 1 3 o
using std: :endl: 2 15 kkhkkkkkkhkkkkkkkk%k
' 3 7 %* % % %k k%%
#include <iomanip> 4 11 HRIIE XA XK X
5 9 kkkkkkkk*k
using std: :setw; 6 13 HRKIEIIA XS A XK
7 5 %* % % % %
Ut mmsm () 8 17 % % ok ok ok ok Kk Kk Kk ok ok ok ok ok ok ok ok
{ 9 1 *
const int arraySize = 10;
int n[ arraySize ] = { 19, 3, 15, 7, 11, 9, 13, 5, 11},

cout << "Element" << setw( 13 ) << "Value"
<< setw( 17 ) << "Histogram" << endl;
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} // end main Element Value Histogram
0 19 % % %k Kk Kk % % k Kk k% k k ok ok ok kkk
1 3 * % %
2 15 % % % %k Kk % % k Kk Kk Kk k k k k
3 7 %* % % % % %k %
4 11 % % % % % % % % k k %k
5 o %* % % Kk %k k kK
6 13 % % % %k % % % k Kk k % k *k
7 5 * % % % %
8 17 % % % % % % % Kk Kk % % k Kk %k % k *k
9 1 *
T e —

// for each element of array n, output a bar in histogram

for ( int 1 = 0; i < arraySize; i++ ) {

cout << setw( 7 ) << i << setw( 13 )<

A 1A * 3
«<n[i] << setw( 9 ); In s6 dau sao (*) tuong trng

vol gia tri ciaphan trn[i].

for ( int j = 0; j < n[ i ]1; j++ ) // print one bar
cout << '*';

fig04 _09.cpp
output (1 of 1)

cout << endl; // start next line of output
} // end outer for structure

return 0; // indicates successful termination
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// Fig. 4.10: £ig04_10.cpp
// Roll a six-sided die 6000 times.
#include <iostream>

fig04 _10.cpp
using std::cout; (1 0f 2)
using std::endl;

#include <iomanip>

Viét lai mot chuong trinh cli. M6t
using std::setw; mang dugc st dung thay cho 6

bién thuong, va cac phan tir dé
#include <cstdlib> dang cap nhat hon (khong can str
#include <ctime> dung switch).

int main ()

{

const int arraySize = 7;

j f S i - 0 ; \ A \ ~ A
int frequency| arraySize ] { } Dong 1énh nay tao ra mot so trong

khoang 1 dén 6 va ting phﬁn tur

srand( time( 0 ) ); // seed random-number frequency[] co chisd do

// roll die 6000 times
for ( int roll = 1; roll <= 600 roll++ )
++frequency[ 1 + rand() % 6 ]; // replaces 20-line switch

// of Fig. 3.8
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cout << "Face" << setw( 13 ) << "Frequency" << endl;

// output frequency elements 1-6 in tabular format
for ( int face = 1; face < arraySize; face++ )
cout << setw( 4 ) << face
<< setw( 13 ) << frequency[ face ] << endl;

return 0; // indicates successful termination

36 } // end main

Face

o U1 & W N PR

Frequency
1003

1004

999

980

1013

1001
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fig04 _10.cpp
(2 of 2)

fig04 _10.cpp
output (1 of 1)
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// Fig. 4.11: fig04_11l.cpp ***modified***
// Student mark statistic program.

#include <iostream>

g04 1l.cpp

using std::cout; .of 2)

using std::endl;

#include <iomanip>

using std: :setw;

int main ()

{

// define array sizes
const int markSize = 40; // size of array of marks

const int frequencySize = 11; // size of array frequency

// place student marks in array of marks

int marks|[ markSize ] = {1, 2, 6, 4, 8, 5, 9, 7, 8,
10, 1, 6, 3, 8, 6, 10, 3, 8, 2, 7, 6, 5, 7, 6, 8, 6, 7,
5, 6, 6, 5, 6, 7, 5, 6, 4, 8, 6, 8, 10 };

// initialize frequency counters to 0

int frequency[ frequencySize ] = { 0 };
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// for each student's mark, select value of an element of array
// responses and use that value as subscript in array
// frequency to determine element to increment

for ( int student = 0; student < markSize; student++ ) 1 1l.cpp
++frequency[ marks[student] ]; "2)
// display results
cout << "Rating" <</setw( 17 ) << "Frequency'" << endl;
// output frequencies in tabular format
for ( int rating 1; rating < frequencySize; rating++ )
cout << setw( ) << rating
<< setw(/17 ) << frequency|[ rating ] << endl;
return 0; // indicates successful termination Rating Frequency
1 2
} // end main T2 . 7
marks [student] la diém (tir 1 dén 10). 2 2
Gia tri nay quyét dinh chi s6 ctia phan tir 3 2
frequency[] can ting. 4 2
5 5
6 11
7 5
8 7
9 1
10 3
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4.4 Vidu vé str dung mang

