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Taken from: https://www.mariowiki.com/File:Smw_powerup_chart.jpg
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Finite State Machine

Represented as a graph of 
nodes connected by edges.
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Finite State Machine
A model of computation 

that describes the behavior 
of a system.

State diagram for Super Mario

Expressed visually as a 
state diagram.

What is a Finite State Machine?
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Represented as a graph of 
nodes connected by edges.Finite State Machine
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Edges represent how the system state changes.
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Represented as a graph of 
nodes connected by edges.Finite State Machine

Mario Super Mario Star Super Mario

One Less Mario Star Mario Fire Mario

Nodes represent the possible states of the system.
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Nodes represent the state of the system.

40 
Sec

40 
Sec

40 
Sec

Represented as a graph of 
nodes connected by edges.Finite State Machine

Mario Super Mario

One Less Mario Star Mario Fire Mario

Edges represent how the system state changes.
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Star Super Mario

One Less Mario Star Mario Fire Mario

Represented as a graph of 
nodes connected by edges.Finite State Machine

Mario Super Mario

Edges are directional.  
Their behavior depends on their direction.
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Represented as a graph of 
nodes connected by edges.Finite State Machine

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

One Less Mario Star Mario

Fire Mario
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Finite state machines describe the behavior of programs

40 
Sec
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Mario state diagram

Please type a number and press enter: 22
Please type another number and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

calculator (Version 41)

Can a Finite State Machine describe 
our current pocket calculator?
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Finite state machines describe the behavior of programs

40 
Sec

40 
Sec

40 
Sec

Mario state diagram

Please type a number and press enter: 22
Please type another number and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

calculator (Version 41)

What is this code doing ?
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main()// Main function declaration, returns 0 if no errors encountered
int main()
{
   // Let's declare our variables
   float myNumber, myOtherNumber;  // Calculation operands
   float sumNumber, differenceNumber, productNumber, quotientNumber;

   // Ask the user for the first operand
   getNumber(myNumber);

   // Ask the user for the second operand
   getNumber(myOtherNumber);

   // Perform all operations and store results in variables
   performOperations(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

   // Output operation results to screen
   outputResults(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

  return 0;
}

calculator.cpp (Version 41)

Give us two numbers for our operands

Perform all operations

Output results to screen

Please type a number and press enter: 22
Please type another number and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

What is this code doing ?

addTwoNumbers()
subtractTwoNumbers()
multiplyTwoNumbers()

divideTwoNumbers()

Functions

main()

getNumber()
performOperations()

outputResults()
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Please type a number and 
press enter: 22
Please type another number 
and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

Get 
Number

Get 
Number

Perform 
Operations

Output 
Results

Give us two numbers for our operands

Perform all operations

Output results to screen
User input User input Store result

End 
Program

Print result
calculator (Version 41)

Pocket Calculator state machine is different

What would this “FSM” look like ?
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Let’s walk through a 
calculation example
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3 * 4 12=Let’s walk through a 
calculation example

3 * 4 12=
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3 * 4 12=Let’s walk through a 
calculation example

3 * 4 12=
Get 

Number
Get 

Operation
Perform 
Multiply

Output 
Result

User input Store result

Print result
Wait

Get 
Number

User input User input
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3 * 4 12=Let’s walk through a 
calculation example

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result
Wait

Get 
Number

User input User input
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3 * 4 12=
12 + 8 20=

Let’s walk through a 
calculation example

3 * 4 12=

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

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result
Wait

Get 
Number

User input User input
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3 * 4 12=
12 + 8 20=

Let’s walk through a 
calculation example

3 * 4 12=

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

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result

Get 
Number

User input User input

This program will iterate forever
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3 * 4 12=
12 + 8 20=

Let’s walk through a 
calculation example

3 * 4 12=

User chose addition instead of multiplication

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result

Get 
Number

User input User input
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3 * 4 12=
12 + 8 20=

Let’s walk through a 
calculation example

3 * 4 12=

User chose addition instead of multiplication

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result

Get 
Number

User input
User input

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

This program branches for operators
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3 * 4 12=
12 + 8 20=
20 - 10 10=

Let’s walk through a 
calculation example

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

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

User input Store result

Print result

Get 
Number

User input
User input

Perform 
Addition

operator is ‘+’

operator  
is ‘*’
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3 * 4 12=
12 + 8 20=
20 - 10 10=

