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PRO GRAMM 1 NG 

"Enhancing our youths' competitive edge through ment badges" 
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Note to the Counselor 
Thank you for offering your talents as a merit badge counselor. 
Scouting's merk badge program succeeds hecause of the dedication 
and generosity of people like vou. 

This merit badge is intended to introduce Scouts to 
programming, to heip them understand how prograniming 
affects thenn in their evervd 	ivcs, and to help them reahze 
that plogramuhing ts sonwtun any Scout can do and evcn 
posshiy pursue as a ca 

To that end. th 	Ilirements are designcd simply to expose 
the Scout to sevetal kuds of programrning in duterent 
not to tu turn tlte Scout nro a "progtanitner." Please hci 	:de the 
Scout to kec 	sproject choices tun and relatively simple 

Supuurttng thts merit bad9e is an online resourc€ 
www.boyshfc.org/programming,  where tttc Scout will 
many examples, video tuP rials. and deveionment tools ptovided 
at minimal or no cost. This resource is presented with the young 
Scout 10 mmd and serves os the starting point for occornplishing 
tue ton oh tue morit [taPpe rein totilonts spectnctlly 
requiremenis 5a-5d). 

Before the Scout spends a lot of time and effort on 
the requirements, he should be sure you will give hirt 
credit for that work. 
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For the purposes of this badge, we expect a program to take 
an inpul, make decisions based on that innut, and then provide 
an output based on those decisions. The Scout should write the 
instructluns in the languages and development environments of his 
choLce. Wniic "programnung" a horne theL Lnoai or a DVR is Lot 
an acceptabe project, creating a macro in a spreadsheet program 
could qualify as a proiect if you think it is appropriate. Please guide 
the Scout accordingiv. 

Also uon' tUiT there is no requirernent that the code be run 
an an actual "machine." Running the program on a simulated 
nLachine or in a 'irtuai world is fine. For exangle, most cell 
p one developmcnt evonments provide ccii phone simulators 
with which the code can be tested. 

Thank you again for your service. Now, let's get some 
Scouts excited about programming! 
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Recluirements 
1. Safety. Do the following: 

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

b. Discuss first aid and prevention for the types of injuries or 
illnessesthat cok1 occur cluring pro ramining activities, 

-. 	 inciuciulg 1epetuve stress injuries and eycsuain. 

• Earn the Cyber Chip 
Earning the Cyber Chip can heip you learn how to stay safe 

• 

	

	while you are online and using social networks or the latest 

electronic gadgets.Topics include ceil phone use, texting, 

J 

	

	blogging, gaming, cyberbullying, and identity theft. Find out 

more about the Cyber Chip at www.scouting.org/cyberchip.  

2. History. Do the following: 

a. Give a brief history of programming, including at 
least three ruHestones reiaIeci :o the advancenent 
or developrnent of programming. 

h. Describe the evolution of programming rnethods and 
how they have irnproved over tirne. 

3. General knowledge. Do the following: 

a. Create a list of 10 pooular prorammmg !guu 	in 
use today and decribe whch ndustru or i1IduLcs 

they are primarily used in and whv. 

b. Describe three different prograrnrned devices you rely 
on every dar 

4. lntellectual property. Do the following: 

a. Explain how software patents and copyrights protect 
a programmer. 

b. Describe the difference hetween licensing and 
owning softwan.'. 

c. Describe the differences between freeware, open source, 
and ccnnnercial software, and why lt is important to 
respcc: IOC terms of use of each. 
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5. Proe. Do the foliowing: 

a. Viih 	counse½r 	r'oro'!. choose a sample 
prog::::. Tien, ::l::':;::::. moc::eode or add 
a function or subprograrn to it. Debug and demonstrate 
the modified pn - : m to vour counselor. 

The Programming merit badge website, http. 	. 
boyslife.org/programming,  has a numbr of san 

programs that you could use for requiremo 5 
However, you have the optiorz, Df findin a coram 

onyourownJt'sa gond idee o seekyo nrt bsdoe 

counselor's guidance. 

b. With your counselor's approval, choose a second pro-
grammi:: 	::giage anc :evelopment e-

- 
:::: onment, 

diffce: 	- hose u.seG for requirerne 	and in 
a di:e::: 	:stry 	m Sa. Theo w:: 	:‚ and 
demonstrate a iunctioning program to your counselor, 
using that h: - zage and environment. 

c. \Viti vur counc-'.:. 	:. ::se 	ird program- 
mir.g .nguage 	:: -:: ::::::ent, different 
from those used for requ. ' - a:-- -: -. ts Sa and 5b and in a 
ceren::t -  :orn F 	5:. The:: :•::e, debug, and 
c:e:nons::::e a iuntioni, .:.::am 	counselor, 
:.ng tl:.: anguage anc 	.ro:1ment. 

d. Expiain how the progranis you wrote for requirements 
5a, Sh, and 5c process inputs, how t:; make dej.:ons 

inputs, and •.: thev provide ourpurs 
: 	cision maki::..'. 

