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Finite State Machine

Inspired by: https://www.c-sharpcorner.com/article/understanding-state-design-pattern-by-implementing-finite-state/
Taken from: https://www.mariowiki.com/File:Smw_powerup chart.jpg




What is a Finite State Machine?

A model of computation
that describes the behavior
of a system.

Expressed visually as a
state diagram.

Represented as a graph of
nodes connected by edges.

State diagram for Super Mario
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Represented as a graph of

F’.n’.fe Sfdfe MdChine nodes connected by edges.

Mario Super Mario Star Super Mario

One Less Mario Star Mario Fire Mario

Nodes represent the possible states of the system.




Finite State Machine [

Mario Super Mario

One Less Mario i

Edges represent how the system state changes.



Finite State Machine [

Mario Super Mario

Edges are directional.
Their behavior depends on their direction.



Represented as a graph of

Finife Sfdfe MdChine nodes connected by edges.

Mario Super Mario Star Super Mario
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m
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One Less Mario E'E": Star Mario
e @ Fire Mario

Nodes represent the possible states of the system.
Edges represent how the system state changes.




Finite state machines describe the behavior of programs

calculator (Version 41)

Pl ease type a nunber and press enter: 22

Pl ease type anot her nunber and press enter: 7
22+7= 29

22-7= 15
22*7= 154
22/ 7= 3.14286

. . Can a Finite State Machine describe
Mario state diagram
our current pocket calculator?



Finite state machines describe the behavior of programs

Mario state diagram

calculator (Version 41)

Pl ease type a nunber and press enter: 22

Pl ease type anot her nunber and press enter: 7
22+7= 29

22-7= 15

22*7= 154

22/ 7= 3. 14286

What is this code doing ?




calculator.cpp (Version 41) | Functions
// Main function declaration, returns O if no errors encount ered | addTwoNunber s()
i{nt mai n() subt ract TwoNunber s()
/'l Let's declare our variabl es mul t ! _pl yTwoNunbers()

fl oat nmyNunmber, nyQherNunmber; // Calcul ati on operands ~di vi deTwoNunber s()

fl oat sumNunber, differenceNunber, productNunmber, quotient Nunber; get Nunber ()

/'l Ask the user for the first operand | : perfor perat | OI’IS()
get Number (myNunber) ; g 7 | out put Resul t s()

| T — mai n()

/'l Ask the user for the second operand ) )

get Number (nyQt her Nunber ) ;

Give us two numbers for our operands

/'l Performall operations and store results in variables
per f or mOper at i ons( nyNunber, nyQt her Nunber , sumNunber , di f f er enceNunber,

pr oduct Nunber , quot i ent Nunber) ; N Perform all operaf'ons
- 1

// Qutput operation results to screen
out put Resul t s( myNunber , myQ her Nunber , suniNunber , di f f er enceNunber,

pr oduct Nunber, quot i ent Nunber) ; \ . Oufpul‘ results to screen

return O;

}

Pl ease type a nunber and press enter: 22
Pl ease type anot her nunber and press enter: 7

i mmm What is this code doing 2

22-7= 15
22* 7= 154
22/ 7= 3.14286




Give us two numbers for our operands
Perform all operations
calculator (Version 41) Output results to screen

User input User input Store result Print result

Pocket Calculator state machine is different

Pl ease type a nunber and
press enter: 22

Pl ease type anot her nunber
and press enter: 7

Perform
Operations

Output
Results

End
Program

22+7= 29
22-7= 15
22*7= 154
22/ 7= 3.14286

What would this “FSM” look like ?



Let’s walk through a
calculation example



Let’s walk througha 3 *4=12
calculation example



Let’s walk througha 3 *4=12
calculation example

3 ¥ 4

User input User input User input Store result

Get Perform Output
Operation Multiply Result

Print result




Let’s walk througha 3 *4=12
calculation example

User input User input User input Store result

Get
| Operation

Print result




Let’s walk througha 3 *4 =12

calculation example

T~
12 + 8 =20

The result of the first operation becomes
the first operand of the second operation

Get
| Operation

User input Store result

User input

User input

Print result




Let’s walk througha 3 *4=12

calculation example

T~
12 + 8 =20

The result of the first operation becomes
the first operand of the second operation

User input User input User input Store result

Get
Operation

Print result

This program will iterate forever yums ‘




Let’s walk througha 3 .i:lz
calculation example 12" 8 = 20

User chose addition instead of multiplication

User input User input User input Store result

Get Perform
Operation Multiply

Print result




Let’s walk througha 3 * ,_iflz
calculation example 12"% 8 = 20

User chose addition instead of multiplication

Perform
Addition

Store result

operator is ‘+’

User input  User input

Get
Operation

Print result

This program branches for operators




Let’s walk througha 3 *4 =12

calculation example

W
12 +8 =20
20-10=10

The result of the current operation becomes
the first operand of the next operation

Perform
Addition

Store result

User input
Perform Output \ ]
Multiply Result
iS %)

Print result

operator is ‘+’

User input  User input

Get
Operation




Let’s walk througha 3 *4 =12

calculation example

W
12 +8 =20
20-10=10

Get
Operation

operator is ‘+’

operator
@ -

operator
is (2.3

Perform
Addition
Perform
Subtract
Perform
Multiply




Let’s walk througha 3 * ,,iflz
calculation example 12"% 8 = 20

K“‘“\,_J
20-10=10

m
10/ 5=2




Let’s walk througha 3 *4 =12

calculation example

m
12 +8 =20
20-10=10
W"\._./
10/ 5§ =2
T~
2 *51 =102



Let’s walk througha 3 *4 =12

calculation example

m
12 +8 =20
20-10=10
W"\._./
10/ 6 =2
T~
2 *51 =102
102 - -265 = 367



Let’s walk througha 3 * r4“"f-1'2
calculation example 12+ 8 = 20

T
20-10=10 Integer
10/ 5 =2 Operations

& T
2 *581 =102
102 - -265 = 367

Extend the line backward to Integer Z i
i include the negatives.
< e ® ® () ® ® ® >
-3 -2 -1 0 1 2 3

Ahttps://thinkzone.wlonk.corﬁ/NumberS/NumberSets.htm



Let’s walk througha 3 * .iflz
calculation example 12"% 8 = 20

T~
20-10=10
K""““‘\._./
10/ 5=2 .
2" 51 =102 poating
& .
102 - -265 = 367 Operations

