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Simple Examples

� �2$''�� (*)./-�/ �1�-$*0.�7*2�#�-/$)"�$/ (.��4�.#*2$)"�/# �7*2�#�-/�!*-�.*( �+. 0�*�*� K

Functions

+. 0�*�*� F��0)�/$*)�2$/#�)*�+�-�( / -�+�..$)"

Function clear monitor
Pass In: nothing
Direct the operating system to clear the monitor
Pass Out: nothing

End function

�'*2�#�-/. k 9A
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+. 0�*�*� F��0)�/$*)�(�$)���''$)"�/# ��' �-�(*)$/*-�!0)�/$*)

Function main
Pass In: nothing
Doing some lines of code
Call: clear monitor
Doing some lines of code
Pass Out: value zero to the operating system

End function

�0)�/$*)�(�$)

Sequence Control Structures

�# ) 3/ $/ ( $. +. 0�*�*� !*- � .$(+' / (+ -�/0- �*)1 -.$*) +-*"-�(K �#$. � (*)./-�/ . /# 
0. *! �*/# /# *)Z+�" �)� *!!Z+�" �*)) �/*-.K 
/ �'.* $''0./-�/ . /# . ,0 )� �*)/-*' ./-0�/0- 
2# - �)*/#$)"�0)0.0�'�#�++ ).K��0./��*�*) �$)./-0�/$*)��!/ -��)*/# -�$)�/# �. ,0 )� �'$./ �K
+. 0�*�*� F�� ,0 )� ��*)/-*'�./-0�/0- 
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Filename: Solution_Lab_04_Pseudocode.txt
Purpose:  Convert Temperature from Fahrenheit to Celsius
Author:   Ken Busbee; © 2008 Kenneth Leroy Busbee
Date:     Dec 24, 2008

Pseudocode = IPO Outline

input
display a message asking user for the temperature in Fahrenheit
get the temperature from the keyboard

processing
calculate the Celsius by subtracting 32 from the Fahrenheit
temperature then multiply the result by 5 then
divide the result by 9. Round up or down to the whole number.
HINT: Use 32.0 when subtracting to ensure floating-point accuracy.

output
display the celsius with an appropriate message
pause so the user can see the answer

� ,0 )� ��*)/-*'�./-0�/0- 

�'*2�#�-/. k :9
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Advanced Examples

Selection Control Structures

+. 0�*�*� F�
!�/# )��'. 

If age > 17
Display a message indicating you can vote.

Else
Display a message indicating you can't vote.

Endif


!�/# )��'. ��*)/-*'�./-0�/0- 

+. 0�*�*� F���. 

Case of age

:: k �'*2�#�-/.



0 to 17   Display "You can't vote."
18 to 64  Display "You are in your working years."
65 +      Display "You should be retired."

End case

��. ��*)/-*'�./-0�/0- 

Iteration (Repetition) Control Structures

+. 0�*�*� F��#$' 

count assigned zero
While count < 5



+. 0�*�*� F��*-

For x starts at 0, x < 5, increment x
Display "Are we having fun?"

End for

�# !*- '**+ �* . )*/ #�1 � ./�)��-� 7*2�#�-/$)" ( /#*� �)� 4*0 2$'' 6)� $/ �*) $) �$!! - )/
2�4.K �# !*- '**+ �. � �*0)/$)" '**+ ��) � 7*2�#�-/ � .$($'�- /* /# 2#$' '**+ �. � �*0)/$)"
'**+K

�*-��*)/-*'�./-0�/0- 

+. 0�*�*� F��*��#$' 

count assigned five
Do

Display "Blast off is soon!"
Decrement count

While count > zero

�*��#$' ��*)/-*'�./-0�/0- 
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Overview

Software testing $)1*'1 . /#  3 �0/$*) *! � .*!/2�- �*(+*) )/ *- .4./ ( �*(+*) )/ /*  1�'0�/ 
*) *- (*- +-*+ -/$ . *! $)/ - ./K 
) " ) -�'G /# . +-*+ -/$ . $)�$��/ /#  3/ )/ /* 2#$�# /# 
�*(+*) )/�*-�.4./ (�0)� -�/ ./F9

E (  /.�/# �- ,0$- ( )/.�/#�/�"0$� ��$/.�� .$")��)��� 1 '*+( )/
E - .+*)�.��*-- �/'4�/*��''�&$)�.�*!�$)+0/.
E + -!*-(.�$/.�!0)�/$*).�2$/#$)��)���� +/��' �/$( 
E $.�.0!6�$ )/'4�0.��' 
E ��)�� �$)./�'' ���)��-0)�$)�$/.�$)/ )� �� )1$-*)( )/.
E ��#$ 1 .�/# �" ) -�'�- .0'/�$/.�./�& #*'� -.�� .$- 

Discussion

� ./ ��/� �*).$./. *! /# 0. - +-*1$�$)" .*( $)+0/ 1�'0 . �)� +- �$�/$)" /# *0/+0/.K �#$. ��) � 
,0$/ � �.4�!*-���.$(+' �+-*"-�(��)��/# �/ ./���/����)�� �0. ��/2$� K
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Resolving Errors

� .+$/ *0- � ./  !!*-/. �/ � �*($)" + -! �/ +-*"-�(( -.G 2 2$'' �- �/  --*-.K �*'1$)" /# . 
 --*-. $. &)*2) �. debugging 4*0- +-*"-�(K �# /#-  /4+ . *!  --*-. $) /# *-� - /#�/ /# 4 *��0-
�- F
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Key Terms

compiler
�*)1 -/.�.*0-� ��*� �/*�*�% �/��*� K

debugging
�# �+-*� ..�*!�- (*1$)"� --*-.�!-*(���+-*"-�(K�9W��*(+$' -�:W�'$)& -�;W�'*"$�

linker
�*)) �/.�*-�'$)&.�*�% �/�6' .�$)/*��)� 3 �0/��' �6' K

loader
��-/�*!�/# �*+ -�/$)"�.4./ (�/#�/�'*��.� 3 �0/��' �6' .�$)/*�( (*-4��)���$- �/.�/# �����/*
./�-/�-0))$)"�/# �+-*"-�(K

pre-processor
�# �6-./�./ +�/# ��*(+$' -��* .�$)��*)1 -/$)"�.*0-� ��*� �/*�*�% �/��*� K

text editor
��.*!/2�- �+-*"-�(�!*-��- �/$)"��)�� �$/$)"����

�/ 3/�6' .K

warning
���*(+$' -��' -/�/#�/�/# - �($"#/�� ���+-*�' (K
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E 	 '$3����
E �$�-*.*!/�� �(��*0)��/$*)�� -1 -
E �0�1 -.$*)

�# �!*''*2$)"�!*�0. .�*)�0.$)"�/# ��$/�1 -.$*)��*)/-*'�.4./ (K

Git

�$/ $. � 1 -.$*) �*)/-*' .4./ ( !*- /-��&$)" �#�)" . $) �*(+0/ - 6' . �)� �**-�$)�/$)" 2*-& *)
/#*. 6' . �(*)" (0'/$+' + *+' K 
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� 1 '*+( )/G �0/ $/ ��) � 0. � /* &  + /-��& *! �#�)" . $) �)4 . / *! 6' .K �$/ 2�. �- �/ � �4 $)0.
�*-1�'�.�$)�:88=�!*-�� 1 '*+( )/�*!�/# �$)03�& -) '��)��$.�!-  ��)��*+ )�.*0-� �.*!/2�- K>

�-  �+0�'$���)��+-$1�/ �"$/�- +*.$/*-$ .��- ��1�$'��' �!-*(F

E �$/�0�& /
E �$/	0�

�'*)$)" �)  3$./$)" - +*.$/*-4 - ,0$- . *)'4 � �� /* /# - +*.$/*-4 �)� /# !*''*2$)" "$/ �*((�)�F

E git clone <url>

�)� �'*) �G - +*.$/*-$ . �- .4)�#-*)$5 � �4 +0.#$)" �)� +0''$)" �#�)" .K 
! /# *-$"$)�' .*0-� 
- +*.$/*-4 #�. �  ) (*�$6 �G /# !*''*2$)" "$/ �*((�)� $. 0. � /* +0'' /#*. �#�)" . /* /# '*��'
- +*.$/*-4F

E git pull

*��' �#�)" . (0./ � ��� � �)� �*(($// �G �)� /# ) +0.# � /* /# - (*/ - +*.$/*-4K Note the
period (dot) at the end of the first command.

E git add .
E git commit -m "reason for commit"
E git push


! /# - �- �*)7$�/. � /2  ) /# '*��' �)� - (*/ - +*.$/*-$ .G /# �#�)" . .#*0'� � ( -" � �)�
/# )�+0.# �K�
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E git push --force
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Overview

Input and outputG *- 
P� $. /# �*((0)$��/$*) � /2  ) �) $)!*-(�/$*) +-*� ..$)" .4./ (G .0�#
�. � �*(+0/ -G �)� /# *0/.$� 2*-'�G +*..$�'4 � #0(�) *- �)*/# - $)!*-(�/$*) +-*� ..$)" .4./ (K

)+0/. �- /# .$")�'. *- ��/� - � $1 � �4 /# .4./ ( �)� *0/+0/. �- /# .$")�'. *- ��/� . )/ !-*(
$/K9

Discussion

�1 -4 /�.& 2 #�1 /# �*(+0/ - �* #�++ ). $).$� /# � )/-�' +-*� ..$)" 0)$/ V���W �)� /# 
�..*�$�/ � ( (*-4K �)� *0- +-*"-�( $. '*�� � $)/* ( (*-4 �)� /# *+ -�/$)" .4./ ( �$- �/.
/# �����/*�./�-/� 3 �0/$)"�*0-�+-*"-�(($)"�./�/ ( )/.�/# ��*(+0/ -�'**&.�'$& �/#$.F
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Output

Hello world!

���#��*� � ' ( )/�- +- . )/.F=

E Function Main � "$).�/# �(�$)�!0)�/$*)
E ... � "$).����
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Overview

C++ $. � " ) -�'Z+0-+*. +-*"-�(($)" '�)"0�" K 
/ #�. $(+ -�/$1 G *�% �/Z*-$ )/ � �)� " ) -$�
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�`` $. *) *! /# (*./ +*+0'�- �0-- )/ +-*"-�(($)" '�)"0�" .: �)� $. *!/ ) 0. � $) �*(+0/ -
.�$ )� ��*0-. .K

Example

Hello World



Output

Hello world!

Discussion

���#��*� � ' ( )/�- +- . )/.F;

E // � "$).����*(( )/
E #include <iostream> $)�'0� .�./�)��-��$)+0/��)��*0/+0/�./- �(.
E int main() � "$).�/# �(�$)�!0)�/$*)G�2#$�#�- /0-).��)�$)/ " -�1�'0 
E { � "$).����'*�&�*!��*� 
E std::cout $.�./�)��-��*0/+0/
E << �$- �/.�/# �) 3/� ' ( )/�/*�./�)��-��*0/+0/
E "Hello world!" $.�/# �'$/ -�'�./-$)"�/*�� ��$.+'�4 �
E ;  )�.� ��#�'$) �*!��``��*� 
E }  )�.����'*�&�*!��*� 

C++ IDEs

�# - �- (�)4 !-  �'*0�Z��. � �)� '*��' 
��. �1�$'��' /* � "$) �*�$)" $) �``K �# �& 2$/# 4*0-
$)./-0�/*-�*-��*�4*0-�*2)�- . �-�#�!*-�- �*(( )��/$*).K

Cloud-Based IDEs
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E 
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E +�$5�K
�
E �4/#

E
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Overview

�J $. � " ) -�'Z+0-+*. G *�% �/Z*-$ )/ � +-*"-�(($)" '�)"0�"  )�*(+�..$)" ./-*)" /4+$)"G
$(+ -�/$1 G � �'�-�/$1 G !0)�/$*)�'G " ) -$�G *�% �/Z*-$ )/ � V�'�..Z��. �WG �)� �*(+*) )/Z*-$ )/ �
+-*"-�(($)" �$.�$+'$) .K 
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Output

Hello world!

Discussion

���#��*� � ' ( )/�- +- . )/.F;

E // � "$).����*(( )/
E public class Hello � "$).�/# �	 ''*��*-'��+-*"-�(
E { � "$).����'*�&�*!��*� 
E public static void Main() � "$).�/# �(�$)�!0)�/$*)
E System.Console.WriteLine() ��''.�/# �./�)��-��*0/+0/�2-$/ �'$) �!0)�/$*)
E "Hello world!" $.�/# �'$/ -�'�./-$)"�/*�� ��$.+'�4 �
E ;  )�.� ��#�'$) �*!��J��*� 
E }  )�.����'*�&�*!��*� 

C# IDEs

�# - �- (�)4 !-  �'*0�Z��. � �)� '*��' 
��. �1�$'��' /* � "$) �*�$)" $) �JK �# �& 2$/# 4*0-
$)./-0�/*-�*-��*�4*0-�*2)�- . �-�#�!*-�- �*(( )��/$*).K

Cloud-Based IDEs

E �*� �# !
E �J����
E K�����$��' 
E 
� *) 
E +�$5�K
�
E � 3/ ./ -
E - +'K$/
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Local IDEs

E �$�-*.*!/��$.0�'��/0�$*
E �$.0�'��/0�$*��*� 
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Overview

��1� $. � " ) -�'Z+0-+*. �*(+0/ -Z+-*"-�(($)" '�)"0�" /#�/ $. �*)�0-- )/G �'�..Z��. �G
*�% �/Z*-$ )/ �G �)� .+ �$6��''4 � .$") � /* #�1 �. ! 2 $(+' ( )/�/$*) � + )� )�$ . �.
+*..$�' K 
/ $. $)/ )� � /* ' / �++'$��/$*) � 1 '*+ -. [2-$/ *)� G -0) �)42# - \ V����WG ( �)$)"
/#�/ �*(+$' � ��1� �*� ��) -0) *) �'' +'�/!*-(. /#�/ .0++*-/ ��1� 2$/#*0/ /# )  � !*-
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��1� $. *) *! /# (*./ +*+0'�- �0-- )/ +-*"-�(($)" '�)"0�" .: �)� $. *!/ ) 0. � $) �*(+0/ -
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Example

Hello World

// This program displays "Hello world!"
//
// References:
// https://introcs.cs.princeton.edu/java/11hello/HelloWorld.java.html

class Main {
public static void main(String[] args) {

System.out.println("Hello world!");
}

}

9K �$&$+ �$�F���1��V+-*"-�(($)"�'�)"0�" W
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Output

Hello world!

Discussion

���#��*� � ' ( )/�- +- . )/.F;

E // � "$).����*(( )/
E class hello � "$).�/# �	 ''*��*-'��+-*"-�(
E { � "$).����'*�&�*!��*� 
E public static void main(String[] args) � "$).�/# �(�$)�!0)�/$*)
E System.out.println() ��''.�/# �./�)��-��*0/+0/�+-$)/�'$) �!0)�/$*)
E "Hello world!" $.�/# �'$/ -�'�./-$)"�/*�� ��$.+'�4 �
E ;  )�.� ��#�'$) �*!���1���*� 
E }  )�.����'*�&�*!��*� 

Java IDEs
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��. �1�$'��' /* � "$) �*�$)" $) ��1�K �# �& 2$/# 4*0-
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Cloud-Based IDEs

E �*� �# !
E �����)'$) 
E 
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E - +'K$/
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Local IDEs

E �'0 �
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Hello World – Window Alert

// This script displays "Hello world!".
//
// References:
// https://www.digitalocean.com/community/tutorials/how-to-write-your-first-javascript-program

alert("Hello world!")

Output

Hello world!
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Hello World – Document Write

// This script displays "Hello world!".
//
// References:
// https://www.w3schools.com/jsref/met_doc_write.asp
document.write("Hello world!")
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Discussion

Understanding Constants
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"Hello world!"
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Language Example

�``
#define PI 3.14159
*-
const double PI = 3.14159;

�J const double PI = 3.14159;
��1� const double PI = 3.14159;
��1���-$+/ const PI = 3.14159;
�4/#*) PI = 3.14159
�2$!/ let pi = 3.14159
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�`` null )*�1�'0 

�J null )*�1�'0 

��1� null )*�1�'0 
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�4/#*) None )*�1�'0 

�2$!/ nil )*�1�'0 

Key Terms

NaN
� . -1 ��2*-��0. ��/*�$)�$��/ ���)*)Z)0( -$��1�'0 �$)���)0( -$��1�-$��' K

null
� . -1 ��2*-��0. ��/*�- +- . )/���($..$)"�1�'0 �*-�$)1�'$��1�'0 K

9K �$&$+ �$�F��0''��' �/4+ 

@: k �*/#$)"���/���4+ 
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Overview

�# *-� - *! *+ -�/$*). V*- *+ -�/*- +- � � )� W $. � �*'' �/$*) *! -0' . /#�/ - 7 �/ �*)1 )/$*).
��*0/�2#$�#�+-*� �0- .�/*�+ -!*-(�6-./�$)�*-� -�/*� 1�'0�/ ���"$1 )�(�/# (�/$��'� 3+- ..$*)K9

Discussion

�$)"' 1�'0 . �4 /# (. '1 . �- $(+*-/�)/O #*2 1 -G 2 )  � � ( /#*� *! (�)$+0'�/$)" 1�'0 .
V+-*� ..$)" ��/�WK ��$ )/$./. 2�)/ � �) ���0-�/ (��#$) !*- (�)$+0'�/$)" 1�'0 .K �# 4 2�)/ �
� (��#$) /* +-*� .. )0(� -. *- ��'�0'�/ �).2 -. V/#�/ $.G �*(+0/ /# �).2 -WK �-$*- /* 9A=8G
�$�/$*)�-$ . '$./ � /# � 6)$/$*) *! �*(+0/ -. �. \ #0(�). /#�/ �* �*(+0/�/$*).\K �#0.G �'' *! /# 
/ -($)*'*"4 !*- � .�-$�$)" ��/� (�)$+0'�/$*) $. (�/# *-$ )/ �K ���$/$*)�''4G /# /2* !0)��( )/�'
��/��/4+ �!�($'$ .�V/# �$)/ " -�!�($'4��)��7*�/$)"Z+*$)/�!�($'4W��*).$./� )/$- '4�*!�)0(� -�1�'0 .K

An Expression Example with Evaluation

 /^.�'**&��/��)� 3�(+' F�:�`�;�C�<�`�=�$.�*0-� 3+- ..$*)��0/�2#�/��* .�$/� ,0�'L

9K /# �.4(�*'.�*!�`�( �)$)"����$/$*)��)��C�( �)$)"�(0'/$+'$��/$*)��- �*0-�*+ -�/*-.
:K /# �1�'0 .�:G�;G�<��)��=��- �*0-�*+ -�)�.
;K +- � � )� �.�4.�/#�/�(0'/$+'$��/$*)�$.�#$"# -�/#�)����$/$*)
<K /#0.G�2 � 1�'0�/ �/# �;�C�<�/*�" /�9:
=K )*2�2 �#�1 F�:�`�9:�`�=
>K /# ��..*�$�/$1$/4�-0' .�.�4�/#�/����$/$*)�"* .�' !/�/
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Overview

�) assignment ./�/ ( )/ . /. �)�P*- - Z. /. /# 1�'0 ./*- � $) /# ./*-�" '*��/$*)V.W � )*/ � �4
��1�-$��' �)�( O�$)�*/# -�2*-�.G�$/��*+$ .���1�'0 �$)/*�/# �1�-$��' K9

Discussion

�# �..$")( )/ *+ -�/*- �''*2. 0. /* �#�)" /# 1�'0 *! � (*�$6��' ��/� *�% �/ V!*- � "$))$)"
+-*"-�(( -. /#$. /4+$��''4 ( �). � 1�-$��' WK 
/ $. �..*�$�/ � 2$/# /# �*)� +/ *! (*1$)" � 1�'0 
$)/* /# ./*-�" '*��/$*) V�"�$) 0.0�''4 � 1�-$��' WK �$/#$) (*./ +-*"-�(($)" '�)"0�" . /# 
.4(�*' 0. � !*- �..$")( )/ $. /#  ,0�' .4(�*'K �0/ �$/ 4*0- /*)"0 G 2# ) 4*0 .  /# b .4(�*'
4*0 )  � /* ./�-/ /#$)&$)"F �..$")( )/K �# �..$")( )/ *+ -�/*- #�. /2* *+ -�)�.K �# *) /* /# 
' !/ *! /# *+ -�/*- $. 0.0�''4 �) $� )/$6 - )�( !*- � 1�-$��' K �# *) /* /# -$"#/ *! /# *+ -�/*- $.
��1�'0 K
�$(+' ��..$")( )/

age = 21

�# 1�'0 :9 $. (*1 � /* /# ( (*-4 '*��/$*) !*- /# 1�-$��' )�( �F �" K �)*/# - 2�4 /* .�4 $/F
�" �$.��..$") ��/# �1�'0 �:9K
�..$")( )/�2$/#��)��3+- ..$*)

total_cousins = 4 + 3 + 5 + 2

�# $/ ( /* /# -$"#/ *! /# �..$")( )/ *+ -�/*- $. �)  3+- ..$*)K �#  3+- ..$*) 2$'' �  1�'0�/ �
�)��/# ��).2 -�$.�9<K��# �1�'0 �9<�2*0'��� ��..$") ��/*�/# �1�-$��' �)�( �F�/*/�'Q�*0.$).K
�..$")( )/�2$/#�
� )/$6 -���( .�$)�/# ��3+- ..$*)

students_period_1 = 25
students_period_2 = 19
total_students = students_period_1 + students_period_2

�#  3+- ..$*) /* /# -$"#/ *! /# �..$")( )/ *+ -�/*- �*)/�$). .*( $� )/$6 - )�( .K �# 
+-*"-�( 2*0'� ! /�# /# 1�'0 . ./*- � $) /#*. 1�-$��' .O ��� /# ( /*" /# - �)� " / � 1�'0 *! <<O
/# )��..$")�/# �<<�/*�/# �/*/�'Q./0� )/.�1�-$��' K

9K �$&$+ �$�F��..$")( )/�V�*(+0/ -�.�$ )� W

�..$")( )/ k @=



Key Terms

assignment
�)�*+ -�/*-�/#�/��#�)" .�/# �1�'0 �*!���(*�$6��' ���/��*�% �/K

References

E �)3K*-"F��-*"-�(($)"��0)��( )/�'.�Y����*�0'�-��/-0�/0- ���++-*��#�0.$)"��``
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Overview

�# ��.$� arithmetic operations �- ���$/$*)G .0�/-��/$*)G (0'/$+'$��/$*)G �)� �$1$.$*)K �-$/#( /$� $.
+ -!*-( �����*-�$)"�/*��)�*-� -�*!�*+ -�/$*).K9

Discussion

�)�*+ -�/*-�+ -!*-(.��)���/$*)�*)�*) �*-�(*- �*+ -�)�.K��# ��*((*)��-$/#( /$��*+ -�/*-.��- F

Action Common Symbol

���$/$*) +
�0�/-��/$*) -
�0'/$+'$��/$*) *
�$1$.$*) /
�*�0'0.�V�..*�$�/ ��2$/#�$)/ " -.W %

�# . �-$/#( /$� *+ -�/*-. �- �$)�-4 /#�/ $. /# 4 #�1 /2* *+ -�)�.K �# *+ -�)�. (�4 �  $/# -
�*)./�)/.�*-�1�-$��' .K

age + 1
�#$.  3+- ..$*) �*).$./. *! *) *+ -�/*- V���$/$*)W 2#$�# #�. /2* *+ -�)�.K �# 6-./ $.

