


i

PAMPHLET

HoOw TO USE THIS

s

is

Boy Scouts of Ameyica » 1325

S200 =

pmitiee,

ancement Con

: \%st Walnug Hil

-207% e

75015

7
£

I Lane * P.O. Box 152079 » Irving,

?

o
i
e
o w
B
z
(=™
»
T
o
4
O
e
>
&
&
=
%




BOY SCOUTS OF AMERICA
MERIT BADGE SERIES

- | PROGRAMMING

“Enhancing our youths” competitive edge through merit badges”

BOY SCOUTS OF AMERICA




Note to the Counselor

Thank you for offering your talents as a merit badge counselor,
Scouting’s merit badge program succeeds because of the dedication
and generosity of people like you.

This merit badge is intended to introduce Scouts to
programming, to help them understand how programming
affects them in their everyday lives, and to help them realize
that programming is something any Seout can do and even
possibly pursue as a career.

To that end, the requirements are designed simply to expose
the Scout to several kinds of programming in different industries-—
1ot to turn the Scout into a “programmer.” Please help guide the
Scout to keep his project choices funi and relatively simple.

Supporting this merit badge is-an online resource,
www.boyslife.org/programming, where the Scout will find
many examples, video tutorials, and development tools provided
at minimal or no cost. This resource is presented with the young
Scout in mind and serves as the starting point for accomplishing
the “meat” of the merit badge requirements (specifically
requirements 5a=5d):
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For the purposes of this badge, we expect a program to take
an input, make decisions based on that input, and then provide
an output based on those decisions. The Scout should write the
instructions in the languages .and development environments of his
choice. While “programming” a home thermostat or-a DVR is not
an acceptable project, creating a macro-in a spreadsheet program
could qualify as a project if you think it is appropriate. Please guide
the Scout accordingly:

Also note that there is no requirement that the code be run
on an-actual “machine,” Running the program on a simulated
machine or in a virtual world is fine. For example, most cell
phone development environments provide cell phone simulators
with which the code can be tested.

Thank you again for your service. Now, let’s get some
Scouts excited about programming!

PROGRAMMING
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PROGRAMMING

Requirements

1. Safety. Do the following:

a.
b.

Show your counselor your current, up-to-date Cyber Chip.

Discuss first aid and prevention for the types of injuries or
illnesses that could occur during programming activities,
including repetitive stress injuries and eyestrain:

Earn the Cyber Chip ;
Earning the Cyber Chip can help you learn hﬁw to stay safe
while you are or and using social networks or the latest

electronic gadgiéi:si?{opics include cell phone use, texting,
blogging, gamif}g} yberbullying, and 3deﬂ§t§~ﬂ:}e’&. Find out
more about the Cyber Chip at www.scouting.org/cyberchip.

2. History. Do the following:

dx

Give a brief history of programming, including at
least three milestones related to the advancement
or development of programming.

Describe the evolution of programming methods and
how they have improved over time.

3. Gerneral knowledge. Do the following:

.

Create a list of 10 popular programming languages in
use today and describe which industry or industries
they are primarily used in‘and why.

Describe three different programmed devices you rely
onevery day.

4. ‘Intellectual property. Do the following:

a

Explain how software patents and copyrights protect
a programmer.

Describe the difference between licensing and
owning software.

Describe the differences between freeware, open source,
and commercial software, and why it is important to
respect the terms of use of each:



5. Projecis: Do the following:

&

With your counselor’s approval, choose a sample
program. Then, as a minimum, modify the code or add
a function or subprogram to it. Debug and demonstrate
the modified program 1o your counselor

With your counselor’s approval, choose a second pro-
gramming language and development environment,
different from those used for requirement 5a and in

a different industry from 53 Then write, debug, and
demonstrate a functioning program to your counselor,
using that language and environiment.

With your counselor’s approval; choose a third program-
ming language and development environment, different
from those used for requirtemenis Saand Sbandina
different industry from 53 or 5 Then write, debug, and
demonsirate a functioning program 1o your counselor,
using that language and environment.

Explain how the programs you wrote for requirements
Sa, 5h, and 5¢ process inpuis, how they make decisions
based on those Inpuis, and how they provide oulputs
based on the decision making,

6. Careers. Find out about three career opportunities in pro-
gramming. Pick one and find out the education, taining,
and experience required. Discuss this with yvour counselor
and explain why this career might be of interest fo you.
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Introduction: The Code
Behind the Screen

You have probably surfed the Internet, played vided games, o7
posted undates on social media more tmes than vou can count
B mavhe vou have never siopped 1o think shout the underiying
instructions that make these kinds of activities possible,

o do what they do, compulers, game consoiss, smariphones,
and other digiial devices follow Instructions called progam
Fack instuction or command inaprogiamis put there v a
person: ?%s};%& who write programss for dightal applications are

iggézia ézé?& ogramming merit badge will take you “behind
the soreen” for 2 look at the complex codes that %;«%Ez% digital
devices ssefud and fun. Without programs, today's high-tech
gadgets would be little more than empty 5%%%3, §§§ given clear
mstructions, digital devices can do amazing things and perform
operations that would have seemed like magic to people in the past.




L DRCOIme

What Languages Do You Speak?

This pamphiet contains exampies of codes that 2ll “perform” the same
task; look for the blue boxes throughout this pamphlet. You will be sble

to compare the codes visually, challenge yourself to figure out the differ
ences, and decipher the language. This is an example of Visual Basic code.

10 PROGRAMMING




Sublic Class Formd
Privals Sob Bution? URcliBidd sonder s System Oblect, 89940 242 System Eventdrgs Hondins Butlon 1. Click
Loy Sharflemp, FinterpAs Doulds
Stzrtamp = TexdBon Tt
Fidomp = {57 81" (Slardemp “ 30

Lahall Text = "Haltor Hylaal®
Label Visiia = Thus
Labels ForeColor = Colon BlusVisiat

LabelS Texd =Bl Paok the Long Jobtsiit

LabedS Visiie = Tam
Endif
End Bub

Private Sub Bulton2 | Clicki

. Ohinct, Byval e de System,

TexiBon! Tout ="
Labei3 Visible = False
L.sheld Visiole = False
Labelf Visitde = Falee
End Sub
i Clags

Enter Temperature

PN hubiess. Shat =

31
Fﬂmu’fm%‘”

i

Converted temperature is:
-0.625 Celsius
Byt Pack the Long Johnsti
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In the early 1800s, a French weaver named Joseph-Marie uar
invented an automatic loom, or weaving machine, that was controlle
by sets of instructions coded into punched cards. Different cards held
instructions for different patterns to be woven into fabrics. The idea of




The History of
- Programming Languages

A program is a set of instructions that tells a processor how to'doaelectronic circult
particular task. A programimer writes the instructions. A program-
ming language is the tool that converts the programimer’s
instructions into a form the processor can understand. inside computers
The roots of modern programiming stretch back to before the
first computers. Most programming languages have their origins ;
in early efforts to automate machines like calculating machines: devices. The

processor'siohis to

A processoris an

on a small chip

and other electronic

Binary Code interpret and carry
Before the development of modern programming languages, out instructions.
developers used binary code, which is the “native language” of a

machine/computer. A cornputer “speaks” in only 1’s and 0’s.

These two numerals used in binary language were numeric'codes
for the operations a particular computer could execute (carry out)
directly. Binary code allowed programmers fo turn pieces

of computer hardware {circuits) “on” (represented with & 1} or
“off” {represented by the numeral 0}, All modern programming
languages are built off the concept of trying to turn human
commands into binary or machine code.

PROGRAMMING 13




01010001110000101010100010101010101
11011011100100100011111101011010101
11110100010110110111100010101110011

Machine code is the only language a processor’s circuits can read. This low-level
language is hard for people to understand and very tedious to write.

14 PROGRAMMING
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The binary number system is dﬁérent from the more familiar decimal qumber system -
For example, written as a binary number, the decimal numeral 9 is 00001001, Binary

data into before performing operations on it.

