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aggregate data type (g =
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VARIABLE o)
DEFINITION DATAHELD

int empNumber; Employee number
char name[30]; Employee name
double hours; Hours worked

double payRate; Hourly pay rate

double grossPay; ~ Gross pay struct PayRoll{
int empNumber;
char name[30],;

grossPay;

double hours, : ”B
payRate, 3@4
w

}i
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struct part

{

int modelnumber s
int partnunbor;

float cost;

P

struct part
{
int modelnumber;

int partnumber;

float cost;
};

part parti;
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Structures and structure variables

(anls)) Vil oy =—

Variables of type Foo

structure wiei (galuwg @

WA sosh ¢ cyi (sligsS w gleico
Agai adlbl pbj w

Structure definition for Foo
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struct part

{

int modelnumber;
int partnumber;
float cost;

b

part partl;

partl.modelnumber = 6244;

partZ.modelnumber - W
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struct product {
int weight;
float price;

} apple, banana,

melon:;

apple.weight
apple.price
banana.weight
banana.price
melon.welight
cwimelon . price

Mial @y (wyiws @ L0
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struct part

int modelnumber:;
int partnumber;
float cost:

int main/()

part partl;
partl.modelnumber = &244;
partl.partnumber = 373;
partl.cost = 217.55;

cout << "Model " << partl.modelnumber;
cout << ", part " << partl.partnumber;
cout << ", costs 3" << partl.cost << endl;
return 0;

H
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gtruct Date .

( dat day, ) 9 awlg) csaoylain =

month,
year ;

2313 )00 1) Ayl (o3)1sBs 1) (5093 A BlgI (0 —
Date birthday = {23, 8, 1983};
) OBl s1)s waed i) o Olg30 OrnLD —
1y plail
Date di;

d1=birthday;
(9 duledd (o3)lsks 1) Lacl )l (spac so3(0 djlBICH |
01933 1) pslEs (D) G Ml gac gy)al paic )5 “@
5003 (,05)1508 S QA

Date birthday={ 23, ,1983} ; @
Date birthday={ 23,8} ; @
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gtruct Date '5)-35‘-,) )0
{ dint day -

month = _

year = illegal
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sStCruct partc

int modelnumber:

int partnumber;

Mo de 1 6244, part 373, costs 5217.55

i ................................................... Model 6244, part 373, costs $217.55
int main() )

{ //initialize wvariable

part partl = { 6244, 373, 217.55 }:

part partZ; //define wariable

cout << "Model " << partl.modelnumber:;

cout << ", part " << partl.partnumber:;
cout << ", costs " << partl.cost << endl;

partZ2 = partl; //sassign first wariable to =second
j/display =second wariable
cout << "Model " << part?Z.modelnumber:

cout << ", part " << partd.partnumber;
cout << ", costs " << partlZ.cost << endl;
return 0;

S
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struct PayRoll

{

int empNumber ;

string name;

double hours,
payRate,
grossPay;

@ (gi3 Structure yo slapeis @ —
101y W)W 019340 1o G0

:02))s 3wl PayRoll péis employe (sl —

cout << employee << endl; /] Error!
awb PayRoll peis employe2 ¢ employel ysl —
s@2)>
if (emplovyeel employee?) // Error!

if (employeel.hours == employee2.hours) // Legal

QwQ¢QMﬁ%QQQD




gtruct Circle /) Declare w

double radius;

double diameter;

double area:;

| 3

const doubkle PI = 3.141585
int main()