T TT—
367 +100.5 =467.5

Fill in all the numbers to make Real R |

1 acontinuous line.
-t -e -V2 -1 A V2
000 @-0:0:0:@Q-0:0-0:Q-0:0-0

..........- .........‘.
-3 -2 ~1 0 1 2 3 7
https://thinkzone.wlonk.com/Numbers/NumberSets.htm




Let’s walk througha 3 * ,ﬁ—-flz
calculation example 12"% 8 = 20

T~
20-10=10
K“"’““‘\._./
10/ 5=2 .
2" 51 =102 poating
K""‘“\_w/ .
102 - -265 = 367 Operations

Wm\n’v/
367+ 100-5 —_ 467.5
467.5 * 0.5 = 233.75



Let’s walk througha 3 *4 =12

calculation example

K T~
12 +8 =20
20-10=10
K“”‘“‘\._./
10/5=2 .
2" 51 =102 poating
K—-’*\/ .
102 - -265 = 367 Operations

A TT——
367+ 100-5 —_ 467.5
467.5 * 0.5 = 233.75
233.75 - 131.5526 = 102.1974



calculator (Version 41)

Pl ease type a nunber and
press enter: 22
Pl ease type anot her nunber

User input User input Store result Print result

and press enter: 7 OPerfo_rm Output End
22+7= 29 perations
22-7= 15 Results Program

22*7= 154
22/ 7= 3.14286

Perform
Addition

operator is ‘+’

Perform
Subtract

operator
is [

Get
Operation

Perform
Multiply

Output

operator Result

is

operator
is /I

Perform
Division




How can we do this in C++ ?

Perform
Addition

operator is ‘+’

Perform
Subtract

operator
is ()

Output
Result

Perform
Multiply

operator
Is [£.3]

Get
Operation

operator
is ¢/’

Perform
Division




Branching

. . hen a program chooses one of
> W ) |
How can we do this in C++ : two (or more) execution options

operator is ‘+’

Perform
Subtract
operator

is
operator Perform
is Multiply
operator
is ¢/’
Perform
Division

Get
Operation




Branching

. . hen a program chooses one of
> W ) |
How can we do this in C++ : two (or more) execution options

operator is ‘+’

Perform
Subtract

Perform
Multiply
Perform
Division

lteration

when a program repeatedly executes (or loops)
a segment of code until a condition is met

operator
is ()

operator
IS [£.3]

Get
Operation

operator
is ¢/’




hello m [] Program Structure

Hel | o Wor | d!

EEREE N Coming

[] Operators

wall _follower.cpp - Project 1

calculator (Version 24)

AR ECE G [ ] Data Types -

What is 22 plus 7? 29

What is 22 Eq‘nus 7 2 15 D Variables S—

What is 22 times 7 ? 154 I

What is 22 divided by 7 ? 3.14286

i [[] User Input/Output
: I
calculator (Version 41) D Functions
D BranChing E—
.
L] tterators I
[] Vectors I
EHEsEBiey T T R e

[] Structs

[] File Input/Output



hello m [] Program Structure

Hel | o Wor | d!

EEREE N Coming

calculator (Version 24) D Operators
Pl ease type a nunber and press enter: 22 D Data TypeS

Pl ease type anot her nunber and press enter: 7
What is 22 plus 7? 29

(RN i [ Variables
What is 22 divided by 7 ? 3.14286
. [] User Input/Output
calculator (Version 41) D Functions
This lecture: a working calculator! D Branching

Pl ease type a nunber and press enter: 3

Pl ease type a math operator (one of: + - * [): *

Pl ease type a nunber and press enter: 4 |terat0rs
3*4= 12
Pl ease type a math operator (one of: + - * [): +

Pl ease type a nunber and press enter: 8 VeCtorS

12+8= 20

wall _follower.cpp - Project 1

Pl ease type a math operator (one of: + - * [): [

Pl ease type a nunber and press enter: 0.19607843 D Structs

20/ 0.196078= 102
Pl ease type a nath operator (one of: + - * [): 1

[] File Input/Output



Let’s write our first

artificially intelligent program




Let’s write our first
artificially intelligent program

| branch, therefore | am.



| branch, therefore | am.

IThink.cpp (Version 00)

#i ncl ude <i ostreanp

int main()

{
| nt t hi nki ngAnount = 1;

I f (thinkingAmount > 0) {
std::cout << "Therefore, | am\n":

}

}

Therefore, | am




| branch, therefore | am.

IThink.cpp (Version 00)
#i ncl ude <i ostreanp

If this variable is greater than O,

i nt main() execute this statement

{
| nt t hi nki ngAnount

I f (thinkingAmount > 0) {
std::cout << "Therefore, | am\n":

}

}

Therefore, | am




| branch, therefore | am.

IThink.cpp (Version 00 - Branch 00)

#i ncl ude <i ostreanp

int main()

{ | nt t hi nki ngAnount
| f (thinki ngAnount

}

}

std::cout << "Therefore, | am\n":

If this variable is greater than 0,
execute this statement

> 0) {




| f statement performs branching

i f (thinki ngAnount > 0)
{

}

std::cout << fhbxt statenent.\n";;

std::cout << "Therefore, | am\n":




| f statement performs branching

Branching statement begins
with the word i f

i T |(thi nki ngAnount > 0)

{
}

std::cout << "Next statenment.\n";

std::cout << "Therefore, | am\n":




Branching condition inside parentheses
follows the word i f

Branching statement begins
with the word i f

i f J{(thi nki ngAmount > 0)]
{

}

std::cout << "Next statenent.\n”;

std::cout << "Therefore, I am\n";:




Branching condition inside parentheses
follows the word i f

Branching statement begins

ith the word i f ore
wiih e w / Condition evaluates to Boolean:

either true orfal se

i f {{thinki ngAmount > 0)
{

}

std::cout << "Next statenent.\n”;

std::cout << "Therefore, I am\n";:




Branching condition inside parentheses
follows the word i f

Branching statement begins

ith the word i f ore
wiih e w / Condition evaluates to Boolean:

either true orfal se

i f {{thinki ngAmount > 0)

| T LLrue
,,I std::cout << "Therefore, I am\n";:

T
K std::cout << "Next statenent.\n”;

If the branching condition is t r ue,
execute the next block of code




Branching condition inside parentheses
follows the word i f

Branching statement begins

ith the word i f ore
wiih e w / Condition evaluates to Boolean:

either true orfal se

i f }{thinki ngAmount > 0) -

fal se

T Lt rue
,{ std::cout << "Therefore, | am\n";

T |
K std::cout << "Next statenent.\n”; "

If the branching condition is t r ue, If the condition is f al se,
execute the next block of code skip the next block of code




Condition evaluates to Boolean:
eithertrue orfal se

[T J{thi nki ngAmount > 0)]— ——

1] true |
| 4{ std::cout << "Therefore, I am\n"; >fal se
}
(/ std::cout << "Next statenment.\n"; 4//

If the branching condition is t r ue, If the condition is f al se,
execute the next block of code skip the next block of code

Therefore, | am

Next st atenent.