Let’s walk through a 
calculation example

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=

Let’s walk through a 
calculation example

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’

Perform 
Division

operator  
is ‘/’
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=

Let’s walk through a 
calculation example
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=
102 - -265 367=

Let’s walk through a 
calculation example
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=
102 - -265 367=

Let’s walk through a 
calculation example

https://thinkzone.wlonk.com/Numbers/NumberSets.htm

Integer 
Operations
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=
102 - -265 367=
367+100.5 467.5=

Let’s walk through a 
calculation example

https://thinkzone.wlonk.com/Numbers/NumberSets.htm

Floating 
Point 
Operations
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=
102 - -265 367=
367+100.5 467.5=
467.5 * 0.5 233.75=

Let’s walk through a 
calculation example

Floating 
Point 
Operations
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3 * 4 12=
12 + 8 20=
20 - 10 10=
10 / 5 2=
2 * 51 102=
102 - -265 367=
367+100.5 467.5=
467.5 * 0.5 233.75=
233.75 - 131.5526 102.1974=

Let’s walk through a 
calculation example

Floating 
Point 
Operations



Michigan Robotics 102 - robotics102.org

Please type a number and 
press enter: 22
Please type another number 
and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

Get 
Number

Get 
Number

Perform 
Operations

Output 
Results

User input User input Store result

End 
Program

Print result
calculator (Version 41)

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’

Perform 
Division

operator  
is ‘/’
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Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’

Perform 
Division

operator  
is ‘/’

How can we do this in C++ ?
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Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’

Perform 
Division

operator  
is ‘/’

How can we do this in C++ ?
Branching

when a program chooses one of 
two (or more) execution options



Michigan Robotics 102 - robotics102.org

Get 
Number

Get 
Operation

Perform 
Multiply

Output 
Result

Get 
Number

Perform 
Addition

operator is ‘+’

operator  
is ‘*’

Perform 
Subtract

operator  
is ‘-’

Perform 
Division

operator  
is ‘/’

How can we do this in C++ ?
Branching

when a program chooses one of 
two (or more) execution options

Iteration
when a program repeatedly executes (or loops) 
a segment of code until a condition is met
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wall_follower.cpp - Project 1
Coming

Program Structure

Operators
Data Types

User Input/Output
Functions
Branching
Iterators
Vectors
Structs
File Input/Output

Compile/Execute

Variables

Please type a number and press enter: 22
Please type another number and press enter: 7
What is 22 plus 7? 29
What is 22 minus 7 ? 15
What is 22 times 7 ? 154
What is 22 divided by 7 ? 3.14286

Hello World!
Chad is in Robotics 102

hello

calculator (Version 24)

Done

calculator (Version 41)
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wall_follower.cpp - Project 1
Coming

Program Structure

Operators
Data Types

User Input/Output
Functions
Branching
Iterators
Vectors
Structs
File Input/Output

Compile/Execute

Variables

Please type a number and press enter: 22
Please type another number and press enter: 7
What is 22 plus 7? 29
What is 22 minus 7 ? 15
What is 22 times 7 ? 154
What is 22 divided by 7 ? 3.14286

Hello World!
Chad is in Robotics 102

hello

calculator (Version 24)

Done

calculator (Version 41)

Please type a number and press enter: 3
Please type a math operator (one of: + - * /): *
Please type a number and press enter: 4
3*4= 12
Please type a math operator (one of: + - * /): +
Please type a number and press enter: 8
12+8= 20
Please type a math operator (one of: + - * /): /
Please type a number and press enter: 0.19607843
20/0.196078= 102
Please type a math operator (one of: + - * /): ▮

This lecture: a working calculator!
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Let’s write our first  
artificially intelligent program
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I branch, therefore I am.

Let’s write our first  
artificially intelligent program
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   if (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 00)

Therefore, I am.

I branch, therefore I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   if (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 00)

Therefore, I am.

I branch, therefore I am.

If this variable is greater than 0, 
execute this statement



Michigan Robotics 102 - robotics102.org

   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

#include <iostream>

int main()
{
   int thinkingAmount = 0;

   if (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 00 - Branch 00)

I branch, therefore I am.