Xau - string (xem thém & chuong 5)
— Mang cua cac ky tu
— Moi xau déu két thuc véi ky tw null ('\0"')
— Vidu
e char stringl[] = "hello";
— Ky tr null ty dong dugc thém vao, xau co 6 phﬁn tu
e char stringl[] = { 'h', 'e', '1', '1l"',
| o 1 , 1 \0 /4 } \
— Chi s0 ciing giong nhu d6i véi mang
Stringl[ O ] bang 'h’
stringl[ 2 ] béng 1!
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4.4 Vidu vé str dung mang

» Nhap tir ban phim bang cin
char string2[ 10 ];
cin >> string2;
— Ghi dir liéu vao cua nguot dung vao xau
« Dung lai ¢ ky tu trang dau tién (tab, newline, blank...)
e Thém vao ky tu null
— Néu nhap qua nhiéu, dit liéu s& tran mang
o Ta can phai tranh diéu nay (muc 5.12 sé& giai thich phuong
phap)
* In xau
— cout << string2 << endl;
« Khong st dung duoc véi cac mang c6 kiéu dir lidu khéc
— In cac ky tu cho dén khi gip null
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// Fig. 4 12: fig04_12.cpp
// Treating character arrays as strings.

#include <iostream>

)4 12.cpp

using std::cout; f 2)

using std::cin;

using std::endl;

{

int main ()
/ kich thudc dugc xac dinh tu dong.

Hai cach khac nhau dé khai bao
Xau. string2 duoc khoi tao va

char stringl[ 20 ], // reserves 20 characters

char string2[] = "string literal"; // reserves 15 characters

Vi du vé doc xau tir ban phim va in ra.

// read string from user into array string2
cout << "Enter the string \"hello
cin >> stringl; // reads

terminates input]
// output strings
cout << "stringl is: " << stringl

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

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

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

24 // output characters until null character is reached

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

26 cout << stringl[ i ] << ' '; - -

- \ Co thé truy nhap xau giong p
28 cin >> stringl; // reads "there" nIAnI d(j)i Vé’i_ mv'c”mg.’V(‘)ng lap

29 cout << "\nstringl is: " << stringl << endl; ket thuc khi gap ky tw null.

30 1904 _12.cpp
31 return 0; // indicates successful termination output (1 of 1)
32

33 } // end main

Enter the string "hello there": hello there
stringl is: hello

string2 is: string literal

stringl with spaces between characters is:
hello

stringl is: there
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4.4  Vidu vé str dung mang

» Kiéu luu trit tinh — static storage (chuong 3)
— Néu la static, cic bién dia phuong luu lai gia tri gifta cac
lan go1 ham
— chi duoc nhin thay trong than ham
— C6 thé khai bao mang dia phuong 1a static
o duogc khoi tao vé 0
static int array([3];
» Néu khong phai static

— Puoc tao (va huy) tai moi lan gol ham
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// Fig. 4.13: fig04_13.cpp
// Static arrays are initialized to zero.
#include <iostream>

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

void staticArrayInit( void ); // function prototype
void automaticArrayInit( void ); // function prototype

int main ()

{

cout << "First call to each function:\n";
staticArrayInit();
automaticArrayInit() ;

cout << "\n\nSecond call to each function:\n";
staticArrayInit() ;

automaticArrayInit() ;

cout << endl;

return 0; // indicates successful termination

} // end main

CuuDuongThanCong.com https://fb.com/tailieudientucntt

fig04 _13.cpp
(1 0of 3)
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26 // function to demonstrate a static local array

27 wvoid staticArrayInit( void )

28 {
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Mang static, khoi tao vé 0 tai
lan goi ham dau tién.

// initializes elements to 0 first time function is called fig04_13.cpp
static int arrayl[ 3 ]; (2 of 3)

cout << "\nValues on entering staticArrayInit:\n";

// output contents of arrayl
for ( int 1 = 0; 1 < 3; i++ )
cout << "arrayl[" << 1 << "] = " <K arrayl[ i ] << " ";

cout << "\nValues on exiting staticArrayInit:\n"; [ﬁiﬁ@lﬂﬂﬂglnéngtﬁth&ydéh

cac thay doi dugc bao toan.