Next st atenent.



| f el se statements

<'i (thi nki ngAnpunt > 0)

? $true
std::cout << "Therefore, | am\n";

}

el se

{
std::cout << "Don't worry be happy.\n";

} |

If the branching condition is t r ue, If the condition is f al se,
execute the next block of code execute the el se block of code

Therefore, | am




| f el se statements

i I(thi nk| ngAmount > 0)] false

T .Ltrue

std::cout << "Therefore, | am\n";
g
14
std::cout << "Don't worry be happy.\n";
41
If the branching condition is t r ue, If the condition is f al se,
execute the next block of code execute the el se block of code

Therefore, | am

Don’t worry be happy.



Branching Conditions

Condition evaluates to Boolean:
either true orf al se

Branching condition typically involve a comparison of two values

C++ uses these operators to compare two values

< <= > >= == | =

Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to



Comparison Operators

C++ uses these operators to compare two values

< <= > >S= —= | =
Less than Less than Greater than  Greater than Equal Not equal
or equal to or equal to

Let’s consider some examples



Comparison Operators

C++ uses these operators to compare two values

< <= > >= —= | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to
(102 < 101)

true or false ?




Comparison Operators

C++ uses these operators to compare two values

< <= > >= —= | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to
(102 < 101)

fal se



Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

(102<=101+1)

true or false ?




Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

(102<=101+1)

true



Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

("crl=" )

true or false ?




Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

Note: comparison operators work with all basic C++ data types
( 1 CI ! — 1 +l )

true



Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

(el == )

true or false ?




Comparison Operators

C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

(el == )

fal se



A condition with multiple comparisons ?

C++ uses these operators to compare two values

< <= > >= —= | =
Less than Less than Greater than  Greater than Equal Not equal
or equal to or equal to

((102<=101+1) B&IM(' c' ==" +) )

true fal se



C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

((102<=101+1) B&IM(' c' == +) )

true fal se



Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

((102<=101+1) || ('c' ' =="+") )
true fal se

true or false ?




Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

((102<=101+1) || ("c' =="+") )

true or false ?




Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

((102<=101+1) || ("c' =="+") )

true



Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

Logical OR evaluates as t r ue if either operand is t r ue

((102<=101+1) || ('c' =="+") )
true fal se

true



Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

Logical AND evaluates as f al se if either operand is f al se

((102<=101+1) && ('c' =="+") )
true fal se

‘true or false ?




Boolean Logic

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT

Logical AND evaluates as f al se if either operand is f al se

((102<=101+1) && ('c' =="+") )
true fal se

fal se



Boolean Logic

Logical AND
OPERAND 1 OPERAND 2 & &
fal se fal se fal se Logical OR
George Boole

fal se true fal se OPERAND 1 OPERAND 2 | | (1815-1864)
true fal se fal se fal se fal se fal se
true true true fal se true true

true fal se true Logical NOT

true true true OPERAND 1 |

fal se true

true

fal se




C++ uses these operators to compare two values

< <= > >= == | =
Less than Less than Greater than Greater than Equal Not equal
or equal to or equal to

C++ uses these operators for Boolean logic

&8 || |

Logical AND Logical OR Logical NOT



Operators and Precedence

* A subset of C++ operators in order of precedence

o grouping: | /* */ {11 ()

([ ]
=
O
-
0
3
@
D)
<
Q
OREN
Q
@
3
@
o
=
+
+
1
1

°
QL
=.
I
3
D
—_
Q

comparisonj < <= > >= == 1= && || !

L] . 4 —_ —_ * —_

e assignment;f = |+= =
) i add to multiply to
assignment § -\ ariable variable




Is an i f statement really Al ?



Michigan Robotics 102 - robotics102.org













Can you define Al
without defining

____—intelligence?




"Je pense, donc je suis"
("1 think, therefore | am")

René Descartes

(1596-1650)
Discourse on the Method (1637)



René Descartes
(1596-1650)

"Je pense, donc je suis”

("I think, therefore I am") Antoine Léonard Thomas

(1732-1785)
"Puisque je doute, je pense; puisque je pense, j'existe"
("1 doubt, therefore | think, therefore | am")



"Puisque je doute, je pense; puisque je pense, j'existe"
("1 doubt, therefore | think, therefore | am")



| doubt, therefore | think, therefore | am



| doubt, therefore | think, therefore | am

i f (thinki ngAmount > 0)
{
std::cout << "Therefore, | am\n";
}
el se
{
std::cout << "Don't worry be happy.\n";
}

This is not quite right



| doubt, therefore | think, therefore | am

i f (“(thi nki ngAmount > 0))
{

std::cout << "Therefore, I am\n";
}
el se
{

std::cout << "Don't worry be happy.\n";




| doubt, therefore | think, therefore | am

i f ((doubt m) Fzzd (t hi nki ngAmount > 0))

{
std::cout << "Therefore, I am\n";
}
el se
{

std::cout << "Don't worry be happy.\n";




| doubt, therefore | think, therefore | am

i f ((doubt > 0) Ezzd (t hi nki ngAmount > 0))

{
std::cout << "Therefore, I am\n";
}
el se
{

std::cout << "Don't worry be happy.\n";

}




| doubt, therefore | think, therefore | am

i f ((doubt > 0) & (thinkingAnount > 0))
{
std::cout << "Therefore, | am\n":
}
el se
{
std::cout << "Don't worry be happy.\n";
) |

Therefore, | am ngmmworks

But suppose | have doubts and still exist ?



el se I statement

if (doubt > 0)