Assembly Language

Assembly language was the next step in the evolution of modern
programming. Whereas machine language consists entirely of
numbers and is difficult for humans to read and write, assembly
language lets a programmet use “names” or characters instead
of numbers. This slightly more human-friendiy code allowed
programmers to more easily program single commands for a
processor. Each command in assembly language is specific to
the processor {that is; each type of processor uses its own kind
of code}, so assembly language lacks the portability of most
fmodern programming languages: However, assembly language
is ultimately how a processor executes all higher-level languoges.

rogramming
derstand than
not limited to

numbers make up machine code, the low-level language that computers translate all

PROGRAMMING 15
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it s

nport s ot Scannen

pashlic class FehrenheitTolelung §
bl OW_TEMP_F_WARNING=";
gt = HIGH TEMP FOWARNING=
pubd MAX_LOOP=5;
public static void main{Stringl argsi {

Scannersca =new S ink
Farenheit =75
*lelshin =13
s b MAY_LOOP; i+ i
Systemvoutprint{™nEnter a in Fzh S
if{scanfaren hasNextDouble{l} {
Farenheit=scanfaren.néxtDoublel);
Celgius = { Farsnhelt- 00 P00
Jelss]
System.outprintinl Dty
System.exit [}
System.outprintin{ Tha«

CiCelsiusl

# Check for high temperatins dnd iSsue 3 warning I necessery
:f(Farenheat > HIGH_TEMP_F WARNENG){
System.outprint{ Hermerhtiss o
7 Chiscl for iy temperitiire and
ifiFarenheit< LOW_TEMP  F._ WARNING }{
Systerm.outprint{ evismber i

1
System.exit(-);
3
H

Example Output:

Enter a temperature in Fahrenheit: 76.0

The temperature in Celsius is: 24.4444444484444443
Enter a temperature in Fahrenhelt: 102,

The ternperature in Celsius Is: 38.8888588888888888
Remember to hydrate

Enter 3 temperatire in Fahrenheit: -2,

The temperature in Calsius i57-18 8888888808883
Remember to pack Long underwesar

Enter a temperature in Fahrenheit;

é&sra isone of the most
is free and runs on many different
BunAnvwhers” Javaissasyto leam if
text-based language.
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Next-Generation Programming Languages

By the 1950s and 1960s, many new languages were being
mtraduced, including BASIC, Ada, and LISP. These linguages
took programming beyond binary and assembly to allow
portability of 1anguages beyond just the processor hardware of
the time. That is;, programs written in these languages could ron
on two or more kinds of processors or with two'or more kinds

Many languages, such as Pascal, were
v soience, Others,

of pperating syst
created to capture Tiew concepis

il

imporiant Fardy Languages
19508, was amony the sariiest programming languages

ematical caicuistions, FOHTRAN

i

4

-
]

and climate mndeling.

COBOL (Cnmon Business Orien
ular for Buciness dala-proo
B{7. was designed foruse by banks, o

s

Strucnred
programming was designed to help programmens Wilie programs

modify. For years, Pascal was a popular language to teach
beginning programming classes.




LOW TEMP FOWARNING= " // Prognes conttens b Sl
HECH TEMP P WABMING= Femiseraty
IAX LO0P=5; Exsmple

il a1
{

Townd Somapy £ 7 sushelest Vet e e Y i
oo sivmgy

o

i EMAX LOOP: 53
wﬁ“mmwm@m?*

7 T, sl i

‘ d&mgnad tn dweiap code fm GN!X.
llv dwel ped in 1869 Today. most
em > wnttan in C or its advaneed
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LABGUAGES

The popular C pmgrammmg ianguaga is w;&eiy usad tc creata o
computer programming iarzgaages, to program robots, for scientific
engineering, and for many other applications. ltis a great fundamenta
_language to have in your programming bag of tricks.

PIONEER OF PROGRAMMING: JOHN VON NEUMANN

John von Neumann (1903-57} developed many important
concepts that directly affected the path of programming
languages, one of which is called “conditional control
transfer.” This idea gave rise to the notion of subroutines,
or stall blocks of code that could be jumped to in any
order, instead of a single set of consecutive steps for the
processor 1o take. The second part of the idea stated that
code should be able to loop (repeat] or to branch based
on logical staternents such as "if/then” statements. {In
programming, & statement is a'single line of code for
performing a specific task.} “Conditional control transfer” gave
rise to the idea of “libraries;” which are blocks of code that can
be reused over and over For example; a complex mathematical
formula could be written once'in a single block of codeor
Hbrary so any programmer could use it without having to write
the code. By doing this, programmers can take advantage of
previous work without having to “reinvent the wheel.”

Programming in Objects

Object-oriented programming {O0P) is a style of programming
that treats concepts as “objects” that can interact with one
another. OOP languages surfaced in the mid-1960s and allowed
a software developer to write code independently of any specific
software application. The programming is ‘done by putting
together groups, or modiiles, of commonly used commands—
instructions on how to print,; how to save information to a disk;
and so on—into complete programs.

Object-oriented programming saves time because the
programmer can reuse parts of programs already developed
by others. OOP concepts began appearing in the 1960s with-a
programming language called Simula and further evolved in the
1970s with the arrival of Smalltalk. In the 1980s, OOP languages
such as C++ and Eiffel appeared. OOP continued to grow in
popularity inthe 1990s, most notably with the advent of Java.

PROGRAMMING 19



C#(C-Sharp)

Termnperatie
Eample

t&m C olleetitns Generic;
e Ling;
e Net

e Wmdem £

sy Micmsaf‘i.}’huné{?cmtmis:
sing Microsofs, Phone Shell;
fisiig Prc ing MB_ DemoR e85

nanigspace Prograniming MB_Demo
i

L5
piblic partial class MainPage : PhoneApplicationPage
€
H
FL
ikl
{

HCIOr
MainPage)

1
InptiakzeComponsat(y;

privae void Botton ChekH{object sender, RouledEventAxgs o)

derable [ Tem Leﬂe'(t

¥ * {{}‘g Test - ;

System Windows. \'mbxi;t} Visible; -
T Prosramming M

Temperature Conversion

¥
rivate void Button Click 2nbiect sender, RoutedBventargs o)

TextBox i Text

e Windows. Visibilitn Collapsed;
System Windows. Visibitity. Collapsed;

C-Sharp, or C-#, is a programming language used in the Windows and
Windows phone environmenis. It is an object-oriented programming
language that can be used to create 5 wide variety of applications.

20 PROGRAMMING



THEHISTORY OF PROGRAMMING LANGUAGES

Qriginally known as “C with Classes,” C++ was developed
starting in 1979 and is now among the most popular pro-
gramining languages. Most graphical operating systems—-like
Microsoft Windows—and major related programs were written
with C++:

Java appeared in 1995 as a general-purpose programnming
language, designed to be machine independent. It was intended
to let software developers “write once, run anywhere,” meaning
that code that runs on one operating system does not need to be
§ rewritten 0 run on another.

One of the first programs most beginning
software developers learn is the Hello World
program, lts coded instructions produce a
simple statement— “HelloWorld!”" —on a
computer screen. Whatever programming
language the developer is learning, Hello
World has become the tradi

gram. Though the history o

found in Kernighan and Denn
book, The C Programmin

PROGRAMMING 21
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i

Programming for the World Wide Web

The creation of the World Wide Web brought rapid growth in the
field of programming. The Web itself is a set of files located on
Internet servers (computers) and accessed using “rules” known as
the hypertext transfer protocol (HTTP). Internet languages allow
everyday people to easily access the information. Programming
Internet languages (like JavaScript and PHP) were developed over
time to better access this information and provide a better way

to experience it

Hypertext Markup Language (HTML) is-a basic language for
building Web pages. Considered the first language specifically
created for the World Wide Web, its purpose was to create a
structure for information being presented on the Web.

JavaScript, which was originally released in 1995 as
LiveScript, was created to enhance Web pages in a way that
HTML could not. JavaScript allowed Web pages to be interactive.

PHP is a general-purpose programming language designed
to produce dynamic Web pages. A dynamic page changes with
each user; displaying different content each time the page'is
viewed. “PHP” originally stood for “Peérsonal Home Page” but
is now an abbreviation for PHP Hypertext Preprocessor.




THEHISTORY OF PROGRAMMING LANGUAGES

<2php
functon tempcelsiug Sfahvenbein {

# (sset{Sfahrenheit) raturm FALSE,

Seelsivs = (Roat(Sfabrenhelt = 32 L 18 Y
SreturnText = Yo converted Tround(Sfahrenheif).” F o Vround(Gealsiusy €

WS fakhrenheit < 32)

FretimText =" Pack Lomyg Undsrwear”;
Elaalf (Sfahrenhait = 100

SreturnTent =7 Remnember fo Hydrate
returi SreturnText;

SsetWars"5 GE T degres
iF s numeniclSsetvan |
acho "Please enter only nurmbérs for the termperature”;
telsed
echo remp 2eelsiusSsetVary
¥
T

HTML Code:

zheads ;
«titie>BSA PHP Tempeérature Conversion</title
s Hedd >
<hody>
<h2>BSA PHP Temperature Conversion</h2>
Zform action = "<Pphp echo §_SERVER[PHP SELF'L 73" method = "CET">
< P>Enter @ number in the box below to convert the temperature to Celcius. < /P>
Degrees: - winput fype = "text" name = "degres” size=5>
<input name = "SubmitConvert™ type = "submit™ />
<{fotm>
wf hody>

BSA PHP Temperature Conversion
You converted 101 F 1o 38 C: Remermber to Hydrate

Enter 3 number in the box below 1o convert the temperature fo Celoius,

Degreas ]

PROGRAMMING 23







What IS P§§g§§§§§§3§

%
i

rer get tired. E’% %‘”3%:&%
%%%i% ion of comect instructions, at the very high speeds that
computers can run them, has led to the %%Q%?%iégéi‘si revolution
of incredible devices that we use every day and are all around
us: smartphones, DVD players; digital cameras; thermostats,

garage door openen., remote mmrols,, wristwatches, alarm

§§s§£, {a&é ignal lights, industrial robots; and even musical
’i?i% processors that rap digital devices o ;%;ggs ata §§?§§g
o periorm some

operation.