// modify and output contents of arrayl
for ( int jJ = 0; j < 3; j++ )
cout << "arrayl[" << J << "] ="
<< (arrayl[ j 1 +=5) << " "

45 '} // end function staticArrayInit

46

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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47 // function to demonstrate an automatic local array

48 wvoid automaticArrayInit( void )

49
50
51
52
53
54
S15)
56
57
58
59
60
61
62
63
64
65
66

Maéng automatic, duoc tao lai

{ tai mdi lan go1 ham.
// initializes elements each tifie function is called TTg04_13.cpp

int array2[ 3 1 ={( 1, 2, 3 };

(3 of 3)

cout << "\n\nValues on entering automaticArrayInit:\n";

// output contents of array2
for ( int i = 0; 1 < 3; i++ )

cout << "array2[" << i << "] = " &< arrayz[ i ] << " "

\

cout << "\nValues on exiting automaticArrayI

// modify and output contents oi/iffiyz//////
for ( int j = 0; j < 3; j++)

Tuy mang bi thay ddi, n6 s& bi
huy khi ham két thac va thayt
doi trong dir li€u s€ bi mat.

cout << "array2[" << j << "] ="
<< (array2[ j ] +=5) << " ";

} // end function automaticArrayInit

CuuDuongThanCong.com
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First call to each function:

Values on
arrayl[0]
Values on
arrayl[0]

Values on
array2[0]
Values on
array2[0]

entering staticArrayInit:
= 0 arrayl[l] = 0 arrayl[2] =
exiting staticArrayInit:
= 5 arrayl[l] = 5 arrayl[2] =

entering automaticArrayInit:
= 1 array2[l] = 2 array2[2] =
exiting automaticArrayInit:
= 6 array2[l] = 7 array2[2] =

Second call to each function:

Values on
arrayl[0]
Values on
arrayl[0]

Values on
array2[0]
Values on
array2[0]

entering staticArrayInit:
= 5 arrayl[l] = 5 arrayl[2] =
exiting staticArrayInit:
= 10 arrayl[l] = 10 arrayl[2]

entering automaticArrayInit:
=1 array2[l] = 2 array2[2] =
exiting automaticArrayInit:
= 6 array2[l] = 7 array2[2] =

CuuDuongThanCong.com
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4.5 Truyén tham s6 cho ham

Dung tén mang, bo cap ngoac vuong
— Truyén mang myArray cho hdm myFunction
int myArray[ 24 ];
myFunction ( myArray, 24 );
— Kich thudc mang thuong duogc truyén, nhung khong nhat thiét
e C6 ich khi dung dé duyét tat ca cac phan tir
Mang dugc truyén bang tham chiéu (passed-by-reference)
— Ham c6 thé thay doi dir liéu gbc cia mang
— Tén mang c6 gia tri bang dia chi cta phan tir dau tién
« Ham biét mang duoc luu & dau.
« Ham c6 thé sira d6i dir liéu ghi trong méang
Céac phan tir mang dugc truyén bang gia tri (passed-by-
value)
— Nhu céc bién thong thuong
— square( myArray[3] )
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4.5 Truyén tham so cho ham

e Céc ham dung mang lam doi so
— Function prototype
e void modifyArray( int b[], int arraySize );
e void modifyArray( int [], int );
— Trong prototype, tén khong bat budc
- ca hai ham lay d6i s6 1a mot mang s6 nguyén va 1 s6 nguyén
— Khong ghi can kich thudc mang trong cip ngoic
 Trinh bi€n dich b6 qua
— Néu khai bao 1 tham s6 1a const
o d6i 80 d6 s& khong thé bi thay doi (chuwong trinh dich bao 15i)
e void doNotModify( const int [] );
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16
17
18
19
20
21
22
23
24
25

// Fig. 4.14: £fig04_14.cpp
// Passing arrays and individual array elements to functions.

#include <iostream>

1904 _14.cpp

using std::cout; 10f3)
using std::endl;

#include <iomanip>

using std::setw; sach tham s6

Cu phéap cho mang trong danh

void modifyArray( int [], int ); // appears strange

void modifyElement( int );

int main()

{

const int arraySize = 5; // size of array a

int a[ arraySize ] = { 0, 1, 2, 3, 4 }; // initialize a

cout << "Effects of passing entire array by reference:"

<< "\n\nThe values of the original array are:\n";

// output original array
for ( int 1 = 0; i < arraySize; i++ )
cout << setw( 3 ) << a[ i ];
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

cout << endl; Truyén tén mang (a) va kich thude cho
ham. Méng truyén bang tham chiéu

// pass array a odifyArray by reference
modifyArray( a, arraySize ); fig04_14.cpp
(2 of 3)

cout << "The values of the modified array are:\n";

// output modified array
for ( int j = 0; j < arraySize; j++ )
cout << setw( 3 ) << a[ j 1

// output value of a[ 3 ]

cout << "\n\n\n"
<< "Effects of passing array element by wvalue:"
<< "\n\nThe value of a[3] is " << a[ 3 ] << '\n"';

1 ph?m tor mang duogc truyén béng gia tri;

// pass array element W gi tri phan tir gdc khong thé bi thay doi.

modifyElement( a[ 3 ] )’

// output value of a[ 3 ]
cout << "The wvalue of a[3] is " << a[ 3 ] << endl;

return 0; // indicates successful termination

} // end main
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52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

Tuy dat tén la b, khi dugc goi, mang chi
¢/ ) SRR mOdiny dén mang a, nén ham c6 thé thay doi dir
// the original array< in memory li€u cua a.

void modifyArray( int b[], int sizeOfArray ) Mmyua_14.Ccpp
( (3 of 3)

// multiply each array element by 2
for ( int k = 0; k < sizeOfArray; k++ )
b[ k] *= 2;

} // end function modifyArray

// in function modifyElement, "e" is a local copy of

' : array. S 3 ] paiwn/ Cac phan tor don 1¢ cia mang du:0’c
void modifyElement( int e truyen bang gia tr1, va cac gia tri goc
{ khong thé bi thay doi.