{
std::cout << "Therefore, | am\n";
}
el se i f (thinkingAnount > 0)
{
std::cout << “1 am soneone W thout doubts.\n”::
}
el se
{

std::cout << "Don't worry be happy.\n";

}




el se I statement

if (doubt > 0)

{
std::cout << "Therefore, | am\n";
b
%Se | f1(thinki ngAmount > 0)
| std::cout << “| am soneone W t hout doubts.\n";

!

el se

{

std::cout << "Don't worry be happy.\n";

}

—else if statement can branch on another condition



el se I statement

if (doubt > 0)

{
std::cout << "Therefore, | am\n";
}
el se i f (thinkingAnount > 0)
{
std::cout << “1 am soneone W thout doubts.\n”:
}
el se
{

std::cout << "Don't worry be happy.\n";

}




el se I f statement

i f

(|doubt > O
{
std::cout << "
}
el se |f
{
std::cout <<
}
el se
{
std::cout <<

}

Therefore, | am

(It hi nki ngAmount > 0

ol | am soneone W t hout doubts.
gl Don't worry be happy. VWl

ts.\n”;




Decision Tree

doubt > 0
wil se
Therefore, | am t hi nki ngAnmount > 0O
true fal se

| am soneone w t hout doubts. Don't worry be happy.



Decision Tree

doubt > 0
Xaél se
Therefore, | am t hi nki ngAnmount > 0O
true fal se

| am soneone W t hout doubts.

Don't worry be happy.

We can program this another way



Nested | f statements

i f ([doubt > 0}
{ std::cout << " n";
}
el se
| f (|t hi nki ngAnount_ > 0]
std::cout << " NEENEINEIERVANTIER It S. \ n" ;
}
el se {
std::cout << 'y.\n";
}
}

| f statements can branch inside of another i f or el se statement



Nested | f statements

if (doubt > 0)

{

std::cout << "Therefore, I am\n";
}
el se

i f (thinki ngAmount > 0) {
| std::cout << "I am soneone w t hout doubts.\n":

/LI se {

std::cout << "Don't worry be happy.\n";
{}

}

| f statements can branch inside of another i f or el se statement




Pocket calculators branch for operations



calculator.cpp (Version 41)

/[ Nﬁin'function declaratidn, feturns Orif no errors encoUntefed
int main()

{
/1 Let's declare our variables
fl oat myNumber, nmyQtherNunber; // Cal cul ati on operands
fl oat sumNunber, differenceNunber, productNunber, quotient Nunber;
/'l Ask the user for the first operand
get Nurber ( myNunber) ;
/'l Ask the user for the second operand
get Nurmber (myQ her Nunber) ;
/'l Performall operations and store results in variables
per f or mOper at i ons( myNunber , myQ her Nunber , sunNunber, di f f er enceNunber,
pr oduct Nunber , quot i ent Nunber) ;
[/ Qutput operation results to screen
out put Resul t s( myNunber , myQ her Nunber , suniNunber , di f f er enceNunber ,
pr oduct Nunber , quot i ent Nunber) ;
Pl ease type a nunber
return O; Pl ease type anot her
} 22+7= 29

22-7= 15
22*7= 154

§22/ 7= 3.14286

Functions

addTwoNunber s()

'subt r act TwoNunber s()
mul ti pl yTwoNunber s()
di vi deTwoNunber s()
get Nunber ()

per formOperations()

out put Resul t s()
mai n()

and press enter: 22
and press enter: 7

nunber

Our previous calculator did not consider which operation to perform



calculator.cpp (Version 41)

{

}

/[ I\/b.l n' fruncti on decl arati 6n, feturns 0 Vif no errors encount e'rded
int main()

/] Let's declare our vari abl es
fl oat myNumber, nmyQtherNunber; // Cal cul ati on operands
fl oat sumNunber, differenceNunber, productNunber, quotient Nunber;

/'l Ask the user for the first operand
get Nurber ( myNunber) ;

/'l Ask the user for the second operand
get Nurmber (myQ her Nunber) ;

/'l Performall operations and store results in variables
per f or mOper at i ons( myNunber , myQ her Nunber , sunNunber, di f f er enceNunber,
pr oduct Nunber , quot i ent Nunber) ;

// Qutput operation results to screen
out put Resul t s( myNunber , myQ her Nunber , suniNunber , di f f er enceNunber ,
pr oduct Nunber , quot i ent Nunber) ;

return O;

Perform
Operations

Output
Results

End
Program

Functions
addTwoNunber s()

'subt r act TwoNunber s()

mul ti pl yTwoNunber s()
di vi deTwoNunber s()
get Nunber ()

per formOperations()
out put Resul t s()

mai n()




calculator.cpp (Version 46)

Functions

.// Main function declaration, returns O if no errors encountered

int main()
{
/1 Let's declare our variables
float myNunber, nmyQtherNumber; // Calcul ati on operands
float resultNunber; [/ Calcul ation result
char nmyQperator; [/ Character for the operation to perform
I/ Ask the user for the first operand
get Nurber ( myNunber) ;
/'l Ask the user for the operator to perform
get Oper at or (myQOper at or) ;
/1l Ask the user for the second operand
get Nurmber (nyQ her Nunber) ;
/'l Performsingle operation and store result in variable
per for mOper at i on( myNunber, myQper at or, myQ her Nunber , r esul t Nunber) ;
// Qutput operation result to screen
out put Resul t (myNunber, nyOper at or, nyQt her Nunber, r esul t Nunber) ;
return O;
},

addTwoNunber s()

subt ract TwoNunber s()
mul ti pl yTwoNunber s()
di vi deTwoNunber s()
get Nunber ()

get Operati on()

per fornOperation()
out put Resul t ()

mai n()

Let’s get an operator for branching

Get
Operator

Perform
Operation

Output
Result



calculator.cpp (Version 46)

Functions

/[ Nﬁin function declaratidn, feturns Orif no erfors encoUntefed
int main()

{
/1 Let's declare our variables
fl oat myNumber, nmyQtherNunber; // Cal cul ati on operands
float resultNunber; [/ Calcul ation result
char nyQperator; // Character for the operation to perform
/'l Ask the user for the first operand
get Nurber ( myNunber) ;
Il Ask the user for the operator to perform
get Oper at or (myQper at or) ;
/'l Ask the user for the second operand
get Nunber ( myQ her Nunber) ;