If this variable is greater than 0, 
execute this statement
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if statement performs branching

   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;



Michigan Robotics 102 - robotics102.org

if statement performs branching

   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

Branching statement begins 
with the word if
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   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

Branching statement begins 
with the word if

Branching condition inside parentheses 
follows the word if
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   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

Branching statement begins 
with the word if Condition evaluates to Boolean: 

either true or false

Branching condition inside parentheses 
follows the word if
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   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

Branching statement begins 
with the word if

If the branching condition is true, 
execute the next block of code

Condition evaluates to Boolean: 
either true or false

true

Branching condition inside parentheses 
follows the word if
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   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

Branching statement begins 
with the word if

If the branching condition is true, 
execute the next block of code

Condition evaluates to Boolean: 
either true or false

If the condition is false, 
skip the next block of code

false
true

Branching condition inside parentheses 
follows the word if



Michigan Robotics 102 - robotics102.org

   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   std::cout << "Next statement.\n”;

If the branching condition is true, 
execute the next block of code

Condition evaluates to Boolean: 
either true or false

If the condition is false, 
skip the next block of code

false
true

Therefore, I am.
Next statement.

Next statement.
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   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

If the branching condition is true, 
execute the next block of code

If the condition is false, 
execute the else block of code

true

Therefore, I am.

if else statements
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>
if else statements

   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

If the branching condition is true, 
execute the next block of code

If the condition is false, 
execute the else block of code

false

true

Therefore, I am. Don’t worry be happy.
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Condition evaluates to Boolean: 
either true or false

< <= > >= == !=
Less than Less than

or equal to

Branching condition typically involve a comparison of two values

Greater than Greater than
or equal to

Equal Not equal

Branching Conditions

C++ uses these operators to compare two values
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

Let’s consider some examples

< <= > >= == !=< <= > >= == !=< <= > >= == !=
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

<= > >= == !=

<(102 101)

falsetrue or false ?
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

<= > >= == !=

<(102 101)

false
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< > >= == !=

(102 101+1)

falsetrue or false ?

<=
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< <= > >= == !=

true

(102 101+1)<=
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< > >= ==

!=('c' '+')

falsetrue or false ?

<=
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< <= > >= ==

true

Note: comparison operators work with all basic C++ data types

!=('c' '+')
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< > >=

==

!=

('c' '+')

falsetrue or false ?

<=
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

Comparison Operators
C++ uses these operators to compare two values

< <= > >= !=

('c' '+')

false

==
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

C++ uses these operators to compare two values

< <= > >= !=

('c' '+') )

false

==

true

( (102 101+1)<=

A condition with multiple comparisons ?

==

OR
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

C++ uses these operators to compare two values

< <= > >= !=

('c' '+') )

false

==

true

( (102 101+1)<= OR

==

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& || !
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('c' '+') )
false
==

true
( (102 101+1)<=

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&&

||

!

falsetrue or false ?

Boolean Logic
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('c' '+') )==( (102 101+1)<= ||

falsetrue or false ?

Boolean Logic

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& !
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('c' '+') )==( (102 101+1)<= ||

true

Boolean Logic

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& !
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('c' '+') )==( (102 101+1)<= ||

true

Logical OR evaluates as true if either operand is true

falsetrue

Boolean Logic

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& !
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false

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

Logical AND evaluates as false if either operand is false

falsetrue
true or false ?

Boolean Logic

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !!||
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false

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

Logical AND evaluates as false if either operand is false

falsetrue

Boolean Logic

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& !
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Boolean Logic
Logical AND

OPERAND 1 OPERAND 2 &&
false false false

false true false

true false false

true true true

Logical OR

OPERAND 1 OPERAND 2 ||
false false false

false true true

true false true

true true true

Logical NOT

OPERAND 1 !
false true

true false

George Boole
(1815-1864)
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< <= > >= == !=
Less than Less than

or equal to
Greater than Greater than

or equal to
Equal Not equal

C++ uses these operators to compare two values

< <= > >= !===

Logical AND Logical OR Logical NOT

C++ uses these operators for Boolean logic

&& || !&& !
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• A subset of C++ operators in order of precedence 

• grouping:    /* */  //  (   ) 

• increment/decrement:  ++  --

• arithmetic:    *   /  %   +   -

• comparison:  <  <=  >  >=  ==  !=  &&  ||  ! 