- +- . )/ � �4 � 1�-$��' )�( � �" �)� /# . �*)� $. � '$/ -�' �*)./�)/K 
! �" #�� � 1�'0 *! 9<
/# )�/# � 3+- ..$*)�2*0'�� 1�'0�/ �V*-�� � ,0�'�/*W�9=K
�# . *+ -�/*-. 2*-& �. 4*0 #�1 ' �-) � /# ( /#-*0"#*0/ 4*0- '$! 2$/# /#  3� +/$*) *!

�$1$.$*) �)� (*�0'0.K � )*-(�''4 /#$)& *! �$1$.$*) �. - .0'/$)" $) �) �).2 - /#�/ ($"#/ #�1 �
!-��/$*)�' +�-/ V� 7*�/$)"Z+*$)/ ��/� /4+ WK 	*2 1 -G �$1$.$*)G 2# ) �*/# *+ -�)�. �- *! /# $)/ " -
��/��/4+ G�(�4���/��$!! - )/'4K��' �. �- ! -�/*�/# �) 3/�. �/$*)�*)�[
)/ " -��$1$.$*)��)���*�0'0.\K

Arithmetic Assignment Operators

��)4 +-*"-�(($)" '�)"0�" . .0++*-/ � �*(�$)�/$*) *! /# �..$")( )/ V = W �)� �-$/#( /$�
*+ -�/*-. V + G - G * G / G



Arithmetic assignment examples: Equivalent code:

age += 14; age = age + 14;
age -= 14; age = age - 14;
age *= 14; age = age * 14;
age /= 14; age = age / 14;
age %= 14; age = age % 14;

Pseudocode

Function Main
... This program demonstrates arithmetic operations.
Declare Integer a
Declare Integer b

Assign a = 3
Assign b = 2
Output "a = " & a
Output "b = " & b
Output "a + b = " & a + b
Output "a - b = " & a - b
Output "a * b = " & a * b
Output "a / b = " & a / b
Output "a % b = " & a % b

End

Output

a = 3
b = 2
a + b = 5
a - b = 1
a * b = 6
a / b = 1.5
a % b = 1

@@ k �-$/#( /$���+ -�/*-.
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Overview


) integer division �)� modulusG /# �$1$� )� $. �$1$� � �4 /# �$1$.*- $)/* �) $)/ " - ,0*/$ )/
�)� � - (�$)� -K �# $)/ " - ,0*/$ )/ *+ -�/$*) $. - ! -- � /* �. $)/ " - �$1$.$*)G �)� /# $)/ " -
- (�$)� -�*+ -�/$*)�$.�/# �(*�0'0.K9:

Discussion

�4 /# /$( 2 - ��# ��0'/#**�G 2 )*-(�''4 /#$)& *! �$1$.$*) �. - .0'/$)" $) �) �).2 - /#�/ ($"#/
#�1 � !-��/$*)�' +�-/ V� 7*�/$)"Z+*$)/ ��/� /4+ WK �#$. /4+ *! �$1$.$*) $. &)*2) �. 7*�/$)"Z+*$)/
�$1$.$*)K 	*2 1 -G �$1$.$*)G 2# ) �*/# *+ -�)�. �- *! /# $)/ " - ��/� /4+ G (�4 ��/ �$!! - )/'4G
� + )�$)"�*)�/# �+-*"-�(($)"�'�)"0�" G��)��$.���'' �F integer division
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Overview

� unary operation $. �) *+ -�/$*) 2$/# *)'4 *) *+ -�)�K �. 0)�-4 *+ -�/$*). #�1 *)'4 *) 
*+ -�)�G /# 4 �-  1�'0�/ � � !*- */# - *+ -�/$*). �*)/�$)$)" /# (K9 �*((*) 0)�-4 *+ -�/



*+ -�/*-K 	*2 1 -G $/ $. � /*/�''4 2*-/#' .. *- 0. ' .. *+ -�/*- �)� $. -�- '4 0. �K 	*2 1 -G �*)^/ � 
�*)!0. ��/# �!*''*2$)"� 3+- ..$*)�$.��*(+' / '4�1�'$�F

6 + +5
�# �. �*)��`�.$")�$.�$)/ -+- / ���.�0)�-4�+*.$/$1 K��# �6-./�`�.$")�$.�$)/ -+- / ���.����$/$*)K
money
+money
money * +1
�*- �'' /#-  '$) .G $! /# 1�'0 ./*- � $) (*) 4 $. > /# 1�'0 *! /#  3+- ..$*) $. >K �1 ) $! /# 

1�'0 $)(*) 4 2�. ) "�/$1 ?? /# 1�'0 *! /#  3+- ..$*) 2*0'� � ) "�/$1 ??K �# *+ -�/*- �* .
)*/#$)"�� ��0. �(0'/$+'4$)"��)4/#$)"��4�9��* .�)*/��#�)" �$/.�1�'0 K

Possible Confusion

�* )*/ �*)!0. /# 0)�-4 ) "�/$1 *+ -�/*- 2$/# � �- ( )/K � �- ( )/ �#�)" . /# 1�'0 $) /# 
1�-$��' �)� /#0. $. �) 1�'0 �*)� +/K �)�-4 ) "�/$1 �* . )*/ �#�)" /# 1
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Overview

�*( +-*"-�(($)" '�)"0�" . 0. /# $� � *! l-values �)� r-valuesG � -$1$)" !-*( /# /4+$��'
(*� *!  1�'0�/$*) *) /# ' !/ �)� -$"#/ #�)� .$� *! �) �..$")( )/ ./�/ ( )/K �) '1�'0 - ! -.
/* �) *�% �/ /#�/ + -.$./. � 4*)� � .$)"'  3+- ..$*)K �) -1�'0 $. � / (+*-�-4 1�'0 /#�/ �* . )*/
+ -.$./�� 4*)��/# � 3+- ..$*)�/#�/�0. .�$/K9

Discussion

1�'0 �)� �1�'0 - ! - /* /# ' !/ �)� -$"#/ .$� *! /# �..$")( )/ *+ -�/*-K
�# Lvalue V+-*)*0)� �F  1�'0 W �*)� +/ - ! -. /* /# - ,0$- ( )/ /#�/ /# *+ -�)� *) /# ' !/
.$� *! /# �..$")( )/ *+ -�/*- $. (*�$6��' G 0.0�''4 � 1�-$��' K Rvalue �*)� +/ +0''. *- ! /�# . /# 
1�'0 �*!�/# � 3+- ..$*)�*-�*+ -�)��*)�/# �-$"#/�.$� �*!�/# ��..$")( )/�*+ -�/*-K��*( � 3�(+' .F

age = 39

�# 1�'0 ;A $. +0'' � *- ! /�# � V�1�'0 W �)� ./*- � $)/* /# 1�-$��' )�( � �" V1�'0 WO
� ./-*4$)"�/# �1�'0 �+- 1$*0.'4�./*- ��$)�/#�/�1�-$��' K

voting_age = 18
age = voting_age


! /#  3+- ..$*) #�. � 1�-$��' *- )�( � �*)./�)/ *) /# -$"#/ .$� *! /# �..$")( )/ *+ -�/*-G
$/ 2*0'� +0'' *- ! /�# /# 1�'0 ./*- � $) /# 1�-$��' *- �*)./�)/K �# 1�'0 9@ $. +0'' � *- ! /�# �
!-*(�/# �1�-$��' �)�( ��1*/$)"Q�" ��)��./*- ��$)/*�/#*- �'0 �%.�+-



�#$. $. $'' "�' � ��0. /# $� )/$6 - ����Q������Q��� �* . )*/ #�1 1�'0 +-*+ -/$ .K 
/ $. )*/ �
(*�$6��' ���/��*�% �/G�� ��0. �$/�$.����*)./�)/K
�*( 0. . *! /# 1�'0 �)� �1�'0 ��) � �*)!0.$)" $) '�)"0�" . /#�/ .0++*-/ $)�- ( )/ �)�

� �- ( )/�*+ -�/*-.K��*).$� -F

oldest = 55
age = oldest++

�*./63 $)�- ( )/ .�4. /* 0. (4  3$./$)" 1�'0 /# ) 2# ) 4*0 �- �*) 2$/# /# */# - *+ -�/*-.O
$)�- ( )/( K �#0.G /# 6-./ 0. *! /# *'� ./ 1�-$��' $. �) �1�'0 �*)/ 3/ 2# - /#  3$./$)" 1�'0 
*! == $. +0'' � *- ! /�# � �)� /# ) �..$") � /* /# 1�-$��' �" O �) 1�'0 �*)/ 3/K �# . �*)� 0. 
*! /# *'� ./ 1�-$��' $. �) 1�'0 �*)/ 3/ 2# - $) /# 1�'0 *! /# *'� ./ $. $)�- ( )/ � !-*( == /*
=>K

Key Terms

Lvalue
�# �- ,0$- ( )/�/#�/�/# �*+ -�)��*)�/# �' !/�.$� �*!�/# ��..$")( )/�*+ -�/*-�$.�(*�$6��' G
0.0�''4���1�-$��' K

Rvalue
�0''.�*-�! /�# .�/# �1�'0 �./*- ��$)���1�-$��' �*-��*)./�)/K

References

E �)3K*-"F��-*"-�(($)"��0)��( )/�'.�Y����*�0'�-��/-0�/0- ���++-*��#�0.$)"��``
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Overview

�#�)"$)"�����/��/4+ �*!���1�'0 �$.�- ! -- ��/*��.�[/4+ ��*)1 -.$*)\K �# - ��- �/2*�2�4.�/*��*�/#$.F

9K Implicit Y�/# ��#�)" �$.�$(+'$ �
:K Explicit Y�/# ��#�)" �$.� 3+'$�$/'4��*) �2$/#��)�*+ -�/*-�*-�!0)�/$*)

�# �1�'0 �� $)"��#�)" ��(�4�� F

9K Promotion Y�"*$)"�!-*(���.(�'' -��*(�$)�/*���'�-" -��*(�$)
:K Demotion Y�"*$)"�!-*(���'�-" -��*(�$)�/*���.(�'' -��*(�$)

Discussion

Implicit Type Conversion

�0/*(�/$� �*)1 -.$*) *! � 1�'0 !-*( *) ��/� /4+ /* �)*/# - �4 � +-*"-�(($)" '�)"0�" G
2$/#*0/ /# +-*"-�(( - .+ �$6��''4 �*$)" .*G $. ��'' � $(+'$�$/ /4+ �*)1 -.$*)K 
/ #�++ ).
2# ) 1 - � �$)�-4 *+ -�/*- #�. /2* *+ -�)�. *! �$!! - )/ ��/� /4+ .K � + )�$)" *) /# *+ -�/*-G
*) *! /# *+ -�)�. $. "*$)" /* � �*)1 -/ � /* /# ��/� /4+ *! /# */# -K 
/ �*0'� � +-*(*/ � *-
� (*/ ��� + )�$)"�*)�/# �*+ -�/*-K

(+'$�$/��-*(*/$*)

55 + 1.75


) /#$.  3�(+' G /# $)/ " - 1�'0 == $. �*)1 -/ � /* � 7*�/$)"Z+*$)/ 1�'0 V(*./ '$& '4 �*0�' W *!
==K8K�
/�2�.�+-*(*/ �K

(+'$�$/�� (*/$*)

) +-*"-�(($)" '�)"0�" . /#�/ #�1  3+'$�$/ $)/ " - ��/� /4+ . V�``G �JG ��1�WG ��- (0./ � 

/�& )�/*��1*$��$(+'$�$/�� (*/$*)K��*-� 3�(+' F
int money;

money = 23.16;

) /#$.  3�(+' G /# 1�-$��' (*) 4 $. �) $)/ " -K � �- /-4$)" /* (*1 � 7*�/$)"Z+*$)/ 1�'0 

:;K9> $)/* �) $)/ " - ./*-�" '*��/$*)K �#$. $. � (*/$*) �)� /# 7*�/$)"Z+*$)/ 1�'0 0.0�''4 " /.
/-0)��/ ��/*�:;K

Promotion

�-*(*/$*) $. ) 1 - � +-*�' ( � ��0. /# '*2 - ��/� /4+ V.(�'' - -�)" *! �''*2��' 1�'0 .W $.
� .0�. / *! /# #$"# - ��/� /4+ V'�-" - -�)" *! �''*2��' 1�'0 .WK �-*(*/$*) *!/ ) *��0-. 2$/#

A@ k ��/���4+ ��*)1 -.$*).
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Overview

�# input–process–output (IPO) model $. � 2$� '4 0. � �++-*��# $) .4./ (. �)�'4.$. �)� .*!/2�- 
 )"$)  -$)" !*- � .�-$�$)" /# ./-0�/0- *! �) $)!*-(�/$*) +-*� ..$)" +-*"-�( *- �)*/# - +-*� ..K
��)4 $)/-*�0�/*-4 +-*"-�(($)" �)� .4./ (. �)�'4.$. / 3/. $)/-*�0� /#$. �. /# (*./ ��.$�
./-0�/0- �!*-�� .�-$�$)"���+-*� ..K9

Discussion

� �*(+0/ - +-*"-�( *- �)4 */# - .*-/ *! +-*� .. 0.$)" /# $)+0/Z+-*� ..Z*0/+0/ (*� ' - � $1 .
$)+0/. !-*( � 0. - *- */# - .*0-� G �* . .*( �*(+0/�/$*). *) /# $)+0/.G �)� - /0-). /# - .0'/.
*!�/# ��*(+0/�/$*).K��# �.4./ (��$1$� .�/# �2*-&�$)/*�/#-  ���/ "*-$ .F:

E ��- ,0$- ( )/�!-*(�/# � )1$-*)( )/�V$)+0/W
E ���*(+0/�/$*)���. ��*)�/# �- ,0$- ( )/�V+-*� ..W
E ��+-*1$.$*)�!*-�/# � )1$-*)( )/�V*0/+0/W

�*-  3�(+' G � +-*"-�( ($"#/ � 2-$// ) /* �*)1 -/ ��#- )# $/ / (+ -�/0- . $)/* � '.$0.
/ (+ -�/0- .K��*''*2$)"�/# �
���(*� 'G�/# �+-*"-�(�(0./F

E �.&�/# �0. -�!*-�/# ���#- )# $/�/ (+ -�/0- �V$)+0/W
E � -!*-(�����'�0'�/$*)�/*��*)1 -/�/# ���#- )# $/�/ (+ -�/0- �$)/*�/# ��*-- .+*)�$)"�� '.$0.
/ (+ -�/0- �V+-*� ..W

E �$.+'�4�/# �� '.$0.�/ (+ -�/0- �V*0/+0/W

Pseudocode

Function Main
... This program converts an input Fahrenheit temperature to Celsius.

Declare Real fahrenheit
Declare Real celsius

Output "Enter Fahrenheit temperature:"
Input fahrenheit

9K �$&$+ �$�F�
���(*� '
:K �$&$+ �$�F�
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Assign celsius = (fahrenheit - 32) * 5 / 9

Output fahrenheit & "°1t&.5.7908114B12 & celsius & "°1Celsius"
End

Output

Enter1t&.5.790811temperature:
100
100°1t&.5.7908114B137.7777777777778°1Celsius
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Data Types

// This program demonstrates variables, literal constants, and data types.

#include <iostream>
#include <sstream>

using namespace std;

int main() {
int i;
double d;
string s;
bool b;

i = 1234567890;
d = 1.23456789012345;
s = "string";
b = true;
cout << "Integer i = " << i << endl;
cout << "Double d = " << d << endl;
cout << "String s = " << s << endl;
cout << "Boolean b = " << b << endl;
return 0;

}

Output

Integer i = 1234567890
Real r = 1.23457
String s = string
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Boolean b = 1

Discussion

���#��*� � ' ( )/�- +- . )/.F

E // � "$).����*(( )/
E #include <iostream> $)�'0� .�./�)��-��$)+0/��)��*0/+0/�./- �(.
E #include <sstream> $)�'0� .�./�)��-��./-$)"�./- �(.
E using namespace std �''*2.�- ! - )� �/* string G cout G��)� endl 2$/#*0/
2-$/$)" std::string G std::cout G��)� std::endl K

E int main() � "$).�/# �(�$)�!0)�/$*)G�2#$�#�- /0-).��)�$)/ " -�1�'0 
E { � "$).����'*�&�*!��*� 
E int i � 6) .��)�$)/ " -�1�-$��' �)�( ��$
E ;  )�.� ��#�'$) �*!��``��*� 
E double d � 6) .����*0�' �7*�/$)"Z+*$)/�1�-$��' �)�( ���
E string s � 6) .���./-$)"�1�-$��' �)�( ��.
E bool b � 6) .����**' �)�1�-$��' �)�( ���
E i = , d = , s =, b = �..$")�'$/ -�'�1�'0 .�/*�/# ��*-- .+*)�$)"�1�-$��' .
E cout $.�./�)��-��*0/+0/
E << �$- �/.�/# �) 3/� ' ( )/�/*�./�)��-��*0/+0/
E endl  )�.�/# ��0-�'0 
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cout << "a = " << a << endl;
cout << "b = " << b << endl;
cout << "a + b = " << a + b << endl;
cout << "a - b = " << a - b << endl;
cout << "a * b = " << a * b << endl;
cout << "a / b = " << a / b << endl;
cout << "a % b = " << a + b << endl;
return 0;

}

Output

a = 3
b = 2
a + b = 5
a - b = 1
a * b = 6
a / b = 1
a % b = 5

Discussion
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Temperature

// This program converts an input Fahrenheit temperature to Celsius.
//
// References:
// https://www.mathsisfun.com/temperature-conversion.html
// https://en.wikibooks.org/wiki/C%2B%2B_Programming
#include <iostream>

using namespace std;
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int main() {
double fahrenheit;
double celsius;

cout << "Enter Fahrenheit temperature:" << endl;
cin >> fahrenheit;

celsius = (fahrenheit - 32) * 5 / 9;

cout << fahrenheit << "° Fahrenheit is " << celsius << "° Celsius" << endl;

return 0;
}

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7778° Celsius

Discussion
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E cin >> fahrenheit - ��.�/# �) 3/�$)/ " -�!-*(�./�)��-��$)+0/��)���..$").�/# �1�'0 
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Data Types

// This program demonstrates variables, literal constants, and data types.

using System;

public class DataTypes
{

public static void Main(string[] args)
{

int i;
double d;
string s;
Boolean b;

i = 1234567890;
d = 1.23456789012345;
s = "string";
b = true;

Console.WriteLine("Integer i = " + i);
Console.WriteLine("Double d = " + d);
Console.WriteLine("String s = " + s);
Console.WriteLine("Boolean b = " + b);