// multiply parameter by 2
cout << "Value in modifyElement is "
<< (e *= 2 ) << endl;

} // end function modifyElement
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Effects of passing entire array by reference:

The values of the original array are:
0O 1 2 3 4

The values of the modified array are:
0 2 4 6 8

Effects of passing array element by value:
The value of a[3] is 6

Value in modifyElement is 12
The value of a[3] is 6

CuuDuongThanCong.com
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// Fig. 4.15: fig04_15.cpp
// Demonstrating the const type qualifier.
#include <iostream>

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

Tham s6 mang duoc khai bao
la const. Mang khong thé bi
stra d6i, ké ca khi n6 duoc
truyén bang tham chiéu.

L 15.cpp

void tryToModifyArray( const int [] ); // function prototype

int main ()

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

tryToModifyArray( a );

cout << a[ 0 ] << ' "k a[ 1] " "k a[ 2] < '"\n';

return 0; // indicates successful termination

} // end main
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22
23
24
25
26
27
28
29
30

// In function tryToModifyArray, "b" cannot be used
// to modify the original array "a" in main.
void tryToModifyArray( const int b[] )

{

b[ 0] /= 2; // error
b[ 1] /= 2; // error
b[ 2] /= 2; // error

} // end function tryToModifyArray

CuuDuongThanCong.com
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4.6 Sap xép mang

« Sap xép dir liéu
— La mot ing dung quan trong
— Hau hét moi co quan/to chirc déu phai sap xép dit liéu
Mot khoi luong khong 16 dit liéu can duoc sap xép
« Xép ndi bot (Bubble sort)
— Duyét mang vai lan
— So sanh cap phan tir lién tiép
« Néu thtr ty ting (hodc bang nhau), khong thay doi gi
« Néu thir ty giam, tréo doi hai phan ti

— Lap la1 cac budc trén cho mo1 phan tir
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4.6 Sap xép mang

 Vidu:

Di tir trai sang phai, va trao cac phan tir khi can thiét
o Mot 1an duyét cho mdi phan tir

Diy goc: 34276

Landuyétl: 3 2 4 6 7 (trdo doi phan tir)

Landuyét2: 23467

Landuyét3: 2 3 4 6 7 (khong can thay doi)

Landuyét4: 23467

Landuyéts: 23467

Phan ttr nhd “ndi" 1én trén (nhu s6 2 trong vi du)
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G
N

4.6 Sap xép mang

 Trao do1 cac bién
int x =3, vy = 4;
Yy = X;
X =V,
 Caigixayra?
— Caxvaydéula3!
— Can c6 bién tam
. Giai phap
int x =3, y =4, temp = 0;
temp = x; // temp 1la 3

X =vYy; // x la 4
y = temp; // y la 3
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// Fig. 4.16: £fig04_16.cpp
// This program sorts an array's values into ascending order.
#include <iostream>

1g04_16.cpp
using std::cout; 10f3)
using std::endl;

#include <iomanip>
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; // temporary location used to swap array elements
cout << "Data items in original order\n";
// output original array

for ( int 1 = 0; i < arraySize; i++ )
cout << setw( 4 ) << a[ i ];
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

// bubble sort Duyét 1 1an cho mdi phan tir
// loop to control number of p§§ses///////// cua mang.

for ( int pass = 0; pass < arraySize - 1; pass++ )

fig04_16.cpp
// loop to control number of comparisons per pass (20f3)
for ( int j = 0; j < arraySize - 1; j++ )
// compare side-by-side elements and swap them if
// first element is greater than second element
if (al jJ1>alJ+11) {« Néu phan ttr bén trai (chi s j)
hold = a[ J 1; 16n hon phan tir bén phai (chi s6
af jl1=al3Jj+1]1; j + 1), thi ta trdo doi chung.
al[ j + 1] = hold; Nhé str dung bién tam.
} // end if
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40
41
42
43
44
45
46
47
48
49
50

cout << "\nData items in ascending order\n";
// output sorted array
for ( int k = 0; k < arraySize; k++ )

cout << setw( 4 ) << a[ k ]1;

cout << endl;

return 0; // indicates successful termination

} // end main

Data items in original order

6 4 8 10 12 89 68 45 37

Data items in ascending order

4 6 8 10 12 37 45 68 89
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fig04 _16.cpp
output (1 of 1)
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4.7 Vidu: str dung mang dé tinh
Mean, Median va Mode

« Mean

— Gié tri trung binh (tong/s6 phan tir)
« Median

— Gia tri ¢ giita diy da dugc sap xép

- 1,2,3,4,5 (3 la median)

— Néu s6 phan tir 1a s6 chén, lay trung binh ctia 2 s gifta
* Mode

— Gia tri xuét hién nhiéu nhét

-1,1,1,23,3,4,5 (1 lamode)
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1 // Fig. 4.17: £ig04_17.cpp

2 // This program introduces the topic of survey data analysis.
3 // It computes the mean, median, and mode of the data.