• assignment:    =  +=  *=
logical 
AND

logical 
OR

Operators and Precedence

open 
comment

close 
comment

increment 
variable

decrement 
variable

multiplication division modulus addition/ 
concatenation subtraction

less than less than 
or equal greater than greater than 

or equal equality inequality

assignment add to 
variable

multiply to 
variable

comment to  
end of line

open 
parenthesis

close 
parenthesis

logical 
NOT
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Is an if statement really AI ?
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Can you define AI 
without defining 

intelligence?
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René Descartes
(1596-1650)

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

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

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

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

Antoine Léonard Thomas
(1732-1785)



Michigan Robotics 102 - robotics102.org

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

   if ((doubt > 0) && (thinkingAmount > 0)) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

???   if (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

This is not quite right
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I doubt, therefore I think, therefore I am

   if ((doubt > 0) && (thinkingAmount > 0)) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

???
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I doubt, therefore I think, therefore I am

   if ((doubt > 0) && (thinkingAmount > 0)) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

??? ???
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I doubt, therefore I think, therefore I am

   if ((doubt > 0) && (thinkingAmount > 0)) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

???
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I doubt, therefore I think, therefore I am

   if ((doubt > 0) && (thinkingAmount > 0)) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

Therefore, I am.
Program works 

But suppose I have doubts and still exist ? 
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   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else if (thinkingAmount > 0)
   {
      std::cout << “I am someone without doubts.\n”;
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

else if statement
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else if statement
   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else if (thinkingAmount > 0)
   {
      std::cout << “I am someone without doubts.\n”;
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

else if statement can branch on another condition 
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   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else if (thinkingAmount > 0)
   {
      std::cout << “I am someone without doubts.\n”;
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

else if statement
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   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else if (thinkingAmount > 0)
   {
      std::cout << “I am someone without doubts.\n”;
   }
   else
   {
      std::cout << "Don't worry be happy.\n";
   }

thinkingAmount > 0

 Therefore, I am.

doubt > 0

else if statement

 I am someone without doubts.

 Don't worry be happy.
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Decision Tree
doubt > 0

thinkingAmount > 0 Therefore, I am.

falsetrue

falsetrue

 I am someone without doubts.  Don't worry be happy.
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doubt > 0

thinkingAmount > 0 Therefore, I am.

 I am someone without doubts.  Don't worry be happy.

falsetrue

falsetrue

We can program this another way

Decision Tree
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Nested if statements
   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
      if (thinkingAmount > 0) {
         std::cout << "I am someone without doubts.\n";
      }
      else {
         std::cout << "Don't worry be happy.\n";
      }
   }

if statements can branch inside of another if or else statement

doubt > 0

thinkingAmount > 0

 Therefore, I am.

 I am someone without doubts.

 Don't worry be happy.
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Nested if statements
   if (doubt > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
   else
      if (thinkingAmount > 0) {
         std::cout << "I am someone without doubts.\n";
      }
      else {
         std::cout << "Don't worry be happy.\n";
      }
   }

if statements can branch inside of another if or else statement
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Pocket calculators branch for operations
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// Main function declaration, returns 0 if no errors encountered
int main()
{
   // Let's declare our variables
   float myNumber, myOtherNumber;  // Calculation operands
   float sumNumber, differenceNumber, productNumber, quotientNumber;

   // Ask the user for the first operand
   getNumber(myNumber);

   // Ask the user for the second operand
   getNumber(myOtherNumber);

   // Perform all operations and store results in variables
   performOperations(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

   // Output operation results to screen
   outputResults(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

  return 0;
}

calculator.cpp (Version 41)
addTwoNumbers()

subtractTwoNumbers()
multiplyTwoNumbers()

divideTwoNumbers()

Please type a number and press enter: 22
Please type another number and press enter: 7
22+7= 29
22-7= 15
22*7= 154
22/7= 3.14286

Functions

main()

getNumber()
performOperations()

outputResults()

Our previous calculator did not consider which operation to perform
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main()// Main function declaration, returns 0 if no errors encountered
int main()
{
   // Let's declare our variables
   float myNumber, myOtherNumber;  // Calculation operands
   float sumNumber, differenceNumber, productNumber, quotientNumber;

   // Ask the user for the first operand
   getNumber(myNumber);

   // Ask the user for the second operand
   getNumber(myOtherNumber);

   // Perform all operations and store results in variables
   performOperations(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

