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Chapter 7

Detining Your Own
Data Types



o A structure is a user-defined type
= You define it using the keyword struct

» SO it is often referred as a struct.

o Compared to the data types we have seen,
some real world objects must be described
by several items:
= Time — hh:mm:ss
= Point — (X,y)

m Circle- (x, vy, r)
= Rational number 1



Detining a struct

struct PO NT
{

float Xx;
float vy,
};
o Note:

= This doesn’t define any variables.
It only creates a new type.

= Each line defining an element in the struct is terminated
by a semicolon

= A semicolon also appears after the closing brace.



Creating Variables of Type POINT

PO NT pl, p2;

o If you also want to initialize a struct:
PO NT pl =

} : The syntax is similar to the
one to initialize an array.




Accessing the Members of a struct

0 Member selection operator (.)
wmpl.x = 3.0;
mp2.y += 2.0;

o You nmay mani pul ate p2.y just as any vari abl e
of type float.
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o Putting the definition of the struct at

global scope allows you to declare a
variable of type RECTANGLE anywhere in

the . cpp file.
O Hut?2 = Hut1;
Hut 2. Left = Hutl. Left;
Hut 2. Top = Hut 1. Top;
Hut 2. R ght = Hut 1. Ri ght;
Hut 2. Bottom = Hut 1. Bott om



| ong Area(const RECTANGLE& aRect)

{

return (aRect. R ght - aRect.LlLeft) *
(aRect. Bottom - aRect. Top);

o By passing a reference , the code runs a little
faster because the argument is not copied.
o The parameter is const so that the function

cannot change the argument that is
passed to it.



Pass by Reference (2)

voi d MoveRect (RECTANGLE& aRect ,

{

int Iength(aRect. R ght -
i nt width(aRect.Bottom - aRect. Top);

aRect
aRect
aRect
aRect

.Left = x;
.Top = vy;
.Right = x + |length;
.Bottom =y + width;

return;

int X,

aRect . Left);

int y)

/1
/1

/1
/1
/1
/1

Get length of rectangle
Get width of rectangle

Set top-left point

to new position

Get bottomright point as

I ncrenment from new position

0 Because aRect is passed as a reference, the
function is able to modify the members of the
RECTNAGLE directly.
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Intellisense Assistance with Structures

13 #include <10stream>

2 struct POINT

3 {

4 float x; (C ;/ X coordinate of the point D
5 float v; ' int
6 ¢

74L

82 1int main()

9 {

10

11 POINT pl = { 1.0, 2.0 };

12 pl.x = 3.0;
13 pl.y += 2.0;
14: pl.
ig g- Float POINT: :x g1 sandls
171 4 X coordinate of the point

18:L

File: test.cpp
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o There is a pre-defined structure RECT in the
header file wi ndows. h, because rectangles are

heavily used in Windows programs.

struct RECT

{
Int |eft; [/ Top left point
| nt top; [/ coordi nate pair
Int right; [/ Bottomright point
I nt bottom /] coordinate pair

'

12



Using Pointers with a struct

0O RECT* pRect = NULL;
= Define a pointer to RECT

0O RECT aRect;
O pRect = &aRect;
= Set pointer to the address of aRect

13



o RECT aRect = { 0, 0, 100, 100};
0 RECT* pRect = &aRect;

O(*pRect). Top += 10;

The parenthesis to de-reference the pointer
are necessary (P.77)

O pRect->Top += 10;
Indirect member selection operator

14



o Types
- Clock type
- Unsigned integral
type
- Time type
- Time structure
(See Chapter 7)

o Time manipulation

- Ticks since the
program was launched

- Get current time

- Convert tm
structure to time_t

0o Macro

Clock ticks per second

0o Conversion

- Convert tm
structure to string

- Convert time_t
value to string

- Convert time_t
to tm as UTC time

- Convert
time_t to tm as local time

- Format time as
string

15



O O O O O

struct tm

gmtime() - Convert time_t to tm as UTC time
localtime() - Convert time_t to tm as local time
mktime() - Convert tm structure to time_t
asctime() - Convert tm structure to string
strftime() - Format time as string

16



struct tm

o The structure contains 9 members of type int:

struct tm{

I nt tm.i sdst; /* daylight savings tine flag */

I nt tm sec; /* seconds after the mnute - [0,59] */
int tmm n; /* mnutes after the hour - [0,59] */