}
}

Output

Integer i = 1234567890
Double d = 1.23456789012345
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celsius = (fahrenheit - 32) * 5 / 9;

Console.WriteLine(
fahrenheit.ToString() + "° Fahrenheit is " +
celsius.ToString() + "° Celsius" + "\n");

}
}

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius

Discussion

���#�) 2��*� � ' ( )/�- +- . )/.F

E Console.ReadLine() - ��.�/# �) 3/�'$) �!-*(�./�)��-��$)+0/
E Convert.ToDouble �*)1 -/.�/# �$)+0/�/*����*0�' �7*�/$)"Z+*$)/�1�'0 

References
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Data Types

// This program demonstrates variables, literal constants, and data types.

public class Main {
public static void main(String[] args) {

int i;
double d;
String s;
boolean b;

i = 1234567890;





Output

a = 3
b = 2
a + b = 5
a - b = 1
a * b = 6
a / b = 1
a % b = 1

Discussion
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E +, -, *, /, and % - +- . )/����$/$*)G�.0�/-��/$*)G�(0'/$+'$��/$*)G��$1$.$*)G��)�
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Temperature

// This program converts an input Fahrenheit temperature to Celsius.

import java.util.*;

public class Main {
private static Scanner input = new Scanner(System.in);

public static void main(String[] args) {
double fahrenheit;
double celsius;

System.out.println("Enter Fahrenheit temperature:");
fahrenheit = input.nextDouble();

celsius = (fahrenheit - 32) * 5 / 9;

System.out.println(Double.toString(fahrenheit) + "° Fahrenheit is " + celsius + "° Celsius");
}

}
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Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius

Discussion

���#�) 2��*� � ' ( )/�- +- . )/.F

E private static Scanner input ... � 6) .��)�*�% �/�/*�- ���!-*(�./�)��-�
$)+0/

E input.nextDouble() - ��.�$)+0/��.����*0�' �7*�/$)"Z+*$)/�1�'0 
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Data Types

// This program demonstrates variables, literal constants, and data types.

var n;
var s;
var b;

n = 1.23456789012345;
s = "string";
b = true;

output("Number n = " + n);
output("String s = " + s);
output("Boolean b = " + b);

// Display output to the current environment
function output(text) {

if (typeof document === 'object') {
document.write(text);

}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}
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Output

Number n = 1.23456789012345
String s = string
Boolean b = true

Discussion
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else if (typeof console === 'object') {
console.log(text);

}
else {

print(text);
}

}

Output

a = 3
b = 2
a + b = 5
a - b = 1
a * b = 6
a / b = 1.5
a % b = 1

Discussion
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Temperature

// This program converts an input Fahrenheit temperature to Celsius.

var fahrenheit;
var celsius;

output("Enter Fahrenheit temperature:");
fahrenheit = input();

celsius = (fahrenheit - 32) * 5 / 9;

output(fahrenheit.toString() + "° Fahrenheit is " + celsius + "° Celsius");
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// Get input from the current environment
function input(text) {

if (typeof window === 'object') {
return prompt(text)

}
else if (typeof console === 'object') {

const rls = require('readline-sync');
var value = rls.question(text);
return value;

}
else {

output(text);
var isr = new java.io.InputStreamReader(java.lang.System.in);
var br = new java.io.BufferedReader(isr);
var line = br.readLine();
return line.trim();

}
}

// Display output to the current environment
function output(text) {

if (typeof document === 'object') {
document.write(text);

}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius
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Discussion
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Data Types

# This program demonstrates variables, literal constants, and data types.

i = 1234567890
f = 1.23456789012345
s = "string"
b = True

print("Integer i =", i)
print("Float f =", f)
print("String s =", s)
print("Boolean b =", b)

Output

Integer i = 1234567890
Float f = 1.23456789012345
String s = string
Boolean b = true

Discussion
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E # � "$).����*(( )/
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E print() ��''.�/# �+-$)/�!0)�/$*)
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E // � "$).����*(( )/
E var i: Int � 6) .��)�$)/ " -�1�-$��' �)�( ��$
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Arithmetic

// This program demonstrates arithmetic operations.

var a: Int
var b: Int

a = 3
b = 2

print("a =", a)
print("b =", b)
print("a + b =", (a + b))
print("a - b =", (a - b))
print("a * b =", a * b)
print("a / b =", a / b)
print("a % b =", (a % b))

Output

a = 3
b = 2
a + b = 5
a - b = 1
a * b = 6
a / b = 1
a % b = 1

Discussion
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Temperature

// This program converts a Fahrenheit temperature to Celsius.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://developer.apple.com/library/content/documentation/Swift/Conceptual/Swift_Programming_Language/TheBasics.html

var fahrenheit: Double
var celsius: Double

print("Enter Fahrenheit temperature:")
fahrenheit = Double(readLine()!)!

celsius = (fahrenheit - 32) * 5 / 9

print(String(fahrenheit) + "° Fahrenheit is " + String(celsius) + "° Celsius")

Output

Enter Fahrenheit temperature:
100

100.0° Fahrenheit is 37.7777777777778° Celsius

Discussion
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Overview

Modular programming $. � .*!/





def function identifier name(<identifier name for input value>):
//lines of code
return <value>
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Pseudocode

Function Main
... This program asks the user for a Fahrenheit temperature,
... converts the given temperature to Celsius,
... and displays the results.

Declare Real fahrenheit
Declare Real celsius

Assign fahrenheit = GetFahrenheit()
Assign celsius = CalculateCelsius(fahrenheit)
Call DisplayResult(fahrenheit, celsius)

End

Function GetFahrenheit
Declare Real fahrenheit
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Output "Enter Fahrenheit temperature:"
Input fahrenheit

Return Real fahrenheit

Function CalculateCelsius (Real fahrenheit)
Declare Real celsius

Assign celsius = (fahrenheit - 32) * 5 / 9
Return Real celsius

Function DisplayResult (Real fahrenheit, Real celsius)
Output fahrenheit & "° Fahrenheit is " & celsius & "° Celsius"

End

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius
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Call ChangeFahrenheit(fahrenheit)
Output "Main fahrenheit = " & fahrenheit

End

Function ChangeFahrenheit (Real fahrenheit)
Output "ChangeFahrenheit fahrenheit = " & fahrenheit
Assign fahrenheit = 0
Output "ChangeFahrenheit fahrenheit = " & fahrenheit

End

Output

Main fahrenheit = 100
ChangeFahrenheit fahrenheit = 100
ChangeFahrenheit fahrenheit = 0
Main fahrenheit = 100
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Temperature

// This program asks the user for a Fahrenheit temperature,
// converts the given temperature to Celsius,
// and displays the results.
//
// References:
// https://www.mathsisfun.com/temperature-conversion.html







{
double celsius;

celsius = (fahrenheit - 32) * 5 / 9;

return celsius;
}

private static void DisplayResult(double fahrenheit, double celsius)
{

Console.WriteLine(fahrenheit.ToString() + "° Fahrenheit is " +
celsius.ToString() + "° Celsius");

}
}

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius
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Temperature

// This program asks the user for a Fahrenheit temperature,
// converts the given temperature to Celsius,
// and displays the results.
//
// References:
// https://www.mathsisfun.com/temperature-conversion.html
// https://en.wikibooks.org/wiki/Java_Programming

import java.util.*;

class Main {
private static Scanner input = new Scanner(System.in);

public static void main(String[] args) {
double fahrenheit;
double celsius;

fahrenheit = getFahrenheit();
celsius = calculateCelsius(fahrenheit);
displayResult(fahrenheit, celsius);

}

private static double getFahrenheit() {
double fahrenheit;

System.out.println("Enter Fahrenheit temperature:");
fahrenheit = input.nextDouble();

return fahrenheit;
}

private static double calculateCelsius(double fahrenheit) {
double celsius;

celsius = (fahrenheit - 32) * 5 / 9;
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return celsius;
}

private static void displayResult(double fahrenheit, double celsius) {
System.out.println(fahrenheit + "° Fahrenheit is " +

celsius + "° Celsius");
}

}

Output

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius

References
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Temperature

// This program asks the user for a Fahrenheit temperature,
// converts the given temperature to Celsius,
// and displays the results.
//
// References:
// https://www.mathsisfun.com/temperature-conversion.html
// https://en.wikibooks.org/wiki/JavaScript

main();

function main() {
var fahrenheit = getFahrenheit();
var celisus = calculateCelsius(fahrenheit);
displayResult(fahrenheit, celisus);

}

function getFahrenheit() {
var fahrenheit = input("Enter Fahrenheit temperature:");
return fahrenheit;

}

function calculateCelsius(fahrenheit) {
var celisus = (fahrenheit - 32) * 5 / 9;
return celisus;

}

function displayResult(fahrenheit, celisus) {
output(fahrenheit + "° Fahrenheit is " +

celisus + "° Celsius");
}

function input(text) {
if (typeof window === 'object') {

return prompt(text)
}
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else if (typeof console === 'object') {
const rls = require('readline-sync');
var value = rls.question(text);
return value;

}
else {

output(text);
var isr = new java.io.InputStreamReader(java.lang.System.in);
var br = new java.io.BufferedReader(isr);
var line = br.readLine();
return line.trim();

}
}

function output(text) {
if (typeof document === 'object') {

document.write(text);
}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}

Output
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Temperature

# This program asks the user for a Fahrenheit temperature,
# converts the given temperature to Celsius,
# and displays the results.
#
# References:
# https://www.mathsisfun.com/temperature-conversion.html
# https://en.wikibooks.org/wiki/Python_Programming



Output

Enter Fahrenheit temperature:
100

100.0° Fahrenheit is 37.77777777777778° Celsius
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Overview

�#$.��#�+/ -�$)/-*�0� .��*)�$/$*).��)��. ' �/$*)��*)/-*'�./-0�/0- .K

Chapter Outline

E �/-0�/0- ���-*"-�(($)"
E � ' �/$*)��*)/-*'��/-0�/0- .
E 
!��# )��'. 
E �*� ��'*�&.
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◦ �``
◦ �J
◦ ��1�
◦ ��1���-$+/
◦ �4/#*)
◦ �2$!/

E �-��/$� 

Learning Objectives

9K �)� -./�)��& 4�/ -(.��)��� 6)$/$*).K
:K �$1 )� 3�(+' �+. 0�*�*� G�7*2�#�-/.G��)��.*0-� ��*� G��- �/ ���+-*"-�(�/#�/�0. .

�*)�$/$*).��)��. ' �/$*)��*)/-*'�./-0�/0- .�/*�.*'1 ���"$1 )�+-*�' (K

�*)�$/$*). k 9?;
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Overview

Structured programming $. � +-*"-�(($)" +�-��$"( �$( � �/ $(+-*1$)" /# �'�-$/4G ,0�'$/4G �)�
� 1 '*+( )/ /$( *! � �*(+0/ - +-*"-�( �4 (�&$)"  3/ ).$1 0. *! /# ./-0�/0- � �*)/-*' 7*2
�*)./-0�/. *! . ' �/$*) V$!P/# )P '. W �)� - + /$/$*) V2#$' �)� !*-WG �'*�& ./-0�/0- .G �)� .0�-*0/$) .
$) �*)/-�./ /* 0.$)" .$(+' / ./. �)� %0(+. .0�# �. /# "* /* ./�/ ( )/G 2#$�# ��) ' �� /*
[spaghetti code\�/#�/�$.�+*/ )/$�''4��$!6�0'/�/*�!*''*2��)��(�$)/�$)K9

Discussion

�) *! /# (*./ $(+*-/�)/ �*)� +/. *! +-*"-�(($)" $. /# ��$'$/4 /* �*)/-*' � +-*"-�( .* /#�/
�$!! - )/ '$) . *! �*� �-  3 �0/ � *- /#�/ .*( '$) . *! �*� �-  3 �0/ � (�)4 /$( .K �# 
( �#�)$.(. /#�/ �''*2 0. /* �*)/-*' /# 7*2 *!  3 �0/$*) �- ��'' � control structuresK
�'*2�#�-/$)" $. � ( /#*� *! �*�0( )/$)" V�#�-/$)"W /# 7*2 V*- +�/#.W /#�/ � +-*"-�( 2*0'�
 3 �0/ K��# - ��- �/#-  �(�$)���/ "*-$ .�*!��*)/-*'�./-0�/0- .F

E Sequence Y�� -4��*-$)"K��$(+'4��*�*) �$)./-0�/$*)�/# )�/# �) 3/��)��/# �) 3/K��0./��*�/# (�$)
��"$1 )�. ,0 )� �*-�$)�/# �*-� -�'$./ �K��*./�'$) .�*!��*� ��- �/#$.K

E Selection Y��#$.�$.�2# - �4*0�. ' �/�*-��#**. �� /2  )�/2*�*-�(*- �7*2.K��# ��#*$� �$.
� �$� ���4��.&$)"�.*( �.*-/�*!�,0 ./$*)K��# ��).2 -�� / -($) .�/# �+�/#�V*-�2#$�#�'$) .�*!
�*� W�2$''�� � 3 �0/ �K

E Iteration Y��'.*�&)*2)��.�- + /$/$*)G�$/��''*2.�.*( ��*� �V*) �/*�(�)4�'$) .W�/*�� � 3 �0/ ��V*-
- + �/ �W�. 1 -�'�/$( .K��# ��*� �($"#/�)*/�� � 3 �0/ ���/��''�V- + �/�$/�5 -*�/$( .WG� 3 �0/ �
��63 ��)0(� -�*!�/$( .�*-� 3 �0/ ��$)� 6)$/ '4�0)/$'�.*( ��*)�$/$*)�#�.��  )�( /K��'.*
&)*2)��.�'**+$)"�� ��0. �/# �7*2�#�-/$)"�.#*2.�/# �7*2�'**+$)"����&�/*�- + �/�/# �/�.&K

��!*0-/#���/ "*-4�� .�-$� .�0)./-0�/0- ���*� K

E Branching Y��)�0)�*)/-*'' ��./-0�/0- �/#�/��''*2.�/# �7*2�*!� 3 �0/$*)�/*�%0(+�/*����$!! - )/
+�-/�*!�/# �+-*"-�(K��#$.���/ "*-4�$.�-�- '4�0. ��$)�(*�0'�-�./-0�/0- ��+-*"-�(($)"K

�'' #$"#Z' 1 ' +-*"-�(($)" '�)"0�" . #�1 �*)/-*' ./-0�/0- .K �'' '�)"0�" . #�1 /# 6-./ /#-  
��/ "*-$ . *! �*)/-*' ./-0�/0- . V. ,0 )� G . ' �/$*)G �)� $/ -�/$*)WK �*./ #�1 /# $! /# )
 '. ./-0�/0- V2#$�# � '*)". /* /# . ' �/$*) ��/ "*-4W �)� /# 2#$' ./-0�/0- V2#$�# � '*)". /*
/# �$/ -�/$*)���/ "*-4WK��!/ -�/# . �/2*���.$��./-0�/0- .G�/# - ��- �0.0�''4�'�)"0�" �1�-$�/$*).K
�# �*)� +/ *! structured programming ./�-/ � $) /# '�/ 9A>8^. 2$/# �) �-/$�' �4 ��." -

�$%&./-�K 	 +-*+*. � � ["* /* ' ..\ ( /#*� *! +'�))$)" +-*"-�(($)" '*"$� /#�/  '$($)�/ � /# 

9K �$&$+ �$�F��/-0�/0- ��+-*"-�(($)"

�/-0�/0- ���-*"-�(($)" k 9?=



)  � !*- /# �-�)�#$)" ��/ "*-4 *! �*)/-*' ./-0�/0- .K �# /*+$� 2�. � ��/ � !*- ��*0/ :8 4 �-.K
�0/ 0'/$(�/ '4 Y [�4 /#  )� *! /# :8/# � )/0-4 ) �-'4 �'' �*(+0/ - .�$ )/$./. 2 - �*)1$)� � /#�/
$/�$.�0. !0'�/*�' �-)��)���++'4�/# ��*)� +/.�*!�./-0�/0- ��+-*"-�(($)"K\:

Key Terms

branching
�)�0)�*)/-*'' ��./-0�/0- �/#�/��''*2.�/# �7*2�*!� 3 �0/$*)�/*�%0(+�/*����$!! - )/�+�-/�*!�/# 
+-*"-�(K

control structures
� �#�)$.(.�/#�/��''*2�0.�/*��*)/-*'�/# �7*2�*!� 3 �0/$*)�2$/#$)���+-*"-�(K

iteration
���*)/-*'�./-0�/0- �/#�/��''*2.�.*( �'$) .�*!��*� �/*�� � 3 �0/ ��(�)4�/$( .K

selection
���*)/-*'�./-0�/0- �2# - �/# �+-*"-�(��#**. .�� /2  )�/2*�*-�(*- �*+/$*).K

sequence
���*)/-*'�./-0�/0- �2# - �/# �+-*"-�(� 3 �0/ .�/# �$/ (.�$)�/# �*-� -�'$./ �K

spaghetti code
��+ %*-�/$1 �+#-�. �!*-�0)./-0�/0- ���) � ì@

 	�

 �+-*"- 2�0.�/���





Case Control Structure

�# case �*)/-*' ./-0�/0- $. � (0'/$Z2�4 . ' �/$*)K ��. �*)/-*' ./-0�/0- . �*(+�- � "$1 ) 1�'0 
2$/#�.+ �$6 ���*)./�)/.��)��/�& ���/$*)����*-�$)"�/*�/# �6-./� 3+- ..$*)�/*�(�/�#K:

Case of age
0 to 17   Display "You can't vote."
18 to 64  Display "You're in your working years."
65 +      Display "You should be retired."

End

Language Reserved Words

�`` switch G case G break G default
�J switch G case G break G default
��1� switch G case G break G default
��1���-$+/ switch G case G break G default
�4/#*) �P�

�2$!/ switch G case G break V*+/$*)�'WG default

�4/#





if expression is true
action true

else
action false

�)��(*./�'�)"0�" .�$)! -�/# �[$.�/-0 \�4*0�($"#/�.  �$/��.F

if expression
action true

else
action false

�# ��*1 !*0- !*-(. *! /# �*)/-*' ./-0�/0- �- .�4$)" /# .�( /#$)"K �#  '. 2*-� $. *!/ )
)*/ 0. � $) *0- �)"'$.# .+ �&$)" /*��4K 	*2 1 -G �*).$� - /# !*''*2$)" �*)1 -.�/$*) � /2  ) �
(*/# -��)��# -��#$'�K
�#$'���.&.G�[�*((4G�(�4�
�"*�*0/�.$� ��)��+'�4L\
�*/# - �).2 -.G [
! 4*0- -**( $. �' �) /# ) 4*0(�4 "* *0/.$� �)� +'�4 *-  '. 4*0(�4 "* .$/ *)

� �#�$- !*- 61 ($)0/ . �. +0)$.#( )/ !*- �.&$)" ( /# ,0 ./$*) 2# ) 4*0 &) 2 4*0- -**( 2�.
�$-/4K\
 /^. )*/ /#�/ �'' *! /#  ' ( )/. �- +- . )/ /* � / -($) /# ��/$*) V*- 7*2W /#�/ /# �#$'� 2$''

� �*$)"K � ��0. /# ,0 ./$*) V4*0- -**( $. �' �)W #�. *)'4 /2* +*..$�' �).2 -. V/-0 *- !�'. W
/# ��/$*). �- mutually exclusiveK �$/# - /# �#$'� 9W "* . *0/.$� �)� +'�4. *- :W .$/. *) � �#�$- !*-
61 �($)0/ .K��) �*!�/# ���/$*).�$.� 3 �0/ �O�) 1 -��*/#�*!�/# ���/$*).K

One Choice – Implied Two-Way Selection

�!/ ) /# +-*"-�(( - 2$'' 2�)/ /* �* .*( /#$)" *)'4 $! /#  3+- ..$*) $. /-0 G /#�/ $. 2$/# )* !�'. 
��/$*)K��# �'��&�*!���!�'. ���/$*)�$.��'.*�- ! -- ��/*��.���[)0''� '. \��)��2*0'��� �2-$// )��.F

if expression
action true

else
do nothing

� ��0. �/# �[ '. ��*�)*/#$)"\�$.�$(+'$ �G�$/�$.�0.0�''4�2-$// )�$)�.#*-/�!*-(�'$& F

if expression
action true

Key Terms

if then else
��/2*Z2�4�. ' �/$*)��*)/-*'�./-0�/0- K

9@8 k 
!��# )��'. 



mutually exclusive

/ (.�/#�/��*�)*/�*1 -'�+K��3�(+' F�/-0 �*-�!�'. K
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E
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Overview

� code blockG .*( /$( . - !