4  #include <iostream> fig04_17.cpp
5 (1 of 8)
6 using std::cout;

/ using std::endl;

8 using std::fixed;

9 using std::showpoint;

10

11 #include <iomanip>

12

13 using std::setw;

14 using std::setprecision;

15

16 wvoid mean( const int [], int );

17/ wvoid median( int [], int );

18 wvoid mode( int [], int [], int );

19 wvoid bubbleSort( int[], int );

20 void printArray( const int[], int );

21

22 int main()

23 {

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

25
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26 int frequency[ 10 ] = { 0 }; // initialize array frequency
27

28 // initialize array responses

29 int response[ responseSize ] = 4_17.cpp
30 {6,7,8,9,8,7,8,9,8, 09, f 8)
31 7, 8, 9,5, 9,8, 7, 8, 7, 8,

32 6, 7, 8, 9, 3, 9, 8, 7, 8, 17,

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

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, 17%};

40

41 // process responses

42 mean ( response, responseSize );

43 median( response, responseSize );

44 mode ( frequency, response, responseSize );

45

46 return 0; // indicates successful termination

47

48 } // end main
49

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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50 // calculate average of all response values

51 wvoid mean( const int answer[], int arraySize )

52
53
54
S
56
S7
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

{

int total = 0;

cout <<

fig04 _17.cpp
(3 0f 8)

"********\n Mean\n********\n";

// total response values

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

total += answer[ i ];

// format and output results

cout <<

cout <<
<<
<<
<<
<<
<<
<<
<<

fixed << setprecision( 4 );

"The mean is the average value of the data\n"

"items. The mean is equal to the total of\n"

"all the data items divided by the number\n"

"of data items (" << arraySize Poi sang double dé duoc gia tri
"). The mean value for\nthis ru : trung binh bang sb thuc (thay vi gia tri
total << " / " << arraySij << " =" nguyeén).

static_cast< double >( total ) / arraySize

"\n\n";

} // end function mean
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75 // sort array and determine median element's value

76 wvoid median( int answer[], int size )

77 {

78 cout << "\n*****k***\n Median\n*****kxx*x\n" fig04_17.cpp
79 << "The unsorted array of responses is"; (4 of 8)

80

81 printArray( answer, size ); // output unsorted afr Sa3§éprnﬁn;bﬁngcéd1
82 truyén n6 cho mot ham.

Bao v¢ tinh modun cua

83 bubbleSort ( answer, size ); // sort array

84 chuong trinh
85 cout << "\n\nThe sorted array is";

86 printArray( answer, size ); // output sorted array

87

88 // display median element

89 cout << "\n\nThe median is element " << size / 2

90 << " of\nthe sorted " << size

91 << " element array.\nFor this run the median is "
92 << answer[ size / 2 ] << "\n\n";

93

94 } // end function median
95
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96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

// determine most frequent response

void mode( int freq[], int answer[], int size )

{

int largest = 0; // represents largest frequency

int modeValue = 0; // represents most frequent response

cout <L "\n********\n Mode\n********\n";

// initialize frequencies to 0
for (int i = 1; i <= 9; i++ )
freq[ 1 ] = 0;

// summarize frequencies
for ( int j = 0; j < size; j++ )
++freq[ answer[ j ] 1,

// output headers for result columns
cout << "Response" << setw( 11 ) << "Frequency'"

<< setw( 19 ) << "Histogram\n\n" << setw( 55 )

<< "1 1 2 2\n" << setw( 56 )
<< "5 0 5 0 5\n\n";

CuuDuongThanCong.com
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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

143 '} // end function mo

// output results
for ( int rating = 1; rating <= 9; rating++ ) {
cout << setw( 8 ) << rating << setw( 11 )
<< freq[ rating ] << " ", fig04_17.cpp
(6 of 8)

// keep track of mode value and largest fequency value

if ( freq[ rating ] > largest ) { mode 14 gia tri xut hién
largest = freq| ratlng/ A g (co gia tri cao nhat

modeValue = rating; trong mang freq)

} // end if
// output histogram bar representing frequency value
for ( int k = 1; k <= freq[ rating ]; k++ )
cout << '*';
cout << '\n'; // begin new line of output
} // end outer for
// display the mode value
cout << "The mode is the most frequent value.\n"