%g% i%‘%‘%%% s z{;gg
it something that process
converting ideas inig Instrs
yougreate 2 program, the
‘%%;?ia s abitiikev §
¢an be guick and useful; ‘%?;@s §€§ afire {%*‘ it can
be intricate and mmpiex, iﬁie w i‘i‘%ﬁﬁg ey whistle from
ahickory branch:
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Wizai 32’53%1 want 53 éé&éi‘;’:sﬁﬁ. You migﬁi tell your %ﬁf%é “Fill gf%}%g
canteen with water.” That is easy to understand and 10 do.

For'a zé%gigééfﬁ however, the stegx to.do this wgéi neéed to
i e

VO Wall



In this diagram, each process or action the program will
do is represented by a rectangle listing what should happen.
The decision point is represented by a diamond, which shows
possible alternate paths depending on the answer to the question.
The question is usually phrased to be answered either “yes” or
“no.” This ves/no system, sometimes called true/false, is why
binary numbers are used in programming. Binary numbers count
with only the digits 0 and 1, instead of 0 through 9. This means a
“yes” or “no” answer can easily be translated into a 1 (for “on™)
or a § {for “off”} that the circuit boards can understand.
Step 1
Programming begins by defining the purpose of the program. What
do vou want it to dof Print a picture on the computer monitor or
display? Play a sound when someone pushes a bution? Have a
robot make you a sandwich? All these programs need to be
described, step-by-step, so a processor can run them. This first
step, defining what the processor should do, isso critical H has iis
own name. [t's called the requirements.

Work the Plan

You will find your programming
goes much more smoothly if
you plan out the work before
starting to program. Goals
are always easiest to achieve
when they are written down.

The more concise and clearly
laid out, the better. That applies
to Eagle Scout service projscts,
and programming is no differ
ant.You will find that sven the

PROGRAMIMING 27



around,

The Six P's of
Programming:
Proper

Prior
Planning
Pravents
Poor

Programming
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is a great way to start planning v
rite down a logical sequence of
forward until it reaches awa
aésiar% moving suain The pseud

Step 2

The second step is fo describe the logical steps and necessary
decisions that the processor must make. The requirements are
translated (by you} into a logical flowchart or other kind of dia-
gram. The diagram or description spells out the detailed steps
the program will go through to accomplish the goal.

Among the many diagramming methods are data flow dia-
grams, system diagrams, storyboards, object-oriented designs,
database designs, network architecture designs, and even plain
English or pseudocode. Choose the method that works best for
vou, But first, always write down what vou want to do in logical
steps, and vou will find vour programming will be much easier.

rk. To write pseudocods,
Suppose you wanta
cu want it 1o stop, ‘{%i?%"i
ght look like §'§$’ -
Move forward
Head wall ssz;s{}
Fﬁ{iﬁ{é wall?
- ?ss;—-?a{;% sfszsaé
No—Keep ¥¥"§€£\5E€¥§
Ropeat

Step 3

The third step is to translate this diagram into a processor lan-
guage, a task also known as coding. Do you have to use binary
numbers {1's and 0's} for this? Fortunately not! Many higher-
level languages have been invented that define instructions and
data storage, which make it easier for people to express the pro-
gram’s steps. When a programmer writes the program in one of
these languages, the processor itself converts it into the binary
numbers that the electronic circuits will understand.

This process of writing the program varies depending on
which programming language vou are using. Some languages
can be entered into the processor and they will be executed right
away. These languages are called interpreted. They are fast to
wriie and experiment with, but they may not take fisll advantage
of the processor's abilities. Examples of interpreted program-
ming languages are JavaScript, Visual Basic Script {VEScript],
PHP, and Perl.



WHAT IS PROGRAMMINGY

State Diagrams

- State diagrams are great for describing pmgrams that do tasks sequenttai y. "
,Fm example, a state diagram for a garage door opener might yicmk ke

(“warrorup \ D FRESSED
{ sutron PrESS

RAISING DOOR }

T ovooer
CHIT LT SWiTcH)

DOOR DOWN.
(HIT LIMIT SWITCH)

LOWERING
DOGR

/ WAIT FOR DOWN
BUTTON PRESS

The program begif}s in the “start”

hits the iower limit switch, where we tra
UP BUTTON PRESS” state.

Other languages need to be processed before the processor
can run them. The instructions you write must be converted
into 1’s and O’s and stored in a binary file. This step of convert-
ing the instructions from source code to machine code is called
compiling. It gives you a file that you can hand to the same
processor, or any number of processors of the same type,
to run. These other processors will not need the language
translation program (that is, the “compiler”) to figure out
what to do. Examples of compiled programming languages
include C++, Java, and Visual Basic.

PROGRAMMING 29



Lab View

Temperature Deg £

Temperature
Example

100. . o

* | % gonnis be hot
{ Bing LOTS of water and hydratef®

oesc

345

>

MESSAGE

s gonna be hatt
Bring LOTS of water 3nd hydritelt
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" The erm source code simply means the original
 lwritten in a high-level language) that was used to

_create the program.

Getting Started

Labview program-
ming language uses
a data flow model—
things progress from
left to right in the
block diagram, and
all-inputs and out-
puts are shown on
the front panel.

it is used in such
disciplines as
science, engineering;
robotics, technology,
and factory automa-
tion. In this example,
a user adjusting

the temperature
slider on the left will
change the results in
the text boxes.

Which programming language should you start with? First think
about what you want the program to do, and what kind of
hardware it is or what functions it performs (a laptop, a robot,

a smartphone, a Web page, etc.). Sometimes only one language
will work for a particular kind of problem or on certain hardware.
In other cases, there might be several languages that could
equally handle the task, and you can pick the one you are more
familiar with. If you want a challenge, then it’s fun to pick a new

language and learn it as you go!



WHAT 15 PROGRAMMING?
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Where Is
Programming Used?

Programming is in almost every aspect of modern life. Almost
everything you touch either uses a computing device or was
made by something that was programmed. For example, cars
have dozens {sometimes hundreds) of processors onboard. Many
home appliances have processors in them. Mobile phones and
tablets are completely software driven. Programs are everywhere.

Many industries that use programming share common uses
for programs, while other industries have unique needs. Several
industries are discussed in the following pages. The companion
website for this merit badge has many example programs and
free or low-cost software development tools.

Once you find industries that interest you, head over
~ to the website (www.boyslife.org/programming)to
get up and running quickly. You will be programming

inno time!

Mobile Devices

Mobile devices are common and are among the best self-contained
examples of the power of programming. Think about it and

you will realize that almost everything on a mobile device is
programmed: on-screen buttons, graphics, sound, controls, etc.
There are very few physical buttons on a mobile device——almost
everything is generated and controlled by software.

WHERE 15 PROGRAMMING USED?

Don't forgetto get
your counselor’s
approval before

you start.

PROGRAMMING 33
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Most mobile applications are different from traditional
programming. The operating system is usually designed as a
framework. That is, the basic parts of the program are already
done for you (button presses, sounds, video, picture handling,
GPS, communications, databases, etc.}. All you have to do
is write the code that takes advantage of these ready-to-go
resources and insert the code into the correct portion of the
framework. Your task as a mobile device programmer is to learn
how that framework is set up and how to take advantage of it.

Another option for programming mobile devices is to write
a website-style application using languages like JavaScript. Many
applications used today are just mini website apps and can be
written with the same programming tools. The advantage of this
style of programming is you can write one app that works on
several different kinds of phones. The limitation is that you can’t
always access the device-specific features {like a GPS) from these
generic applications.

This brings up a third type of programming for mobile
devices: Some companies have created a hybrid approach. They
allow you to write one program that works on many devices but
also interacts with device-specific functions. Some of these hybrid
approaches use a simple drag-and-drop style of programming
interface. {The interface is the means of communication
between the computer and the user.)



The learning curve for programming mobile devices can be
steep. Don’t let that stop you. Just start with simple examples
and build from there. The next thing you know, you will be
programming your own mobile-device applications. (Be sure to
check out the Programming merit badge website for examples
and tutorials.)