6. Careers. Find out about three career opportunities in pro-
gramming. :c one and find out the education, training. 
andexperie:.:e ?:::rcd. Discus :s -.:: our ::seIor 
and explain :‚ .i:.s career mig:: 	±.:erest 
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Introduction: The Code 
Behind the Screen 
Vouhaveprobabivsurfed the Inter:, pIayed:: 
posted updae on sociai media m: titnes th.;. 
B: :navh 	 ::r:. thinkabouterling 
ir. 	ction I: 	ee kinds 	ctivines pos: . 

rc do whai 	d, comnuten. ame nsoles. nianphones. 
and other digital devices ioiknv insu icrion :a. led p!ognlms. 
E.:I:intr:::.onorcommandina:::TZram 	::ere 

erson People who vrire 	for digitala: cations are 
calied 

Earning t:7 . 	ning merk badge will take yOu behind 
thesc:i'foralookattheco:.: 	thatmai .Lgitai 
device- seiul 	fun \Virhou: ::giain'. todavs htech 
gadgets wonk : linie more th.:. empv shells. Bur given clear 

:..1cescandoamaziu  
otier................:au!dhaveseemediikemagictoDeopiemthepast. 

You benefi c)rn the creative wo 
:cmmereveryti you 

toada ev, s pp" toasir.3honec. 
tabIetc:" rpIay;ieogane 
orupd:e 	3sinyoL1 3PSde 
or upgrad ........: putE 	the 
latest software 

 



Bv he rme 	üler 	:eers 	:e ?:grar 
iag 

voi mgh ri vc:re!: 	 egcns evyrg 

	

g:e: who c:ea:e s iuc 	va::e scfvre. Vhate:er 

t iee± s ebov 	evere 22S arsve: 

i:: :ou:i beccme :ha: s'mee&:. H;'::::: 

1' 
le 

k 
What Languages Do You Speak? 
This pamph'et contains examples of codes that all perform" the same 
task; look tor the blue boxes throughout this pamphlet. You will be able 

to compare the codes visually, challenge yourself to figure out the differ-
ences, and decipher the languageThis is an example ofVisual Basic code. 



V8aoat s eo'o g'omm na a'gcege uS-O in rhe »ndoas cnn 

nJoo;S oo0e efl»rCflmenTs, 	ooctncrcntd nrogrammnd 

•nJc0O tht ccn da UeO O cre  a 	\CCOty of usefu ooHcadons. 

e arne no' sbon,s hs Vsoa Basc code cnn ne no arnaar OOXCS 

shoc, sampes of n nat t he 05er  sees 

e; 	System EventAs 	2xl Chxk 

Fxtersp 

Visual Basic 
Tensp mpe 

Labe4V 
Stttemp>0 
Lab&5 Fme 	Z Z c - 

LaSe15 Text 

System Oby; 	 System.EvextArgs 
tTex1 

VsSte 

Enter Temperature Enter Ternperatve 

31 151 

Converted tempefature 18: Converted temperature is: 

-0.625 Celsius 43.125 Celsius 

Brr! Pack the Long Jahn. 5 
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The History of  

Programming Languages 
A processoris an 

: os that te 	cess - ::.vc•d a 
writes  

m 	language is die tool that converts the programmer's 
instructions into a form the processor can understand. 

T' :oots of 	program'*'c retch bach tc before the 
first c , - . - )uters. Y.cs: ;.::gramming ::'::ges havc ::eir oiz;:s 
in ear1. eiforts to automate machines like caiculating machines. 

Binary Code 
Bec: 	•e:c:pme:: cf modernprc:rnmi:.g anguages, 

inw; :cde, which is :h 	nate language" of a 
.. .......puter. A computer "speaks" in only Fs and O's. 