Circle cl, c2; // Define

cout << "Enter the diamet
cin »» cl.diameter:

cout << "Enter the diameter of circle 2: ";
cin >»> c2.diameter;

cl.radius = cl.diameter / 2;

cl.area = PI * pow(cl.radius, 2.0);
c2.radius = c2.diameter / 2;

c2.area = PI * pow(cd.radius, 2.0);

cout << "‘\nThe radius and area of the circles are’n”
cout << "Circle 1 —-- Eadius: " << cl.radius
<< " Area: " << setw(b) << cl.area << endl;
cout << "Circle 2 —- Radius: " << cZ.radius
<< "™ Area: " << cZ.area << endl;

if (cl.area == cZ.area)

cout << "The two circles
return 0;

dowganlp 3o

i — - 1 — - - - 1 1
nat a Lircle StIiucture 100KS

like

Enter the diameter of circle 1: 3
Enter the diameter of circle 2: 4

; The radius and area of the circles are

Circle 1
Circle 2

e - - —
£ LATXCle STIUCTUure

er of circle 1: ™

hawve the sSams area.

— Radius

1.5 Area: 7.H6HLE8

2 Area:

12.5664

—— Radius

n
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struct point{

Int X;
Inty;
b
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;oS ()3 1 (o Struct j) ¢s) struct eadlgdes ©
struct rect{
struct point ptl;
struct point pt2;
b -
s@u0 Ay )5 Alla ol )y @
struct rect screen,

: by ) LAC) olsd ® Olg30 ©

screen.ptl.x; //accessto x coordinate of point ptl
A3losb @819 )3329) slaiel )y ahsls )> struct ¢sbac) e
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struct CostInfo Enter the pet info:
¥ pet name: loosy

doukle food,

pet type: cat

medical,
licen=e, pet age: 5
misc; pet cost food: 258
b pet cost medical: 154
struct PetInfo pet cost license: 7
{ int main() pet cost misc: 60
char name[20]; { Annual costs for my S—year—-old cat loosy are 5467
char type[20]: PetInfo pet; f/ Define a structure wvariable
int age: cout<<"Enter the pet info:\n";
CostInfo cost; // L § SOUE<<’pet name: U
S/ mested inside as ¢ cin >> FEt'nEEE;
. cout<<"\npet type: ";
b cin »> pet.tvpe:
cout<<"\npet age: ";
cin >»> pet.age;
cout<<"\npet cost food: ";
cin >»> pet.cost.food;
cout<<"\npet cost medical: ";
cin >»> pet.cost.medical;
cout<<"\npet cost license: ";
cin >»> pet.cost.license;
cout<<"\npet cost misc: ";
cin >» pet.cost.misc;
cout << "Annual costsz for my " << pet.age << "-year-old "
<< pet.type << " " << pet.name << " are "
<< ([pet.cost.food + pet.cost.medical +
pet.cost.license + pet.cost.misc) << endl; 1%
csmganlp S | zevemmn o0




'struct Costs{
double wholesale;
double retail:

i

istruct Item{
char partNum[20];
char description[20];
Costs pricing;

idget

}i

Item widget;

(..an)d)) g g Ualn =—

partNum
description
ricin
P & wholesale
retail

strcpy(widget.partNum,“123A”);

strcpy(widget.description,“iron widget”);
widget.princing.wholesale =
widget.princing.retail = 150.0;

100.0;
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Structures as Function Arguments
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width
area,

// Define a Rectangle variable
Rectangle box;

// Define a function that has 2 double parameters
double multiply (double x, double y){
return X * vy ;

}

box.area = multiply ( box.length , box.width) ;

showRect (box) ;

void showRect (Rectangle r) {
cout<< r.length << endl ;
cout<< r.width << endl ;

cout<< r.area << endl ;




struct InvItem ‘ &

int partHum; void getItem(InvIitems piece)

char description[80]; [

int onHand; cout << "Enter the part number: ";
double price; cin >> piece.partHum;

b cout << "Enter the part description: ";

cin.getline (piece.description,80,"'%"):;
cout << "Enter the guantity on hand: ";
cin »>» piece.onHand:

cout << "Enter the unit price: ";

vold getltem(InvIitems) ;

hcid showltem (InvIitem) ; ] ) ]
cin »>> piece.price;

: . }
int main()