� ��0. +-*"-�(( -. *!/ ) !*-" / /#�/ /# 4 ��) #�1 only one statement listed as the action
part of a control structureO /# +-*"-�(($)" $)�0./-4  )�*0-�" . /# 0. *! $)� )/�/$*) V/* .  
/# ��/$*) +�-/. �' �-'4W �)� /# 0. *! �*(+*0)� ./�/ ( )/. V�-�� .W alwaysG  1 ) 2# ) /# - $.
*)'4�*) �./�/ ( )/K��#0.F

if(expression)
{

statement;
}
else
{

statement;
}

�4 2-$/$)" �*� $) /#$. (�)) -G $! /# +-*"-�(( - (*�$6 . /# �*� �4 ���$)" (*- ./�/ ( )/.
/*  $/# - /# ��/$*) /-0 *- /# ��/$*) !�'. O /# 4 2$'' )*/ $)/-*�0�  $/# - �*(+$' - *- '*"$�  --*-.K
�.$)" $)� )/�/$*) �)� �-�� . .#*0'� � �*( ./�)��-� +-��/$� $) �)4 '�)"0�" /#�/ - ,0$- . /# 
0. �*!��*(+*0)��./�/ ( )/.�2$/#��*)/-*'�./-0�/0- .K

Indentation and End Block

�/# - +-*"-�(($)" '�)"0�" . - ,0$-  3+'$�$/ � .$")�/$*) *! �*� �'*�&. /#-*0"#  $/# -
$)� )/�/$*) *- .*( /4+ *!  )� �'*�& ./�/ ( )/K �*-  3�(+' G �4/#*) 0. . $)� )/�/$*) /* $)�$��/ 
/# �./�/ ( )/.�$)����*� ��'*�&F

if expression:
statement
statement

else:
statement
statement

0��0. .��)� )���'*�&�- . -



Key Terms

block
�)*/# -�)�( �!*-����*(+*0)��./�/ ( )/K

compound statement
��0)$/�*!��*� ��*).$./$)"�*!�5 -*�*-�(*- �./�/ ( )/.K
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E A�ed�:=

�*/ F�� ���- !0'K�
)�(�/#�4*0��- �!�($'$�-�2$/#�0.$)"�/# �.4(�*'�b�/*�( �)� ,0�'��)��c�/*�( �)�)*/
 ,0�'K�
)�(�)4�+-*"-�(($)"�'�)"0�" .�/# �c�$.�)*/�0. ���)��/# �b�.4(�*'�( �).��..$")( )/K

Key Terms

relational operator
�)�*+ -�/*-�/#�/�"$1 .����**' �)�1�'0 ��4� 1�'0�/$)"�/# �- '�/$*).#$+�� /2  )�/2*�*+ -�)�.K

References

E �)3K*-"F��-*"-�(($)"��0)��( )/�'.�Y����*�0'�-��/-0�/0- ���++-*��#�0.$)"��``

9@> k � '�/$*)�'��+ -�/*-.





�#$.  3�(+' - ($)�. 4*0 /#�/ 4*0 (0./ � ��- !0' $) �- �/$)" 4*0- / ./  3+- ..$*). .* /#�/ /# 4
�- $)�  � � ,0 ./$*)G 0.0�''4 $)1*'1$)" /# - '�/$*)�' *+ -�/*-.K �*( +-*"-�(($)" '�)"0�" . 2$''
" ) -�/ � 2�-)$)" *- �)  --*- 2# ) �) �..$")( )/ $. 0. � $) � �**' �)  3+- ..$*)G �)� .*( �*
)*/K
�*)^/�" /���0"#/�0.$)"��..$")( )/�!*-� ,0�'$/4K
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Overview

� logical operator $. � .4(�*' *- 2*-





Logical not
(!)

x not x

!�'. /-0 

/-0 !�'. 

Examples


���''�/#$.� 3�(+' �*!�2#4�
�#�/ �[�)�\��)��'*1 �[*-\K
�1 -4 ��4 �. 
 ��( #*( !-*( .�#**' *) �*)��4 /#-*0"# �#0-.��4O 
 2*0'� �.& (4 (*/# -G

[��4 
 "* *0/.$� �)� +'�4L\ �# 2*0'� �).2 -G [
! 4*0- -**( $. �' �) �)� 4*0- #*( 2*-& $. �*) 
/# ) 4*0 (�4 "* *0/.$� �)� +'�4K\ 
 ' �-) � /* #�/ /# 2*-� [�)�\K 
 �*0'� (�)�" /* " / *) *!
/# �/�.&.��*) ��)��#�1 �.*( �/$( �/*�+'�4�� !*- ��$)) -G��0/��*/#�*!�/# (H�2 ''G�
�#�/ ��[�)�\K
�) �-$��4 (4 (*/# - /**& � (*- - '�3 � 1$ 



truth tables
���*((*)�2�4�/*�.#*2�'*"$��'�- '�/$*).#$+.K
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Multiway Selection

�) *! /# �-�2���&. *! /2*Z2�4 . ' �/$*) $. /#�/ 2 ��) *)'4 �*).$� - /2* �#*$� .K �0/ 2#�/ �*
4*0��*�$!�4*0�#�1 �(*- �/#�)�/2*��#*$� .L��*).$� -�/# �!*''*2$)"�2#$�#�#�.�!*0-��#*$� .F

if age equal to 18
you can now vote

else
if age equal to 39

you are middle-aged
else

if age equal to 65
you can consider retirement

else
your age is unimportant

�*0 " / �) �++-*+-$�/ ( ..�" � + )�$)" *) /# 1�'0 *! �" K �# '�./ $/ ( $. - ! -- � /* �. /# 
� !�0'/K 
! /# �" $. )*/  ,0�' /* 9@G ;A *- >= 4*0 " / /# � !�0'/ ( ..�" K �* .$(+'$!4 /# �*� 
./-0�/0- G�/#$.�$.�(*./�*!/ )�2-$// )��.F

if age equal to 18
you can now vote

else if age equal to 39
you are middle-aged

else if age equal to 65
you can consider retirement

else
your age is unimportant

Key Terms

multiway selection
�.$)"��*)/-*'�./-0�/0- .�/*�� ���' �/*�. ' �/�!-*(�(*- �/#�)�/2*��#*$� .K

nested control structures
�'��$)"�*) ��*)/-*'�./-0�/0- �$).$� �*!��)*/# -K
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Overview

� case *- .2$/�# ./�/ ( )/ $. � /4+ *! . ' �/$*) �*)/-*' ( �#�)$.( 0. � /* �''*2 /# 1�'0 *! �
1�-$��' �*-� 3+- ..$*)�/*��#�)" �/# ��*)/-*'�7*2�*!�+-*"-�(� 3 �0/$*)�1$����(0'/$2�4��-�)�#K9

Discussion

�) *! /# �-�2���&. *! /2*Z2�4 . ' �/$*) $. /#�/ 2 ��) *)'4 �*).$� - /2* �#*$� .K �0/ 2#�/ �*
4*0��*�$!�4*0�#�1 �(*- �/#�)�/2*��#*$� .L��*).$� -�/# �!*''*2$)"�2#$�#�#�.�!*0-��#*$� .F

if age equal to 18
you can vote

else if age equal to 39
you're middle-aged

else if age equal to 65
consider retirement

else
age is unimportant

�*0 " / �) �++-*+-$�/ ( ..�" � + )�$)" *) /# 1�'0 *! �" K �# '�./ $/ ( $. - ! -- � /* �. /# 
� !�0'/K 
! /# �" $. )*/  ,0�' /* 9@G ;A *- >= 4*0 " / /# � !�0'/ ( ..�" K 
) .*( .$/0�/$*). /# - 
$.�)*�� !�0'/���/$*)K��*).$� -�/#$.�7*2�#�-/� 3�(+' F

9K �$&$+ �$�F��2$/�#�./�/ ( )/

��. ��*)/-*'��/-0�/0- k 9A=



�#$. 7*2�#�-/ $. *! /# ��. �*)/-*' ./-0�/0- �)� $. 0. � !*- (0'/$2�4 . ' �/$*)K �# � �$.$*) �*3
#*'�. /# 1�-$��' �" K �# '*"$� *! /# ��. $. *) *!  ,0�'$/4 2# - $) /# 1�'0 $) /# 1�-$��' �" 
$. �*(+�- � /* /# '$./ � 1�'0 . $) *-� - !-*( ' !/ /* -$"#/K �#0.G /# 1�'0 ./*- � $) �" $. �*(+�- �
/* 9@ *- $. [�"  ,0�' /* 9@\K 
! $/ $. /-0 G /# '*"$� 7*2. �*2) /#-*0"# /# ��/$*) �)� �-*+. *0/ �/ /# 
�*//*( *! /# ��. ./-0�/0- K 
! /# 1�'0 *! /# / ./  3+- ..$*) $. !�'. G $/ (*1 . /* /# ) 3/ '$./ �
1�'0 /* /# -$"#/ �)� (�& . �)*/# - �*(+�-$.*)K 
/ 2*-&.  3��/'4 /# .�( �. *0- ) ./ � $! /# )
 '. �./-0�/0- K

Code to Accomplish Multiway Selection

�4/#*) �* . )*/ .0++*-/ � ��. �*)/-*' ./-0�



break;
case 65:

message = "Consider retirement.";
break;

default:
message = "Age is unimportant.";
break;

}

�# 1�'0 $) /# 1�-$��' �" $. �*(+�- � /* /# 6-
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Case of age
0 to 17    Display "You can't vote."
18 to 64   Display "You’re in your working years."
65 +       Display "You should be retired."

End
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if age > 0 and age <= to 17
display You can’t vote.

else if age is >= 18 and age <= 64
display You’re in your working years.

else
display You should be retired.
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Good Structured Programming Methods
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Key Terms

case
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Function DisplayResult (Real temperature, String fromLabel, Real result, String toLabel)
Output temperature & "° " & fromLabel & " is " & result & "° " & toLabel

End

Function GetChoice
Declare String choice

Output "Enter F to convert to Fahrenheit or C to convert to Celsius:"
Input Choice

Return String choice

Function GetTemperature (String label)
Declare Real temperature

Output "Enter " & label & " temperature:"
Input temperature

Return Real temperature

Output

Enter C to convert to Celsius or F to convert to Fahrenheit:
c

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7777777777778° Celsius

Enter C to convert to Celsius or F to convert to Fahrenheit:
f

Enter Celsius temperature:
100

100° Celsius is 212° Fahrenheit

Enter C to convert to Celsius or F to convert to Fahrenheit:
x

You must enter C to convert to Celsius or F to convert to Fahrenheit.
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Flowchart

Main

End
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Temperature

// This program asks the user to select Fahrenheit or Celsius conversion
// and input a given temperature. Then the program converts the given
// temperature and displays the result.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C%2B%2B_Programming

#include <iostream>

using namespace std;

double getTemperature(string label);
double calculateCelsius(double fahrenheit);
double calculateFahrenheit(double celsius);
void displayResult(double temperature, string fromLabel, double result, string toLabel);

int main() {
// main could either be an if-else structure or a switch-case structure

char choice;
double temperature;
double result;

cout << "Enter F to convert to Fahrenheit or C to convert to Celsius:" <> choice;

// if-else approach
if (choice == 'C' || choice == 'c') {

 242.o4kj8tdhl38
le result, strice == 'c'68.9/



displayResult(temperature, "Celsius", result, "Fahrenheit");
}
else {

cout << "You must enter C to convert to Celsius or F to convert to Fahrenheit!" << endl;
}

// switch-case approach
switch(choice) {

case 'C':
case 'c':

temperature = getTemperature("Fahrenheit");
result = calculateCelsius(temperature);
displayResult(temperature, "Fahrenheit", result, "Celsius");
break;

case 'F':
case 'f':

temperature = getTemperature("Celsius");
result = calculateFahrenheit(temperature);
displayResult(temperature, "Celsius", result, "Fahrenheit");
break;

default:
cout << "You must enter C to convert to Celsius or F to convert to Fahrenheit!" << endl;

}
}

double getTemperature(string label) {
double temperature;

cout << "Enter " << label << " temperature:" <> temperature;

return temperature;
}

double calculateCelsius(double fahrenheit) {
double celsius;

celsius = (fahrenheit - 32) * 5 / 9;

return celsius;
}

double calculateFahrenheit(double celsius) {
double fahrenheit;
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fahrenheit = celsius * 9 / 5 + 32;

return fahrenheit;
}

void displayResult(double temperature, string fromLabel, double result, string toLabel) {
cout << temperature << "° " << fromLabel << " is " << result << "° " << toLabel << endl;

}

Output

Enter C to convert to Celsius or F to convert to Fahrenheit:
c

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.7778° Celsius

Enter C to convert to Celsius or F to convert to Fahrenheit:
f

Enter Celsius temperature:
100

100° Celsius is 212° Fahrenheit

Enter C to convert to Celsius or F to convert to Fahrenheit:
x

You must enter C to convert to Celsius or F to convert to Fahrenheit.

References
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�``��3�(+' . k :8?



�J��3�(+' .
DAVE BRAUNSCHWEIG

Temperature

// This program asks the user to select Fahrenheit or Celsius conversion
// and input a given temperature. Then the program converts the given
// temperature and displays the result.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C_Sharp_Programming

using System;

public class MainClass
{

public static void Main(String[] args)
{

// main could either be an if-else structure or a switch-case structure

string choice;
double temperature;
double result;

Console.WriteLine("Enter F to convert to Fahrenheit or C to convert to Celsius:");
choice = Console.ReadLine();

// if-else approach
if (choice == "C" || choice == "c")
{

temperature = GetTemperature("Fahrenheit");
result = CalculateCelsius(temperature);
DisplayResult(temperature, "Fahrenheit", result, "Celsius");

}
else if (choice == "F" || choice == "f")
{

temperature = GetTemperature("Celsius");
result = CalculateFahrenheit(temperature);
DisplayResult(temperature, "Celsius", result, "Fahrenheit");
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}
else
{

Console.WriteLine("You must enter C to convert to Celsius or F to convert to Fahrenheit!");
}

// switch-case approach
switch(choice)
{

case "C":
case "c":

temperature = GetTemperature("Fahrenheit");
result = CalculateCelsius(temperature);
DisplayResult(temperature, "Fahrenheit", result, "Celsius");
break;

case "F":
case "f":

temperature = GetTemperature("Celsius");
result = CalculateFahrenheit(temperature);
DisplayResult(temperature, "Celsius", result, "Fahrenheit");
break;

default:
Console.WriteLine("You must enter C to convert to Celsius or F to convert to Fahrenheit!");
break;

}
}

private static double GetTemperature(string label)
{

string input;
double temperature;

Console.WriteLine("Enter " + label + " temperature:");
input = Console.ReadLine();
temperature = Convert.ToDouble(input);

return temperature;
}

private static double CalculateCelsius(double fahrenheit)
{

double celsius;
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celsius = (fahrenheit - 32) * 5 / 9;

return celsius;
}

private static double CalculateFahrenheit(double celsius)
{

double fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;

return fahrenheit;
}

private static void DisplayResult(double fahrenheit, string fromLabel, double celsius, string toLabel)
{

Console.WriteLine(fahrenheit.ToString() + "° " + fromLabel + " is " + celsius.ToString() + "° " + toLabel);
}

}
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Temperature

// This program asks the user to select Fahrenheit or Celsius conversion
// and input a given temperature. Then the program converts the given
// temperature and displays the result.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/Java_Programming

import java.util.*;

class Main {
private static Scanner input = new Scanner(System.in);

public static void main(String[] args) {
// main could either be an if-else structure or a switch-case structure

String choice;
double temperature;
double result;

choice = getChoice();

// if-else approach
if (choice.equals("C") || choice.equals("c")) {

temperature = getTemperature("Fahrenheit");
result = calculateCelsius(temperature);
displayResult(temperature, "Fahrenheit", result, "Celsius");

} else if (choice.equals("F") || choice.equals("f")) {
temperature = getTemperature("Celsius");
result = calculateFahrenheit(temperature);
displayResult(temperature, "Celsius", result, "Fahrenheit");

} else {
System.out.println("You must enter C to convert to Celsius or F to convert to Fahrenheit!");

}
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// switch-case approach
switch (choice) {

case "C":
case "c":

temperature = getTemperature("Fahrenheit");
result = calculateCelsius(temperature);
displayResult(temperature, "Fahrenheit", result, "Celsius");
break;

case "F":
case "f":

temperature = getTemperature("Celsius");
result = calculateFahrenheit(temperature);
displayResult(temperature, "Celsius", result, "Fahrenheit");
break;

default:
System.out.println("You must enter C to convert to Celsius or F to convert to Fahrenheit!");

}
}

public static String getChoice() {
String choice;

System.out.println("Enter C to convert to Celsius or F to convert to Fahrenheit:");
choice = input.nextLine();

return choice;
}

public static double getTemperature(String label) {
double temperature;

System.out.println("Enter " + label + " temperature:");
temperature = input.nextDouble();

return temperature;
}

public static double calculateCelsius(double fahrenheit) {
double celsius;

celsius = (fahrenheit - 32) * 5 / 9;

return celsius;
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}

public static double calculateFahrenheit(double celsius) {
double fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;

return fahrenheit;
}

public static void displayResult(double temperature, String fromLabel, double result, String toLabel) {
System.out.println(Double.toString(temperature) + "° " + fromLabel + " is " + result + "° " + toLabel);

}
}

Output

Enter C to convert to Celsius or F to convert to Fahrenheit:
c

Enter Fahrenheit temperature:
100

100.0° Fahrenheit is 37.77777777777778° Celsius

Enter C to convert to Celsius or F to convert to Fahrenheit:
f

Enter Celsius temperature:
100

100.0° Celsius is 212.0° Fahrenheit

Enter C to convert to Celsius or F to convert to Fahrenheit:
x

You must enter C to convert to Celsius or F to convert to Fahrenheit.

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Temperature

// This program asks the user to select Fahrenheit or Celsius conversion
// and input a given temperature. Then the program converts the given
// temperature and displays the result.
//
// References:
//   https://www.mathsisfun.com/temperature-conversion.html
//   https://en.wikibooks.org/wiki/JavaScript

main();

function main()
{

// main could either be an if-else structure or a switch-case structure

var choice;
var temperature;
var result;

choice = getChoice();



// switch-case approach
switch(choice) {

case 'C':
case 'c':

temperature = getTemperature("Fahrenheit");
result = calculateCelsius(temperature);
displayResult(temperature, "Fahrenheit", result, "Celsius");
break;

case 'F':
case 'f':

temperature = getTemperature("Celsius");
result = calculateFahrenheit(temperature);
displayResult(temperature, "Celsius", result, "Fahrenheit");
break;

default:
output("You must enter C to convert to Celsius or F to convert to Fahrenheit!");

}
}

function getChoice() {
var choice;

output("Enter C to convert to Celsius or F to convert to Fahrenheit:");
choice = input();

return choice;
}

function getTemperature(label) {
var temperature;

output("Enter " + label + " temperature:");
temperature = input();

return temperature;
}

function calculateCelsius(fahrenheit) {
var celsius;

celsius = (fahrenheit - 32) * 5 / 9;

return celsius;
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}

function calculateFahrenheit(celsius) {
var fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;

return fahrenheit;
}

function displayResult(temperature, fromLabel, result, toLabel) {
output(temperature.toString() + "° " + fromLabel + " is " + result + "° " + toLabel);

}

function input(text) {
if (typeof window === 'object') {

return prompt(text)
}
else if (typeof console === 'object') {

const rls = require('readline-sync');
var value = rls.question(text);
return value;

}
else {

output(text);
var isr = new java.io.InputStreamReader(java.lang.System.in);
var br = new java.io.BufferedReader(isr);
var line = br.readLine();
return line.trim();

}
}

function output(text) {
if (typeof document === 'object') {

document.write(text);
}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}
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Output

Enter C to convert to Celsius or F to convert to Fahrenheit:
c

Enter Fahrenheit temperature:
100

100° Fahrenheit is 37.77777777777778° Celsius

Enter C to convert to Celsius or F to convert to Fahrenheit:
f

Enter Celsius temperature:
100

100° Celsius is 212° Fahrenheit

Enter C to convert to Celsius or F to convert to Fahrenheit:
x

You must enter C to convert to Celsius or F to convert to Fahrenheit.

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Temperature

# This program asks the user to select Fahrenheit or Celsius conversion
# and input a given temperature. Then the program converts the given
# temperature and displays the result.
#
# References:







var fahrenheit: Double

fahrenheit = celsius * 9 / 5 + 32

return fahrenheit
}

func displayResult(temperature: Double, fromLabel: String, result: Double, toLabel: String) {
print(String(temperature) + "° " + fromLabel + " is " + String(result) + "° " +  toLabel)

}

func main() {
// main could either be an if-else structure or a switch-case structure

var choice: String
var temperature: Double
var result: Double

choice = getChoice()

// if-else approach
if choice == "C" || choice == "c" {

temperature = getTemperature(label:"Fahrenheit")
result = calculateCelsius(fahrenheit:temperature)
displayResult(temperature:temperature, fromLabel:"Fahrenheit", result:result, toLabel:"Celsius")    }

else if choice == "F" || choice == "f" {
temperature = getTemperature(label:"Celsius")
result = calculateFahrenheit(celsius:temperature)
displayResult(temperature:temperature, fromLabel:"Celsius", result:result, toLabel:"Fahrenheit")

}
else {

print("You must enter C to convert to Celsius or F to convert to Fahrenheit.")
}

// switch-case approach
switch choice {

case "C", "c":
temperature = getTemperature(label:"Fahrenheit")
result = calculateCelsius(fahrenheit:temperature)
displayResult(temperature:temperature, fromLabel:"Fahrenheit", result:result, toLabel:"Celsius")

case "F", "f":
temperature = getTemperature(label:"Celsius")
result = calculateFahrenheit(celsius:temperature)
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Review Questions

True / False
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Short Answer
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Activities
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count assigned five
Repeat

Display "Blast off is soon!"
Decrement count

Until count < one

+. 0�*�*� F��*-

For x starts at 0, x < 5, increment x
Display "Are we having fun?"

