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What is an Identifier?

 An identifier is the name to denote labels,

types, variables, constants or functions, in a
C++ program.

* C++is a case-sensitive language.

— Work is not work Q
A
 |dentifiers should be descriptive

— Using meaningful identifiers is a good
programming practice
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ldentifier

* |dentifiers must be unique
* |dentifiers cannot be reserved words((keywords) <
— double mam - e

e |dentifier must start with a letter orlunderscore) and be
followed by zero or more letters (A-Z, a-z), digits (0-9),
or underscores

* YALD [ ke

— age_of dog gaxRateYZK -
PrintHeading ageOfHorse

* NOT VALID
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C++ Primitive Data Types

Primitive types

T

integral floating
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Premitive Data Types in C++

Integral Types
— represent whole numbers and their negatives
— declared as int, short, or long

Character Types
— represent single characters

— declared as cha;\
— Stored by ASCII values

Boolean Type

e declared as bool

* hasonly 2 values true/false
* will not print out directly

Floating Types <—
— represent real numbers with a decimal point

— declared as float, or double
— Scientific notation where e (or E) stand for “times 10 to the ” (.55-e6)




Samples of C++ Data Values

sample values  infege o

—> 4578 -4578 0 <« boo!

Chovr
values §\a iy
true false <— L oolean
sample values
95.274 95.0 265 <— [leak

sample values
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Samples of C++ Data Values

int sample values

Q -4578 0

bool values
true false

float sample values
95.274 95.0 .265

char sample values
‘B’ \d/ 4’ \D7/ \ k7



What is a Variable?

* Avariable is a memory address where data
can be stored and changed.

* Declaring a variable means specifying both its
name and its data type.
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What Does a
Variable Declaration Do?

* A declaration tells the compiler to allocate
—enough memory to hold a value of this data
type, and to associate the identifier with

this location. 32 biks \ 2 byles
.)/\an\-L} M\OQ\'Q
e int~ ageOfDog; | > 2 4
\\od\i O

* char middleInitial; |/ 0
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. f}oat taxRate; 2| | | . ’
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—Variable Declaration ¢-¢ "

J/ Vevololes

All variables must declared before use.

— At the top of the program
— Just before use.

Commas are used to separate identifiers of

the same type. ot age 5 — declaraber
int count, age; aée =S, — ‘“(Fwﬁydw“
f £ 1

\n{)—\‘a}"be
Variables can be initialized to a startirﬂ% value

when they are declared ‘ V.
int count = 0; [EEE‘_&%EZiEiEK

int age, count = 0;




An Example of a Variable

\Qg

A name of the variable

An Initial value of the variable
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Example of a Variable
(Memory View)

Int ) temperature = 35 e
l¢ | 00000000 + [ Location 0

Locations O - 3 are collectively q,“ 00000000 | | | ocation 1 W
called as ‘temperature’ 3 | 00000000 - | Location 2 jU(

¢ | 001000111 ocation 3

Location 4

is the binary equivalent of 35 Location 5
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Changing the Value of Variable

. Lets change the value of ‘temperature’.

ik ~
=~ temperature = 45902 S dedare Q«w;ﬁwﬁﬂ

1\ T ~m)( j‘Q—‘””\O) \% ./

Couk < C L@W*? ) oo%oooo Location 0 <~ “’(]""
Acatlons 0 - 3 are collectively 00000000 | | ocation 1
\o&/&e called as ‘temperature’ 10110011 | Location 2
6 01001110 Location 3

Location 4

1011001101001110 is the binary equivalent of 45902 Location 5
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\q\(\;{\g
Relative Comparison of int and double

c

s < I nmPe0Rle ¥2) c
- Reserves 32 bits (4 bytes)
and sets the value stored l 2|8 Pe‘f' )
in that space to 2. The name -
‘numPeople’ is associated with 3
this space. 4 /A
— ~
9 dou?!e bill < 32 415; . {/7 | 3
) /\4 Reserves 64 bits (8 bytes)\ 7 v c— =< 'oa les
and sets the value stored 8 4 . /
in that space to 32.45. The name o / / 4 T~ |
‘bill’ is associated with 77 Y l/\\ “ AUAN\/J
this space. 10 /// 5
11 Vi \
devkle a - 25 2.0
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Commonly used data types