Invitem part;

vold showltem(Invitem piece)
getltem (part): .

showltem(part); cout << "Part Number : " << piece.partNum << endl:;
return 0; cout << "Description : " << piece.description << endl;
¥ cout << "Units On Hand: " << piece.onfand << endl;

cout << "Price : " << piece.price << endl;

™

nter the part number: 2 v
nter the part description: The speed was too high
the driver could not control it%

Enter the gquantity on hand: 234

Enter the wunit price: 1.5

Part Wumher : 2

escription =

The speed was too high
the driver could not control it Po
Units ) On) Handis 234

Price : %1.5




h
Constant Reference Parameters
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void showltem (const Invitem&); //function prototype
void showltem (const Invitem &piece) //function header
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gtruct Cirecle
{

double radius:
double diameter:

double area:

Circle getDatal()

{
Circle temp;

temp.radius = 10.0;
temp.diameter = 20.0;
temp.area = 314.159;
return temp;

csuRPanlp el




struct Circle

doukle radius:
double diameter;
double area:

L

Circle getInfol):
const double PT

3.14159;
int main()

Circle cl, c2:

L]
(1]
QJ —
Circle getInfol) Function return type iz a Circle structure
Circle round:; Local structure wvariable to hol nput data

"Enter the diameter of a circle:

conut <<
cin »» round.diameter;
round. radius round.diameter / 2:

return round:;

cl = getInfol):;

c2 = getInfol(): ¥

cl.area = PI * powl(cl.radiu=s, 2.0):

c2.area = PI * pow(cZ2.radius, 2.0);

cout << "\nThe radius and area of the circles are\n":
cout << "Circle 1 -- Radius: " << cl.radius .
<< " Area: " << cl.area << endl:;

cout << "Circle 2 -- Radius: " << c2.radius

<< " Area: " << cZ2.area << endl;

if (cl.area == cZ2.area)

cout << "The two circles have the same area.n\n":

return 0:
¥

4
8

Enter the diameter of a circle:
Enter the diameter of a circle:

CSM«.‘.954~05H C.?)Lm

The r»adius and area of the circles are

12.5664
58.2654

2 Area:
4 Area:

Circle 1
Qircle 2

— Radius:
—— Radius:
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$include <iostream>
using namespace =td;
$define MRAXX 8

fdefine MAXY

5]

struct point{
int x;
int y:
ri
struct recti{
struct point ptl;
struct point ptl;
L
struct point makepoint (int , int )
int main()

{
rect screen; C++ Style declaration

point middle;

screen.ptl=makepoint (0,0):

screen.ptZ2=makepoint (MAXX, MAXY) ;

middle=makepoint ( (2creen.ptl.x+screen.pt?.x) /2, (screen.ptl.yv+screen.pt2.y)/2);

cout << "The X of middle point isz:"™ << middle.x <<endl:;
cout << "The ¥ of middle point iz:" <<middle.y <<endl;
H
struct point makepoint{int x, int vy)
{
struct point temp; <+ C 5[)//9 declaration
temp. X=x;
temp. y=y; The ¥ of middle point is:-4

@M{@Wpt@m The ¥ of middle point is



struct point{
int x;
int v;
}:
point addpoint (point , point )
polnt makepoint (int , int ):;
int main/{)

point ptl,pt?, sumpoint;
ptl=makepoint (2,4);

ptZ2=makepoint (5,7):
sunpoint=addpoint (ptl,pt2):

cout << "The X of middle point is:"
cout << "The of middle point i=s:"™
cout << "Th
cout << "Th
¥

point makepoint (int =X, int v)

m
o
[
|_h

m

struct point temp;

temnp . x=xX;

cenp . y=vy;

return temp;

¥

point addpoint (point pl, point p2)

pl.x+=p2.x;
Pl.v+=p2.¥:
IEEJ{? pl

Cs My PARLL

<< sumpolint.x <<endl;