   // Output operation results to screen
   outputResults(myNumber,myOtherNumber,sumNumber,differenceNumber,
      productNumber,quotientNumber);

  return 0;
}

calculator.cpp (Version 41)
addTwoNumbers()

subtractTwoNumbers()
multiplyTwoNumbers()

divideTwoNumbers()

Functions

main()

getNumber()
performOperations()

outputResults()

Get 
Number

Get 
Number

Perform 
Operations

Output 
Results

End 
Program
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main()// Main function declaration, returns 0 if no errors encountered
int main()
{
   // Let's declare our variables
   float myNumber, myOtherNumber;  // Calculation operands
   float resultNumber;  // Calculation result
   char myOperator;  // Character for the operation to perform

   // Ask the user for the first operand
   getNumber(myNumber);

   // Ask the user for the operator to perform
   getOperator(myOperator);

   // Ask the user for the second operand
   getNumber(myOtherNumber);

   // Perform single operation and store result in variable
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);

   // Output operation result to screen
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);

  return 0;
}

calculator.cpp (Version 46)
addTwoNumbers()

subtractTwoNumbers()

Functions

multiplyTwoNumbers()
divideTwoNumbers()

getNumber()
getOperation()

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

main()

performOperation()
outputResult()

Let’s get an operator for branching
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   // Perform single operation and store result in variable
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);

main()// Main function declaration, returns 0 if no errors encountered
int main()
{
   // Let's declare our variables
   float myNumber, myOtherNumber;  // Calculation operands
   float resultNumber;  // Calculation result
   char myOperator;  // Character for the operation to perform

   // Ask the user for the first operand
   getNumber(myNumber);

   // Ask the user for the operator to perform
   getOperator(myOperator);

   // Ask the user for the second operand
   getNumber(myOtherNumber);

   // Perform single operation and store result in variable
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);

   // Output operation result to screen
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);

  return 0;
}

calculator.cpp (Version 46)
addTwoNumbers()

subtractTwoNumbers()

Functions

multiplyTwoNumbers()
divideTwoNumbers()

getNumber()
getOperation()

main()

performOperation()
outputResult()

Please type a number and press enter: 3
Please type a math operator (one of: + - * /): *
Please type a number and press enter: 4
3*4= 12

The correct operation is performed
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// Function defined to perform specified operation on operands
bool performOperation(  What function arguments are needed?                  ) {

   // Compute result for only the specified operation

   return false;  // return false if no errors
}

calculator.cpp (Version 46)
addTwoNumbers()

subtractTwoNumbers()

Functions

multiplyTwoNumbers()
divideTwoNumbers()

getNumber()
getOperation()

main()
outputResult()

performOperation()

What function arguments are needed ?

If operation is addition, provide sum as result

If operation is subtraction, provide difference as result

If operation is multiplication, provide product as result

If operation is division, provide quotient as result

main()
   // Perform single operation and store result in variable
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
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calculator.cpp (Version 46)
addTwoNumbers()

subtractTwoNumbers()

Functions

multiplyTwoNumbers()
divideTwoNumbers()

getNumber()
getOperation()

main()
outputResult()

performOperation()

bool divideTwoNumbers(float operand1, float operand2, float &quotient) {
   quotient = operand1 / operand2;
   return false;

If divide by zero attempted here,  
print a error message and exit the program

 exit(-1);  // this function call will terminate the program immediately
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When should our calculator stop ?
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When should our calculator stop ?

When we tell it to
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Please type a number and press enter: 3

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
[program exit]

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
[program exit]

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Pocket calculators do not exit here
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +

Pocket calculators loop back  
to get the next operator

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

And, continues its process for next operand
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Looping back for next calculation iteration



Michigan Robotics 102 - robotics102.org

Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

After another calculation iteration
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

And, one more iteration
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

The user input 
is to quit the 

program
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

The user input 
is to quit the 

program

Operator is 'q'
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

The user input 
is to quit the 

program

Operator is 'q'

How do we loop in C++ ?
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How do we loop in C++ ?

One option:
A  while  loop
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   if (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 00)

Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 04)
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 04)

Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.

Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 00)
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
Therefore, I am.
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   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }

#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 04)

This is an infinite loop

Therefore, I am.
Therefore, I am.
Therefore, I am.
^C

Press Control and C 
keys together to 

interrupt and terminate
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   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }
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   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }

Loop statement begins with 
the word while



Michigan Robotics 102 - robotics102.org

   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }

Loop statement begins with 
the word while

Loop condition inside parentheses 
follows the word while

Condition evaluates to Boolean: 
either true or false
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   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }

Loop statement begins with 
the word while Condition evaluates to Boolean: 

either true or false

true

If the loop condition is true,  
execute the next block of code and 

come back to the loop condition 
afterwards

Loop condition inside parentheses 
follows the word while
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   while (thinkingAmount > 0) 
   {
      std::cout << "Therefore, I am.\n";
   }

Loop statement begins with 
the word while Condition evaluates to Boolean: 

either true or false

If the condition is false,  
leave the loop and  

skip the next block of code

true

If the loop condition is true,  
execute the next block of code and 

come back to the loop condition 
afterwards

Loop condition inside parentheses 
follows the word while
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n";
   }
}

iThink.cpp (Version 04)

Suppose we decreased our thinking 
amount after each iteration

Therefore, I am.
Therefore, I am.
Therefore, I am.
^C
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount = thinkingAmount - 1;
   }
}

iThink.cpp (Version 05)



Michigan Robotics 102 - robotics102.org

#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount = thinkingAmount - 1;
   }
}

iThink.cpp (Version 05)

Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 06)

Decrement operator: 
Subtracts one from an integer variable
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• A subset of C++ operators in order of precedence 

• grouping:    /* */  //  (   ) 

• increment/decrement:  ++  --

• arithmetic:    *   /  %   +   -

• comparison:  <  <=  >  >=  ==  !=  &&  ||  ! 

• assignment:    =  +=  *=
logical 
AND

logical 
OR

Operators and Precedence

open 
comment

close 
comment

increment 
variable

decrement 
variable

multiplication division modulus addition/ 
concatenation subtraction

less than less than 
or equal greater than greater than 

or equal equality inequality

assignment add to 
variable

multiply to 
variable

comment to  
end of line

open 
parenthesis

close 
parenthesis

logical 
NOT

Decrement operator: 
Subtracts one from an 

integer variable
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 06)

Therefore, I am.

Great! Same result
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#include <iostream>

int main()
{
   int thinkingAmount = 1;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 06)

Therefore, I am.

Suppose we had more thought  
at the  beginning
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Therefore, I am.
Therefore, I am.
Therefore, I am.

Our loop iterated 3 times
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Let’s walkthrough each step
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
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      thinkingAmount--;
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}

iThink.cpp (Version 07)
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Program execution
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3



Michigan Robotics 102 - robotics102.org

#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

3

true

Loop condition is true because 
3 is greater than 0
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Therefore, I am.

Current point in  
Program execution

Variables

thinkingAmount

2

Iteration 
done. 

Go back 
to loop 
start
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
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}

iThink.cpp (Version 07)
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

1

Iteration 
done. 

Go back 
to loop 
start

Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

1

true

Loop condition is true because 
1 is greater than 0

Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
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}

iThink.cpp (Version 07)
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Therefore, I am.
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#include <iostream>

int main()
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}

iThink.cpp (Version 07)

Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

0

Iteration 
done. 

Go back 
to loop 
start

Therefore, I am.
Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

0

false

Loop condition is false 
because 0 is not greater than 0

Therefore, I am.
Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Current point in  
Program execution

Variables

thinkingAmount

0

Loop ends

Therefore, I am.
Therefore, I am.
Therefore, I am.
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07)

Program 
ends

Therefore, I am.
Therefore, I am.
Therefore, I am.
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How do we loop in C++ ?

One option:
A  while  loop
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How do we loop in C++ ?

Another option:
A  for  loop
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07) Elements of a typical loop
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07) Elements of a typical loop
• Iterator variable
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07) Elements of a typical loop
• Iterator variable
• Initialization
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#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07) Elements of a typical loop
• Iterator variable
• Initialization
•Continuation condition 
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#include <iostream>

int main()
{
   int i = 3;

   while (i > 0) {
      std::cout << "Therefore, I am.\n”;
      i--;
   }
}

#include <iostream>

int main()
{
   int i = 3;

   while (i > 0) {
      std::cout << "Therefore, I am.\n”;
      i--;
   }
}

#include <iostream>

int main()
{
   int thinkingAmount = 3;

   while (thinkingAmount > 0) {
      std::cout << "Therefore, I am.\n”;
      thinkingAmount--;
   }
}