#!/usr/bin/env python3
#..initialize looping variable, assume yes as first answer
continueT="Y"

while continueYN =="Y";

#..get temperature input from the user, prompt them
for what we expect

degreefF = input ("Enter next temperature in degrees F
to check”)

degreeC = (degreeF -22)* 5/2

print"Temperature in degrees Cis: "% degreeC

#..check for temperature below freezing....
if degreeC <{;
print"Pack long underwear!”
#...check for it being a very hot day..
if degreeF >100:
print "Remember to Hydrate!"
continueYN = input{'input another?"}

#exit the program

PROGRAMMING
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Android life cycle

(1) ONCREATED()
(2) ONSTART))
(3) ONRESTOREINSTANCESTATE()
(4) ONRESUME()

(1) ONSAVEINSTANCESTATE()
(5{%)0 gﬁé’?ﬁsgﬂ%@ : (2) ONPAUSE()
(1) ONRESTART()

ONRESUME()

(1) ONSAVEINSTANCESTATE()
(2) ONSTOP()

ONDESTROY() : -
<PROCESS KILLED> : <PROCESS KILLED»

The diagram shows the various states a program using the Android
operating system can be in: It can start the app, run the app, pause while
the mobile device does something else, “destroy” the app {shut down},
or stop. The items between each bubble are the program modules that
can be used during each transition.
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WHERE IS PROGRAMMING USED?

Business Applications

Programs are used in all areas of a business. Programs help
employees do their jobs and help businesses reach their goals.

Retail. Computers are used as point-of-sale systems where
people pay for their purchases. These systems have printers and
peripherals {external devices) like receipt printers, card readers,
and cash drawers. Computers used as point-of-sale systems have
control software and the basic operating system and little else.

Warehouses. Inventory control is a major use of program-
ming in warehouses. This software keeps track of the
material that has come into the warehouse and what has
been shipped out. The software communicates with the
company accounting system to make sure the material sold
is paid for and checks are written to buy new material.

Accounting. A business’s accounting system keeps track of
the money. Accounting systems communicate with both the
retail point-of-sale systems to track the money coming into the
company and the inventory control system to follow the funds
going out.

Administrative. Most businesses have administrative functions
such as letters to be sent and other communications that need
to happen. People working in the administrative areas typically
use programs like word-processing software to create letters,
marketing materials, reports, and memos.
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Factory Automation

Have you ever seen a video of an automotive
factory where robotic arms automatically
build a car? Have you seen robots in a
bottling plant automatically filling and
iabeling bottles? Chances are that these
robots were controlled by a special
kind of computer called a PLC, or
programmable logic controller.

What is a PLC?

PLCs are computers designed specifically
to control machines—air conditioners,
motors, sensors, lights, bottling machines,
and so on—the machines themselves are not
programmed. The PLC can be programmed {o have

a machine do the same mundane or dirty task over and over
again so humans don’t have to. They are designed to be durable
and to work over wide temperature ranges and in harsh environ-
ments where your home computer wouldn't last long.

i A Brief History of PLCs

Before computers, factories were controlled by
relays. A relay is a switch that is controlled elec-
tronically and is either on or off. A factory might
have a relay to turn on the lights, another to
turn on a conveyor belt, another to turn on fans,
and another to control an oven. Factories used
hundreds and thousands of relay switches. They
had cabinets full of relays and wires connecting
the relays to various parts of the factory. The
equipment was bulky and hard to fix when
there was a problem. If the factory needed to
change something about its process, people had
fo go in and rewire the relays. Rewiring was
time-consuming and difficult. And the relays
were not reliable because they were mechanical
devices. They would wear out over time, and
the factory would have to be shut down while
the relays were being replaced.
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In the late 1960s, a device
called a Modular Digital Controller
(the MODICON) was invented
to replace all those relays with
a simple computer. Because the
computer didn’t need all the wires
and relays, it was much smaller
than the old-fashioned relay box
and far more reliable. And if a
factory needed to change some-
thing, a programmer just changed
the program. Workers didn’t have
to go in and rewire all the relays.
The factory could get back up and
running much faster, saving time
and money. The MODICON was
the first general-purpose PLC.

Today most factories in the
world rely on PLCs to get the
work done, so let’s see how to
program a PLC.

Programming a PLC

Programming a PLC can be very
different from most other kinds
of programming. PLCs are pro- e : e .
grammed in several ways, but the = This PLC controls motors and sensors in an
most popular method is called au.tomated distribution facility, including this
“ladder logic.” Because most of spiral conveyor system.
the people who ran the factories
already knew how to control the machinery using mechanical
relays, it was important that the PLC could be programmed using
the same concepts.
A ladder logic program closely resembles a relay wiring
diagram. You have a power rail, typically shown as a vertical line.
A wire connects the power rail to a switch or “contact,” which is
then wired to a “coil.” A coil is a generic term for the thing that
needs to be turned on (a light fan, motor, etc.). To control another
motor, you just add another wire, switch, and output. After adding
several of these, you get something that looks like a ladder, which
is why people refer to this as “ladder logic programming,”

PROGRAMMING
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As you can see in the example shown here, a ladder logic
program looks like a wiring diagram. That made it easy for
the factory engineers who were used to relays to adopt the
new technology.

CLICK Programming Softwars - Click BLCckp ¥ Maln Bmg«am
File' Edit View ‘Setup. Program - Instrocti ’mc‘wmm

7]
Ladder Logic

fitid Example
Math i
{<Temperature> - 32} * 5/¢ P {most}
; 1
Send (Port:2) AsCl
2 Type Static
Byte Swap None
Terminate (ode None
Send Message
Temperature r Degrees Cis:
{Bs1:v)
#1100
3
Sead (Port:2) ASCH
Type Static
& Byte Swap HNone
Terminate (ode None
Send Message
“Hydrate!”
Ten
0
s {<i
Send (Port:2) ASCH
& Type Static
Byte Swap None
Terminate Code None
Send Message
“Bring Long Ynderwear”
7 { NOP )

o) Reset
Timer/Counter
oy Timer

st Counter

|
|
3
E Advanced
}i n
%
|
|
|

T I i 1 e SR
AHEH e B R .
Bjen mlmsgm ﬁmtege«izmrds) [E]Floating potnt - [ Flex [T] Test g Asci [ORine

Ladder Logic gets its name from the way the code looks—like rungs on a
ladder. Inputs and decisions are made on the left and outputs are on the
right. Ladder Logic code is used in super-rel liable and durable computers

called PLCs, which control factory machines. Almost everything made in
a factory today is controlled by a PLC programmed in Ladder Logic.
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A PLC, or programmable
logic controller
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H¥you are crazy

about rebats,
you might not
knowthereisa
Robotics merit
badge waiting to

be earned by vou.

Robotics

Robots are mechanical systems that are programmed to sense and
react to their environments. They are designed to perform specific
tasks quickly and accurately. Programs in robots can be highly
sophisticated and even appear 1o be intelligent. A robot can be
designed 1o look like 3 human arm so it has the Hexibility needed
for the tasks it will perform. Depending on the task, a human-arm
robot may have a simple two-finger gripper, 2 welding attachment,
OF a paint spraver.

To plan for its tasks, a robot can accept input in multiple wavs:
* Typed instructions via a keyboard
» Handheld control device, sometimes called a pendant

® Sensors like temperature, GPS, or ulirasonic, or mechanical
switches to detect its location

In an industrial robot, the programming may be divided into
several sections such as the following.

SAFETY

+ Emergency siop of the robot if 2 safety sensor is activated
® Safety limits for the robot iiself: if it contacts an obsiacle and
cannot move, then the program turns off the robot

USER INTERFACE

* A graphical user interface (GUI) helps the user type in the
robot positions and speeds, and how to operate tools or
grippers at the end of the robot’s arms.

® A handheld pendant allows the user to move the robot to
ipcations and store those locations for the task.

Miniature models of the robot are also used to program
movemenis and locations into the computer. These
models are a follower system and are used in special
situations requiring human decisions and robot
accuracy, such as robotic surgerv.

ROBOTICS ACTIONS

® Turn motors on and off.

® Activate grippers and paint spravers,
e Control welders.
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ROBOT POSITION

Sensors are used to report where the robot and its appendages
are in its environment. The sensor values are used to
calculate where the robot is in the workspace.
The program can then determine if the next
position is possible for the robot.

ROBOT MOVEMENT
The robot position sensors also make sure
the robot is not moving too fast or too
slow. This is especially important for
painting and welding operations.
Robots that perform dangerous tasks or move heavy Robot constructed
objects need all of these features to be safe and reliable. from a LEGO
Robotics projects by hobbyists that use low-power motors may ~ Mindstorms kit
need only a few of these sections in their programming.

Programming a Robot

Robots can be programmed by many different kinds of languages
depending on the environment they are used in. They can

use general languages like C or C++ or they can use

graphical languages.

Robots ﬁperate in many
areas including mdustry, ,
law enforcement, military
UAVs (unmanned aerial
vehicles), medicine/surgery,
space exploration, under-
water oil-well repair, and
deepwater scientific study.
What do all these areas
have in common? Robots in
these fields perform tasks .
that are Dirty, Dangerous, Robot used in la
 Difficult or Dull—the four D’s '

opportun itie ood for hose who know how to program them’
‘more abou ,rohots see the Robotics merit badge pamphlet.