Type Storage value range Type Storage Value range
- size
(<) 85\24! Lo e 5:\&"
char 1 byte -128 to 127 or 0 to 255 long 4 bytes -2,147,483,648 to 2,147,483,647
————
unsigned 1 byte 0 to 255 unsigned 4 bytes 0 to 4,294,967,295
char long
signed char 1 byte -128 to 127
Type Storage size Value range Precision
int 2 or4 bytes -32,768 to 32,767 or -2,147,483,648 to
T A 7‘ 2,147,483,647 Y
float 4 byte 1.2E-38 to 3.4E+38 6 decimal places
unsigned int 2 or 4 bytes 0to 65,535 or O to 4,294,967,295 —
{ =
short 2 bytes 32,768 to 32,767 double 8 byte 2.3E-308 to 1.7E+308 15 decimal places
unsigned 2 bytes 0 to 65,535 .
short long double 10 byte 3.4E-4932 to 1.1E4+4932 19 decimal places

Cc+ + ——i_v:eww_”) T f\
\0-7\6 ok |
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Variable types

Variable type Keyword used in | Size in bits Range
declaration

integer int 32 bits -2147483648 to
2147483647

Short integer short int 16 bits -32768 to 32767

Long integer long int 32 bits -2147483648 to
2147483647

Floating point float 32 bits -1.0x1038to 1.0x1038

data

Floating point double 64 bits -1.0x103% to

data (with large 1.0x10308

fraction)

Text type data char 8 bits -128 to 127

Boolean data bool 1 bit lor0

(True or False)




What is an Expression in C++?

* An expression is a valid arrangement of variables,
constants, and operators.

* In C++, each expression can be evaluated to
compute a value of a given type

* |In C++, an expression can be:
— A variable or a constant (coun’;c, 100)
— An operation (a + b, a * 2)
~\o§{<— Function call (getRectangleArea(2, 4))

AL T2 A’
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Assignment Operator

An operator to give (assign) a value to a

variable. |
X = 0e s
Denote as ‘=* 1

N o qobe

Only variable can be on the left side.
An expression is on the right side.
T

Variables keep their assigned values until
changed by another assignment statement or
by reading in a new value.



Assignment Operator Syntax

* Variable = Expression
— First, on right is evaluated.

— Then the resulting value is stored in the memory
location of Variable on left.

NOTE: An automatic type coercion occurs after
evaluation but before the value is stored if the
types differ for Expression and Variable



Assignment Operator Mechanism

u\a%a\"m

* Example: ‘\.kaw“’

. | 5 <«
1. — int count = 0;

-2 - 1nt starting;~ = [RELEEELEED

o ukput

0
», » starting = count + 5;
—

* Expression evaluation:
— Get value of count: 0
— Add 5 to it.

— Assign to starting




Input and Output

e C++ treats input and output as a of
characters.

: sequence of characters (printable or
nonprintable)

* The functions to allow standard 1/O are in
iostream header file or iostream.h.

* Thus, we start every program wi’rch\\_a oo =27
#include <iostream> ouwir
using namespace std; /

Couk <&



Include Directives and Namespaces

* include: directive copies that file into your
program

* namespace: a collection of names and their
definitions. Allows different namespaces to
use the same names without confusion



Keyboard and Screen 1/0O

#include <iostream>

input data output data

executing
Keyboard > program > Screen

P

cin

) cout\J

(of type istream) (of type ostream)



Insertion Operator ( <<)

e —

* Variable cout is predefined to denote an
output stream that goes to the standard
output device (display screen).

 The insertion operator << called “put to”
takes 2 operands.

* The left operand is a stream expression, such
as cout. The right operand is an expression of

simple type or a string constant.



Extraction Operator (>>)

* Variable cin is predefined to denote an input stream
from the standard input device (the keyboard)

* The extraction operator >> called “get from” takes 2
operands. The left operand is a stream expression,
such as cin--the right operand is a variable of simple

type.
 Operator >> attempts to extract the next item from

the input stream and store its value in the right
operand variable.




Input Statements

SYNTAX Coukce “shrnm

cin >> Variable >>\Variable | ..;

» 1

cin statements can be linked together using >> operator.
These examples yield the same output:

cin >> Xx;
cin >> v;

Couk e 'shis’e C Tstaya”

_Lcin >> x>> vy;
i\ A




How Extraction Operator works?

Input is not entered until user presses
<ENTER> key.
n

Allows backspacing to correct.
Skips whitespaces (space, tabs, etc.)