T:ce ::o numerals t;c in binary Iangu.e 	nui:ierc codes 
fc::::c .:ierations a p;r: como"er ccd e"..-cute „ am out) 

3inarv code ixec prog:::::mers to u:: pieces 
of computer hard.: = rcuits) "on" (represented with a 1) or 

(represented 	:±.c numeral 0) All modern prog::ming 
are bui: o concent of trying to turn hu:-, -, ~  :i 

- 	 :mancs ::no binar  

According to a popular saying, "There are only 10 kinds 
of people in the world: those who understand binary 
and those who don't' If you understand that, then you 
are on your way to becoming a programmer. 

&ectronic circuit 

on a small chip 

inside computers 

and other electronic 

devices. The 

processo(s job is to 

Interpret and carry 

out instructions. 
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About the Badge 
Programs eventually get executed (carried out) 
on hardware. At the lowest level, the electronic 

circuits understand only "on" and "off"; that 

s is the voltage (or current) turned on or off? 
- 	‚ Programmers refer to these on and off states 

as 1 and 0 simply because those digits 

are easier to write. Programmers call those 

l's and Os "bits:' Groups of eight bits are 

usually referred to as "bytes" Different patterns of these eight-bit bytes 

can represent different things. For example, "00000001" could represent 

the number 1; "00000010" could be 2. lf we add those, we get "00000011' 

which woufd be 3. "00000100" would be 4, "00000101" would be 5, etc. 
Do you see the pattern? 

We can also assign patterns of bits to represent text characters.The 

most common standard that most programmers use is ASCII: the American 

Standard Code for Information lnterchange.You can do an Internet search 

to see a table that defines what each pattern of characters means when 

using that standard. You will see that the first Iight-green pattern of l's and 

O's on the Programming merit badge (01000010) represents 8, the second 

line (01010011) represents 5, and the third line (01000001) representsA. 

Taken together, those spell BSA in binary ASCII. 
Try this:Turn the merit badge upside down and look up what those 

patterns mean.The "B" is the same because it is the same pattern forward 
or backward, but what about the others?They don't spell "BSA" anymore, 
do they? 

Bottom line: We will know who the real programmers are by who 

wears the badge the right way upl 

01010001110000101010100010101010101 
11011011100100100011111101011010101 
11110100010110110111100010101110011 

Machine code is the only language a processor's circuits can read.This low-level 
language is hard for people to widerstand and very tedious to write. 
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0 
10 	0 

0 	 1 
11 	0 

	

0 	110 

The binary nurnber system is different from the more femIiar decimal numher system. 
For example, w,itten as a binary number, the decimal numeral 9 je 00001001. Binary 
numbers make up machine code, the low-Ievel language that computers translate all 
data into before performing operations on lt. 

Assembly Language 
Asser:'.' 1iangua 	tc :ex step in the eic'i of rnc'dern 
progra:rning. 	:ctchine language cc::s:.:s entire: 
numbers and is dif:c 	for humans to read and write, assembly 
iangua lets 	r:mer use "namc-s ' or 	r:c:crs :stead 
of nurubers. 	 more huma;-::iendv 	a.cwed 
pro :o• :•2c:: single commands for a 
processor. Each command in assembly langu:zc is specific to 
the processo: v'e o csc'r ses de e'.'.n kind 
of code), so ts.c 	.ce 	:.:e 	 :ost 
modern programm: ::g languages. However, assembly language 
is ultimarc': how a processor executes all higher-level languages. 

A high.level language is an advanced programming 
language that is easer for humans to understand than 
binary code or assembly language and is not limited to 
a single processor. 
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pu 	 - T JAVA 
JW_TEMP_F_W44N1NG= ; - c--zz  ~ture 

GH.JEMP_F_WARMNG= 
LOOP5: 

- 	 gijargs' 

-1 	:s:: 	Scanns 	S.s- 

rennet= 

C4sus 

foft > 	= 	<MAX_LOOP: i-+)( 
Syst- 	t.print('ntnter a temoarature in Fahre 

Systemout.c 

S 	exit) 

Sy 	Dutpr 	 Celsius) 

arenhet< L0W_: 
Systern.out.pintf 

Systemea)t( 

Example Output: 

Enter a temperature in Fahrenheit: 76.0 

The temperaturen Celsius is: 24.444444444444443 

€•a:-:eratureinFee: C2. 

eze - -e'ureinCels.s:83$838888888886 

Remember to hydrate 

:ratempea..e 	Fahre--s t:-2. 

temoeratL ;. Ce,sius 5: -  8.88888888888889 

Rerre-er to pack Long underwear 

Enter a temperature in Fahrenheit: 

‚Java is one of the most popuar programming fanguages in the world because it 
is free and runs on many different platforms, a quality referred to as "Write Once, 
Run Anywhere" Java is easy to leam if you are already familiar with another 
text-based language. 
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How many programrning languages are there? As of the 
printing of this merit badge pamphlet, more than 
programming languages have been developed. 