End

References
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Overview

� while loop $. � �*)/-*' 7*2 ./�/ ( )/ /#�/ �''*2. �*� /* �  3 �0/ � - + �/ �'4 ��. � *) �
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Discussion

Introduction to Test Before Loops

�# - �- /2* �*((*)'4 0. � / ./ � !*- '**+. $) /# $/ -�/$*) V*- - + /$/$*)W ��/ "*-4 *! �*)/-*'
./-0�/0- .K��# 4��- F�2#$' ��)��!*-K��#$.�(*�0' ��*1 -.�/# F�2#$' K

Understanding Iteration in General – while
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some statements or action
update the flag
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Human Example of the while Loop
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Input friend_age
Output "Together your ages add up to: "
Output user_age + friend_age
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loop_response = 'y';
While loop_response = 'y'

Output "What is your age? "
Input user_age
Output "What is your friend's age? "
Input friend_age
Output "Together your ages add up to: "
Output user_age + friend_age
Output "Do you want to try again? y or n "
Input loop_response
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Counting Loops
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counter = 0
While counter < 5

Output "I love ice cream!"
counter += 1

�# 1�-$��' �*0)/ - $. .�$� /* � �*)/-*''$)" /# '**+K 
/ $. . / /* 5 -* V��'' � $)$/$�'$5�/$*)W � !*- 
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 3 �0/ /# ��/$*) V2#$�# �*0'� � (*- /#�) *) ./�/ ( )/W � . / *! "$1 ) )0(� - *! /$( .K 
)
*0-  3�(+' G /# ( ..�" $. �$.+'�4 � 61 /$( . *) /# (*)$/*-K 
/ $. ���*(+'$.# � �4(�&$)" .0- 
�'' !*0- �//-$�0/ . *! /# 2#$' �*)/-*' ./-0�/0- �- +- . )/ �)� 2*-&$)" +-*+ -'4K �# �//-$�0/ . �- F

�#$' �**+ k :;;
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�$..$)" �) �//-$�0/ ($"#/ ��0. �) $)6)$/ '**+ *- "$1 0)� .$- � - .0'/. V�* . )*/ 2*-& +-*+ -'4WK

Infinite Loops

�*).$� -F

counter = 0;
while counter < 5

Output "I love ice cream!"

�$..$)"�/# �7�"�0+��/ �0.0�''4���0. .��)�$)6)$/ �'**+K

Variations on Counting


) /# !*''*2$)"  3�(+' G /# $)/ " - 1�-$��' �" $. .�$� /* � �*)/-*''$)" /# '**+ V/#�/ $. /# 7�"WK
� ��) �..0( /#�/ �" #�. � 1�'0 +-*1$� �  �-'$ - $) /# +-*"-�(K � ��0. /# 2#$' ./-0�/0- 
$. � / ./ � !*- '**+O $/ $. +*..$�' /#�/ /# + -.*)^. �" $. 8 V5 -*W �)� /# 6-./ /$( 2 / ./ /# 
 3+- ..$*)�$/�2$''�� �!�'. ��)��/# ���/$*)�+�-/�*!�/# �'**+�2*0'��) 1 -�� � 3 �0/ �K

While 0 < age
Output "I love candy!"
age -= 1

�*).$� - /# !*''*2$)" 1�-$�/$*) �..0($)" /#�/ �" �)� �*0)/ - �- �*/# $)/ " - ��/� /4+ �)� /#�/
�" �#�.���1�'0 F

counter = 0;
While counter < age

Output "I love corn chips!"
counter += 1

�#$. '**+ $. � �*0)/$)" '**+ .$($'�- /* *0- 6-./ �*0)/$)" '**+  3�(+' K �# *)'4 �$!! - )� $. $)./ ��
*! 0.$)" � '$/ -�' �*)./�)/ V$) */# - 2*-�. =W $) *0-  3+- ..$*)G 2 0. � /# 1�-$��' �" V�)� /#0.
/# 1�'0 ./*- � $) �" W /* � / -($) #*2(�)4 /$( . /*  3 �0/ /# '**+K 	*2 1 -G 0)'$& *0- 6-./
�*0)/$)" '**+  3�(+' 2#$�# 2$'' �'2�4.  3 �0/  3��/'4 = /$( .O $/ $. +*..$�' /#�/ /# + -.*)^. �" 
$. 8 V5 -*W �)� /# 6-./ /$( 2 / ./ /#  3+- ..$*) $/ 2$'' � !�'. �)� /# ��/$*) +�-/ *! /#



Key Terms

counting controlled
�.$)"���1�-$��' �/*��*0)/�0+�*-��*2)�/*��*)/-*'���'**+K

event controlled
�.$)"�0. -�$)+0/�/*��*)/-*'���'**+K

infinite loop
��. ,0 )� �*!�$)./-0�/$*).�2#$�#�'**+.� )�' ..'4G� $/# -��0 �/*�/# �'**+�#�1$)"�)*�/ -($)�/$)"
�*)�$/$*)G�#�1$)"�*) �/#�/���)�) 1 -�� �( /G�*-�*) �/#�/���0. .�/# �'**+�/*�./�-/�*1 -K:

initialize item
�)��//-$�0/ �*!�$/ -�/$*)��*)/-*'�./-0�/0- .K

loop attributes

/ (.��..*�$�/ ��2$/#�$/ -�/$*)�*-�'**+$)"��*)/-*'�./-0�/0- .K

might not happen

)�$��/$)"�/#�/�/ ./�� !*- �'**+.�($"#/�)*/� 3 �0/ �/# ���/$*)K

while
��/ ./�� !*- �$/ -�/$*)��*)/-*'�./-0�/0- K
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Overview

� do while loop $. � �*)/-*' 7*2 ./�/ ( )/ /#�/  3 �0/ . � �'*�& *! �*� �/ ' �./ *)� G �)� /# )
- + �/ �'4  3 �0/ . /# �'*�&G *- )*/G � + )�$)" *) � "$1 ) �**' �) �*)�$/$*) �/ /#  )� *! /# 
�'*�&K9

�*( '�)"0�" . (�4 0. � �$!! - )/ )�($)" �*)1 )/$*) !*- /#$. /4+ *! '**+K �*-  3�(+' G /# 
��.��' '�)"0�" #�. � repeat until loopG 2#$�# �*)/$)0 . /* -0) 0)/$' /# �*)/-*'  3+-







Output "What is your age? "
Input user_age
Output "What is your friend's age? "
Input friend_age
Output "Together your ages add up to: "
Output user_age + friend_age

While loop_response == 'y'

�# +-*"-�(( - �..$") � � 1�'0 /* /# 7�" � !*- /# '**+ �)� !*-"*/ /* 0+��/ /# 7�"K
�1 -4 /$( /# / ./  3+- ..$*) $. �.& � $/ 2$'' �'2�4. � /-0 K �#0.G �) $)6)$/ '**+ � ��0. /# 
+-*"-�(( -��$��)*/�+-*1$� ���2�4�/*� 3$/�/# �'**+�V# �!*-"*/�/*�0+��/ �/# �7�"WK
�*).$� -�/# �!*''*2$)"��*� F

do
Output "What is your age? "
Input user_age
Output "What is your friend's age? "
Input friend_age
Output "Together your ages add up to: "
Output age_user + friend_age
Output "Do you want to try it again? y or n "
Input loop_response

While loop_response = 'y'

�*(�// - 2#�/ /# 0. - - +'$ . �0-$)" /# 7�" 0+��/ G /# / ./  3+- ..$*) �* . )*/ �* � - '�/$*)�'
�*(+�-$.*) �0/ �* . �) �..$")( )/K 
/ �..$"). ]4^ /* /# 1�-$��' �)� �.&. $! ]4^ $. /-0 L �$)� �'' )*)Z
5 -* 1�'0 . �- /- �/ � �. - +- . )/$)" /-0 G /# �).2 - /* /# / 3/ ,0 ./$*) $. /-0 K �$*'�G 4*0 #�1 
�)�$)6)$/ �'**+K

Key Terms

action item
�)��//-$�0/ �*!�$/ -�/$*)��*)/-



test item
�)��//-$�0/ �*!�$/ -�/$*)��*)/-*'�./-0�/0- .K

update item
�)��//-$�0/ �*!�$/ -�/$*)��*)/-*'�./-0�/0- .K
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Computer Implementation
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Overview

� for loop $. � �*)/-*' 7*2 ./�/ ( )/ !*- .+ �$!4$)" $/ -�/$*)G 2#$�# �''*2. �*� /* �  3 �0/ �
- + �/ �'4K � !*- '**+ #�. /2* +�-/.F � # �� - .+ �$!4$)" /# $/ -�/$*)G �)� � �*�4 2#$�# $.  3 �0/ �
*)� + - $/ -�/$*)K �# # �� - *!/ ) � �'�- . �)  3+'$�$/ '**+ �*0)/ - *- '**+ 1�-$��' G 2#$�# �''*2.
/# �*�4 /* &)*2 2#$�# $/ -�/$*) $. � $)"  3 �0/ �K �*- '**+. �- /4+$��''4 0. � 2# ) /# )0(� -
*! $/ -�/$*). $. &)*2) � !*-  )/ -$)" /# '**+K �*- '**+. ��) � /#*0"#/ *! �. .#*-/#�)�. !*- 2#$' 
'**+.�2#$�#�$)�- ( )/��)��/ ./���'**+�1�-$��' K9

Discussion

Introduction to Test Before Loops

�# - �- /2* �*((*)'4 0. � / ./ � !*- '**+. $) /#





 ).0- /#�/ /# '**+ ,0 ./$*) 2$''  1 )/0�''4 � !�'. .* /#�/ /# '**+ 2$'' ./*+  3 �0/$)" �)� /# 
+-*"-�( �*)/$)0 . 2$/# /# ) 3/ '$) *! �*� K 	*2 1 -G $! /#$. �* . )*/ #�++ )G /# ) /# +-*"-�(
$.�$)��)�$)6)$/ �'**+K�
)6)$/ �'**+.��- �������/#$)"K��*).$� -�/# �!*''*2$)"��*� F

For counter = 0, counter < 5
Output "I love ice cream!"

�# +-*"-�(( - �..$") � � 1�'0 /* /# 7�" �0-$)" /# $)$/$�'$5�/$*) ./ + 2#$�# $. �*-- �/K
	*2 1 -G /# 4 !*-"*/ /* 0+��/ /# 7�" V/# 0+��/ ./ + $. ($..$)"WK �1 -4 /$( /# /





continue

�# !*''*2$)" "$1 . /# �++ �-�)� /#�/ /# '**+ 2$'' +-$)/ /* /# (*)$/*- @ /$( .G �0/ /# �*)/$)0 
./�/ ( )/���0. .�$/�)*/�/*�+-$)/�)0(� -�<K

For counter = 0, counter < 8, counter += 1
If counter == 4

continue
Output counter

return

�# �- /0-)�./�/ ( )/� 3$/.���!0)�/$*)��)��- /0-).�/*�/# �./�/ ( )/�2# - �/# �!0)�/$*)�2�.���'' �K

Function DoSometing
statements

Return <optional return value>

goto

�# "*/* ./-0�/0- $. /4+$��''4 )*/ ��� +/ � $) "**� ./-0�/0- � +-*"-�(($)"K 	*2 1 -G .*( 
+-*"-�(($)" '�)"0�" . �''*2 4*0 /* �- �/ � '�� ' 2$/# �) $� )/$6 - )�( !*''*2 � �4 � �*'*)K
�*0�0. �/# ��*((�)��2*-� goto !*''*2 ���4�/# �'�� 'K

some lines of code;
goto label;                // jumps to the label
some lines of code;
some lines of code;
some lines of code;
label: some statement;     // Declared label
some lines of code;

exit

�'/#



+-*� .. - /0-). �) $)/ " - 1�'0 ���& /* /# *+ -�/$)" .4./ (K 
/ 6/. /# � 6)$/$*) *! �-�)�#$)"
2#$�#�$.�/*�%0(+�/*�.*( �*/# -�+'�� �$)�/# �+-*"-�(K

Key Terms

branching statements
�''*2�/# �7*2�*!� 3 �0/$*)�/*�%0(+�/*����$!! - )/�+�-/�*!�/# �+-*"-�(K

break
���-�)�#$)"�./�/ ( )/�/#�/�/ -($)�/ .�/# � 3$./$)"�./-0�/0- K

continue
���-�)�#$)"�./�/ ( )/�/#�/���0. .���'**+�/*�./*+�$/.��0-- )/�$/ -�/$*)��)��� "$)�/# �) 3/�*) K

exit
��+- � 6) ��!0)�/$*)�0. ��/*�+- (�/0- '4�./*+���+-*"-�(��)��- /0-)�/*�/# �*+ -�/$)"
.4./ (K

goto
�)�0)./-0�/0- ���-�)�#$)"�./�/ ( )/�/#�/���0. .�/# �'*"$��/*�%0(+�/*����$!! - )/�+'�� �$)�/# 
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return
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Overview

Increment and decrement operators �- 0)�-4 *+ -�/*-. /#�/ ��� *- .0�/-��/ *) !-*( /# $-
*+ -�)�G�- .+ �/$1 '4K��# 4��- ��*((*)'4�$(+' ( )/ ��$)�$(+ -�/$1 �+-*"-�(($)"�'�)"0�" .K9

Discussion

�# $� � *! $)�- ( )/ *- � �- ( )/ $. /*  $/# - ��� *- .0�/-��/ 9 !-*( � 1�-$��' /#�/ $. 0.0�''4
��/$)"��.���7�"K��.$)"���1�-$��' �)�( ���*0)/ -O�$)�" ) -$��/ -(.G�!*-� 3�(+' F

increment the counter
�# ��*)� +/�$.F
counter is assigned counter + 1
�#�/ $. 4*0 ! /�# /#  3$./$)" 1�'0 *! /# �*0)/ - �)� ��� *) /# ) ./*- /# �).2 - ���&

$)/* /# 1�-$��' �*0)/ -K ��)4 +-*"-�(($)" '�)"0�" . �''*2 /# $- $)�- ( )/ �)� � �- ( )/
*+ -�/*-. /* *)'4 � 0. � 2$/# /# $)/ " - ��/� /4+ K �-*"-�(( -. 2$'' .*( /$( . 0. $)� �)� � �
�.����- 1$�/$*).�!*-�$)�- ( )/��)��� �- ( )/�- .+ �/$1 '4K
�+ -�/*- .4(�*'. �)�P*- )�( . 1�-4 2$/# �$!! - )/ +-*"-�(($)" '�)"0�" .K � 1 -�'

+-*"-�(($)"�'�)"0�" .�.0++*-/�$)�- ( )/��)��� �- ( )/�*+ -�/*-.F

�+ -�/*- � �)$)"

++ $)�- ( )/G two plus signs

-- � �- ( )/G two minus signs

Code Examples

Basic Concept

�$/#$) �``G �JG ��1�G �)� ��1���-$+/ +-*"-�(($)" '�)"0�" .G /# $)�- ( )/ �)� � �- ( )/
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Exercises
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�$( Z&  +$)" *) � �'*�& "$1 . �)  3�(+' *! (*�0'�- �-$/#( /$�K\ V�*�0'�- �-$/#( /$� !-*(
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Implications When Executing Loops
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E 
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 /^. "$1 �)  3�(+' *! /# '**+  3 �0/$)" !*- 2#�/ �++ �-. /* � !*- $)6)$/4 V/# /#$-� $/ ( *) *0-
'$./WK

for int x = 0, x < 10, x--
Output x

�# ��*1 �*� ���$� )/�''4 � �- ( )/. �)� /# 1�'0 *! 3 "* . $) � ) "�/$1 2�4 /*2�-�.
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/ ($"#/
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 3 �0/$*)K

Key Terms

circular nature
�*)) �/$)"�/# �) "�/$1 ��)��+*.$/$1 � )�.�*!�/# ��*(�$)�*!��)�$)/ " -�!�($'4���/��/4+ K

loop control
��&$)"�.0- �/# ��//-$�0/ .�*!���'**+��- �+-*+ -'4�#�)�' �K
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Overview

Nested for loops +'�� . *) !*- '**+ $).$� �)*/# - !*- '**+K �# $)) - '**+ $. - + �/ � !*-  ��#
$/ -�/$*)�*!�/# �*0/ -�'**+K

Discussion

Nested Control Structures

� �- "*$)" /* 6-./ $)/-*�0� /# �*)� +/ *! ) ./ � �*)/-*' ./-0�/0- .K � ./$)" $. � �*)� +/ /#�/
+'�� .�*) �$/ (�$).$� �*!��)*/# -K��*).$� -F

if expression
true action

else
false action

�#$.�$.�/# ���.$��!*-(�*!�/# �$!�/# )� '. ��*)/-*'�./-0�/0- K��*2��*).$� -F

if age is less than 18
you can't vote
if age is less than 16

you can't drive
else

you can drive
else

you can vote
if age is less than 21

you can't drink
else

you can drink
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An Example – Nested for loops

	 - �$.��)� 3�(+' �*!���98��4�98�(0'/$+'$��/$*)�/��' F

1 |   2 |   3 |   4 |   5 |   6 |   7 |   8 |   9 |  10 |
-------------------------------------------------------------

1 !   1 |   2 |   3 |   4 |   5 |   6 |   7 |   8 |   9 |  10 |
2 !   2 |   4 |   6 |   8 |  10 |  12 |  14 |  16 |  18 |  20 |
3 !   3 |   6 |   9 |  12 |  15 |  18 |  21 |  24 |  27 |  30 |
4 !   4 |   8 |  12 |  16 |  20 |  24 |  28 |  32 |  36 |  40 |
5 !   5 |  10 |  15 |  20 |  25 |  30 |  35 |  40 |  45 |  50 |
6 !   6 |  12 |  18 |  24 |  30 |  36 |  42 |  48 |  54 |  60 |
7 !   7 |  14 |  21 |  28 |  35 |  42 |  49 |  56 |  63 |  70 |
8 !   8 |  16 |  24 |  32 |  40 |  48 |  56 |  64 |  72 |  80 |
9 !   9 |  18 |  27 |  36 |  45 |  54 |  63 |  72 |  81 |  90 |

10 !  10 |  20 |  30 |  40 |  50 |  60 |  70 |  80 |  90 | 100 |

� ($"#/ �'.* .  /#�/ /# �).2 -. �*0'� � � .$") � �. � �*'' �/$*) *! � ''. V ��# � '' � $)"
 3��/'4�.$3�.+�� .�2$� WK��# �+. 0�*�*� �/*�+-*�0� �+�-/�*!�/# �/��' �$.F

For row = 1, row <= 3, row += 1
For column = 1, column <= 3, column += 1

Output row * column
Output "\t"

Output "\n"

Key Terms

complex logic
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Counting

Pseudocode

... This program demonstrates While, Do, and For loop counting using user-designated start, stop, and increment values.

Function Main
Declare Integer start
Declare Integer stop
Declare Integer increment

Assign start = GetValue("starting")
Assign stop = GetValue("ending")
Assign increment = GetValue("increment")
Call WhileLoop(start, stop, increment)
Call DoLoop(start, stop, increment)
Call ForLoop(start, stop, increment)

End

Function GetValue (String name)
Declare Integer value

Output "Enter " & name & " value:"
Input value

Return Integer value

Function WhileLoop (Integer start, Integer stop, Integer increment)
Output "While loop counting from " & start & " to " & stop & " by " & increment & ":"
Declare Integer count

Assign count = start
While count <= stop

Output count
Assign count = count + increment

End
End

:=@ k **+��3�(+' .