<< "For this run the mode is " << modeValue
<< " which occurred " << largest << " times." << endl;

ong%n ong.com https://fb.com/tailieudientucntt
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144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

// function that sorts an array with bubble sort algorithm
void bubbleSort( int a[], int size )

{

int hold; // temporary location used to swap elements

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

// loop to control number of comparisons per pass
for ( int j = 0; j < size - 1; j++ )

// swap elements if out of order

if (al jJ1>al3J+11]1) {
hold = a[ j ]-;

aljl=al3j+11];

al j + 1 ] = hold;

} // end if

} // end function bubbleSort
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166 // output array contents (20 values per row)
167 void printArray( const int a[], int size )

168 {

169  for ( int i = 0; i < size; i++ ) { fig04_17.cpp
170 (8 of 8)

171 if (i $ 20 =0 ) // begin new line every 20 values

172 cout << endl;

173

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

175

176 } // end for

177

178 } // end function printArray
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The mean is the average value of the data

items.
all the data items

of data items (99).

The mean is equal to the total of

this run is:
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Median
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divided by the number
The mean value for
99 = 6.8788

of responses is

97895987878
77898989789
278 98989753
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6456165787

4 4445555555
6777777777717
7777 8888888
8 8888888888
99999999909

is element 49 of

99 element array.

For this run the median is 7
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fig04_17.cpp
output (2 of 2)
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4.8 Tim kiém trén mang:
Tim kiém Tuyeén tinh va tim kiém Nhj phan

 Tim mot gi1a tr1 khoa (key value) trén mang
» Tim kiém tuyén tinh
— So sanh ting phan tir ciia mang voéi key
« Bit dau tir mot dau, di dén dau kia ciia mang
— Hiru dung cho mang nho va chua sap xép
» Khong hiéu qua

« Néu gia tri can tim khong c6 trong mang thi phai kiém tra tat
ca cac phan tur
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4.8 Tim kiém trén mang: Tim kiém Tuyén
tinh va tim kiem Nhj phan

» Tim kiém nhi phan
— Chi str dung cho méang di sap xép
— So sanh phan tir & giita (middle) véi key
« Néu bang, tim thay
e Néu key < middle
— Lap la1 6 ntra dau cua mang
e Néu key > middle
— Lap la1 6 ntra cudi
— Rat nhanh
o Nhiéu nhét 1a N buée véi 2N > s6 phén tir cia méang
» mang 30 phan tir can nhiéu nhat 5 budc
2° > 30
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// Fig. 4.19: fig04_19.cpp
// Linear search of an array.

#include <iostream>

fig04 _19.cpp

using std::cout; (10of2)

using std::cin;

using std::endl;

Lay doi s6 1a mot mang, khoa
can tim, va kich thuéc mang.

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

int main ()

{

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

int a[ arraySize ]; // create array a

int searchKey; // value to locate in a

for ( int i = 0; i < arraySize; i++ ) // create some data
a[ i ] = 2 * i;

cout << "Enter integer search key: ";

cin >> searchKey;

// attempt to locate searchKey in array a

int element = linearSearch( a, searchKey, arraySize ) ;
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26 // display results

27 if ( element '= -1 )

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

29 else fig04_19.cpp
30 cout << "Value not found" << endl; Enter integer search key: 36
31 Found value in element 18
32 return 0; // indicates successful termination

33 Enter integer search key: 37
34 } // end main Value not found

35

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

37 // found or until end of array is reached; return subscript of
38 // element 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 < sizeOfArray; j++ )

42

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

44 return j; // return location of key
45

46 return -1; // key not found

47

48 } // end function linearSearch
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// Fig. 4.20: £fig04_20.cpp
// Binary search of an array.
#include <iostream>

using std::cout;

using std::cin;

using std::endl;

#include <iomanip>

using std: :setw;

// function prototypes

int binarySearch( const int [], int, int, int, int );

void printHeader( int );

void printRow( const int [], int, int, int, int );

int main()

{

const int arraySize = 15; // size of array a

int a[ arraySize ]; // create array a

int key; // value to locate in a

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

a[ i ] =2 * i;
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

cout << "Enter a number between 0 and 28: ";
cin >> key;

printHeader ( arraySize ); ﬁgO4_20£pp
(2 of 6)

// search for key in array a

int result =

binarySearch( a, key, 0, arraySize - 1, arraySize );

// display results
if ( result '= -1 )
cout << '\n' << key << " found in array element "
<< result << endl;
else
cout << '\n' << key << " not found" << endl;

return 0; // indicates successful termination

} // end main
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47
48
49
50
51
52
53
54
S15)
56
57
58
59
60
61

// function to perform binary search of an array
int binarySearch( const int b[], int searchKey, int low,
int high, int size )

int middle;

// loop until low subscript is greater than high subscript
while ( low <= high ) {