Next-Generation Programming Languages 
Bv the 1911- and 1 , OS, man' . wIa.a.. 	:reh:::.r 
mrocuce.:. :nduchng :i.-R. Acht. an: 	:: e ianguac 
wok program::.:.g bevond binar. -  and assemD!y w ailow 
pomrttt: -: ot uguages bevond usr the processor hardware of 
±e time. That is. programs wrinen in thesc anguages could run 
0: :..:s :.;::re kinds of proc:rs or with two ormore 
or o rcnng ssrcms. Man- iaugu:ages. such as Pascal, tv€: 
created to capture new conceprs ci computer science. Oft 

asFonr:::..:OBOL.. - :edeveio:± ::::ueetspec.:J 
needs:: science or busin:s 

Important Earty Languages 

FORTRAN Rr-m . Tnat::on;. originaliy developed :: :he 
19305. was among the earliest programming languages. \Vei'1-:ned 
tor mathematical caiculations, FORtRAN was used mainiv f: 

........ enge:::: ..... :ram:.::g. Todav, For::v: Ilas  itis 
now sp€Ii without all-capital letters) is the primary ianguage 
tor some ci tne most demanding supercomputing tasks. such as 
weauher and climate medeling. 

COBOL  
popular tor busmess data-ptocessmg on larger coupuiers. 
COPOL was desined tor use hv banks. utilitv companies. 
man:±t:.ture: .............:vem :cies, anci ::her big operc:::ns. 

Pascal—nar:.: after the mathematidan Blaise Pascal--:ut 
mo practice the cc;cept ef srrucr dpngmnunirtg Sracvi:sd 

programming was designed to heip programmers write programs 
thata - c :1:era::.:1 s.erto::.de5tcg(rem: -:::t.and 
ttyftft .. For vears. Pascal was 	apular language tc :caci 
beginningprogTarnrfliflg das 

NOGRAMMING 	17 



•LOW_TE.J'ARNNC- 
-. 	G_TEP_YRN!'Q= 

GHTEMPJ_kRV\:r 
- 

	

OTEMPJ_VrRNNG 	- - 
-- 

Example Output: 

Ernc- 

e!erre 

En-er 2 ere ajr 	 - 

be t,ad Lm 	rer 

The C programming tanguage was designed to develop code for UNIX, 

a multiuser operatrng system originally developed in 1969Today, most 

code for general-purpose operating systems is written in C or its advanced 

version, C++ (pronounced "see plus plus"). 
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The popular C programming language is widely used to create other 
Computer programming languages, to program robots, for scientific 
engineering, and for many other applications. lt is a great fundamentai 
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 directiv affected Ihm,- path of programming 
languages, orte of which is caFed 'conditional co'itrol 
transfer." This idea gave risc to the notion of subroutines, 
or small blocks of code titt eaukd be jumped to in any 
order, instead of a singie Set of consecutive steps for the 
processor to take. The second part of the idea stated that 
code should be able to loop (repeat) or to branch based 
on logical stwer000ts such as "if/then" statements. (In 
programming, a stateinerzt is a single line of code for 
performing a specific task.) "Conditional control transfer" gase 
risc to the idea of "libraries," which are blocks of code that can 
bc reused over and over. For example, a complex mathematical 
forrnula cou]d be written once in a single block of 'Code or 
library so any programmer could use it without having to write 
the code. By doing this, programmers can take advantage of 
previous work wititout having to "reinvent the wheei." 

Programming in Objects 
Object-oriented prograrnrning (OOP) is a style of programming 
that treats concepts as "obiects" that can interact \vith one 
another. OOP ianguages stirfaced in the mid- 1 %Os and allowed 
a software develonor to write code independently of any specific 
software application. The progranin.ng is done by putting 
togethcr groups, or modules, of commonlv used commands-
instructions on how 10 pont. how to save information to a disk, 
and so on—into complete programs. 