Function DoLoop (Integer start, Integer stop, Integer increment)
Output "Do loop counting from " & start & " to " & stop & " by " & increment & ":"
Declare Integer count

Assign count = start
Loop

Output count
Assign count = count + increment

Do count <= stop
End

Function ForLoop (Integer start, Integer stop, Integer increment)
Output "For loop counting from " & start & " to " & stop & " by " & increment & ":"
Declare Integer count

For count = start to stop step increment





WhileLoop 
(Integer start, Integer stop, Integer increment)

End

Output "While loop counting 
from " & start & " to " & stop & 

" by " & increment & ":"

Integer count

count = start

Output count

count = count + increment

count <= stop
True

False

DoLoop 
(Integer start, Integer stop, Integer increment)

End

Output "Do loop counting 
from " & start & " to " & stop & 

" by " & increment & ":"

Integer count

count = start

True

False

Output count

count = count + increment

count <= stop

ForLoop 
(Integer start, Integer stop, Integer increment)

End

Output "For loop counting 
from " & start & " to " & stop & 

" by " & increment & ":"

Integer count

Output count

count = start to stop step 
increment

Next

Done

References
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Counting

// This program demonstrates While, Do, and For loop counting using
// user-designated start, stop, and increment values.
//
// References:
//     https://en.wikibooks.org/wiki/C%2B%2B_Programming

#include

using namespace std;

int getValue(string name);
void whileLoop(int start, int stop, int increment);
void doLoop(int start, int stop, int increment);
void forLoop(int start, int stop, int increment);

int main() {
int start = getValue("starting");
int stop = getValue("ending");
int increment = getValue("increment");

whileLoop(start, stop, increment);
doLoop(start, stop, increment);
forLoop(start, stop, increment);

return 0;
}

int getValue(string name) {
int value;

cout << "Enter " << name << " value:" <> value;

return value;
}

:>: k �``��3�(+' .



void whileLoop(int start, int stop, int increment) {
cout << "While loop counting from " << start << " to " <<

stop << " by " << increment << ":" << endl;

int count = start;
while (count <= stop) {

cout << count << endl;
count = count + increment;

}
}

void doLoop(int start, int stop, int increment) {
cout << "Do loop counting from " << start << " to " <<

stop << " by " << increment << ":" << endl;

int count = start;
do {

cout << count << endl;
count = count + increment;

} while (count <= stop);
}

void forLoop(int start, int stop, int increment) {
cout << "For loop counting from " << start << " to " <<

stop << " by " << increment << ":" << endl;

for (int count = start; count <= stop; count += increment) {
cout << count << endl;

}
}

Output

Enter starting value:
1
Enter ending value:
3
Enter increment value:
1
While loop counting from 1 to 3 by 1:
1
2

�``��3�(+' . k :>;



3
Do loop counting from 1 to 3 by 1:
1
2
3
For loop counting from 1 to 3 by 1:
1
2
3

References
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Counting

// This program demonstrates While, Do, and For loop counting using
// user-designated start, stop, and increment values.
//
// References:
//     https://en.wikibooks.org/wiki/C_Sharp_Programming

using System;

public class Loops
{

public static void Main(string[] args)
{

int start = GetValue("starting");
int stop = GetValue("ending");
int increment = GetValue("increment");

WhileLoop(start, stop, increment);
DoLoop(start, stop, increment);
ForLoop(start, stop, increment);

}

public static int GetValue(string name)
{

Console.WriteLine("Enter " + name + " value:");
string input = Console.ReadLine();
int value = Convert.ToInt32(input);

return value;
}

public static void WhileLoop(int start, int stop, int increment)
{

Console.WriteLine("While loop counting from " + start + " to " +
stop + " by " + increment + ":");

�J��3�(+' . k :>=





While loop counting from 1 to 3 by 1:
1
2
3
Do loop counting from 1 to 3 by 1:
1
2
3
For loop counting from 1 to 3 by 1:
1
2
3

References
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Counting

// This program demonstrates While, Do, and For loop counting using
// user-designated start, stop, and increment values.
//
// References:
//     https://en.wikibooks.org/wiki/Java_Programming

import java.util.*;

public class Main {





1
2
3

References
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Counting

// This program demonstrates While, Do, and For loop counting using
// user-designated start, stop, and increment values.
//
// References:
//   https://en.wikibooks.org/wiki/JavaScript

main()

function main() {
var start = getValue("starting");
var stop = getValue("ending");
var increment = getValue("increment");

whileLoop(start, stop, increment);
doLoop(start, stop, increment);
forLoop(start, stop, increment);

}

function getValue(name) {
output("Enter " + name + " value:");
var value = Number(input());
return value;

}

function whileLoop(start, stop, increment) {
output("While loop counting from " + start + " to " + stop +

" by " + increment + ":");

var count = start;
while (count <= stop) {

output(count);
count = count + increment;

}
}

��1���-$+/��3�(+' . k :?9



function doLoop(start, stop, increment) {
output("Do loop counting from " + start + " to " + stop +

" by " + increment + ":");

var count = start;
do {

output(count);
count = count + increment;

} while (count <= stop);
}

function forLoop(start, stop, increment) {
output("For loop counting from " + start + " to " + stop +

" by " + increment + ":");

for (var count = start; count <= stop; count += increment) {
output(count);

}
}

function input(text) {
if (typeof window === 'object') {

return prompt(text)
}
else if (typeof console === 'object') {

const rls = require('readline-sync');
var value = rls.question(text);
return value;

}
else {

output(text);
var isr = new java.io.InputStreamReader(java.lang.System.in);
var br = new java.io.BufferedReader(isr);
var line = br.readLine();
return line.trim();

}
}

function output(text) {
if (typeof document === 'object') {

document.write(text);
}
else if (typeof console === 'object') {

:?: k ��1���-$+/��3�(+' .
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Counting

# This program demonstrates While, Do, and For loop counting using
# user-designated start, stop, and increment values.
#
# References:
#     https://en.wikibooks.org/wiki/Python_Programming

def get_value(name):
print("Enter " + name + " value:")
value = int(input())
return value

def while_loop(start, stop, increment):
print("While loop counting from " + str(start) + " to " +

str(stop) + " by " + str(increment) + ":")
count = start
while count <= stop:

print(count)
count = count + increment

def do_loop(start, stop, increment):
print("Do loop counting from " + str(start) + " to " +

str(stop) + " by " + str(increment) + ":")
count = start
while True:

print(count)
count = count + increment
if not(count <= stop):

break

def for_loop(start, stop, increment):
print("For loop counting from " + str(start) + " to " +

:?< k �4/#*)��3�(+' .



str(stop) + " by " + str(increment) + ":")
for count in range(start, stop + increment, increment):

print(count)

def main():
start = get_value("starting")
stop = get_value("ending")
increment = get_value("increment")
while_loop(start, stop, increment)
do_loop(start, stop, increment)
for_loop(start, stop, increment)

main()

Output

Enter starting value:
1
Enter ending value:
3
Enter increment value:
1
While loop counting from 1 to 3 by 1:
1
2
3
Do loop counting from 1 to 3 by 1:
1
2
3
For loop counting from 1 to 3 by 1:
1
2
3

References
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count = start
repeat {

print(count)
count = count + increment

} while count <= stop
}

func forLoop(start: Int, stop: Int, increment: Int) {
print("For loop counting from " + String(start) + " to " +

String(stop) + " by " + String(increment) + ":")

for count in stride(from: start, through: stop, by: increment) {
print(count)

}
}

func main() {
var start : Int
var stop : Int
var increment : Int

start = getValue(name: "starting")
stop = getValue(name: "ending")
increment = getValue(name: "increment")

whileLoop(start: start, stop: stop, increment: increment)
doLoop(start: start, stop: stop, increment: increment)
forLoop(start: start, stop: stop, increment: increment)

}

main()

Output

Enter starting value:
1
Enter ending value:
3
Enter increment value:
1
While loop counting from 1 to 3 by 1:
1

�2$!/��3�(+' . k :??



2
3
Do loop counting from 1 to 3 by 1:
1
2
3
For loop counting from 1 to 3 by 1:
1
2
3

References
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True / False
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Activities
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3 * 1 = 3
3 * 2 = 6
3 * 3 = 9
3 * 4 = 12
3 * 5 = 15
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Nested Loops
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Defining an Array

Language Example

�`` int ages[] = {49, 48, 26, 19, 16};
�J int[] ages = {49, 48, 26, 19, 16};
��1� int[] ages = {49, 48, 26, 19, 16};
��1���-$+/ var ages = [49, 48, 26, 19, 16];
�4/#*) ages = [49, 48, 26, 19, 16]
�2$!/ var ages:[Int] = [49, 48, 26, 19, 16]

�#$. $. /# defining of storage spaceK �# .,0�- �-��& /. [] �- 0. � # - /* �- �/ /# �--�4
2$/# 61 $)/ " - ( (� -. �)� /# $� )/$6 - )�( *! �" .K �# �..$")( )/ 2$/# �-�� . V/#�/ $.
� �'*�&W  ./��'$.# . /# $)$/$�' 1�'0 . �..$") � /* /# ( (� -. *! /# �--�4K �*/ /# 0. *! /# 
. ,0 )� �*-��*((��*+ -�/*-K�� ��*0'��#�1 ��'.*��*) �.*( /#$)"�.$($'�-�/*F

Language Example Initial Values

�`` int ages[5]; 0)� 6) �

�J int[] ages = new int[5]; 8

��1� int[] ages = new int[5]; 8

��1���-$+/ var ages = Array(5); 0)� 6) �

�4/#*) ages = [None] * 5 �*) 

�#$. 2*0'� #�1 � �'�- � /# ./*-�" .+�� *! 61 $)/ " -. 2$/# /# $� )/$6 - )�( *! �" . �0/
/# $- $)$/$�' 1�'0 . 2*0'� #�1 �  ) 0)&)*2) 1�'0 . *- $)$/$�'$5 � �. $)�$��/ �G � + )�$)" *)
/# +-*"-�(($)" '�)"0�" K � �*0'� �..$") 1�'0 . '�/ - $) *0- +-*"-�( �4 �*$)" /# !*''*2$)"
V' �1$)"�*!!�/# �. ($�*'*).�$)��4/#*)WF

ages[0] = 49;
ages[1] = 48;
ages[2] = 26;
ages[3] = 19;
ages[4] = 16;

�*/ F��# �( (� -.�*!�/# ��--�4�"*�!-*(�8�/*�<O NOT 9�/*�=K��#$.�$.� 3+'�$) ��$)�(*- �� /�$'�*)�/# 
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Key Terms

dimension
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Position Index Miss America Other Contests
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Output

49
48
26
19
16

Key Terms

array function
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�/�/$./$�. $. � �-�)�# *! (�/# (�/$�. � �'$)" 2$/# /# �*'' �/$*)G *-"�)$5�/$*)G �)�'4.$.G
$)/ -+- /�/$*)G �)� +- . )/�/$*) *! ��/�K �*((*) ./�/$./$��' ( /#*�. $)�'0� ( �) V*- �1 -�" W
�)��./�)��-��� 1$�/$*)K9

Discussion
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Pseudocode

Function Main
Declare Integer Array ages[5]
Declare Integer total

Assign ages = [49, 48, 26, 19, 16]

Assign total = sum(ages)

Output "Total age is: " & total
End

Function sum (Integer Array array)
Declare Integer total
Declare Integer index
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Assign total = 0
For index = 0 to Size(array) - 1

Assign total = total + array[index]
End

Return Integer total

Output

Total age is: 158

Key Terms

sum
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Output "Minimum age is: " & minimum
End

Function max (Integer Array array)
Declare Integer maximum
Declare Integer index

Assign maximum = array[0]
For index = 1 to Size(array) - 1

If maximum < array[index]
Assign maximum = array[index]

End
End

Return Integer maximum

Function min (Integer Array array)
Declare Integer minimum
Declare Integer index

Assign minimum = array[0]
For index = 1 to Size(array) - 1

If minimum > array[index]
Assign minimum = array[index]

End
End

Return Integer minimum

Output

Maximum age is: 49
Minimum age is: 16

Key Terms

linear search
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Pseudocode

Function Main
Declare String Array names[5]
Declare Integer Array ages[5]

Assign names = ["Lisa", "Michael", "Ashley", "Jacob", "Emily"]
Assign ages = [49, 48, 26, 19, 16]

DisplayArrays(names, ages)
End

Function DisplayArrays (String Array names, Integer Array ages)
Declare Integer index

For index = 0 to Size(array) - 1
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Output names[index] & " is " & ages[index] & " years old"
End

End

Output

Lisa is 49 years old
Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old

Key Terms

parallel array
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Language Class Add Remove

�``
#include <list>
std::list insert erase

�J System.Collections.Generic.List Add Remove
��1� java.util.ArrayList add remove
��1���-$+/ Array push G splice pop G splice
�4/#*) List append remove
�2$!/ Array append
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Arrays

// This program demonstrates array processing, including:
// display, total, max, min, parallel arrays, sort,
// fixed arrays, dynamic arrays, and multidimensional arrays.

#include <iostream>
#include <list>
#include <algorithm>

using namespace std;

void displayArray(int [], int);
int sum(int [], int);
int max(int [], int);
int min(int [], int);
void displayParallel(string [], int [], int);
void fixedArray();
void dynamicArray();
void displayMultidimensional();

int main() {
string names[] = {"Lisa", "Michael", "Ashley", "Jacob", "Emily"};
int ages[] = {49, 48, 26, 19, 16};

displayArray(ages, sizeof(ages) / sizeof(int));

int total = sum(ages, sizeof(ages) / sizeof(int));
int maximum = max(ages, sizeof(ages) / sizeof(int));
int minimum = min(ages, sizeof(ages) / sizeof(int));

cout << "total: " << total << endl;
cout << "maximum: " << maximum << endl;
cout << "minimum: " << minimum << endl;

displayParallel(names, ages, sizeof(ages) / sizeof(int));
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sort(ages, ages + sizeof(ages) / sizeof(int));
displayArray(ages, sizeof(ages) / sizeof(int));

fixedArray();
dynamicArray();
displayMultidimensional();

return 0;
}

void displayArray(int arry[], int size) {
for (int index = 0; index < size; index++) {

cout << "array[" << index << "] = " << arry[index] << endl;
}

}

int sum(int arry[], int size) {
int total = 0;
for (int index = 0; index < size; index++) {

total += arry[index];
}
return total;

}

int max(int arry[], int size) {
int maximum = arry[0];
for (int index = 1; index < size; index++) {

if (maximum < arry[index]) {
maximum = arry[index];

}
}
return maximum;

}

int min(int arry[], int size) {
int minimum = arry[0];
for (int index = 1; index  arry[index]) {

minimum = arry[index];
}

}
return minimum;

}
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void displayParallel(string names[], int ages[], int size) {
for (int index = 0; index < size; index++) {

cout << names[index] << " is " << ages[index] << " years old" << endl;
}

}

void fixedArray() {
int arry[5];
srand (time(NULL));
for (int index = 0; index < 5; index++) {

int number = rand() % 100;
arry[index] = number;

}

displayArray(arry, 5);
}

void dynamicArray() {
list arry;
srand (time(NULL));
for (int index = 0; index < 5; index++) {

int number = rand() % 100;
arry.push_back(number);

}

for (list::iterator it = arry.begin(); it != arry.end(); it++) {
cout << *it << endl;

}
}

void displayMultidimensional() {
string game[3][3] = {

{"X", "O", "X"},
{"O", "O", "O"},
{"X", "O", "X"} };

for (int row = 0; row < 3; row++) {
for (int column = 0; column < 3; column++) {

cout << (game[row][column]);
if (column < 2) {

cout << " | ";
}

}
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cout << endl;
}

}

Output

array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49 years old
Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old
array[0] = 16
array[1] = 19
array[2] = 26
array[3] = 48
array[4] = 49
array[0] = 30
array[1] = 14
array[2] = 67
array[3] = 59
array[4] = 96
30
14
67
59
96
X | O | X
O | O | O
X | O | X

References

E �)3K*-"F��-*"-�(($)"��0)��( )/�'.�Y����*�0'�-��/-0�/0- ���++-*��#�0.$)"��``

�``��3�(+' . k ;8A



�J��3�(+' .
DAVE BRAUNSCHWEIG

Arrays

// This program demonstrates array processing, including:
// display, total, max, min, parallel arrays, sort,
// fixed arrays, dynamic arrays, and multidimensional arrays.

using System;
using System.Collections.Generic;

class Arrays {
public static void Main (string[] args)
{

String[] names = {"Lisa", "Michael", "Ashley", "Jacob", "Emily"};
int[] ages = {49, 48, 26, 19, 16};

DisplayArray(ages);

int total = sum(ages);
int maximum = max(ages);
int minimum = min(ages);

Console.WriteLine("total: " + total);
Console.WriteLine("maximum: " + maximum);
Console.WriteLine("minimum: " + minimum);

DisplayParallel(names, ages);

System.Array.Sort(ages);
DisplayArray(ages);

FixedArray();
DynamicArray();
DisplayMultidimensional();

}

public static void DisplayArray(int[] array)
{
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for (int index = 0; index < array.Length; index++)
{

Console.WriteLine("array[" + index + "] = " + array[index]);
}

}

public static int sum(int[] array)
{

int total = 0;
for (int index = 0; index < array.Length; index++)
{

total += array[index];
}
return total;

}

public static int max(int[] array)
{

int maximum = array[0];
for (int index = 1; index < array.Length; index++)
{

if (maximum < array[index])
{

maximum = array[index];
}

}
return maximum;

}

public static int min(int[] array)
{

int minimum = array[0];
for (int index = 1; index  array[index])
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{
Console.WriteLine(names[index] + " is " +

ages[index] + " years old");
}

}

public static void FixedArray()
{

int[] array = new int[5];

Random random = new Random();
for (int index = 0; index < array.Length; index++)
{

int number = random.Next(0, 100);
array[index] = number;

}
DisplayArray(array);

}

public static void DynamicArray()
{

List array = new List();

Random random = new Random();
for (int index = 0; index < 5; index++)
{

int number = random.Next(0, 100);
array.Add(number);

}
for (int index = 0; index < array.Count; index++)
{

Console.WriteLine("array[" + index + "] = " + array[index]);
}

}

public static void DisplayMultidimensional()
{

String[,] game = new String[,]
{

{"X", "O", "X"},
{"O", "O", "O"},
{"X", "O", "X"}

};
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for (int row = 0; row < 3; row++)
{

for (int column = 0; column < 3; column++)
{

Console.Write(game[row, column]);
if (column < 2)
{

Console.Write(" | ");
}

}
Console.WriteLine();

}
}

}

Output

array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49 years old
Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old
array[0] = 16
array[1] = 19
array[2] = 26
array[3] = 48
array[4] = 49
array[0] = 65
array[1] = 45
array[2] = 78
array[3] = 32
array[4] = 4
array[0] = 24
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array[1] = 62
array[2] = 97
array[3] = 40
array[4] = 82
X | O | X
O | O | O
X | O | X

References
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Arrays

// This program demonstrates array processing, including:
// display, total, max, min, parallel arrays, sort,
// fixed arrays, dynamic arrays, and multidimensional arrays.

import java.util.*;

class Main {
public static void main(String[] args) {

String[] names = {"Lisa", "Michael", "Ashley", "Jacob", "Emily"};
int[] ages = {49, 48, 26, 19, 16};

displayArray(ages);

int total = sum(ages);
int maximum = max(ages);
int minimum = min(ages);

System.out.println("total: " + total);
System.out.println("maximum: " + maximum);
System.out.println("minimum: " + minimum);

displayParallel(names, ages);

Arrays.sort(ages);
displayArray(ages);

fixedArray();
dynamicArray();
displayMultidimensional();

}

public static void displayArray(int[] array) {
for (int index = 0; index < array.length; index++) {

System.out.println("array[" + index + "] = " + array[index]);
}
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}

public static int sum(int[] array) {
int total = 0;
for (int index = 0; index < array.length; index++) {

total += array[index];
}
return total;

}

public static int max(int[] array) {
int maximum = array[0];
for (int index = 1; index < array.length; index++) {

if (maximum < array[index]) {
maximum = array[index];

}
}
return maximum;

}

public static int min(int[] array) {
int minimum = array[0];
for (int index = 1; index  array[index]) {

minimum = array[index];
}

}
return minimum;

}

public static void displayParallel(String[] names, int[] ages) {
for (int index = 0; index < names.length; index++) {

System.out.println(names[index] + " is " +
ages[index] + " years old");

}
}

public static void fixedArray() {
int[] array = new int[5];

for (int index = 0; index < array.length; index++) {
int number = (int) Math.floor(Math.random() * 100);
array[index] = number;

}
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displayArray(array);
}

public static void dynamicArray() {
ArrayList array = new ArrayList();

for (int index = 0; index < 5; index++) {
int number = (int) Math.floor(Math.random() * 100);
array.add(number);

}
System.out.println(array);

}

public static void displayMultidimensional() {
String[][] game = {

{"X", "O", "X"},
{"O", "O", "O"},
{"X", "O", "X"} };

for (int row = 0; row < 3; row++) {
for (int column = 0; column < 3; column++) {

System.out.print(game[row][column]);
if (column < 2) {

System.out.print(" | ");
}

}
System.out.println();

}
}

}

Output

array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49 years old
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Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old
array[0] = 16
array[1] = 19
array[2] = 26
array[3] = 48
array[4] = 49
array[0] = 28
array[1] = 30
array[2] = 28
array[3] = 75
array[4] = 21
[56, 50, 63, 82, 15]
X | O | X
O | O | O
X | O | X

References
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Arrays

// This program demonstrates array processing, including:
// display, total, max, min, parallel arrays, sort,
// fixed arrays, dynamic arrays, and multidimensional arrays.

main()

function main() {
var names = ['Lisa', 'Michael', 'Ashley', 'Jacob', 'Emily'];
var ages = [49, 48, 26, 19, 16];

displayArray(names);
displayArray(ages);

var total = sum(ages);
var maximum = max(ages);
var minimum = min(ages);

output('total: ' + total);
output('maximum: ' + maximum);
output('minimum: ' + minimum);

displayParallel(names, ages);

ages.sort();
displayArray(ages);

fixedArray();
dynamicArray();
displayMultidimensional();