Multiple inputs are stored in the order
entered: "% Q- b~&y

—s Cin>>num1>>num2;

e
Userinputs:% ﬁ
Assigns numl =3 and num?2 =4



o o) o
o : ype compatibilities ., .

|vn“' J— L{

 Warning: If you store values of one type in variable
of another type the results can be inconsistent:

— Can store integers in floating point or in char (assumes
ASCII value)

— bool can be stored as int: (true = nonzero, false = 0)

—_—

T ) i b .
* Implicit promotion: integers are prorpoted to ﬁ.__ Y /‘“"
c\oube'

doubles 2L,
double var = 2; // results in var = z.fo S Y2 4 2 5
e Oninteger and doubles together:  1of\e" #

— Mixed type expressions: Both must be int to return int,
otherwise float.




Type compatibilities (Implicit
Conversion)

The compiler tries to be value-preserving.

General rule: promote up to the first type that can contain
the value of the expression.

Note that representation doesn’t change but values can be
altered .

Promotes to the smallest type that can hold both values.
If assign float to int will truncate
int_variable = 2.99; // results in 2 being stored in int_variable

If assign int to float will promote to double:
double dvar = 2; // results in 2.0 being stored in dvar



Type compatibilities (Explicit

3‘!’ Ltt_ l)/(g -1

Type

T Conversion)

Casting\- forcing conversion by putting (type) in front of variable or
expression. Used to insure that result is of desired type.

Example: If you want to divide two integers and get a real result you must
cast one to double so that a real divide occurs and store the result in a

double. 2 = Yy, LS
| - intx=5, y=2; double z; z = static_cast <double>(x)/y; //2.5
—> int x=5, y=2; double z; z = (double)x/y; T //25 <— g/} - 2S5
N ; int x=5, y=2; double z; z = static_cast <double>(x/y) ; // 2.0 2
- T = dovble 2; '/O %d )

converts x to double and then does mixed division, not integer divid
static_cast<int> (z) - will truncate z
static_cast <int> (x + 0.5) - will round positive x {use () to cast complete

expression) VD ”‘“’:A?@L/ )
Cast division of integers to give real result: L = shokie- J
int x=5, y=2; double z; z = static_cast <double>(x/y) ; // 2.0 2.0 T

-

_ 3 P
2 = (Fyperome) ey 20 =y
¢ :(éo”ble} rx’/é )



Operators



lO = O x19 P«sa Comter CPC>*,L

0. =015 Operators

o+ =1, O —- -
QA+ T, )

e “Operators are words or symbols that cause a program
to do something to variables.”

77N
—Q :;71_4( b, S"’/o 2 = @ [Lemmende s
—7 Or"’ - L’)
- €&
OPERATOR TYPES: /> =~
——= Arithmetic ‘47 kg oy a+b a-b a;b a/b a%)b
Arithmetic R Y e a+=Db is the same as a=a+b
- assignment a-=b a*=b a/=b a%=b
__ Increment and 4+ - a++ is the same as a=a+1
o decrement l a-- is the same as a=a-1
W e -
— Relational ‘< st e =2 S ==%> ! ;63

. \osgi &
Logical ‘«&" | ré’Q%dM) reld®



Manipulating Values

. Mathematical Operators

- Common mathematical operators are available
In C++ for manipulating values e.g. addition(+),
subtraction(-), multiplication(*), division(/),
and modulus (%).

. C++ has many other operators also which
we will study in due course.



Arithmetic Expression Evaluation

. To evaluate an arithmetic expression two
concepts needs to be understood

—= - Operator Precedence
- Operator precedence controls the order in which
operations are performed
- Operator Associativity

- The associativity of an operator specifies the order
In which operations of the same precedence are
performed



Operator Precedence and
Assoclativity

. Operators Precedence and Assoclativity
for C++ Is following

_o/bye,

1. *, /, % -> Do all multiplications, divisions
and remainders from left to right.

2. +, - > Do additions and subtractions from
left to right.

HID MA S
1

Qb —c,
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Evaluating an Expression

T
6+2*3/6 =7

- Three operators are In this expression.

- However, * and / both have the same precedence and + has
lower precedence then these two.

*and / will be evaluated first but both have the same
precedence level.

- Therefore, operator associatively will be used here to
determine the first to get evaluated i.e. left to right.

- The left most sub expression will be evaluated followed by
the next right one and so on.

 *will be evaluated first then /



Arithemetic Operator

Arithmetic R a+b a-b a*b a/b a%b

 The Modulus Operator

— % is known as the Modulus Operator or the Remainder Operator.
— It calculates the remainder of two variables
— It can only be used with two ints..