Object-oriented programming saves urne hecause the 
programmer can reuse parts of prograns aiready developed 
by others. OOP concepts hep' ippemg in the 1960s with a 
programming language cahed Sintula and further evolved in the 
1970s with the arrival of Snaiita1k. In the 1980s, 001' ianguages 
such as C---- and Eiffel appeared. OOP continued to grow in 
popularity in the 1990s, most notably with the advent of Java. 

PROGRAMMING 	19 



C# (C-Sharp) 
Ternr.er.ure 

::.:.(ioUeenon4 (Jeneris 

.nrro!s. 

:ogrunrnh;ng..  MHDenso 

ii eins \IaIni'uge Phoure,ppiueauuonPage 

uriazeComponst). 

ButronCick (ohject sender. RouuuedE cn\re5 ei 

(• 	-' 	 ..: Ins 	-- 
:nns.\u.sihuiuks 	iuhIe. 

10 5  (i.'i: 	sueun.\usdous Vrsiniiuus.Visihie; 	 ________ 

. 	n.Wose.\uu,h,luts,Vusubie: 

Iexu(s \snius 	Svstns.\Vurdrsss usubiu..\-hie; 

fluuuton (iick2(- 	. senden. Rourcdhs entArg 

restLros 

:\''.'.' 	.\e....... 

C-Sharp, or C4, is a programming language used in the Windows and 

Windows phone environments. lt is an object-oriented programming 

language that can be used to create a wide variety of apptications. 
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Originally known as "C with Ciasses," C++ was developed 
starting in 1979 and is now among the most popular pro-
gramming languages. Most graphical operating systems—like 
Microsoft Windows—and malor related programs were written 
with C++. 

Java appeared in 1995 as a general-purpose programming 
language, designed to be machine independent. lt was intcnded 
to let software ievelopers write once, run anywhere," meaning 
that code that runs on one operating System does not need to be 
rewritten to run o' '-" 

One of the first programs most beginning 
software developers learn is the Helio World 
program. lts coded instructions produce a 
simple statement—"HelioWorld!"---on a 
computer screen.Whatever programming 
language the developer is tearning, Helio 
World has become the traditional first pro-
gram.Though the history of this tradition is 
not weil documented, records point to Brian 
Kernighan's 1974 tutorial for the computer 
language "B:'The best-known example is 
found in Kernighan and Dennis Ritchie's 1978 
book, The C Programming Language. 
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Programming for the World Wide Web 
Tue creation of the World Wide Web brought rapid growth in the 
field of ptograrnming. The Web itself is a Set of files located on 
Internet s rer' computers) and accesed using 'rules" known as 
the hvptrt'xr L/1s!'r prou)coi (Hill') Internet languages allow 
everydav penple to easily access the ufurmation. Programming 
Internet !anguages (ilke JavaScrip( -md i'HP) were developed over 
time 	eiter access this intormat jOO and provtde a better way 
10 experience it. 

lIv.ertext Markup Language (HTML) is a basic language for 
building Web pages. Considered the first language specificaliy 
created for the World \Vide \.\t'b, its purpose was tu create a 
structure for Information heing presented on the Web. 

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

PHP is a genelal-purpose programming language desigied 
to produce dvnamic Web pages. A dynamic page changes with 
each user, displaying different content each time the page is 
viewed. "PHP" origindiv stood for "Personal Home Page" but 
is now an abbreviation for PHP Hypertext Preprocessor. 
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<7php 	 1 
Tenp> 

Ernme 

	

• • SE 	 _ 

.rourid(Sc&siu 	•' ( 

>k Lor,q L. • 

HTML Code: 

<head> 
<t,lIe>8SA 'HP Temperature Conversion</title> 

<1 head> 
<body> 

<h2>BSA PH  Temperature Conversion . . 
<form 	 7hp -&o .S SERVER ' 	 > 	 • 
<P> Enter a r,,,mbrr in *he box heow to convert the temperature to Cekius.</P> 

<inp.........SuhmitCc. •: 	 . 	= suhmt" /> 
<'form> 

</body> 

BSA PHP Temperature Conversion 

You converted 101 F to 38 C: Rcmemher to Hydiste 

Entern number in tEe Ocx below 5) convett Ote temperature 10 Celcius. 

Degrees:L11 . 