}

function displayArray(array) {
for (var index = 0; index < array.length; index++) {

output('array[' + index + '] = ' + array[index]);
}
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}

function sum(array) {
var total = 0;
for (var index = 0; index < array.length; index++) {

total += array[index];
}
return total;

}

function max(array) {
var maximum = array[0];
for (var index = 1; index < array.length; index++) {

if (maximum < array[index]) {
maximum = array[index];

}
}
return maximum;

}

function min(array) {
var minimum = array[0];
for (var index = 1; index < array.length; index++) {

if (minimum > array[index]) {
minimum = array[index];

}
}
return minimum;

}

function displayParallel(names, ages) {
for (var index = 0; index < names.length; index++) {

output(names[index] + ' is ' + ages[index] + ' years old');
}

}

function fixedArray() {
var array = new Array(5);

for (var index = 0; index < array.length; index++) {
var number = Math.floor(Math.random() * 100);
array[index] = number;

}
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displayArray(array);
}

function dynamicArray() {
var array = [];

for (var index = 0; index < 5; index++) {
var number = Math.floor(Math.random() * 100);
array.push(number);

}
displayArray(array);

}

function displayMultidimensional() {
var game = [

['X', 'O', 'X'],
['O', 'O', 'O'],
['X', 'O', 'X'] ];

for (var row = 0; row < 3; row++) {
var line = '';
for (var column = 0; column < 3; column++) {

line += game[row][column];
if (column < 2) {

line += ' | ';
}

}
output(line);

}
}

function output(text) {
if (typeof document === 'object') {

document.write(text);
}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}
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Output

array[0] = Lisa
array[1] = Michael
array[2] = Ashley
array[3] = Jacob
array[4] = Emily
array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49 years old
Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old
array[0] = 16
array[1] = 19
array[2] = 26
array[3] = 48
array[4] = 49
array[0] = 55
array[1] = 4
array[2] = 46
array[3] = 88
array[4] = 49
array[0] = 28
array[1] = 95
array[2] = 13
array[3] = 60
array[4] = 60
X | O | X
O | O | O
X | O | X

References
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Arrays

# This program demonstrates array processing, including:
# display, total, max, min, parallel arrays, sort,
# fixed arrays, dynamic arrays, and multidimensional arrays.

def display_array(array):
for index in range(len(array)):

print('array[' + str(index) + '] = ' +
str(array[index]))

def sum(array):
total = 0
for index in range(len(array)):

total += array[index]
return total

def max(array):
maximum = array[0]
for index in range(1, len(array)):

if maximum  array[index]:
minimum = array[index]

return minimum

def display_parallel(names, ages):
for index in range(len(names)):

print(names[index] + ' is ' +
str(ages[index]) + ' years old')

def fixed_array():
import random
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array = [None] * 5
for index in range(len(array)):

array[index] = random.randint(0, 100)
display_array(array)

def dynamic_array():
import random

array = []
for index in range(5):

array.append(random.randint(0, 100))
display_array(array)

def display_multidimensional():
game = [

['X', 'O', 'X'],
['O', 'O', 'O'],
['X', 'O', 'X'] ]

for row in range (0, 3):
for column in range(0, 3):

print(game[row][column], end='')
if column < 2:

print(' | ', end='')
print()

def main():
names = ['Lisa', 'Michael', 'Ashley', 'Jacob', 'Emily']
ages = [49, 48, 26, 19, 16]

display_array(names)
display_array(ages)

total = sum(ages)
maximum = max(ages)
minimum = min(ages)

print('total: ' + str(total))
print('maximum: ' + str(maximum))
print('minimum: ' + str(minimum))
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display_parallel(names, ages)

ages.sort()
display_array(ages)

fixed_array()
dynamic_array()
display_multidimensional()

main()

Output

array[0] = Lisa
array[1] = Michael
array[2] = Ashley
array[3] = Jacob
array[4] = Emily
array[0] = 49
array[0] = Lisa
array[1] = Michael
array[2] = Ashley
array[3] = Jacob
array[4] = Emily
array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49 years old
Michael is 48 years old
Ashley is 26 years old
Jacob is 19 years old
Emily is 16 years old
array[0] = 16
array[1] = 19
array[2] = 26
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array[3] = 48
array[4] = 49
array[0] = 18
array[1] = 14
array[2] = 59
array[3] = 99
array[4] = 61
array[0] = 85
array[1] = 4
array[2] = 35
array[3] = 45
array[4] = 93
X | O | X
O | O | O
X | O | X

References
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Arrays

// This program demonstrates array processing, including:
// display, total, max, min, parallel arrays, sort,
// fixed arrays, dynamic arrays, and multidimensional arrays.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://developer.apple.com/library/content/documentation/Swift/Conceptual/Swift_Programming_Language/TheBasics.html

import Foundation

func displayArray(array: [Int]) {
for index in 0...array.count - 1 {

print("array[" + String(index) + "] = " + String(array[index]))
}

}

func displayParallel(names:[String], ages:[Int]) {
for index in 0...names.count - 1 {

print(names[index] + " is " + String(ages[index]))
}

}

func fixedArray() {
var array: [Int] = [Int](repeating: 0, count: 5)

srand(UInt32(time(nil)))
for index in 0...4 {

array[index] = random() % 100
}
print(array)

}

func dynamicArray() {
var array: [Int] = []
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srand(UInt32(time(nil)))
for _ in 0...4 {

array.append(random() % 100)
}
print(array)

}

func displayMultidimensional() {
var game: [[String]]

game = [
["X", "O", "X"],
["O", "X", "O"],
["X", "O", "X"]

]

for row in 0...2 {
for column in 0...2 {

print(game[row][column], terminator:"")
if column < 2 {

print(" | ", terminator:"")
}

}
print()

}
}

func main() {
var names: [String]
var ages: [Int]
var total: Int
var maximum: Int
var minimum: Int

names = ["Lisa", "Michael", "Ashley", "Jacob", "Emily"]
ages = [49, 48, 26, 19, 16]

displayArray(array:ages)
total = ages.reduce(0, +)
maximum = ages.max()!
minimum = ages.min()!

print("total:", total)
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print("maximum:", maximum)
print("minimum:", minimum)

displayParallel(names:names, ages:ages)

ages.sort()
displayArray(array:ages)

fixedArray()
dynamicArray()
displayMultidimensional()

}

main()

Output

array[0] = 49
array[1] = 48
array[2] = 26
array[3] = 19
array[4] = 16
total: 158
maximum: 49
minimum: 16
Lisa is 49
Michael is 48
Ashley is 26
Jacob is 19
Emily is 16
array[0] = 16
array[1] = 19
array[2] = 26
array[3] = 48
array[4] = 49
[89, 41, 22, 56, 60]
[89, 41, 22, 56, 60]
X | O | X
O | X | O
X | O | X
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Defined-Value Arrays
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Overview
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Language Reserved Word

�`` string
�J String
��1� String
��1���-$+/ String
�4/#*) str()
�2$!/ String

Key Terms

array
��. ,0 )� ���*'' �/$*)�*!� ' ( )/.�*!�/# �.�( ���/��/4+ �2$/#���.$)"' �$� )/$6 -�)�( K

buffer overflow
�)��)*(�'4�2# - ���+-*"-�(�*1 --0).���( (*-4�./*-�" �'*��/$*)��)��*1 -2-$/ .���%�� )/
( (*-4�'*��/$*).K

concatenation
�*(�$)$)"�/2*�./-$)".�$)/*�*) �./-$)"K

string class
���*(+' 3���/��$/ (�/#�/�0. .�*�% �/�*-$ )/ ��+-*"-�(($)"K

References
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Overview
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Discussion

�*./ �0-- )/ +-*"-�(($)" '�)"0�" . $)�'0� �0$'/Z$) *- '$�-�-4 !0)�/$*). /* +-*� .. ./-$)".K
�*((*)  3�(+' . $)�'0� ��. �*)1 -.$*)G �*(+�-$.*)G �*)��/ )�/$*)G 6)�G %*$)G ' )"/#G - 1 -. G
.+'$/G�.0�./-$)"G��)��/-$(K

Function C++ C# Java

��. 
tolower() G
toupper() G� /�K

ToLower() G
ToUpper() G� /�K

toLowerCase() G
toUpperCase() G� /�K

�*(+�-$.*) < G > G == G� /�K < G > G == G� /�K < G > G == G� /�K

�*)��/ )�/$*) + G += + G += + G +=
6)� find() IndexOf() indexOf()
%*$) �P� Join() join()
' )"/# length() Length length()
- +'�� replace() Replace() replace()
- 1 -. reverse() Reverse() �P�

.+'$/ strtok() Split() split()

.0�./-$)" substr() Substring() substring()
/-$( �P� Trim() trim()
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Function JavaScript Python Swift

��. 
toLowerCase() G
toUpperCase() G� /�K

lower() G upper() G
 /�K

lowercased() G
uppercased()

�*(+�-$.*) < G > G == G� /�K < G > G == G� /�K < G > G == G� /�K

�*)��/ )�/$*) + G += + G += + G +=
6)� indexOf() find() firstIndex()
%*$) join() join() joined()
' )"/# length len() count40C

"/#upper())
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Overview

String formatting 0. . � +-*� .. *! ./-$)" $)/ -+*'�/$*) V1�-$��' .0�./$/0/$*)W /*  1�'0�/ � ./-$)"
'$/ -�' �*)/�$)$)" *) *- (*- +'�� #*'� -.G 4$ '�$)" � - .0'/ $) 2#$�# /# +'�� #*'� -. �- - +'�� �
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Discussion

�*./ �0-- )/ +-*"-�(($)" '�)"0�" . +-*1$� *) *- (*- ./-$)" !*-(�//$)" !0)�/$*). /#�/ 0. 
� / (+'�/ ./-$)" 2$/# +'�� #*'� -. �)� *+/$*)�' �'$")( )/G 2$�/#G �)� +- �$.$*) $)�$��/*-. /*
" ) -�/ �!*-(�// ��*0/+0/K

Language Function Examples

�`` snprintf() (�/ (�/ . �…



Key Terms

code injection
�# � 3+'*$/�/$*)�*!����*(+0/ -��0"�/#�/�$.���0. ���4�+-*� ..$)"�$)1�'$����/�K;

formatting
�*�$!4$)"�/# �2�4�/# �*0/+0/�$.��$.+'�4 �K

string interpolation
�1�'0�/$)"���./-$)"�'$/ -�'��*)/�$)$)"�*) �*-�(*- �+'�� #*'� -.G�4$ '�$)"���- .0'/�$)�2#$�#�/# 
+'�� #*'� -.��- �- +'�� ��2$/#�/# $-��*-- .+*)�$)"�1�'0 .K

References
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V*- +�/# /#-*0"# . 1 -�' �$- �/*-4 ' 1 '.W �'*)" 2$/# /# 6' )�( K �3�(+' F �FD(46' .D�*.�Q9<;>D
��Q8=K/3/
� ��0. .*( *+ -�/$)" .4./ (. �* )*/ �''*2 .+�� .G 2 .0"" ./ /#�/ 4*0 0. 

/# underscore 2# - �)  � ��2# )��- �/$)"�!*'� -.�*-�.0�Z�$- �/*-$ .K
Open Y �*0- +-*"-�( - ,0 ./$)" /# *+ -�/$)" .4./ ( /* ' / $/ #�1 ��� .. /* �)  3$./$)" 6' *- /*

*+ ) � ) 2 6' K 
) (*./ �0-- )/ +-*"-�(($)" '�)"0�" .G � 6' ��/� /4+  3$./. �)� $. 0. � !*- 6' 
+-*� ..$)"K � 6' 1�-$��' 2$'' � 0. � /* ./*- /# � 1$� /*& ) /#�/ /# *+ -�/$)" .4./ ( �..$"). /*
/# 6' � $)" *+ ) �K �) *+ ) !0)�/$*) *-( /#*� $. 0. � /* - /-$ 1 /# � 1$� /*& )G �)� /4+$��''4
- ,0$- . �/ ' �./ /2* +�-�( / -.F /# +�/# �)� /# (*� V- ��G 2-$/ G �++ )�G *- � �*(�$)�/$*)
/# - *!WK��*-- .+*)�$)"�+. 0�*�*� �2*0'��� F

Declare File datafile

datafile = open(filespec, mode)

�# *+ ) !0)�/$*) +-*1$� . � - /0-) 1�'0 *! � device token !-*( /# *+ -�/$)" .4./ ( �)� $/ $.
./*- ��$)�/# �1�-$��' �)�( ����/�K

/ $. �*).$� - � "**� +-*"-�(($)" +-��/$� /* � / -($) $! /# 6' 2�. *+ ) � +-*+ -'4K �# 

- �.*) /# *+ -�/$)" .4./ ( 0.0�''4 ��)^/ *+ ) � 6' $. � ��0. /# 6' .+ � $. 2-*)" V($..+ '' �
*- )*/ /4+ � ��. �*).$./ )/ $) .*( *+ -�/$)" .4./ (.W *- /# 6' $. )*/ ./*- � $) /# '*��/$*)
.+ �$6 �K���� ..$)"�6' .�./*- ��*)���) /2*-&�*-�/# �
)/ -) /�(�4�!�$'��0 �/*���) /2*-&� --*-K
� -$!4$)" /#�/ � 6' 2�. *+ ) � +-*+ -'4 $. +-*� .. � 2$/# � �*)�$/$*) �*)/-*' ./-0�/0- K �#�/

./-0�/0- (�4 �  $/# - � �) $!Z/# )Z '. ./�/ ( )/ *- � /-4Z��/�# P /-4Z 3� +/  --*- #�)�' -G
� + )�$)"�*)�/# �+-*"-�(($)"�'�)"0�" �0. �K

Read Y �*1$)" ��/� !-*( � � 1$� /#�/ #�. �  ) *+ ) � $)/* � ( (*-4 '*��/$*) � 6) � $) 4*0-
+-*"-�(K��*-� 3�(+' F
text = read(datafile)
*-
text = datafile.read()
Write Y �*1$)" ��/� !-*( � ( (*-4 '*��/$*) � 6) � $) 4*0- +-*"-�( /* � � 1$� /#�/ #�. �  )

*+ ) �K��*-� 3�(+' F
write(datafile, text)
*-
datafile.write(text)
Close Y �*0- +-*"-�( - ,0 ./$)" /# *+ -�/$)" .4./ ( /* - ' �. � 6' /#�/ 2�. +- 1$*0.'4

*+ ) �K �# - �- /2* - �.*). /* �'*. � 6' K �$-./G $/ - ' �. . /# 6' �)� !-  . 0+ /# �..*�$�/ �
*+ -�/$*) .4./ ( - .*0-� .K � �*)�G $! �'*.$)" � 6' /#�/ 2�. *+ ) � !*- *0/+0/O $/ 2$'' �' �- /# *0/
/#



//...
}

*-

# Python3
with open(filespec, mode) as datafile:

# ...

Key Terms

close
�*0-�+-*"-�(�- ,0 ./$)"�/# �*+ -�/$)"�.4./ (�/*�- ' �. ���6' �/#�/�2�.�+- 1$*0.'4�*+ ) �K

device token
��& 4�1�'0 �+-*1$� ���4�/# �*+ -�/$)"�.4./ (�/*��..*� 4Ð�Ä2Ä �K �'
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Overview
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Discussion
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Strings

#include <algorithm>
#include <iostream>
#include <string>

using namespace std;

string toLower(string);
string toUpper(string);

int main() {
string str = "Hello";

cout << "string: " << str << endl;
cout << "tolower: " << toLower(str) << endl;
cout << "toupper: " << toUpper(str) << endl;
cout << "string.find('e'): " << str.find('e') << endl;
cout << "string.length(): " << str.length() << endl;
cout << "string.replace(0, 1, \"j\"): " << str.replace(0, 1, "j") << endl;
cout << "string.substr(2, 2): " << str.substr(2, 2) << endl;

string name = "Bob";
double value = 123.456;
cout << name << " earned $" << fixed << setprecision (2) << value << endl;

}

string toLower(string str) {
transform(str.begin(), str.end(), str.begin(), ::tolower);

return str;
}

string toUpper(string str) {
transform(str.begin(), str.end(), str.begin(), ::toupper);
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return str;
}

Output

string: Hello
tolower: hello
toupper: HELLO
string.find('e'): 1
string.length(): 5
string.replace(0, 1, "j"): jello
string.substr(2, 2): ll
Bob earned $123.46

Files

// This program creates a file, adds data to the file, displays the file,
// appends more data to the file, displays the file, and then deletes the file.
// It will not run if the file already exists.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C%2B%2B_Programming

#include <fstream>
#include <iomanip>
#include <iostream>
#include <string>

using namespace std;

double calculateFahrenheit(double celsius);
void createFile(string);
void readFile(string);
void appendFile(string);
void deleteFile(string);
int fileExists(string);

int main() {
string FILENAME = "~file.txt";
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if(fileExists(FILENAME)) {
cout << "File already exists." << endl;

} else {
createFile(FILENAME);
readFile(FILENAME);
appendFile(FILENAME);
readFile(FILENAME);
deleteFile(FILENAME);

}
}

double calculateFahrenheit(double celsius) {
double fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;
return fahrenheit;

}

void createFile(string filename) {
fstream file;
float celsius;
float fahrenheit;

file.open(filename, fstream::out);
if (file.is_open()) {

file << "Celsius,Fahrenheit\n";
for(celsius = 0; celsius <= 50; celsius++) {

fahrenheit = calculateFahrenheit(celsius);
file << fixed << setprecision (1) << celsius << "," << fahrenheit << endl;

}
file.close();

} else {
cout << "Error creating " << filename << endl;

}
}

void readFile(string filename)
{

fstream file;
string line;

file.open(filename, fstream::in);
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if (file.is_open()) {
while (getline(file, line))
{

cout << line << endl;
}
file.close();
cout << endl;

} else {
cout << "Error reading " << filename << endl;

}
}

void appendFile(string filename)
{

fstream file;
float celsius;
float fahrenheit;

file.open(filename, fstream::out | fstream::app);
if (file.is_open()) {

for(celsius = 51; celsius <= 100; celsius++) {
fahrenheit = calculateFahrenheit(celsius);
file << fixed << setprecision (1) << celsius << "," << fahrenheit << endl;

}
file.close();

} else {
cout << "Error appending to " << filename << endl;

}
}

void deleteFile(string filename)
{

remove(filename.c_str());
}

int fileExists(string filename)
{

FILE *file;

file = fopen (filename.c_str(), "r");
if (file != NULL)
{

fclose (file);
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Strings

// This program demonstrates string functions.

using System;

class Strings
{

public static void Main (string[] args)
{

String str = "Hello";

Console.WriteLine("string: " + str);



string.Trim(): Hello
Bob earned $123.46

Files

// This program creates a file, adds data to the file, displays the file,
// appends more data to the file, displays the file, and then deletes the file.
// It will not run if the file already exists.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C_Sharp_Programming

using System;

public class Files
{

public static void Main(String[] args)
{

string FILENAME = "~file.txt";

if(System.IO.File.Exists(FILENAME))
{

System.Console.WriteLine("File already exists.\n");
}
else
{

CreateFile(FILENAME);
ReadFile(FILENAME);
AppendFile(FILENAME);
ReadFile(FILENAME);
DeleteFile(FILENAME);

}
}

private static double CalculateFahrenheit(double celsius)
{

double fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;
return fahrenheit;
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}

private static void CreateFile(string filename)
{

System.IO.StreamWriter file;
double celsius;
double fahrenheit;

try
{

using(file = System.IO.File.CreateText(filename))
{

file.WriteLine("Celsius,Fahrenheit");
for(celsius = 0; celsius <= 50; celsius++)
{

fahrenheit = CalculateFahrenheit(celsius);
file.WriteLine(String.Format("{0:F1},{1:F1}", celsius, fahrenheit));

}
}

}
catch(Exception exception)
{

Console.WriteLine("Error creating " + filename);
Console.WriteLine(exception.Message);

}
}

private static void ReadFile(string filename)
{

System.IO.StreamReader file;
string line;

try
{

using (file = System.IO.File.OpenText(filename))
{

while (true)
{

line = file.ReadLine();
if (line == null)
{

break;
}
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Console.WriteLine(line);
}

}
Console.WriteLine("");

}
catch(Exception exception)
{

Console.WriteLine("Error reading " + filename);
Console.WriteLine(exception.Message);

}
}

private static void AppendFile(string filename)
{

System.IO.StreamWriter file;
double celsius;
double fahrenheit;

try
{

using (file = System.IO.File.AppendText(filename))
{

for(celsius = 51; celsius <= 100; celsius++)
{

fahrenheit = CalculateFahrenheit(celsius);
file.WriteLine(String.Format("{0:F1},{1:F1}", celsius, fahrenheit));

}
}

}
catch(Exception exception)
{

Console.WriteLine("Error appending to " + filename);
Console.WriteLine(exception.Message);