PROGRAMMING 45



AL PPA YL TCIDEH,

: 0
b Keiisip pue a6
AN STy L)

§

PROGRAMMING

46



WIHERE 1S PROGRAMMING USED?

" Rﬂbcncs Competmons

" bestmc org
mpetition (FRC)— F{efarred t
it combines the excitement
ogy. Camnetitc:zrs bu'i d '

Manne Advanced‘i‘ashnalugy
build underwater RGVs (remeteiy aperated

college. www.v
and www.roboti _
 You can use the websites '
to find a team and com
ear you. If you ’
1 nearby, start your ownl

;ﬁaﬁat’craateédf mV

PROGRAMMING 47



‘RE IS PROGRAMMIN

ypid main ( void )

{

PrintToScredn ( “Temperature Deg

DegreesC = (Temperature-32)xx%5/9

PrintToScreen ( “Temperature Deg

PrintToScreen { “Br

R ey

t¥sin”

gdin”

%f ( Temperature > 100 )

else if ( Temperature <0 )

Easy C
Temperature
Example

Temperature = GetAnalogInput ( TemperatureSensor ) ;

., Temperature } ;

, DegreesC ) ;

PrintToScreen ( “Hydratel\n” ) ;

nong Underwvareiin” )} ;

The popular Efajs{éfébotics pmgrammingianéaags is used around the
world by VEX Robotics Competition teams. Easy Cis a great language

for beginner programmers to learn becaus

removes all the syntax

normally encountered with text~ha*sed anguageﬁéwhxd's allows the

robotics to get up and running qumkly
actual C code generated, which waii hei

1o text-based programming.
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Programming for the Internet

What is the difference between your favorite online shopping
website and a social media website or an online gaming site?
The answer: nothing. They are all programmed websites using
a similar type of programming. Internet
programs are important because they
allow people to access information,
send email, or play games withina
Web browser.
if you could listen fo a conversation
between your computer and a website,
you would hear many programming
and Infernet languages. The various
ianguages available to web developers
' are grouped into four main areas: query
. languages, scripting languages, markup
languages, and programming languages.
Programming languages offer the
most flexibility. Can you make a website
without a programming language? Yes,
¢«  youcan use a markup language such
4 as HTML, but the website will simply
sit there like a picture and won't be
interactive. Every change will need to
be made by a person.

&
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Web Languages

To understand the differences in Web languages, you must first
understand how Web applications function. Once a request is
received by a website, several layers must be navigated to pres-
ent the information that was requested.

GUEEY LANGUAGE TALES TO DATABASES

Databases
Databases are 3 critical part of 3 web-
site. Adding a database to your website
allows vou o store, search, and organize
iarge amounts of information. Thinkof it
Hke a digital file cabinet containing many
files. Leaving the files lving around
creates a mess that is hard 1o organize.
Putting those files into a well-organized
system allows vou to easily search and
find what yvou're looking for. Databases
help websites keep track of all the
information and allow users to search
and view that information.
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Query Language

The guery language is how you retrieve information from a
database {files from the file cabinet) for presentation on-screen.
To retrieve or alter information from the database, you use a
guery language like SQL (Structured Query Language).
Common commands for a guery language include these:
SELECT zliows vou to ssarch for the data vou nesd,

i}”‘ézf he %ésg;

Hog ‘;§§§€E’§,‘ ’?;5 prograr z%‘%&ﬁz iggs%g%gf can é&
the data: make decisions, search for specific
thmgs or peﬂann calculations. The programming language can
also take a user’s input, like a mouse click or keybeard entry, and
make decisions. Think of this as asking and answering questions.
The program asks: Do I have information to work with? What does
T user *%3:5 g ézz ”%;% i %:%z—:' the correct information? Do | need

offer many options,
project often §§§§'§£ on
wehsite feanres that

: §§§§§ §§§§§ §§§ §:§§§§§§$§
. &:}gzgé% ssfgiz §'§$ §s§ or §§§§§i if %‘i%é:&&%ﬁ
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DECLARE gEretyrn_vahe int
EXEC

iggﬁggé%%gs;? Language (SOL! is a special-purpose language designed
for managing data in relational database management systems. SOL uses
statements to execute database commands and to perform conditional
operations and low-level functions. Unlike many of the other examples,
SQOL isn’t designed to be a programming language and executes only
when a user interacts withit.




WHERE 15 PROGRAMMIN

Common Internet programming languages include these:
PHP—{ree, open-source. Easy to learn and used for small projects.

NET-free and used for large-scale applications. Offers good
performance, security, and stability. Limited to certain Web
servers; Windows®-based.

JAVA—iree and used for small and large-scale applications.
Offers good performance, security, and stability. Able to run on
different Web servers, such as Windows, Mac, and Linux.

Markup and Presentation:
WhatYou See in the Browser

When your programming logic is completed, next is the presenta-
tion layer or interface. This is what you see on-screen when vou
visit a website. Think of this step as presenting a nice picture.
Typically, this final presentation is done with a combination of the
languages, like adding style sheets, Hypertext Markup Language
{(HTML/HTML 5) for markup, and JavaScript for handling user
input. These languages create what the user sees on the website.
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- HTML
<f DOUTYPE himi> {Uses JavaScript)

<htmi>
<he3ﬁa>
~>>Examp§e Javascript Program for Boy Scout Merit Badge</tit!
<script src=' jsexample.js' type=" text/javascript’></script>
</heads>

<body>

<h1>Javascript Programming Exampe</hi>

<h2>Enter Temperature (&degiF)

<input type="text" id= “M‘; nputfemp’/>

<input type="button value="Gol" ondlick="bePrepared{} />
</h2>
<h3 id="myAnswer"></h3>

A

function bePrepared{) |

var tempf = document.getElementByld{ MyinputTemp'lvalue; JavaSeript
var tempC = (5/*{tempF- JLtoFixed{1}; Temperature
" Exarrgle
i (tempC < 773
var myActionText:
}
else {
fitempC > 00} {
var myActionText =77
}
else{
var myActionText ="}
H
}
newText="1#1 i« “+tempF- ¥ "srempC 103 emyActionText;

document. getilementhid( myAnswerLinnerHTML = newText;

Javascript Programming Example

Enter Temperature (°F): 35 [Go

If the temperature is 35 °F (1.7 °C): Take long-johns!

JavaScriptis a scripting language used to make dynamic websites. Free
and easy to use, you already have it installed on your computer and can
be programming in minutes. In this example, the HTML code formats the
web page and makes it look nice. The second section of code supports
that HTML and actually does the “heavy lifting” The JavaScript gets the
temperature from the HTML input box, converts it to degrees Celsius,
and displays a message depending on the current temperature,
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Language Differences in a Nutshell

Programming language processes and organizes data and
performs all the necessary decision making of your data to
be handed off to the presentation interface. Examples: PHP,
.NET, and Java

Markup languages describe how the data should be displayed
on the screen, such as in bold, highlighted, or flashing green.
Markup languages can be used simply to describe how the
screen should be laid out, or they can describe all the coloring
and other style elements of a Web page. Examples: HTML, CSS
{Cascading Style Sheets), or XML (Extensible Markup Language)

Seripting languages, which can be embedded within HTML,
are used to add functionality to a Web page, such as different
menu styles or graphic displays, or to present dynamic (changing)
information. Examples: JavaScript or jQuery

<gcript type="text/javascript">
| <!--functionhello-World()

{
alert('Hello World!');

}
/1 ==>
</script>

S

| <IDOCTYPE html>
<html lang="en">
<head>

<meta charset="utf-8"> - ~ ‘" -
| <title>Hello World</title>
| </head>
| <body>
<hl>Hello World!</hl>
</body>
| </html>
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= Animation and Computer Graphics

& A picture on a computer screen or a cell phone is made
up of individual tiny dots, or pixels. Pixels can be
stored and moved together in one big block, as in an
1. image that you might record with a digital camera.
Pixels can also be updated individually by a program.
A program can read or write the value of any pixel

“eoo. 8 in the image. This value is a number that has a range
02 B depending on how many colors a computer monitor
The word pixelis short for ©Of smartphone can display. The larger the number, the
“picture element.” more colors are possible.

Ona computer, colors are represented
by numbers, and each “color
number” is split into three color
components: red, green, and blue.
These three colors, abbreviated

RGB, are combined the way a

painter might mix several paints

to get something in between. Using
these three primary colors, displayed in
various shades and strengths, any of 65,536 colors can

be produeed For each color, 0 is the darkest, and 255 is

the brightest when using eight bits to represent-each color.