<<sumpolint.y <<endl;

pl point i=:" << ptl.x <<endl:
Y of pl point i=:" <<ptl.y <<endl;

middle
mlddle




A Measurement Example -—

Living room

10"~ 6

Dining room

[- ulSII

b




Structures Within Structures

struct Distance S/English distance

i
int feet:
float inches=s;
¥r
F il il il irr il irrirrirrirliriirririirrrriririrrirrirrys

struct ERoom Sirectangular area
{
Di=ztance length:
Distance width;
L

FAEEE i i il rririririririririr i rrrrrriririririririrys

int main()

{
BEoom dining:

Sflength of rectangle
S /fwidth of rectangle

Sidefine a room

dining.length.feet = 13; Sfassign walues to room
dining.length.inches = &.5;

dining.width.feet = 10;

dining.width.inches = 0.0;

S foconvert length & width

float 1 = dining.length.feet + dining.length.inches,/12;
float w = dining.width.feet + dining.width.inches/,12;
Sifind area and display it
cout << "Dining room area iz " << 1 * w
<< " sguare feetin™ ;

return 0

A inin oom Aarea 1= -

Pq

= UuaAI'E i



dining.length.feet = 13;

Foom dining = { {13, &.5}, {10, 0.0} }:

dining

width

inches

dining. length. feet = 13;
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apartmentl.laundry room.washing machine.width.feet
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fdefine =iz 5
student information:ali alvai 15
struct stdinfof{ student information:reza rezaie 13
char name [30]; student inforpmation:amir amiri 17
char Lname[30]:;

student information:mohammad mohammadi 14

float avg:
student infopmation:thasan hasani 11

ja-
- iz -hasan hazani 11
int main() isireza rezaie 13
[ is imohammad mohammadi
int i ,9: iszali alvai 15

ztdinfo =[=ziz],temnp; isamir amiri 17
for(i=0;i<siz;i++){
cout << i+l «<«<"th student information:";
cin>> =z[i] .name >> =[i].Lname >»z[i] .avg:
cout << endl;
H
for(i=l;i<=siz;i++)
for(j=0;j<=siz-i:j++)
if(=[j] .avg>»=[j+l] .avg)

temp=s3[3j]:
s[i]==[3+1]:
2[j+l])=temp;
H
for(i=0;i<=siz;i++)
cout<< i+l<< "th iz:"<<s3[i] .name <<"Yt"<< =[i] .Lname <<"\C"<< s[i] .avg <<endl;

o
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/ example about structures
- ' "My vorite movie is:\n ";

Finclude <iostream> Cﬂft e _J- f? te m

printmovie (mine);

cout << "And yours is:\n ";

LnEing namespace atd; - - )
= printmovie (yours);

return 0;
struct movies t© { 1
char® title;
int year; vold printmovie (movies t movie)

-} mine, yours;
cout << movie.title;

. . . . cout << " (" << movie.year << ")\n":
vold printmovie (movies € movie);

int main {) /I&@ C:C—J C;—(/é' o_(_///)
- mine.title=new char [30]; C/(;/) (Ci@l&

yours.title=new char [50];

mine.title = "2001 &4 Space Ody Y 2 &

mine.year = 1968; title: The hurt locker
year: ZH1H

cout << "Enter title: "; My favorite movie is:

SEW.OIELIVEHERAICRIENE A1 A Space Odyszey (17682

cout << "Enter year: ": And Dours 1% =

 LFARRS Yyoung, vear; The hurt locker (2H18)



Union
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union mytypes t {
char c;
int i;
float f;
} mytypes;

$33)9(,-0 L)2T QAC A Ol ol )

mytypes.cC
mytypes.i
mytypes.f

1 lway (358 @ oxid syed polic (slsl a5 il j)
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union mlx t

long 1; ;b0 atbly )5 JBs plgic @ ©

struct {
short hi;
short 1lo;
} s
char cl[4]:;
} mix;

(...a0)>)

1038)5 Y43 )s Olge0

ynmon =-—

mix

mix.1l

mixX.s.hi

mx.s.lo

mix.c[0] = mix.c[1] =~ mix.c[2]

mx.c[3]




union PaySource // Declare a union. &

. h
short hours; s/ These two variables share

float =ales; ;// the =ame memory space.