}
}

private static void DeleteFile(string filename)
{

try
{

System.IO.File.Delete(filename);
}
catch(Exception exception)
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{
Console.WriteLine("Error deleting " + filename);
Console.WriteLine(exception.Message);

}
}

}

Output

Celsius,Fahrenheit
0.0,32.0
1.0,33.8
2.0,35.6
...
98.0,208.4
99.0,210.2
100.0,212.0

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Strings

// This program demonstrates string functions.

class Main {
public static void main(String[] args) {

String str = "Hello";

System.out.println("string: " + str);
System.out.println("string.toLowerCase(): " + str.toLowerCase());
System.out.println("string.toUpperCase(): " + str.toUpperCase());
System.out.println("string.indexOf('e'): " + str.indexOf('e'));
System.out.println("string.length(): " + str.length());
System.out.println("string.replace('H', 'j'): " + str.replace('H', 'j'));
System.out.println("string(substring(2,4): " + str.substring(2, 4));
System.out.println("string.trim(): " + str.trim());



Files

// This program creates a file, adds data to the file, displays the file,
// appends more data to the file, displays the file, and then deletes the file.
// It will not run if the file already exists.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/Java_Programming

import java.util.*;

class Main {
public static void main(String[] args) {

String FILENAME = "~file.txt";

if(fileExists(FILENAME)) {
System.out.println("File already exists.\n");

} else {
createFile(FILENAME);
readFile(FILENAME);
appendFile(FILENAME);
readFile(FILENAME);
deleteFile(FILENAME);

}
}

private static double calculateFahrenheit(double celsius) {
double fahrenheit;

fahrenheit = celsius * 9 / 5 + 32;
return fahrenheit;

}

private static void createFile(String filename) {
try {

java.io.File file = new java.io.File(filename);
java.io.BufferedWriter writer =

new java.io.BufferedWriter(new java.io.FileWriter(file));
double celsius;
double fahrenheit;

writer.write("Celsius,Fahrenheit\n");
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fahrenheit = calculateFahrenheit(celsius);
writer.write(celsius + "," + fahrenheit + "\n");

}
writer.close();

} catch(Exception exception) {
System.out.println("Error appending to " + filename);
exception.printStackTrace();

}
}

private static void deleteFile(String filename) {
java.io.File file;

try {
file = new java.io.File(filename);
file.delete();

} catch(Exception exception) {
System.out.println("Error deleting " + filename);
exception.printStackTrace();

}

}

private static boolean fileExists(String filename) {
java.io.File file;

file = new java.io.File(filename);
return file.exists();

}
}

Output

Celsius,Fahrenheit
0.0,32.0
1.0,33.8
2.0,35.6
...
98.0,208.4
99.0,210.2
100.0,212.0
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References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Strings

// This program demonstrates string functions.

main();

function main()
{

var str = "Hello";

output("string: " + str);
output("string.toLowerCase(): " + str.toLowerCase());
output("string.toUpperCase(): " + str.toUpperCase());
output("string.indexOf('e'): " + str.indexOf('e'));
output("string.length: " + str.length);
output("string.replace('H', 'j'): " + str.replace('H', 'j'));
output("string(substring(2,4): " + str.substring(2, 4));
output("string.trim(): " + str.trim());

var name = "Bob";
var value = 123.456;
output(`string.format(): ${name} earned $${value.toFixed(2)}`);

}

function output(text) {
if (typeof document === 'object') {

document.write(text);
}
else if (typeof console === 'object') {

console.log(text);
}
else {

print(text);
}

}
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Output

string: Hello
string..toLowerCase(): hello
string.toUpperCase(): HELLO
string.indexOf('e'): 1
string.length: 5
string.replace('H', 'j'): jello
string(substring(2,4): ll
string.trim(): Hello
string.format(): Bob earned $123.46

Files

Note: For security reasons, JavaScript in a browser requires the user to select the file to be
processed. This example is based on node.js rather than brow



}

function readFile(filename) {
var file = require('readline').createInterface( {

input: require('fs').createReadStream(filename)
});

file.on('line', function (line) {
console.log(line);

});
}

function appendFile(filename) {
var fs = require('fs')

for(var celsius = 51; celsius <= 100; celsius++) {
var fahrenheit = calculateFahrenheit(celsius);
fs.appendFile(filename, celsius.toFixed(1) + "," +

fahrenheit.toFixed(1) + "\n", function (err) {
if (err) {

return console.error(err);
}

});
}

}

function deleteFile(filename) {
var fs = require("fs");

fs.unlink(filename, function(err) {
if (err) {

return console.error(err);
}

});
}

function fileExists(filename) {
var fs = require('fs');
return fs.existsSync(filename);

}

function main() {
var filename = "~file.txt";
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if(fileExists(filename)) {
console.log("File already exists.")

} else {
createFile(filename);
readFile(filename);
appendFile(filename);
readFile(filename);
deleteFile(filename);

}
}

main();

Output

Celsius,Fahrenheit
0.0,32.0
1.0,33.8
2.0,35.6
...
98.0,208.4
99.0,210.2
100.0,212.0

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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string.format(): Bob earned $123.46

Files

# This program creates a file, adds data to the file, displays the file,
# appends more data to the file, displays the file, and then deletes the file.
# It will not run if the file already exists.
#
# References:
#     https://www.mathsisfun.com/temperature-conversion.html
#     https://en.wikibooks.org/wiki/Python_Programming

import os
import sys

def calculate_fahrenheit(celsius):
fahrenheit = celsius * 9 / 5 + 32
return fahrenheit

def create_file(filename):
try:

with open(filename, "w") as file:
file.write("Celsius,Fahrenheit\n")
for celsius in range(0, 51):

fahrenheit = calculate_fahrenheit(celsius)
file.write("{:.1f},{:.1f}\n".format(celsius, fahrenheit))

except:
print("Error creating", filename)
print(sys.exc_info()[1])

def read_file(filename):
try:

with open(filename, "r") as file:
for line in file:

line = line.strip()
print(line)

print()
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except:
print("Error reading", filename)
print(sys.exc_info()[1])

def append_file(filename):
try:

with open(filename, "a") as file:
for celsius in range(51, 101):

fahrenheit = calculate_fahrenheit(celsius)
file.write("{:.1f},{:.1f}\n".format(celsius, fahrenheit))

except:
print("Error appending to", filename)
print(sys.exc_info()[1])

def delete_file(filename):
try:

os.remove(filename)
except:

print("Error deleting", filename)
print(sys.exc_info()[1])

def main():
filename = "~file.txt"

if os.path.isfile(filename):
print("File already exists.")

else:
create_file(filename)
read_file(filename)
append_file(filename)
read_file(filename)
delete_file(filename)

main()

Output

Celsius,Fahrenheit
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Strings

// This program demonstrates string functions.

import Foundation

func main() {
let string:String = "Hello"

print("string: " + string)
print("string.lowercased(): " + string.lowercased())
print("string.uppercased(): " + string.uppercased())
print("find(string, \"e\"): " + String(find(string:string, character:"e")))
print("string.count: " + String(string.count))
print("string.replacingOccurrences(of:\"H\", with:\"j\"): " + string.replacingOccurrences(of:"H", with:"j"))
print("string.reversed(): " + String(string.reversed()))
print("substring(2, 2): " + substring(string:string, start:2, length:2))
print("string.trimmingCharacters(\"H\"): " + string.trimmingCharacters(in:CharacterSet.init(charactersIn: "H")))

let name:String = "Bob"
let value:Double = 123.456
print("\(name) earned $" + String(format:"%.2f", value))

}

func find(string:String, character:Character) -> Int {
var result: Int

if let index = string.firstIndex(of:character) {
result = string.distance(from: string.startIndex, to: index)

} else {
result = -1

}
return result

}

func substring(string:String, start:Int, length:Int) -> String {
let startIndex = string.index(string.startIndex, offsetBy: start)

�2$!/��3�(+' . k ;?9



let endIndex = string.index(string.startIndex, offsetBy: start + length - 1)
return String(string[startIndex...endIndex])

}

main()

Output

string: Hello
string.lowercased(): hello
string.uppercased(): HELLO
find(string, "e"): 1
string.count: 5
string.replacingOccurrences(of:"H", with:"j"): jello
string.reversed(): olleH
substring(2, 2): ll
string.trimmingCharacters("H"): ello
Bob earned $123.46

Files

// This program creates a file, adds data to the file, displays the file,
// appends more data to the file, displays the file, and then deletes the file.
// It will not run if the file already exists.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://developer.apple.com/library/content/documentation/Swift/Conceptual/Swift_Programming_Language/TheBasics.html

import Foundation

func fileExists(filename:String) -> Bool {
let fileManager = FileManager.default
return fileManager.fileExists(atPath:filename)

}

func calculateFahrenheit(celsius:Double) -> Double {
var fahrenheit: Double
fahrenheit = celsius * 9 / 5 + 32
return fahrenheit
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for celsius in stride(from: 51.0, through: 100.0, by: 1.0) {
fahrenheit = calculateFahrenheit(celsius:celsius)
text += String(celsius) + "," + String(fahrenheit) + "\n"

}

try text.write(toFile: filename, atomically: true, encoding: .utf8)
} catch {

print("Error appending to ", filename)
print(error.localizedDescription)

}
}

func deleteFile(filename:String) {
do {

let fileManager = FileManager.default
try fileManager.removeItem(atPath:filename)

} catch {
print("Error deleting", filename)
print(error.localizedDescription)

}
}

func main() {
let filename:String = "~file.txt"

if (fileExists(filename:filename)) {
print("File already exists.")

}
else {

createFile(filename:filename)
readFile(filename:filename)
appendFile(filename:filename)
readFile(filename:filename)
deleteFile(filename:filename)

}
}

main()

Output

Celsius,Fahrenheit
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0.0,32.0
1.0,33.8
2.0,35.6
3.0,37.4
...
98.0,208.4
99.0,210.2
100.0,212.0

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Review Questions

True / False
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String Activities
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the cat in the hat
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Overview
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Discussion
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Object-Oriented Programming - Methods
door.Open()
door.Close()
door.Lock()
door.Unlock()
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Objects

// This class converts temperature between Celsius and Fahrenheit.
// It may be used by assigning a value to either Celsius or Fahrenheit
// and then retrieving the other value, or by calling the ToCelsius or
// ToFahrenheit methods directly.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C%2B%2B_Programming

#include <iostream>

using namespace std;

class Temperature {
public:

double getCelsius(void);
void setCelsius(double value);
double getFahrenheit(void);
void setFahrenheit(double value);
double toCelsius(double fahrenheit);
double toFahrenheit(double celsius);

private:
double celsius;
double fahrenheit;

};

double Temperature::getCelsius(void) {
return celsius;

}

void Temperature::setCelsius(double value) {
celsius = value;
fahrenheit = toFahrenheit(celsius);

}
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double Temperature::getFahrenheit(void) {
return fahrenheit;

}

void Temperature::setFahrenheit(double value) {
fahrenheit = value;
celsius = toCelsius(fahrenheit);

}

double Temperature::toCelsius(double fahrenheit) {
return (fahrenheit - 32) * 5 / 9;

}

double Temperature::toFahrenheit(double celsius) {
return celsius * 9 / 5 + 32;

}

// This program creates instances of the Temperature class to convert Celsius



temp2.fahrenheit = 100
temp2.celsius = 37.7778

References
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Objects

// This program creates instances of the Temperature class to convert Celsius
// and Fahrenheit temperatures.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/C_Sharp_Programming

using System;

public class Objects
{

public static void Main(String[] args)
{

Temperature temp1 = new Temperature(celsius: 0);
Console.WriteLine("temp1.Celsius = " + temp1.Celsius.ToString());
Console.WriteLine("temp1.Fahrenheit = " + temp1.Fahrenheit.ToString());
Console.WriteLine("");

temp1.Celsius = 100;
Console.WriteLine("temp1.Celsius = " + temp1.Celsius.ToString());
Console.WriteLine("temp1.Fahrenheit = " + temp1.Fahrenheit.ToString());
Console.WriteLine("");

Temperature temp2 = new Temperature(fahrenheit: 0);
Console.WriteLine("temp2.Fahrenheit = " + temp2.Fahrenheit.ToString());
Console.WriteLine("temp2.Celsius = " + temp2.Celsius.ToString());
Console.WriteLine("");

temp2.Fahrenheit = 100;
Console.WriteLine("temp2.Fahrenheit = " + temp2.Fahrenheit.ToString());
Console.WriteLine("temp2.Celsius = " + temp2.Celsius.ToString());

}
}

// This class converts temperature between Celsius and Fahrenheit.
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// It may be used by assigning a value to either Celsius or Fahrenheit
// and then retrieving the other value, or by calling the ToCelsius or
// ToFahrenheit methods directly.

public class Temperature
{

double _celsius;
double _fahrenheit;

public double Celsius
{

get
{

return _celsius;
}

set
{

_celsius = value;
_fahrenheit = ToFahrenheit(value);

}
}

public double Fahrenheit
{

get
{

return _fahrenheit;
}

set
{

_fahrenheit = value;
_celsius = ToCelsius(value);

}
}

public Temperature(double? celsius = null, double? fahrenheit = null)
{

if (celsius.HasValue)
{

this.Celsius = Convert.ToDouble(celsius);
}
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if (fahrenheit.HasValue)
{

this.Fahrenheit = Convert.ToDouble(fahrenheit);
}

}

public double ToCelsius(double fahrenheit)
{

return (fahrenheit - 32) * 5 / 9;
}

public double ToFahrenheit(double celsius)
{

return celsius * 9 / 5 + 32;
}

}

Output

temp1.Celsius = 0
temp1.Fahrenheit = 32

temp1.Celsius = 100
temp1.Fahrenheit = 212

temp2.Fahrenheit = 0
temp2.Celsius = -17.7777777777778

temp2.Fahrenheit = 100
temp2.Celsius = 37.7777777777778

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Objects

// This program creates instances of the Temperature class to convert Celsius
// and Fahrenheit temperatures.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/Java_Programming

import java.util.*;

class Main {
public static void main(String[] args) {

Temperature temp1 = new Temperature();
temp1.setCelsius(100.0);
System.out.println("temp1.celsius = " + temp1.getCelsius().toString());
System.out.println("temp1.fahrenheit = " + temp1.getFahrenheit().toString());
System.out.println("");

Temperature temp2 = new Temperature();
temp2.setFahrenheit(100.0);
System.out.println("temp2.fahrenheit = " + temp2.getFahrenheit().toString());
System.out.println("temp2.celsius = " + temp2.getCelsius().toString());

}
}



}

public void setCelsius(Double value) {
celsius = value;
fahrenheit = toFahrenheit(celsius);

}

public Double getFahrenheit() {
return fahrenheit;

}

public void setFahrenheit(Double value) {
fahrenheit = value;
celsius = toCelsius(fahrenheit);

}

public Double toCelsius(Double fahrenheit) {
return (fahrenheit - 32) * 5 / 9;

}

public Double toFahrenheit(Double celsius) {
return celsius * 9 / 5 + 32;

}
}

Output

temp1.celsius = 100.0
temp1.fahrenheit = 212.0

temp2.fahrenheit = 100.0
temp2.celsius = 37.77777777777778

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Objects

// This class converts temperature between Celsius and Fahrenheit.
// It may be used by assigning a value to either Celsius or Fahrenheit
// and then retrieving the other value, or by calling the ToCelsius or
// ToFahrenheit methods directly.

class Temperature {
constructor() {

this._celsius = 0;
this._fahrenheit = 32;

}

get celsius() {
return this._celsius;

}

set celsius(value) {
this._celsius = value;
this._fahrenheit = this.toFahrenheit(value);

}

get fahrenheit() {
return this._fahrenheit;

}

set fahrenheit(value) {
this._fahrenheit = value;
this._celsius = this.toCelsius(value);

}

toCelsius(fahrenheit) {
return (fahrenheit - 32) * 5 / 9



}
}

// This program creates instances of the Temperature class to convert Celsius
// and Fahrenheit temperatures.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://en.wikibooks.org/wiki/JavaScript

main()

function main() {
var temp1 =  new Temperature();
temp1.celsius = 0
output("temp1.celsius = " + temp1.celsius);
output("temp1.fahrenheit = " + temp1.fahrenheit);
output("");

temp1.celsius = 100;



print(text);
}

}

Output

temp1.celsius = 0
temp1.fahrenheit = 32

temp1.celsius = 100
temp1.fahrenheit = 212

temp2.fahrenheit = 0
temp2.celsius = -17.77777777777778

temp2.fahrenheit = 100
temp2.celsius = 37.77777777777778

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Objects

# This class converts temperature between Celsius and Fahrenheit.
# It may be used by assigning a value to either Celsius or Fahrenheit
# and then retrieving the other value, or by calling the to_celsius or
# to_fahrenheit methods directly.
#
# References:



if fahrenheit != None:
self._fahrenheit = fahrenheit
self._celsius = self.to_celsius(fahrenheit)

def to_celsius(self, fahrenheit):
return (fahrenheit - 32) * 5 / 9

def to_fahrenheit(self, celsius):
return celsius * 9 / 5 + 32

# This program creates instances of the Temperature class to convert Cesius
# and Fahrenheit temperatures.

def main():
temp1 = Temperature(celsius=0)
print("temp1.celsius =", temp1.celsius)
print("temp1.fahrenheit =", temp1.fahrenheit)
print("")

temp1.celsius = 100
print("temp1.celsius =", temp1.celsius)
print("temp1.fahrenheit =", temp1.fahrenheit)
print("")

temp2 = Temperature(fahrenheit=0)
print("temp2.fahrenheit =", temp2.fahrenheit)
print("temp2.celsius =", temp2.celsius)
print("")

temp2.fahrenheit = 100
print("temp2.fahrenheit =", temp2.fahrenheit)
print("temp2.celsius =", temp2.celsius)

main()

Output

temp1.celsius = 0
temp1.fahrenheit = 32.0

temp1.celsius = 100.0
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temp1.fahrenheit = 212.0

temp2.fahrenheit = 0
temp2.celsius = -17.77777777777778

temp2.fahrenheit = 100.0
temp2.celsius = 37.77777777777778

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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Objects

// This class converts temperature between Celsius and Fahrenheit.
// It may be used by assigning a value to either Celsius or Fahrenheit
// and then retrieving the other value, or by calling the ToCelsius or
// ToFahrenheit methods directly.

class Temperature {
var _celsius:Double = 0
var _fahrenheit:Double = 32

init(celsius:Double?=nil, fahrenheit:Double?=nil) {
if celsius != nil {

self.celsius = celsius!
}

if fahrenheit != nil {
self.fahrenheit = fahrenheit!

}
}

var celsius: Double {
get {

return self._celsius
}
set {

self._celsius = newValue
self._fahrenheit = toFahrenheit(celsius:self._celsius)

}
}

var fahrenheit: Double {
get {

return self._fahrenheit
}
set {

self._fahrenheit = 2623 286.4065 Td
(rteValue) 8816 11, 95m0 {52Cg42ir4t n =2331enc2u1i1gF4 11.7300 7=2s)
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self._celsius = toCelsius(fahrenheit:self._fahrenheit)
}

}

func getCelsius() -> Double {
return self.celsius

}

func setCelsius(celsius:Double) {
self.celsius = celsius
self.fahrenheit = toFahrenheit(celsius:celsius)

}

func getFahrenheit() -> Double {
return self.fahrenheit

}

func setFahrenheit(fahrenheit:Double) {
self.fahrenheit = fahrenheit
self.celsius = toCelsius(fahrenheit:fahrenheit)

}

func toCelsius(fahrenheit:Double) -> Double {
return (fahrenheit - 32) * 5 / 9

}

func toFahrenheit(celsius:Double) -> Double {
return celsius * 9 / 5 + 32

}
}

// This program creates instances of the Temperature class to convert Celsius
// and Fahrenheit temperatures.
//
// References:
//     https://www.mathsisfun.com/temperature-conversion.html
//     https://developer.apple.com/library/content/documentation/Swift/Conceptual/Swift_Programming_Language/TheBasics.html

func main() {
let temp1 =  Temperature(celsius:0);
print("temp1.celsius = " + String(temp1.celsius));
print("temp1.fahrenheit = " + String(temp1.fahrenheit));
print("");
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temp1.celsius = 100;
print("temp1.celsius = " + String(temp1.celsius));
print("temp1.fahrenheit = " + String(temp1.fahrenheit));
print("");

let temp2 = Temperature(fahrenheit:0);
print("temp2.fahrenheit = " + String(temp2.fahrenheit));
print("temp2.celsius = " + String(temp2.celsius));
print("");

temp2.fahrenheit = 100;
print("temp2.fahrenheit = " + String(temp2.fahrenheit));
print("temp2.celsius = " + String(temp2.celsius));

}

main()

Output

temp1.celsius = 0.0
temp1.fahrenheit = 32.0

temp1.celsius = 100.0
temp1.fahrenheit = 212.0

temp2.fahrenheit = 0.0
temp2.celsius = -17.7777777777778

temp2.fahrenheit = 100.0
temp2.celsius = 37.7777777777778

References

E �$&$1 -.$/4F��*(+0/ -��-*"-�(($)"
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