/'l Performsingle operation and store result in variable
per f or mOper at i on( myNunber, myQper at or, myQ her Nunber , r esul t Nunber) ;

ﬁ // Qutput operation result to screen
out put Resul t ( myNunber , nyOper at or, nyQt her Nunber, r esul t Nunber) ;

return O; Pl ease type a nunber

addTwoNunber s()

subt ract TwoNunber s()
mul ti pl yTwoNunber s()
di vi deTwoNunber s()
get Nunber ()

get Qperati on()

per for nOperation()
out put Resul t ()

- mai n()

and press enter: 3

} Pl ease type a math operator (one of: +

g Pl ease type a nunber
3*4= 12

The correct operation is performed

and press enter:




calculator.cpp (Version 46) Functions
: addTwoNunber s()
// Function defined to perforn1spe0|f|ed operatlon on operands

subt ract TwoNunber s()
bool perfornOperation( ) { )
What function arguments are needed ? i Imul ti pl yTwoNunber s()

di vi deTwoNunber s()
get Nunber ()

If operation is addition, provide sum as result : Ly

per for nOperation()
out put Resul t ()

— . — | | mai n()
If operation is subtraction, provide difference as result .

/1 Compute result for only the specified operation

If operation is multiplication, provide product as result

If operation is division, provide quotient as result

return false; [// return false if no errors

|

P e R e e e R e o st
I Perfornwslngle operation and store result in variable
mai n() per f or mOper at i on( myNunber , myQper at or , myQt her Nunber , r esul t Nunber) ;

g, —




calculator.cpp (Version 46)

o -

bool di vi deTwoNunber s(fl oat operandl,

guoti ent = operandl / operand2;
return fal se;

fl oat operand2,

float &quotient) {

Functions

addTwoNunber s()
subt ract TwoNunber s()
mul ti pl yTwoNunber s()

If divide by zero attempted here,

print a error message and exit the program

¢

di vi deTwoNunber s()
get Nunber ()

get Oper ati on()

per for nOperation()
out put Resul t ()
mai n()

| exit(-1); // this function call will termi nate the program i nmedi ately

AN

ANSPARTRS

N Tepie




When should our calculator stop 2



When should our calculator stop 2

When we tell it to



Pl ease type a nunber and press enter: 3

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3
Pl ease type an operation (one of: + - * [/ q): *

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3
Pl ease type an operation (one of: + - * [/ q): *
Pl ease type a nunber and press enter: 4

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3
Pl ease type an operation (one of: + - * [/ q): *
Pl ease type a nunber and press enter: 4

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3

Pl ease type an operation (one of: + - * [/ q): *
Pl ease type a nunber and press enter: 4

3*4 =

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3

Pl ease type an operation (one of: + - * [/ q): *
Pl ease type a nunber and press enter: 4

3*4 = 12

[ program exit]

l

Get Perform Output End
‘_’ Operator Operation Result Program




Pl ease type a nunber and press enter: 3

Pl ease type an operation (one of: + - * [/ q): *
Pl ease type a nunber and press enter: 4

3*4 = 12

v ok ~pa ~ag + 1
el O Ree S et E

Pocket calculators do not exit here

Get
Operator

Output
Result

Perform
Operation




Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -

Pocket calculators loop back
to get the next operator

End
Program

Perform
Operation

Get
Operator



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:

And, continues its process for next operand

Get
Operator

End
Program

Perform
Operation



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:

End
Program

Output
Result

Perform
Operation

Get
Operator



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8 = 20

End
Program

Perform
Operation

Get
Operator



Pl ease type
Pl ease type
Pl ease type
3*4 = 12

Pl ease type
Pl ease type
3*4+8 = 20
Pl ease type

a number and
an operation
a number and

an operation
a nunber and

an operation

press enter:
(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -

Looping back for next calculation

Get
Operator

Perform

Operation

End
Program



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8 = 20

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:

End
Program

Perform
Operation

Get
Operator



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8 = 20

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:

End
Program

Output
Result

Perform
Operation

Get
Operator



Pl ease type
Pl ease type
Pl ease type
3*4 = 12

Pl ease type
Pl ease type
3*4+8 = 20
Pl ease type
Pl ease type
3*4+8-10 =

a number and
an operation
a number and

an operation
a nunber and

an operation
a nunber and

10

press enter:
(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -
press enter:

Get
Operator

Perform

Operation

End
Program



Pl ease type a nunber and press enter:

Pl ease type an operation (one of: + -

Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -

Pl ease type a nunber and press enter:
3*4+8 = 20

Pl ease type an operation (one of: + -

Pl ease type a nunber and press enter: 10
3*4+8-10 = 10

Pl ease type an operation (one of: + - * /
Pl ease type a nunber and press enter: 5
3*4+8-10/5 = 2

After another calculation iteration

Get
Operator

Perform
Operation

Output
Result

End
Program



Pl ease type
Pl ease type
Pl ease type
3*4 = 12

Pl ease type
Pl ease type
3*4+8 = 20
Pl ease type
Pl ease type
3*4+8-10 =

a number and
an operation
a number and

an operation
a nunber and

an operation
a nunber and

10

Pl ease type an operation
Pl ease type a nunber and
3*4+8-10/5 = 2

Pl ease type an operation
Pl ease type a nunber and
3*4+8- 10/ 5*51 = 102

press enter:
(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -
press enter:

And, one more iteration

Get

Operator

Perform

Operation

Output
Result

End
Program



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8 = 20

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8-10 = 10

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8-10/5 = 2

Pl ease type an operation (one of: + - : The User inEUf
e

Pl ease type a nunber and press enter:

3*4+8-10/ 5*51 = 102 | _, Is to qU’f t

Pl ease type an operation (one of: + -

Get
Operator

program

End
Program

Perform
Operation



Get

Operator

Pl ease type
Pl ease type
Pl ease type
3*4 = 12

Pl ease type
Pl ease type
3*4+8 = 20
Pl ease type
Pl ease type
3*4+8-10 =
Pl ease type
Pl ease type
3*4+8- 10/ 5
Pl ease type
Pl ease type

a number and
an operation
a number and

an operation
a nunber and

an operation
a nunber and

10

an operation

a nunber and
2

an operation

a nunber and

3*4+8- 10/ 5*51 = 102
Pl ease type

an operation

press enter:
(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -

press enter:

(one of: + -
press enter:

(one of: + -
press enter:

(one of: + -

Operator is

Perform
Operation

q

The user inﬁuiL
e

Output
Result

Is to quit t
program

End
Program



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -

How do we loop in C++ 2

Pl ease type an operation (one of: + - * [ q): /
Pl ease type a nunber and press enter: 5
3*4+8-10/5 = 2

Pl ease type an operation (one of: + - * [/ q): * The USGI’ inEUf
e

Pl ease type a nunber and press enter: 51

3*4+8-10/ 5*51 = 102 _, Is to qU’f t

Pl ease type an operation (one of: + - * [/ q): ¢

program

Get
Operator

Output
Result

Perform
Operation

Operatoris 'q



One option:
A whi | e loop



IThink.cpp (Version 00)
#i ncl ude <i ostreanr

int main()
{
| nt thinki ngAnount = 1,

| f (thinkingAmount > 0) {
std::cout << "Therefore, | am\n":
¥

Therefore, | am




IThink.cpp (Version 04)
#i ncl ude <i ostreanr

int main()
{
| nt thinki ngAnount = 1,

whi I e (thinki ngAmount > 0) {
std::cout << "Therefore, | am\n":
¥




IThink.cpp (Version 04)
#i ncl ude <i ostreanr

int main()
{
| nt thinki ngAnount = 1,

whi I e (thinki ngAmount > 0) {
std::cout << "Therefore, | am\n":

}

Ther ef or e,
Ther ef or e,
Ther ef or e,

Ther ef or e,
Ther ef or e,




Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,
Ther ef or e,




IThink.cpp (Version 04)
#i ncl ude <i ostreanr

LELU This is an infinite loop

| nt t hi nki ngAmount = 1;

whi I e (thinki ngAmount > 0) {
std::cout << "Therefore, | am\n":

}

Therefore, | am
Therefore, | am Press Control and C

"G interrupt and terminate




“while (thinkingAmount > 0)
{

1}

std::cout << "Therefore, | am\n":




Loop statement begins with
the word whi | e

[

[whiTe

{
)

(t hi nki ngAnmount > 0)

std::cout << "Therefore,

am\n";:




Loop condition inside parentheses
follows the word whi | e

Loop statement begins with
the word whi | e

[

“[whi T e [t hi nki ngAmount_> 0)

{
std:;:cout << "Therefore, | am\n";

)

Condition evaluates to Boolean:
eithertrue orfal se




Loop condition inside parentheses
follows the word whi | e

Loop statement begins with
the word whi | e

[

[whiTe [t hi nki ngAmount_> 0)

Condition evaluates to Boolean:
eithertrue orfal se

{ Ltrue
,{ std::cout << "Therefore, I am\n";
=
If the loop condition is t r ue,
execute the next block of code and

come back to the loop condition
afterwards




Loop condition inside parentheses
follows the word whi | e

Loop statement begins with
the word whi | e .
| Condition evaluates to Boolean:

/ either true orfal se

[whi I e [t hi nki ngAmount > 0)}— e
{ Ltrue
,{ std::cout << "Therefore, I am\n";
(/ }
If the loop condition is t r ue, If the condition is f al se,
execute the next block of code and leave the loop and
come back to the loop condition skip the next block of code

afterwards



IThink.cpp (Version 04)

#i ncl ude <i ost reanp |
,_ . Suppose we decreased our thinking
I nt mai n() . .
' amount after each iteration

| nt thinki ngAnount = 1,

whi I e (thinki ngAmount > 0) {

std::cout << "Therefore, | am\n";

}

}

Therefore, | am
Therefore, | am

Therefore, | am
NNC




IThink.cpp (Version 05)

#1 ncl ude <i ostreanp

I nt mai n()

{
| nt t hi nki ngAmount = 1,

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAmount = t hi nki ngAnmount - 1;




IThink.cpp (Version 05)

#i ncl ude <i ostreanv

int main()
{
| nt t hi nki ngAmount = 1,

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAnmount = t hi nki ngAnount - 1;

Therefore, | am




IThink.cpp (Version 06)

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 1,

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, | am\n”;

t hi nki ngAmount - - ; \

}

1 Decrement operator:
Subtracts one from an integer variable




Operators and Precedence

* A subset of C++ operators in order of precedence

I () Decrement operator:
“ arzgtehr;sis parzlr?tsriesis SUbtraCts one from an
——— integer variable

grouping: { 1* *1 {{ I/
‘ open close comment to
comment comment : end Ii

increment/decrement:| ++ - -

§ increment decrement |

arithmetic:l * | %l + -
§1 addition/

¥ multiplication division  modulus §¥% .
{ ¥ concatenation
 { )

subtraction

e comparisoni < <= > >= == I|I= && | !
less than IgrSZ;T,ZT greater than grgfféjg\l’:m equality ingquality ﬂI(})Ag'\i‘?I Iogi;al Io,\c];gc_sl
h . — — * —
e assignment;f = |+= =
) add to multiply to
assignment variable variable




IThink.cpp (Version 06)

#i ncl ude <i ostrean®
I nt mai n()
{
| nt t hi nki ngAmount = 1,
whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAmount - -;
}
b

Therefore, | am

Great! Same result



IThink.cpp (Version 06)

#i ncl ude <i ostrean® *
nt i n() Suppose we had more thought
t th innin
{ at the beginning
| nt t hi nki ngAmount = 1,
whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAmount - -;
}
b

Therefore, | am




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,
t hi nki ngAnmount - - ;

am\n”;




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()

{
| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAmount - -;

Therefore, | am
Therefore, | am
Therefore, | am

Our loop iterated 3 times




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

Let’s walkthrough each step

)int mai n()

{

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, I am\n”;
t hi nki ngAmount - -;




Current point in
Program execution

IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()
{
f%>irn t hi nki ngAnount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,
t hi nki ngAnmount - - ;

am\n”;




Current point in
Program execution

IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

—> wWhi | e (thinki ngAmount > 0) {
| std::cout << "Therefore,
t hi nki ngAnmount - - ;

Variables

3

t hi nki ngAnmount

am\n”;




Current point in
Program execution

IThink.cpp (Version 07)

Variables

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

3

t hi nki ngAnmount

true &

—> whi | e [(t hi nki ngAnount > 0)

std::cout << "Therefore,
t hi nki ngAnmount - - ;