For example, when red, green, and blue are all dark—
written as (0, 0, 0)—the color is equivalent to black; while
RGB combined at each color’s brightest— (255, 255, 255)—
is equivalent to white. Red at its brightest with the other
colors dark—(255, 0, 0)—produces red; but red displayed
only “half bright” —(128, 0, 0)—gives dark red or maroon. s
Green at its brightest with the other colors dark—{0, 255, 0)—
is a bright shade of lime, while green displayed “less than
half bﬁght:”*—i {0, 100, 0)—produces dark green. :

Following this pattern, what color do you think (0, 0, 128)
represents? (Hint: It's a shade of dark blue with a nautical-
sounding name.) What combination of red, green, and blue
would produce violet? To check your answers, with your par-
ent’s permission, search\pn\ﬁ\he for an RGB color-code chart.
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) .

done fast . the sequence
move on the screen, That is, there’s “animation.”

A frame can be an individual drawing in a comic strip, a
single picture on a strip of film, or a single complete image for
digital display. When a movie is “streamed” on a computer or
tablet device, each frame is drawn {displayed) many times a
second to create the Hlusion of movement. {“Streaming” lets you
is being received rather than having to wait

=

Because animation is used in movies,
video games, websites, smartphones,
tablets, and other devices and
applications, learning how to
program animations is a good career
opportunity that is also fun.
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Entertainment

Programming is essential to many forms of modern entertainment,

both at home and away. When you consider various high-tech
amusements, you may be amazed by how much programming
goes into the devices we use for fun.

At Home

At home, programmed devices have become the heart of the
entertainment center. You might not recognize all of them.
Let’s start with the television. Many
modern TVs can connect to the Internet and
stream videos or music using hardware or
software designed for that purpose, without
the need of a general-purpose computer. Some
TVs can also display images and videos and
play music stored on jump drives {small
data-storage devices also known as flash
drives or thumb drives). Such TVs have
programming to handle these different
forms of media.

Entertainment Pregramnung Car’

In the entertainment :néus@;w, pmgrammmg
is vital, and it is big business.

Gaming. Video game programmers develop f
games for personal computers, tablets,
smartphones, and game consoles. Gammg

is a huge industry, with consumers

spending billions of dollars each year on
video games, hardware, and accessories.

Movies and television. Media production
may require complex pmgrammmg for an
maticns, computer»«gen rated ;mages and

involve pragrammmg
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Besides connecting to the Internet, televisions may connect
to many other programmed devices, including game consoles,
disc players, and cable boxes.

Game consoles are special-purpose computers that run
games and various kinds of media. The consoles include
operating software and also execute specially developed game
programs on removable media. Some consoles are programmed
to support {work with} network-based multiplayer games.

Disc plavers such as DVD or Blu-ray™ players have pro-
gramming {o play DVD or Blu-ray videos. These devices are also
often programmed to play audio or to connect with the Internet
to stream video or audio.

Set-top boxes supplied by cable or satellite television com-
panies are programmed to receive, decrypt, and stream audio
and video transmitted by the cable company. These devices
also include programmed user interfaces that allow users to
configure and select various features. Some set-top boxes have
digital video recording (DVR) functions that save video content
for later playback. A large market for these devices has led to
the development of operating systems specifically for devices
that manage television content, such as the OpenTV operating
system developed in the 1990s and now found in well over 100
million set-top boxes.

And finally, digital televisions can also connect to computers
and double as large computer monitors.

Cutdoors

Programmed devices for entertainment are not limited to the home.
Many devices that people use outside also require serious program-
ming. Programmed mobile computing devices allow people

to communicate and play while on the go. Smartphones and
tablets have all kinds of entertainment programming, from
games to players for various types of media.

Programmed devices for entertainment
include gadgets such as GPS units, music
players, and e-books. Can you think of other
programmed devices that people use for fun
and adventure?
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Researcher & com putersto
create new drugs that fight
cancer. With too many possible
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def §§§§§§§§
print “Enter Temperature Degre
temg? = gets()
tempC = (tempF to_f~32) *579
puts *Temperature Degrees C: #{temp(}”
return tempF

g Underwesarii”

The g{%%? §%‘§§§§§'§§§§§§ §$§§§§§$ %i %éi&% §§ L
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To save time and money, CAD engineers can create and test new products in a virtual
environment before production actually begins.

Computer-aided design {CAD) programs allow engineers to
create models and schematics of their designs. The models can
be placed into artificial environments where the engineer can
virtually “walk” and move objects around. This solution avoids
the need to build expensive physical models.

Programs have been created to check for flaws; measure
the fit; and analyze the properties of things, such as stresses,
temperatures, and movements. Customized programs have also
been created for special purposes such as landing an astronaut
on the moon, sending satellites into orbit, and producing
heads-up displays for fighter pilots.

One thing Gémi"ﬁiﬁ} 1o all areas of engmeeﬁ\ .
problem solving. How big does a thing have to %&’? »
How strcng? Engineers design things based on t
knowledge they have. Information about s&’gg‘i ing
may not always be availabl e, and this is

puters are especially helpful. Programs can {;gg‘é;?
solve complex math problems that kas}&gg {:3{3;{}2
figure out. Engineers use computers in §3§‘{}§3§8§?§
solving so that they do not have to build ssﬁze’i?ggg
to fiad the answer. This saves E’%‘iaﬁé\; and time.
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HiDats YinputData=
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H
o kevbnard, Get

=gat £
v [inputString integerV alush;

id howToPack

?ﬂSE‘zégg *continuefi =

while i isEqaul T ing & B

nDgreef = getNumber!
nDegreel = (nDegreef -

printhl The tem, nlgreel);
if{nDegreel <= 1}
H

priotf’ S 3
}
i nDegreefF > 100}
i

W g

i
« YN = getString S it srotier T k

Obijective-C is a compiled language that is sﬁiez%iiéé from C and is purely
object-oriented. This is a useful language to learn because the iPod, iPad,
and other Apple computers use ﬁ*ﬁs as their native §3§§§&§e for programs
and apps.
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Automaobiles and
Traffic Control

The processors In a8 typicat
modern car require an sstimaisd
58 million fines of programming.
Luxury carswith un o i oro-
cessors could have 100 miliion
ines of programming 1o handle
features such a5 sulpmatic nark
ing, hybrid drivetrains, tire air
pressure, collision avoidance,
gic. Some cars have s much
programming a5 g modem
fighter ist or commercis! airgrsfl



For security, a car may have a program that communicates
with the remote key control. A driver can remotely lock and
unlock the car, open windows and a sliding door, and even set
off the car alarm.

Additionally, there is much programming for the dashboard, or
instrument panel. The displays may be digital, and a driver infor-
mation screen may present messages. Also, the radio cluster may
have GPS, maps, and satellite radio, all operated by a touch screen.
The doors may have a separate program to control window motion.
Some cars have automatic one-touch operation of windows.

None of these features for comfort, convenience, or security
would be possible without a computer program that someone has
written. The program senses the environment, makes decisions on
that information as well as user commands, and acts accordingly.
All these actions must be done safely, quickly, reliably, and
repeatedly, as expected by car owners.

Traffic Control

Traffic control on roadways is necessary in order to have
many cars operate safely together. Red-yellow-green
signal lights are a national standard in the United States
and in many other countries. These traffic-control
devices are programmed to safely control the sharing of
intersections by cars traveling on crossing roadways.

A traffic-light program has multiple inputs. Its own
timer program controls the progress of the program.
Also, there may be a communications connection o an
external processor. The program can be developed and
tested on that external processor, then downloaded
into the traffic-controller processor and run. The output
would be the signals to control circuits that activate and
deactivate the traffic lights. These control programs can
also be used to coordinate multiple signals at multiple
intersections to improve the flow of traffic.

If a program is designed well, it’s easy to add more features
such as left-turn control from one or both streets. Another possible
feature is for blinking lights overnight, when traffic is sparse. The
timing of all the traffic lights could be adjusted based on other
inputs such as sensors in the road. A roadbed sensor would detect
a car’s approach and adjust the traffic lights accordingly.
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A gdnor - Chehrisiscouting\Programming ME 201 s st MATLAB D ASSEMBLE

e EeeGoldocs DedopWicow Heb
‘ & 1 9 B - M, B -ERRY MATLAB
B -0+ +0 x HE O j ooy
1 % Programming Aerit Badge Sample Code
2 % Matiab Script
3 %
4 ~run_it = Y,
5 ~white {{run_it == "Y'} || {run_it == ¥}
8- DegreefF = input {'Enter (s Temperaiure Fahranheits ')
7 - DegreeC = {DegreeF-32} *5/9;
g - mystring = stacat { ‘Temperature Deg O, num2str [Degree());
9 - disp {mystringlh;
10 - if {DegreeF > 100}
11 - disp {‘Hydrate'};
12 - etse if {Degreef < 0
13 - disp{8ring Long Underweart’y;
14 ard
15 - end
16 - run_it = input { 'Would you like to check the temperature
17 - end
18
it 8 P

>> TemperatureSampleCode

Enter Current Temperature Fahrenheit: 72
Temperature Deg €:22.2222

Would you like to check the temperature {y/n} 7 vy
Enter Current Temperature Fahrenheit: 101
Temperature Deg €:39.3333

Hydrate

Would you like to check the temperature (y/n)?7 Y
Enter Current Temperatue Fahrenheit: -20
Temperature Deg (C:-28.8889

Bring Long Underwear!