}:

int main()

PaySource employveel; // emploveel i=s a PavSource union.
'/ Thisz employee can have hours or

sale=, but not both at once.
| - |

char hourlyIype; Y
float pavBRate, grossPay:

if hourly, 'n' if on commi=ssion

cout << "This=s program calculates either hourly wages or "
< "sales commission.‘\n";:

cout << "Iz thiz an hourly emplovee (v or n)? ":

cin >> hourlyType;

if (hourlyType = 'y')

—

This iz an hourly employee.

) — § R o N his program calculates either hourly wages or sales commission.
cout << "What 1s the hourly pay Trate? "; [ESe et R I L L
What is the hourly pay rate? 23
How many hours were worked? 65

cin »>> pavyRate;
cout << "How many hours were workesd? "; Gross pay: 51495
cin >> employeel . hours;

grossPay = employeel . hours * pavRate;
cout << "Gross pay: " << grossPay << endl;
¥

else // Employee works on commission.

cout << "What are the total =zales for this employvees? ™;

cin >> employeel.sales;
grossPay = employeel.=zalezs * 0.10; py
cout << "Gross pay: " << grossPay << endl;
¥




...
Hinclude <iostream: CJLLQ —
uszing nawmespace std:;

union mylniond

int 1nthum; please enter a numbher:
float £MNum; 1.75

b 3 f e IAANA

int maini() {
wylUnion smpl:
coub<<"please enter a nunber:hn'™:
cinx>smpl. £Hum:

cout<<hex<<swpl. intNum<<endl;

returmn Od;:

QwM¢4M8%QQQD



Anonymous unions =—

Olg30 anonNymous b G union ¢(cqd CH+ )y @

3003 LDY)?)

33)5,0 Lyl ob pgsy anonymous union e

QW 0130 EbIws O @ a5 Auwl O)go (3l ) e
3003 1333 () lws by)s polic

structure with regular union

structure with anonymous union

struct

{

char title[50];
char author[50];
union {
float dollars;
int yens;
} price;

} book;

struct {
char title[50];
char author[50];
union {
float dollars;
int yens;
bi
} book;

book.price.dollars
book.price.yens

book.dollars
book.yens




int main/{()

union S/ Declare

short hours: This program calculates either hourly wages or salesz commizsion.
Iz thiz an hourly employee <y or n2>? n

float sales: llhat are thg total sales for this employee? 56

5.6

b:
char hourlyType: 7/ 7' if hourly, 'n' if on commi=ssion
float pavBRate, grossPay:

cout << "Thi= program calculates either hourly wages or "

<< "gales commission.\n":

cout << "I= this an hourly employee (v or n}? ";
cin >» hourlyIvpe:
if (hourlyIType = 'yv') // Thi= iz an hourly emnplovee.

cout << "What is the hourly pay rate? ";
cin >»> pavyRate;

cout << "How many hours were worked? ";

cin >» hours; // Anonymous union member
grossPay = hours * payRate;

cout << "Gross pay: &M << grossPay << endl:;

¥
gelse // Employee works on commission.
cout << "What are the total =ales for this employee? ";
cin >» =ales; /;/ Anonymous union member
grossPay = =sales * 0.10;
cout << "Gross pay: &M << grossPay << endl;
¥

return 0;