{

| am\n”;

} Loop condition is t r ue because

3 is greater than 0




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

3

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {

e std::cout << "Therefore, | am\n”;
Program execution t hi nki ngAmount - - ;




Current point in g
Program execution

IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,
t hi nki ngAnmount - - ;

Variables

3

t hi nki ngAnmount

am\n”;

Therefore, | am




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

2

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

—# whi |l e (thinkingAmount > 0) {

| std::cout << "Therefore, | am\n”:
t hi nki ngAnmount - - ;

Current point in —> }

Program execution }
Iteration

done.
Go back
to loop

start

é
o S ]

Therefore, | am




Current point in
Program execution

IThink.cpp (Version 07)

Variables

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

2

t hi nki ngAnmount

true &

—> whi | e [(t hi nki ngAnount > 0)

std::cout << "Therefore,
t hi nki ngAnmount - - ;

{

| am\n”;

} Loop condition is t r ue because

2 js greater than O

Therefore, | am




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

2

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {

e std::cout << "Therefore, | am\n”;
Program execution t hi nki ngAmount - - ;

Therefore, | am




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

)int mai n()

{

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,

Current point in g t hi nki ngAmount - - ;
Program execution

Variables

2

t hi nki ngAnmount

am\n”;

Therefore, | am
Therefore, | am




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

1

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

—# whi |l e (thinkingAmount > 0) {

| std::cout << "Therefore, | am\n”:
t hi nki ngAnmount - - ;

Current point in —> }

Program execution }

|

lteration ’
d Therefore, | am
one. Therefore, | am
Go back ’
to loop

start



iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

1

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

true &

—> whi | e [(t hi nki ngAmount > 0) |{
Siograime ecttion ¢ std::cout << "Therefore, |
| t hi nki ngAnount - - ; o
} Loop condition is t r ue because

o | ,, | 1 is greater than O

am\n”;

Therefore, | am
Therefore, | am




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

1

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {

e std::cout << "Therefore, | am\n”;
Program execution t hi nki ngAmount - - ;

Therefore, | am
Therefore, | am




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

)int mai n()

{

| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,

Current point in g t hi nki ngAmount - - ;
Program execution

Variables

1

t hi nki ngAnmount

am\n”;

Therefore, | am
Therefore, | am

Therefore, | am




iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

0

I nt mai n()
{ t hi nki ngAnmount

| nt t hi nki ngAmount = 3;

—# whi |l e (thinkingAmount > 0) {

| std::cout << "Therefore, | am\n”:
t hi nki ngAnmount - - ;

Current point in —> }

Program execution }

|

Iteration :
d Therefore, | am
one.
Go back Therefore, | am
o bac Therefore, | am
to loop

start



iThink.cpp (Version 07) Variables

#1 ncl ude <i ostreanp

0

I nt mai n()
{ t hi nki ngAnmount
| nt t hi nki ngAmount = 3;
. ___false&” e
—) whi | e [(thi nki ngAnount_ > 0) H— 4
Program execution Jf std::cout << "Therefore, | anl\n”;NMj;
t hi nki ngAnmount - - ;
} Loop condition is f al se
} | ,, | because 0 is not greater than O

Therefore, | am
Therefore, | am

Therefore, | am




iThink.cpp (Version 07) Variables

#i ncl ude <i ostrean®
0
I nt mai n()
{ t hi nki ngAnmount
| nt t hi nki ngAmount = 3;
whi | e (thinki ngAmount > 0)™{
std::cout << "Therefore, I am\n";} L d
t hi nki ngAnmount - - ; oop ends
}

Current point in } 4
Program execution - :

Therefore, | am

Therefore, | am

Therefore, | am




IThink.cpp (Version 07)

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,
t hi nki ngAnmount - - ;

am\n”;

-Teld-T M Therefore, | am

ends

Therefore, | am
Therefore, | am




One option:
A whi | e loop



Another option:
A for loop



IThink.cpp (Version 07)

| Elements of a typical loop |

#1 ncl ude <i ostreanp

I nt mai n()
{
| nt t hi nki ngAmount = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, | am\n”;
t hi nki ngAmount - - ;




iIThink.cpp (Version 07)

#1 ncl ude <i ostreanp

| Elements of a typical loop |
—o Iterator variable

I nt mai n()

{

i nt [t hi nki ngAmount ] = 3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore, | am\n”;
t hi nki ngAmount - - ;




iIThink.cpp (Version 07)

{

#1 ncl ude <i ostreanp

I nt mai n()

| Elements of a typical loop |
~e Iterator variable

i nt [t hi nki ngAmount [[=3;

whi |l e (t hi nki ngAnount > 0) {
std::cout << "Therefore,
t hi nki ngAmount - - ;

/"“‘O Initialization

am\n”;




iIThink.cpp (Version 07)

#1 ncl ude <i ostreanp

| Elements of a typical loop |
~e Iterator variable

I nt mai n()

{

i nt [t hi nki ngAmount [[=3;

-9 Initialization
'/[v Continuation condition

whi | e [(thi nki ngAmount > 0)] {
std::cout << "Therefore, I am\n”:
t hi nki ngAmount - - ;




iIThink.cpp (Version 07)

#1 ncl ude <i ostreanp

Elements of a typical loop |
~e Iterator variable

I nt mai n()

{

i nt [t hi nki ngAnount|{=3; Iterator update

-9 Initialization
'/[v Continuation condition

whi | e [(Thi nki ngAnount > 0)] {
std::cout << "Therefore, I am\n”;

t hi NKi ngAmount --; lg
} ;




IThink.cpp (Version 08)

| Elements of a typical loop |

{

Int main() ~

#1 ncl ude <i ostreanp

-9 |terator variable

=19 Initialization

--o Continuation condition

int i Iterator update
while (I > O)‘ {

std::cout << "Therefore, | am\n”;

| --;1
| \

| Is a common name for an iterator variable




iThink.cpp (Version 09) | Elements of a typical loop |

#i ncl ude <i ostAream>, o ~o Iterator variable
| ~t-e Initialization

)i nt mai n()

{

o Continuation condition

v +-o Iterator update
F{{ |

for (f =3} i >0} |
std::cout << "Therefore, | am\n”;




IThink.cpp (Version 09)