Would you like to check the temperature {y/n)? n

fx >> l

Matiab is a scripting language with lots of powerful numeric analysis

functions. Matlab is widely used in the science, engineering, and
mathematics fields.
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Home Computer Security
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Training for a

Programming Career

Along with excellent the ability to think logically and solve prob-
lems, a good programmer also needs patience and creativity.
Complicated programs demand oreative approaches and patient
attention 1o detail. A programmer also needs good communication
skills and the ability fo work in teams. Equally important, however,
is the ability to work alone for long periods of time. Programming
can be a lonely and isolated type of work.

Programmers are constantly learning. In the fast-
changing world of technology, they must keep up with
the latest advances and master complex new languages
that are only now being devsioped.



Educational Opportunities
Some programmers are self-
taught. Programming languages
can be learned through onfine
courses, guidebooks, and home

155 o mrrod zas
study. Writing code and wo

w

Fe

3
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Intellectual Property

When vou create a new product, Bke a bicyele, you have a physical
ahject you can touch and hold. When you create a computer
hrogram, however, you can hold the physical media that stores

‘he programming but you cannot hold the programming itself.
With the bicycle, the value fo people is in the physical object. But
with computer programs, the value is in the programaming, not the
shysical disc or other media on which the program is stored.




The Digits! Millennium Copyriaht Aot of 1888 sxtended
the protection of copyright holders by imposing
pensities for attempiz To viclsie copy protection,

Copy protection, 8iso known as content profection,
sims 1o stop the Hegs! reproduction of computer
softwars as weil a8 movies, music, and other media,




fE= et £

< United States Patent o Patent Na: DS 6208138 B
Andestal sa53 Piade of Patent Mar 1330

5 UAMNE PESLAY METHOR AL s Secdornces £33
TERECTH DIERATDNG METHOA, GANE - -
APFARATLS AT DEIVE STSVLATIN fon BARSY BRSNS
ecr iy

Me e il SR
fregrb ey E 8 Bty Same

e . 0. e 9 S, o i Eiidasein Hhapie: bele &
’ ABSTRACT

2 5 <ty b o gt
fiesis widy chzzx&f\ Bt 52

£33 LS CL
ST DTN ii

543 Flid of Search
23475,

120km/h

Patents

A patent protects useful and innovative processes or methods,
machines, manufactured items, or “compositions of matter” {things
made of two or more substances or ingredients). Unlike copyrights
that are automatic when the work is created, patents must be
applied for. To seek patent protection, a programmer must file an
application with the United States Patent and Trademark Office A
government patent examiner reviews the application to determine
whether it is for something truly pew, useful, and not obvious.

The application process is often lengthy and typically requires the
services of a patent atforney or 2 patent agent.
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As an example, think about the asteroid shooting game
mentioned earlier. If aspects of the game are innovative, the
programmer may be able 1o get patent protection. The program-
mer could then use the patent 1o stop others from making,
using, selling, importing, or offering for sale the programmer’s
patented invention.

Trademarks

A trademark protects a word, phrase, symbol, sound, or color—
the “mark”—that identifies and distinguishes the source of a
particular product or service. You receive frademark rights by
using the mark in connection with the sale of a product or
service. Those rights develop over time as customers begin 1o
connect the mark with a product.

People often use a superscript TM (™) next to their mark
to put others on notice that they are claiming trademark rights.
if the owner of a mark registers it with the United States Patent
and Trademark Office, the owner of the mark may use a T 1o
show that the mark has been registered.

Programmers often use trademarks to keep others from
using a similar name for a competing product. For example, if
the programmer named the asteroid shooting game “Astroblitz,”
he or she might want trademark protection to make sure some-
one else does not sell a competing asteroid shooting game with
the same or a very similar name.

*

COPYRIGHT TRADEMARK

INTELLECTUAL
PROPERTY




Trade Secreis

A trade secret protecis commercially valuable information for
which the owner has taken strong measures o mainiain secrecy.
This protection will exist as long as the information remains

a secrel.

in the example of the asteroid shooting game, the program-
mer could keep the source code a trade secret. To do so, the
programimer would need to strictly control access to the source
code. He or she would need 1o put evervone who has access
to the code under an obligation to mainiain the secrecy. This
might be done by having everyone with access sign a contract
promising not o reveal the secrel.

Unlike a patent, trade secret protection will not prevent the
use of the protected information by those who independently
develop it or by those who acguire it by legitimate means. This
means ancther programmer could independently develop a neatly
identical program as long as he or she has not done so based on
inappropriate access to the first programmer’s source code.
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How Software is Sold

The value of software is In its electronically coded instructions,
not in the plastic disc or other tangible media upon which the
instructions are stored. Software developers do not sell DVDs or
other storage media. What they actually sell is permission 1o
use the programs they have created. This s called licensing

the software.

Licensing is more like renting a bike than buving one.
When you buy a bike, vou own it cutright and can do what vou
want with it. When you rent a bike, howevey, you have the right
to use i, but you may have some restrictions on how long and
where you can ride it Similarly, with software, vou purchase a
Hicense 1o use the software in a manner specified by the terms
and conditions of the license,

Software may be licensed in several ways, including:

Freeware. Obtaining freeware costs nothing. “Free,” however,
does not necessarily mean unlimited. For example, the license
couid resirict use to particular users {e.g., personal, noncommer-
cial users}, or the license could limit the ability of an individual
user to redistribute the software.

Shareware. A software developer may release a program as
shareware and expect people who use the program 1o make a
donpation or pay a fee. The developer is relying on vour honor to
help cover the costs of developing
the software.

Bemeo. Demo or trial software will
work for a Hmited time or with
limited features. After the purchaser
pays a license feg, the programmer
provides a code that removes the
Hmitations.

Open Source. An open-source
license i3 a form of freeware. This
particular type of Heense covers the
executable program and the source
code developed by the programmer.
This Hcense may come with
Himitations or restrictions.



Software Piracy

The unauthorized use of another person’s intellectual property
is called piracy. Software piracy is a costly, worldwide problem.
According to the Business Software Alliance’s 2011 Global
Software Piracy Study: “[T}he global piracy rate hovered at 42
percent in 2011 while a steadily expanding marketplace in the
developing world drove the commercial value of software theft
to $63.4 billion.”

The Federal Bureau of investtgation

is charged by the u. S. government

to investigate piracy and intellectual
property theft. This includes ideas,
inventions, and creative expressions,
such as trade secrets, music, movies,
and software. The FBI's Anti-Piracy
Warning Seal is used to help “detect
and deter criminal violations of
U.S. intellectual property laws by
educating the public about the
existence of these laws and the ;
authority of the EBl to enforce them!
You have probably seen this seal
aitmgsi&e the fa¥§0win§ toxt:

illegal. Criminal mpyr:ght infringement, mcfuzfmg infrir
monetary gain, is investigated by the FBl and is pw;;sh .&! by fines
and federal imprisonment. . .

INTELL

ECTUAL FROPERTY
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Safety

You might not think that writing programs could cause injuries.
But in fact, in ;iﬁé@ fa:;w gsgsﬂss;ﬁ;ggﬁg have much in common
' i e prevented using some of the
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§§§¥E§§§§§§§S—§“&?§‘ soreness often called
“tennis elbow™

Reflex sympathetic dystrophy —a painful

condition marked by dry, swollen hands and

loss of muscle control

Tendonitis—tearing and inflammation of
endons connecting bones to muscles

Besides developing %i;?s TOTAMIMETs ¢an
: ce back problems,
sadaches.




§§§§§g §§%¥§§’§§§

playing spom—;:vmgr&mm&m ﬁeﬁ to stay ﬁyéi&teé too. Four
§-ounce glasses of water per day is a good number. Soda, juices,
and other sweet drinks are not a substitute for water.

To help prevent eyestrain, program in a well-lit room.
Minimize the contrast between your monitor and the rest of the




Electrical Safety

I{ you are writing a program on a device that is plugged into the
wall for power, you are dealing with potentially deadly electronic
civcudts. Keep liquids and food away from plugged-in machines,
and make sure any cords are neatly stowed to prevent tripping.
Be sure the equipment is properly grounded to prevent shock
hazards. It's best to unplug the computer when it is pot in use,
?ﬁggesﬁgéz ;gg &zzﬁéﬂzﬁaﬁm& All of these suggestions protect




Programming Terms

client. Part of a client-server conmection.
The client is an application, such as an
email @mg;‘amg that yuns on a personal
computer. That computer is networked

g*f s*:% on of jg?%?:f%

g&m&eﬁxﬁr tha t can be on or C’ﬁ a program or sofiware apphcatmn,

byte. A group of eight bits of information.  embedded processor. A small special-
purpose computer usually dedicated to
a single task.




flowchart. A diagram that shows step-
by-step progression through a procedure
or system, usually using connecting lines
and basic symbols. To show the flow of

work, a process flowchart typically uses

a rectangle for a step in the process
diamond for a decision point; a flattened

. 2

ript 3 network
ez of malwars

on a variety of processors. 5
is portable (also known as machine-
independent) does not depend on a
particular type of hardware.

program. A set of processor instructions.

programming language. The language

used to write Instructions that 2

create the program. Depending on the

state diagram. A type of diagram used in
computer science to Hustrate the possible
states, or stages of behavior, and all the
possible paths a program can use to
transition from one state to another.

or a subprogram.

frojan. A virus or harmful program
disguised to look like a useful program,
such as a screensaver.

workstation. A terminal or personal
computer usually conmected to a
computer network, or a powerful
microcomputer used especially for

i






Programming Resources

Books

Foxall, James. Sams Teach Yourself Visual
Basic 2012 in 24 Howrs. Sams
Publishing, 2012.