H
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O009¢,.0 enumerator ylas pss (plaw
e enum days of week { Sun, Mon, Tue, Wed, Thr, Fri, Sat };

days of week dayl, day2;
Keyword e num
Semicolon terminates
rmﬂm statemen “ s > *
enum days_of_week{Sun,Mon,Tues Wed,Thu,Fri,Sat}; 5;gb
Lt of constants, > I
separated by commas
. . . F\
s Panbp o List delimited by braces




(...an)>)) cslbjloud ol =—

// dayenum.cpp

// demonstrates enum types Days hetween = 3
$include <iostream> dayl comes hefore day2

using namespace std;
//specify enum type
enum days of week { Sun, Mon, Tue, Wed, Thu, Fri, Sat };

int main()
{
days of week dayl, day2; //define variables
//of type days of week

dayl = Mon; //give values to
day2 = Thu; //variables
int diff = day2 - dayl:; //can do integer arithmetic

cout << "Days between = " << diff << endl;

if (dayl < day2) //can do comparisons
cout << "dayl comes before day2\n";
return 0;

} Kcp
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enum days of week { Sun=1, Mon, Tue, Wed, Thu, Fri, Sat };
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enum FooSize { SMALL = 10, MEDIUM = 100, LARGE = 1000 };
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enum coins { penny, nickel, dime, quarter, half-dollar,
dollar };
enum switch { off, on };

enum months { Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep,,:g&,g

Oct, Nov, Dec }; :
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enum MyEnumType { ALPHA, BETA, GAMMA };
enum MyEnumType x; // legal i1In both C and C++
MyEnumType y; // legal only i1n C++
int 1 = BETA; // give 1 a value of 1
int §J = 3 + GAMMA; // give jJ a value of 5
MyEnumType x = 2; // NOT be allowed by compiler
MyEnumType y = 123; // NOT be allowed by compiler
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enum Animal

{
ANIMAL CAT = -3,
ANIMAL_DOG,
ANIMAL PIG,
ANIMAL HORSE = 5,
ANIMAL GIRAFFE =
ANIMAL_ CHICKEN

S,
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int ParseFile()
{
iIT (10penFile())
return -1;
iIT (1ReadFi1le())
return -2;
iIT (1Parsefile())
return -3;

enum ParseResult

SUCCESS = 0,

ERROR_OPENING_FILE
ERROR_READING_FILE
ERROR_PARSING_FILE

return 0; // success

-1,
-2,
-3,

{

ParseResult ParseFile()

IT (10penFile())

return ERROR_OPENING FILE;
IT (1ReadFi1le())

return ERROR_READING FILE;}
iIT (1Parsefile()) ;

return ERROR_PARSING FILE;k

return SUCCESS;



ginclude <iostream:
using namespace std;
int rmaini() {
enun DavysiSundavy=2Z, Monday, Tuesday, Wednesday, Thursday, Friday, S3aturday=1};
Dayz TheDavy:
int j:
cout<<"Please enter the day number (from 1 to 5)hn™:
cinx>]:
ThelDay=(Day=z] ]:
if (Thelay==3aturday || Thelay==Wednezday )
cout<<"We hawve ITP! :)1hWn'™:
else if (TheDay==6 || Thelay==7 ]
cout<<"it iz holiday. :DWvn':
else
cout<<"We DO WNOT hawe ITP! :(yn'™:

Please enter the day number{from 1 to
2

e have ITPY? -2
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Hinclude <stdio.h>
int maini(){

enun Days{dunday==2, Honday, Tuesday, Wednesday, Thursdavy,

Fridav,
enun Days Thelavy:

printf("Please enter the day number (from 1 to 51%n™):
scanf ("sd4d", £&Thebay) ;

if (TheDay==3aturday || Thelay==Wednesday ]
printf ("We hawe ITP! :)4n™):

elze if(TheDay==& || Thelay==7 ]
printf("it iz holiday. :Dyvyn™):

else
printf ("We DO WOT hawve ITP! @ (vn™):

Saturday=1}:

Pleaze enter the day number{from 1 to 5>
ry

it is holiday. :D
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