{

#i ncl ude <i ostreanr

| Elements of a typical loop |
~e Iterator variable

-+ Initialization

i nt main() +~e Continuation condition
int i //"-’-0 Iterator update
for (i =3; 1 >0; i--) {
std::cout << "Therefore, I am\n”;




IThink.cpp (Version 09)

#1 ncl ude <i ostreanp

I nt mai n()
{

Int I ;

for (i =3; i >0; i--) {
std::cout << "Therefore,

am\n”:

Therefore, | am
Therefore, | am
Therefore, | am

Still correct output




How do we loop in C++ 2

i': 3;

for (1=3;1>0;i--) { while (i > 0) {
/] for |oop /1 while | oop
) fee:

}




Dlasaatama e nunhar andopress ent er
(one of: + -
press enter:

Right choice for =~

press enter:

our calculator 2 -+

for (i=3;i>0;i--) {

[l for |loop

Get
Operator

Pl edse Lype dn operacion (one of: + -

Pl ease type a nunber and press enter
3*4+8-10/5 = 2

Pl ease type an operation (one of: + -

Pl ease type a nunber and press enter: 51
3*4+8- 10/ 5*51 = 102

Pl ease type an operation (one of: + - *

Perform
Operation

Operatoris 'q

/

Output
Result

i = 3;
while (i > 0) {
[l while | oop
==
}
End
Program




Right choice for

our calculator ?

| = 3;

while (i > 0) {
/1 while |oop
i__.

Operatoris ' Q'




calculator.cpp (Version 54) Condensed verS|on

get Number ( nyQ her Nunber)

'get Oper at or (nyQper at or) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

End
Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

Current point in get Number ( nyQ her Nunber)
Program execution get Qper at or (myQper ator) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

Current point in geft Oper at or (nmyQper ator);
e ey (while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

3 Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)
get Oper at or (myQper at or) ;

Current point in while (nyQperator !'="q") {
Program execution SRR Number (ny &t her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

3
Get Perform End
Operator Operation Program

Operator is




calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)
get Oper at or (myQper at or) ;

while (nmyQperator !'="q") {
Current point in get Nunber (myQ her Nunber) ;
Program execution ‘ per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

3 Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

get Oper at or (myQper at or) ;

while (nyQperator '="q") {
get Nunber ( nyQ her Nunber) ;

Current point in | per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;
Program execution ~ out put Resul t (nyNunber, myOper at or, myQt her Nunber, r esul t Nunber) ;

myNunber = result Nunber;
get Oper at or (nyQper ator) ;

}

3 Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

get Oper at or (myQper at or) ;

while (nyQperator !'="q") {

get Nunber ( nyQ her Nunber) ;

| per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

Current point in - out put Resul t (myNunber, myQper at or, myQt her Nunber, resul t Nunber) ;
Program execution myNunber = resul t Nunber;

get Oper at or (nyQper ator) ;

3 Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

get Oper at or (myQper at or) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

| out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
Current point in myNunber = resul t Nunber;
ZERTCTRYCRTn | get Operator (nyQperator);

Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed version

get Nunmber ( nyQt her Nunber) ;

get Oper at or (nmyQper at or) ;

while (nmyQperator '="qg") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( myNumnber , myOper at or, myCt her Nunber , r esul t Nurber) ;
out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;

Current point in myNunber = result Nunber;
Program execution | get Oper at or (nyQCperator);

Update for next iteration

Operator

Perform
Operation

Operator is

Output
Result

g



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

get Oper at or (myQper at or) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

Current point in  getQperator(nmyQperator);
Program execution

Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)
get Oper at or (myQper at or) ;

Current point in while (myQperator !'="q") {
Program execution get Nunber (nyQ her Nunber ) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

Get End
Operator Program

Operator is



calculator.cpp (Version 54) - Condensed verS|on

get Number ( nyQ her Nunber)

get Oper at or (myQper at or) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

Current point in }
Program execution |

Get End
Operator Program

Operator is




calculator.cpp (Version 54) Condensed verS|on

get Number ( nyQ her Nunber)

'get Oper at or (nyQper at or) ;
while (nyQperator !'="q") {
get Nunber ( nyQ her Nunber) ;

per f or mOper at i on( nyNunber , nyQper at or, nyQ her Nunber , r esul t Nunber) ;

out put Resul t (myNunber , nyQper at or, myQ her Nunber, resul t Nunber) ;
myNunber = result Nunber;

get Oper at or (nyQper ator) ;

End
Program

Operator is



Pl ease type a nunber and press enter:
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4 = 12

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8 = 20

Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8-10 = 10
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
3*4+8-10/5 = 2
Pl ease type an operation (one of: + -
Pl ease type a nunber and press enter:
. 3*4+8- 10/ 5*51 = 102
calculator.cpp (Version 54) - Condensed R tR I G

get» Nurrber ( hyCl her NUrrber) ;

‘get Oper at or (nyOper at or) ;

while (nyQperator !'="q") {
get Nunmber ( nyQ her Nunber) ;

per f or mOper at i on( myNunber , myOper at or, myCt her Nunber , r esul t Nunmber) ; |
out put Resul t ( myNunber , nyQper at or, nyQ her Nunber, resul t Nunber) ;
myNunber = resul t Nunber;

get Oper at or (myOper at or) ;




hello [] Program Structure
Hel | o Worl d!

EEREE N Coming

[] Operators

calculator (Version 24)

wall _follower.cpp - Project 1

Pl ease type a nunber and press enter: 22 D Da‘ta Types

Pl ease type anot her nunber and press enter: 7
What is 22 plus 7? 29

p e T [ Variables
s [] User Input/Output
calculator (Version 41) D Functions
aleuator bozon st [ Branching
E:*gigiliiﬁi a number and prss cnter: 4 * D lterators

Pl ease type an operation (one of: + - *

calculator (Version 54)

Pl ease type a nunber and press enter:

g:igge:t )2/85 an operation (one of: + - * Do- D VeCtorS

Pl ease type a number and press enter:
3*4+8-10 = 10

Pl ease type an operation (one of: + - * : St t

Pl ease type a nunber and press enter: ruc S
3*4+8-10/5 = 2

Pl ease type an operation (one of: + - *

P t b d pr ter: : FI I /O
e [ File Input/Output

Pl ease type an operation (one of: + -




Can we undo the last operation?

This >+ 10551 - 1> 'does not look right
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