‘/ \(\N\/\Ao-e‘( _s enNer?r /
— 3%2 =1 4

— 5%2=1 g4 / 2 ==0©°
— 6%3=0
— 8%5=3 0

o dd



Arithmetic Operator Precedence and
associativity

Operator(s) Operation(s) Order of evaluation (precedence)

{ ] Parentheses Evaluated first. If the parentheses
are nested, the expression in the
innermost pair is evaluated first. If
there are several pairs of
parentheses "on the same level” {i.e.,
not nested), they are evaluated left

to right.
* Multiplication Evaluated second. If there are
! Division several, they are evaluated left to
% Modulus right.
+ Addition Evaluated last. If there are several,

- Subtraction they are evaluated left to right.



Precedence Chart

Q ++

Highest

Lowest



Arithmetic Expressions

* Arithmetic operations can be used to express the
mathematic expression in C++:

b? —4ac h*h_4*a*c -
X(y+2) X*(y +2)

: L v DX x+x+3)
X“+X+3

2+b (a+b)/(c+d)

led



Polynomials in C++

* |n algebra

a+b+c+d+e
m = z

m=ga+b+c+d+

* What happens if | don’t put the parenthesis ()?

* |n c++



Evaluate

In what order will the expression be evaluated?

Algebra z = pr%q + wix—y
C++ z=p*xr%q+w/x—y
[ P A A A

-

é 1 2 Y 2,



Evaluate

In what order will the expression be evaluated?

Algebra: e p; %q + wix—y bl
Ct+: mr_/r% q + w / X - Yy;
6 1 2 < 3 5



http://cpp.sh/57eib
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2"d Degree Polynomial

y =ax*+bx +c

n }:: y i I + |:| "
T ™ n N
- 7 1

d




2"d Degree Polynomial

y = ax® + bx +c

= @ % @ g b % oy ¥ €

6 1 2 4 3 5



http://cpp.sh/
http://cpp.sh/

Arithmetic Assighment Operators

Arithmetic ‘+=0 = xS [ 9 a+=b is the same as a=a+b
assignment a-=b a*=b a/=b a%=b



Relational and Equality Operators

equality or relational

perator
Relational operators
> > X>y X is greater thany
< < X<y x is less thany
> >= X>=y X is greater than or
equaltoy
< <= X<=y X is less than or
equaltoy
Equality operators
= == X == xisequaltoy
- I= Xl=y x is not equal toy

(Deitel and Deitel (5" Ed), fig 2.12)



Logical Operators

Logical ‘*E ||

* Logical operators are carried out on statements, e.g. statementl
&& statement 2, etc.

* Logical AND (&&)
— false && false= false
— false && true = false
— true && false= false
— true && true =true

* Logical OR(|])



Logical Operators

* Logical OR (]| |)

— false | | false = false
— false || true =true
— true || false = true

— true || true =true

* Logical NOT (!)
— Ifalse = true
— ltrue = false



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3)
(5 1= 6)

(5 < 3) 88 (6 <= 6) || (5!= 6)

(5<3)&& ((6 <=6) || (5!'=06))

I((5<3)&& ((6 <=6) || (5!'=6)))



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3) True
(5 1= 6)

(5 < 3) 88 (6 <= 6) || (5!= 6)

(5<3)&& ((6 <=6) || (5!'=06))

I((5<3)&& ((6 <=6) || (5!'=6)))



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3) True
(5'1=6) True

(5 < 3) 88 (6 <= 6) || (5!= 6)

(5<3)&& ((6 <=6) || (5!'=06))

I((5<3)&& ((6 <=6) || (5!'=6)))



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3) True
(5'1=6) True
(5<3)&&&(6<=6) || (5!=6) True

(5<3)&& ((6 <=6) || (5!'=06))

I((5<3)&& ((6 <=6) || (5!'=6)))



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3) True
(5'1=6) True
(5<3)&&&(6<=6) || (5!=6) True
(5<3)&& ((6 <=6) || (5!=06)) False

I((5<3)&& ((6 <=6) || (5!'=6)))



(6 <=6) && (5 < 3) False
(6 <=6) || (5<3) True
(5'1=6) True
(5<3)&&&(6<=6) || (5!=6) True
(5<3)&& ((6 <=6) || (5!=06)) False

1((5 < 3) && ((6 <= 6) || (5 != 6))) True



Unary Increment and Decrement
Operators

Increment and ‘4 - a++ is the same as a=a+1
decrement a-- is the same as a=a-1

* Prefix
® ++a;
® --a;

» Postfix
° a++;
® a--;
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