Xac dinh phan tir & gitra
// determine middle el t of subarray being searched

middle = ( low + high ) / 2;

// display subarray used in this loop iteration
printRow( b, low, middle, high, size );
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62 // if searchKey matches middle element, return middle

63 if ( searchKey == b[ middle ] ) // match

64 return middle; )

o \ Sﬁi dung tign Nh1. phan: ‘ ;

66 else Neéu key bang middle, tim thay
o1 Néu nho hon, tim nira thap

68 // if searchKey less than middle element,

69 // set new high element B@ulénhon,ﬁnln&acao

70 if ( searchKey < b[ middle ] )

71 high = middle - 1; // search low end of array

72

73 // if searchKey greater than middle element,

74 // set new low element Vong lap tao low, middle va high tu dong. Néu tim
75 else ntra cao, thi phan tir low méi s& cao hon middle.
76 low = middle + 1; // search high end of array

77 }

78

79 return -1; // searchKey not found

80

8l } // end function binarySearch
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82
83 // print header for output
84 wvoid printHeader( int size )

85 { fig04_20.cpp
86 cout << "\nSubscripts:\n"; (5 of 6)
87

88 // output column heads

89 for ( int j = 0; j < size; j++ )

90 cout << setw( 3 ) << j << " '

91

92 cout << '\n'; // start new line of output

93

94 // 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
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102 // print one row of output showing the current
103 // part of the array being processed
104 void printRow( const int b[], int low, int mid,

105  int high, int size ) fig04_20.cpp
106 { (6 of 6)
107 // loop through entire array

108 for ( int m = 0; m < size; m++ )

109

110 // display spaces if outside current subarray range
111 if (m < low || m > high )

112 cout << " "

113

114 // display middle element marked with a *

115 else

116

117 if ( m == mid ) // mark middle value
118 cout << setw( 3 ) << b[ m ] << "*';

119

120 // display other elements in subarray

121 else

122 cout << setw( 3 ) << b[m ] << " ';

123

124 cout << endl; // start new line of output

125

126 } // end function printRow
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Enter a number between 0 and 28: 6

Subscripts: fig04_20.cpp
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 output (1 of 2)

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

6 found in array element 3

Enter a number between 0 and 28: 25

Subscripts:
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
l6e 18 20 22*x 24 26 28

25 not found
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fig04_20.cpp
output (2 of 2)
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4.9 Mang nhiéu chiéu

* Pa chi s6

—inta[3][4],

~al i ][ j I

— Cac bang c6 dong va cot

— Dong trudc, cot sau

— “Mang cua mang”
 a[0] la mot mang 4 phan tir
«af[0][0]1a ph?m tr dau tién cta mang

Column O Column 1 Column 2 Column 3
Row 0 af 01l 0] (afl 01[ 11 (al 01021 |al 0 1]1[ 31
Row 1 af 11007 |al 110171 [(al11[27] |al 11l 31
Row 2 al 21001 |al 21011 jal 21021 jal 2][ 3]

Column subscript
(chi sb cot)
Array name

Row subscript

(chi sb dong)
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4.9 Mang nhiéu chiéu

« Khoti tao
— Macdinhla 0
— Khoi tao, moi dong trong 1 ciip ngoic

intb[ 2 ][ 2] ={{1, 21}, {3, 41} 1};
Row O Row 1

intb[ 2 ][ 2] ={{11}, {3, 41} 1};
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4.9 Mang nhiéu chiéu

o Truy nhip dén nhu binh thuong
cout << b[ 0 ][ 1 1, 1 0
— Inrao 3 |4

— Khong str dung dau phay (,)
cout << b[ 0, 1 ];
e Ldi cu phap
 Function prototype
— Phai chi 16 kich thuédc cua cac chi s6
» Khong doi hoi kich thudce cho chi so dau tién, cing nhu mang
1 chiéu
— void printArray( int [][ 3 ] )

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

© 00 N O O A W DN P

=
P O

N NN NNNRRRRPRRRERPR
G B WNRPOOOWNOOOMWN

26

// Fig. 4.22: fig04_22.cpp

// Initializing multidimensional arrays.

#include <iostream>

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

void printArray( int [][ 3 ] )

int main ()

{

int arrayl[ 2 ][ 3 1 ={ { 1,
int array2[ 2 ][ 3 ] {1, 2
int array3[ 2 ][ 3 1 ={ { 1,

: fig04 _22.cpp
Chu y cau truc cua prototype. (1 0f 2)

Chi y nhiéu cach khdi tao.

CAc phan tir trong array?2
duoc gan tir dong thr nhat

roi dén dong thir hai.

2, 3}, {4, 5, 61} 1};
3, 4, 5};
2}, {41} 1});

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

printArray( arrayl );

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

printArray( array2 );

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

printArray( array3 );

return 0; // indicates successful termination

} // end main
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28

29 // function to output array with two rows and three columns

30 wvoid printArray( int a[][ 3 ] ) Vong lip for thudng duoc
31 { 4  dung dé quét qua mang. Str

32 for ( int i = 0; i < 2; i++ ) { // for each row | dung vong lip 10ng nhau cho
33 mang nhiéu chiéu.