iThink.cpp (Version 07) Elements of a typical loop
• Iterator variable
• Initialization
•Continuation condition 
• Iterator update
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#include <iostream>

int main()
{
   int i = 3;

   while (i > 0) {
      std::cout << "Therefore, I am.\n”;
      i--;
   }
}

iThink.cpp (Version 08) Elements of a typical loop
• Iterator variable
• Initialization
•Continuation condition 
• Iterator update

i is a common name for an iterator variable
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#include <iostream>

int main()
{
   int i;

   for (i = 3; i > 0; i--) {
      std::cout << "Therefore, I am.\n”;
  }
}

iThink.cpp (Version 09) Elements of a typical loop
• Iterator variable
• Initialization
•Continuation condition 
• Iterator update
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#include <iostream>

int main()
{
   int i;

   for (i = 3; i > 0; i--) {
      std::cout << "Therefore, I am.\n”;
  }
}

iThink.cpp (Version 09) Elements of a typical loop
• Iterator variable
• Initialization
•Continuation condition 
• Iterator update
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for (i=3;i>0;i--) {
  // for loop
}

#include <iostream>

int main()
{
   int i;

   for (i = 3; i > 0; i--) {
      std::cout << "Therefore, I am.\n”;
  }
}

iThink.cpp (Version 09)

Therefore, I am.
Therefore, I am.
Therefore, I am.

Still correct output
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How do we loop in C++ ?

i = 3;
while (i > 0) {
  // while loop
  i--;
}

for (i=3;i>0;i--) {
  // for loop
}
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Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q

Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

Right choice for 
our calculator ?

i = 3;
while (i > 0) {
  // while loop
  i--;
}

for (i=3;i>0;i--) {
  // for loop
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

i = 3;
while (i > 0) {
  // while loop
  i--;
}

Right choice for 
our calculator ?
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version
getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version
Current point in  

Program execution
getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

3

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

3 *

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
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Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
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Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

3 *

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

3 * 4
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

3 * 4 12

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

12

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}

Update for next iteration
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}

q
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Perform 
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Get 
Number

Get 
Operator

Output 
Result
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Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version

Current point in  
Program execution

getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
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Perform 
Operation

Get 
Number

Get 
Operator

Output 
Result

Get 
Number

End 
Program

Operator is 'q'

calculator.cpp (Version 54) - Condensed version
getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}
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calculator.cpp (Version 54) - Condensed version
getNumber(myOtherNumber);
getOperator(myOperator);
while (myOperator != 'q') {
   getNumber(myOtherNumber);
   performOperation(myNumber,myOperator,myOtherNumber,resultNumber);
   outputResult(myNumber,myOperator,myOtherNumber,resultNumber);
   myNumber = resultNumber;
   getOperator(myOperator);   
}

Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q



Michigan Robotics 102 - robotics102.org

wall_follower.cpp - Project 1
Coming

Program Structure

Operators
Data Types

User Input/Output
Functions
Branching
Iterators
Vectors
Structs
File Input/Output

Compile/Execute

Variables

Please type a number and press enter: 22
Please type another number and press enter: 7
What is 22 plus 7? 29
What is 22 minus 7 ? 15
What is 22 times 7 ? 154
What is 22 divided by 7 ? 3.14286

Hello World!
Chad is in Robotics 102

hello

calculator (Version 24)

Done

calculator (Version 41)

Please type a number and press enter: 3
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 4
3*4 = 12
Please type an operation (one of: + - * / q): +
Please type a number and press enter: 8
3*4+8 = 20
Please type an operation (one of: + - * / q): -
Please type a number and press enter: 10
3*4+8-10 = 10
Please type an operation (one of: + - * / q): /
Please type a number and press enter: 5
3*4+8-10/5 = 2
Please type an operation (one of: + - * / q): *
Please type a number and press enter: 51
3*4+8-10/5*51 = 102
Please type an operation (one of: + - * / q): q

calculator (Version 54)
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Can we keep a history of operations?

Can we undo the last operation?

This                    does not look right3*4+8-10/5*51 = 102



Michigan Robotics 102 - robotics102.org

BRANCHING AND ITERATORS

40 
Sec

40 
Sec

40 
Sec

ROBOTICS 102 
INTRO AI & PROOGRAMMING

FALL 2021 
UNIVERSITY OF MICHIGAN