Henney, Kevlin. 97 Things Every
Programmer Should Know: Collective
Wisdom From the Experts. O'Reilly
Media, 2010,

Horstmann, Cay S. O++ for Everyone,
2Znd ed. Wiley, 2010.

Newsome, gw&a ,af:fgfmzér@ Visual

o

sh 3;% ?‘g: Mia

Organizations and Websites

Android

Tutorials for Android app building
Website: http://developer.android.com/
training/index himi

Code.org
Free tuorials and introductions

o programming

Website: hitp://www.code.org

HowToStartProgramming.com

Beginner information about programuning
for Visual Basic and PHP

Website: http://howtostart
programming.com

g%gfﬁgﬁgs;ggé‘%

many examples §§§§ %‘ £
appropriate for S{é}%@%&?gg will %5
up and running %%%i%:éé? and %é
able to find what you need o

“fuifilithe %§}§§§§§§§§§ %gg;g

_ badge requirements. .

a3




§§%§§;‘$§§%§§§§ g%%};gs%%g nc

3%%&%%:5 Academy of

Summer Leaming

From the Carnegie Mellon Robotics
Academy, animation, robotics, web
design, game design, and more
Website: http://www.csZn.org

Scratch

Good, free examples of programs

Website: hitp://scratch.mit.edu

U.S. Copyright Office

Website: www.copyright.gov—
Copyright Office

U.8. Patent and Trademark Office

Website: http://www.uspto.gov

%%s%s&% com

&ﬁﬁgsggg an §§§§$§§ leader in
3" ?3{:%%;%; 3%%%}%%5%%& ?{g §§%§%§§§§ .

Celeste Rance—Software development
manager, Pearson

David Kerven, Ph.D., J.D.—Associate
professor of Information Technology,
Georgia Gwinnett College

Robert J. Caruso, CIS3P—Information
security architect, Battelle Memorial
Institute; U.5. CyberPatriot mentor
and lifelong Scouter; BSA Cyber Chip
co-developer

Laszlo Hideg, Ph.D., PE. ——%1%
engineering components, electric motor

o~

7 LLC




Arts in physics; **%}?"’i?z%i? %*%?»sz’es?
MIT Lmﬁ:&Eﬁ Laboratory; ceach, Team
America Rocketry Challenge

We would also like to acknowledge James
Trobaugh, Chip McDaniel, Eagle Scout
Christopher Hideg, Talia Heisey, and
?é%sssg% Folea for their assistance in devel-
ecode §§§'§’§§§% used throughout

ﬁhﬁstapher Eﬁdeg and Laszlo Hideg,
courtesy—page 10

LEGO, the LEGO logo, MINDSTORMS,
and the MINDSTORMS logo are irade-
marks of the LEGO Group. 2011 The

LEGO Group. Colors and §z’{%§‘§§

designs may vary.—page 45 {
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URRRAL 21 {1690528 ®Brian
McEntire}, 21 {Hello World, 25689409
TMauro Saivezzo), 22 (13328182
“Vilmos Varga), 24 (49830424
Tmaxstockphoto}, 32 (background,
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m&ﬁr 77807080 Ticigphotography;
57422011 ®Nelson
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©Matt Cooper; teenager, 54864916
“honkey Business Images; wafch,
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#Saulius L; EF{};&}ER 48660928 Wikipadia.org/National Oceanic and

©Norebbo}, 69 (44433292 Atmospheric Administration/
om anfredxﬂ 71 (119998051 Hydrometeorological Prediction
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MERIT BADGE LIBRARY
Though intended as an aid to Boy Scouts, Varsity Scouts, and qualified Venturers and

Sea Scouts in meeting merit badge requirements, these pamphiets are of general
interest and are made available by many schools and public libraries. The latest
revision date of each pamphlet might not correspond with the copyright date shown
below, because this list.is corrected only once a year, in-January. Any number of merit
badge pamphlets miay be revised throughout the year; others are simply reprinted until
& revision becomes necessary.

If a Scout has already started working on a merit badge when a new edition for that
pamphiet is introduced, he may continue to use the same merit badge pamphlet to earn
the badge and fulfill the requirements therein. In other words, the Scout need not start
over again with the new pamphlet and possibly revised requirements.

Merit Badge Pamphiet - Year | Merit Badge Pamphlet - Year | Merit Badge Pamphlet = Year
American Business 2002 | Environmental Science - 2006} Plant Science 2005
American Cultures 2005 | Family Life 2005 '} Plumbing 2004
American Heritage 2005 { Farm Mechanics 2008 { Pottery 2008
Arnerican Labor 2006 1 Fingerprinting 2003 | Public Health 2005
Animat Science 2006 | Fire Safety 2004 1 Public Speaking 2013
Archaeclogy 2006 | First Aid 2007 1 Pulp and Paper 2008
Archery 2004 | Fish and Wildlife Radio 2008
Architecture and Management 2004 | ‘Railroading 2003
Landscape Architecture 2010 | Fishing 2009 | Reading 2003
Art 2006} Fly-Fishing 2008 '} Reptile and
Astronomy 20183 { Forestry 2005 Araphibian Study 2005
Athletics 2006} Gardening 2013} Rifle Shooting 2001
Automotive Maintenance . 2012 | Genealogy 2005 ‘Robotics 2011
Aviation 2006 | Geocaching 2010 | Rowing 2006
Backpacking 20071 Geology 2005 | Safety 2006
Basketry 2003} Golf 2002} Salesmanship 2003
Bird Study 2005 | Graphic Arts 2008 | Scholarship 2004
i Bugling (see Music) Hiking 2007 | Scouting Heritage 2010
Camping 2005 | Home Repairs 2009 | Scuba Diving 2008
i Canoeing 2004 1 Horsemanship 2010 | Scuipture 2007
Chemistry 2004. § Indian Lore 2008} Search and Rescue 2012
Chess 20111 Insect Study 2008 | Shotgun Shooting 2005
Cinematography 2008 {1 Inventing 2010} Skating 2005
Citizenship in the Journalism 20061 Small-Boat Sailing 2004
Community 20051 Kayaking 2012 Snow Sports 2007
Citizenship in the Nation. - 2005 | Landscape Architecture Soil-and Water
Citizenship in the World 2005 {see Architecture) Conservation 2004
Climbing 2011 Law 2003} Space Exploration 2004
Coin Collecting 2008 | Leatherwork 2002 | Sports 2008
Collections 2008 1 Lifesaving 2008 1. Stamp Collecting 2007
Communication 2008 | Mammal Study 2003 | -Surveying 2004
Composite Materials 2006 | Medicine 2009 | Swirmming 2008
Computers 2009 | Metalwork 20071 Textile 2003
Cooking 2007 | Model Design and Building 2010 | Theater 2005
Crime Prevention 20051 Motorboating 2008 | Traffic Safety 20086
Cycling 2003 1 Music and Bugling 2003} Truck Transportation 2005
Dentistry 2006 .1 Nature 2003 ] Veterinary Medicine 2005
Disabilities Awareness 2005 1 Nuclear Science 2010 | Water Sporls 2007
Dog Care 2012 Oceanography 2008 3 Weather 2006
Drafting 2008 ] Orienteering 2003 | 'Weiding 2012
Electricity 2004} Painting 2008 | Whitewater 2005
Electronics 2004 | Personal Fitness 2008 | Wilderness Survival 2007
Emergency Preparedness 2012 | Personal Management - 2003 1-Wood Carving 2008
Ensrgy 2005 1 Pats 2003 ] Woodwork 2011
Engineering 20081 Photography 2013
Entrepreneurship 2006 1 Pioneering 2006
BOY SCOUTS OF AMERICA « SUPPLY GROUP
NATIONAL DISTRIBUTION CENTER DIRECT MAIL CENTER
2109 Westinghouse Boulevard PO. Box 809
PO. Box 7143 Pineville, NC 28134-0909
Charlotie, NC 28241-7143 For fast credit card orders—
VISA, MasterCard, American Express—
www.scoutstuff.org call BSA operators toll-free
1-800-323-0732
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