34 for ( int j = 0; j < 3; j++ ) // output column values VT _eeMEN
35 cout << a[ i I1[ § ] << ' '; output (1 of 1)
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
4 56
Values in array2 by row are:
123
450
Values in array3 by row are:
120
4 00
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4.9 Mang nhiéu chiéu

» Tiép theo: chuong trinh vi du vé khéi tao mang
— Chuong trinh luu trit diém ctia sinh vién
— Mang nhiéu chiéu (bang)
— Dong la sinh vién
— Cotla diém Quizl Quiz2

StudentO | 95 |85
Studentl | 89 |80
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// Fig. 4.23: fig04_23.cpp
// Double-subscripted array example.

#include <iostream>

using std:
using std:
using std::

using std::left;

:cout;
:endl;

fixed;

#include <iomanip>

using std: :setw;

using std: :setprecision;

const int students = 3; // number of students
const int exams = 4; // number of exams

// function prototypes

int minimum( int [][ exams ], int, int );

int maximum( int [][ exams ], int, int );

double average( int [], int );

void printArray( int [][ exams ], int, int );

CuuDuongThanCong.com https://fb.com/tailieudientucntt

fig04 _23.cpp
(1 of 6)


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

int main()

{

// initialize student grades for three students (rows)
int studentGrades[ students ][ exams ] = fig04_23.cpp
{ { 77, 68, 86, 73 }, (2 of 6)
{ 96, 87, 89, 78 },
{ 70, 90, 86, 81 } };

// output array studentGrades
cout << "The array is:\n";

printArray( studentGrades, students, exams );

// determine smallest and largest grade values
cout << "\n\nLowest grade: "
<< minimum( studentGrades, students, exams )
<< "\nHighest grade: "
<< maximum( studentGrades, students, exams ) << '\n';

cout << fixed << setprecision( 2 );
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44
45
46
47
48
49
50
51
52
53
54
S
56
57
58
59
60
61
62
63
64
65
66
67
68
69

// calculate average grade for each student
for ( int person = 0; person < students; person++ )
cout << "The average grade for student " << person

<< " is " fig04 _23.cpp
<< average( studentGrades|[ person ], exams ) (30f6)
<< endl;

Tinh diém trung binh cho sinh
vién. Ta truyén dong chtra diém
cua sinh vién vao ham. Chu y:
studentGrades[0] cling la

return 0; // indicates successful terminatid

} // end main mot mang.

// £ind minimum grade

int minimum( int grades[][ exams ], int pupils, int tests )

int lowGrade = 100; // initialize to highest possible grade

for ( int 1 = 0; i < pupils; i++ )

for ( int j = 0; j < tests; j++ )

if ( grades[ 1 ][ jJj ] < lowGrade )
lowGrade = grades|[ i ][ j 1;

return lowGrade;

} / / e nd fun c tl or}?uugjléaﬁﬁlm%olr%}gnm https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

// £ind maximum grade

int maximum( int grades|[][ exams ], int pupils, int tests )

{

int highGrade = 0; // initialize to lowest possible grade

for ( int 1 = 0; i < pupils; i++ )

for ( int j = 0; j < tests; j++ )

if ( grades[ i ][ j ] > highGrade )
highGrade = grades|[ i ][ j 1~

return highGrade;

} // end function maximum
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87
88
89
90
91
92
93
94
o
96
97
98

// determine average grade for particular student
double average( int setOfGrades[], int tests )

{
int total = 0;
// total all grades for one student
for ( int i = 0; i < tests; i++ )
total += setOfGrades[ i ];

return static_cast< double >( total ) / tests;

} // end function maximum
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99
100 // Print the array
101 void printArray( int grades[][ exams ], int pupils, int tests )

102 { fig04_23.cpp
103 // set left justification and output column heads (6 of 6)

104 cout << left << " [0] [11 [21 [3]1":

105

106 // output grades in tabular format
107 for ( int i = 0; i < pupils; i++ ) {

108

109 // output label for row

110 cout << "\nstudentGrades[" << i << "] ";
111

112 // output one grades for one student

113 for ( int j = 0; j < tests; j++ )

114 cout << setw( 5 ) << grades[ i ][ j 1~
115

116 } // end outer for

117

118 } // end function printArray
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The array is:

[01 [11 [2]

studentGrades[0] 77 68 86
studentGrades[1l] 96 87 89
studentGrades[2] 70 90 86

Lowest grade: 68

Highest grade: 96
The average grade
The average grade
The average grade

for student O
for student 1
for student 2

CuuDuongThanCong.com

[3]

73
78
81

is
is

is

76.00
87.50
81.75
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