I nt tm hour; /* hours since mdnight - [0,23] */

I nt tm nday; /* day of the nonth - [1,31] */

I nt tm non; /* nmonths since January - [0, 11] */

Int tmyear; /* years since 1900 */

I nt tm wday; /| * days since Sunday - [0,6] */

I nt tm yday; /* days since January 1 - [0, 365] */

|

}



| ocal time() andasctinme() example

#i ncl ude <i ostreanp
#i ncl ude <cti ne>

int main ()

{
tinme_ t rawti ne;
struct tm?* tineinfo;

time ( &awine );
tinmeinfo = localtine ( & awtine );
std::cout << "It is Year "

<< tinmeinfo->tmyear + 1900 << std::endl;

/'l years since 1900
std::cout <<"Current local tine and date: "
<< asctinme (tinmeinfo) << std::endl;

return O; 18



strftinme()

#i ncl ude <i ostreanp
#i ncl ude <cti ne>

int main () In addition to the default

{ format like

Thu Dec 27 21:31:04 2012
you may define your own
format to display the time.

tinme_ t rawti ne;
struct tm* timeinfo;
char buffer [80];

time ( & awmine );
tineinfo = localtinme ( & awine );

strftinme (buffer,80,"Nowit's %:%wWp.",tineinfo);
std::cout << buffer << std::endl;

return O;



A struct can contain a pointer

struct Li stEl enent

{
RECT aRect /| RECT nmenber of structure

Li st El enent* pNext; /[l Pointer to a |list elenent

LEL LE2 LE3

members: members: members:
aRect aRect aRect
pnext = &LE2 —] pnext = &LE3 —]

pnext = &LE4
\—» LE4 LES
members: members:
aRect aRect
No next
pnext = &LE5 — —»

pnext =0 element

i

Figure 7-3 Linked List



0 Sometimes depending on the input data,
you may allocate different amount of
space for storing different types of
variables at execution time
int n = 0;
cout << "l nput the size of the vector - ";

error C2057: expected constant expression

21



Why Use Pointers? (P.183)

0 Use pointer notation to operate on data
stored in an array

0 Enable access within a function to arrays,
that are defined outside the function

0 Allocate space for variables dynamically.

22



0 To hold a string entered by the user, there
IS no way you can know in advance how
large this string could be.

0 Free Store - When your program is
executed, there is unused memory in your
computer.

0 You can dynamically allocate space within
the free store for a new variable.

23



0 Request memory for a double variable,
and return the address of the space
doubl e* pval ue = NULL,;

pval ue = new doubl e;
0 Initialize a variable created by new
pval ue = new doubl e(9999. 0);

0 Use this pointer to reference the variable
(indirection operator)
*pval ue = 1234. 0;

24



o When you no longer need the
(dynamically allocated) variable, you can
free up the memory space.

del et e pval ue;

Release memory pointed to by pvalue
pval ue = NULL,;

Reset the pointer to NULL

0 After you release the space, the memory
can be used to store a different variable
later.

25



Allocating Memory Dynamically for Arrays

o0 Allocate a string of twenty characters
= char* pstr;
= pstr = new char| 20];
m=delete [] pstr;

Note the use of square brackets to indicate that you
are deleting an array.

wmpstr = 0;
Set pointer to null

26



1.

Based on Ex7_01.cpp, write a function
EqualAreaRect() which compares the area of two
rectangles. In your main(), use at least two test
cases to demonstrate that your function is
working fine.

Write a program to read a series of positive
integers from the user. The total number of
input is unknown. Stop when the user supplies
O or a negative number. Then output the series
of numbers in reserve order.

For example, the inputis1 3572460,
the output willbe 64275 3 1.

Hint: Store the input numbers in a linked list. -0



o Modify your own bubble sort function to sort an
array of rational numbers.

0 Suppose you defined a structure
struct Q {
I nt (;
| nt p;
}
o a function to display the array
void print_array(Q a[], int n)
{
for (int 1=0; i<n; |I++)
cout << af[i].q << '"/'" << a[i].p <<
cout << endl

31



o and a main program to test it.
I nt mai n()

{

Qaf[] ={ {7,3}, {1,5}, {6, 5}, {4, 3} };

Int size = sizeof(a) / sizeof(a[0]);

print_array(a, size);
bsort(a, size, cnp);
print_array(a, size);
return O;

The output should be
7/31/56/54/3
1/56/54/3 7/3

o Now all you need to supply is a cmp() function

and a revised bsort() function.

32




o Write a program so that when the user input a
number n, it will generate an array with n*n
rational numbers, and sort the array.

o Use your own bubble sort function to sort the
array, and measure the elapsed time by time().

100 2S
200 32s
300 167s

o Compare the result with the gsort() function.

o The default stack size is 1MB.

Properties - Configure Properties - Linker - System -
Stack Reserve Size

33