PHP is a widely used generaipurpose scdpting langLiage that is especafly 

suited for Web developrnent. PHP is used to execute database cornrnar1ds, 

pertorm conditional operations, and perform high-level formauing funetions, 

lt integrates many other weh technologies, irtcluding HTML, XML, Javascript, 

and Java. 
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What Is Programm ing? 
\Vhen vou taik a Iriend, von use a larc:.agevout...... understand 
quite weil. Maiw urnes. vour friend will what rau mean even if 
voudontsavinsomanwords. 

a ccr: :- isnt as simple eause a computer vi1i 
not know wnat rau mean unless rau sav lt e.acti . A computer 
will e:ecme evtaiv the instructions lt is given—nothing marc. and 
norlir: 

iristructions am prec: 	md .. z. .: - 7. Puter 
will nm-them orer and over artd tieres ‚uet tireu. us 
repetirion of correct insrructions ci ehe er.-  high spes: 
computers can -ui .:ti. hals led 	ne techn:.iu:.:. :::..:::on 
ofincredf:s jevices tRat -we 	ererv dar ar... nind 
us: sm.iricbcnes. DVD nvers. .tgitai camera:. . .i:ri: 
garagi . :or openess. 	me controls, wri -zz twt .:.: i. 

cffic r:ial Iighrs. indusrdal ::.::is. and even mu.:aI 
: .ard 

roc:s::rs t h at rd -n d:c:l devices opErare at a sir 
.Joffontinvcirct..: 

Thev ::: OilOWlO 	nnidnons mat someone pIac€: : 
work tcther witi ::her digital comptnenrs a m€r.:.. 
an elestronic display. or a motor. forinstance :: :r::rm: 
h: ::::r fur.::.::. 	es 	ex! inrc ::ciropErat..::t 

So how ua Ulese usrrjcrions ges uaisiaed fc.n; .r idea 
ima something thar processors will understand? This :::xitv of 
convE imo insrsuctions z.  
von c:.r.. ;. :ram. the insrructtons can ne simple 
comp ......:. .: .r like wor1ng whh uncur wood: -he .vriritv 
can i . ...:......useful, splitting iogs for a fire. Or lt 

like whitriing a kev ::i: istle from 
a hickor; ivaucu. 
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Step-by-Step Communications 

rend: 
cs.::en wrh vai: ftat easv : 

For a 	u:er. o;veve:, 	 w.i , neeti t 

eed o i exaciv as VOU The se:ce 
and 

nae :a: e ase 	Ivr. wha: 	ee-c: cr zs ow:: or 
acw e wav 

- ne ses .:oen .: :.vns 	zaP -. .......: x: ccud 
e:sand iei. 
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each process or action ei  
do is 	- med hv a rectangle listing what should happen. 
The deClSeon pont is represented by a diamond, whic 
possible alternate paths dependmg on ehe answer to t... ues:en. 
The question is usualiv phrased to be answered either c-s cc 
'no.' Th 	s/no system, sometimes cailed true/faise, is why 
binarv nuuluers are used in programming. Binarv numbers coune 
weib oniv the digits 0 and 1, instead of 0 through 9. This means a 
"yes' or "no" answer ran easiiv be translated ento a 1 (for "on') 
or a 0 (for "off") that the circuit boarcs ran understand. 

Step 1 
Pmgramming begins 1w defireing t. -. 2 ci :rnse of ehe prograrn. Whae 
de vou want ei to dci? Pnnt a pictue c: 	computer monItor or 
display? Plav a sound when someone pushes a button? Flave a 
rohot make von a sandwich? All these pmgrams need to 1w 
described, stepbv-step, so a processor ran mii them. This first 
step, defining what the proces u c eid do, es so critical ei has its 
own name. lt's called the ir 

Plan the Work, 
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 projects, 

and programming is no differ-
ent.You will find that even the 

most experienced program-

mers write down what they 

want to do before beginning 

to program. 

ik 

tat 

-j 

/ 
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Step 2 
The second step is cc scrihe the lo 	1 eps and nece 
decisions that th 	sor muse make. The requirer e 	- 
eranslated (bv vc 	a logical flon'charr, or other 
gram. The diagn 	2scription spells out the detailed 	s 
ehe program will go through to accomplish ehe goal. 

Among ehe man diagramming methods are data fiow aia 
grams. svtern diagrams. storvboards, obiect-oriented designs, 
database neevork architeceure designs, and even plam 
Enghsh c 	ocode. Choose the method that vorks best for 
vou. But i,i. divavs vrite down what vou want to do jr L cal 

steps, and vou will find vour programming will be much 

Pseudocode is a great way to start planning your work.To write pseudocode, 
you simply write down a logical sequence of steps. Suppose you want a 
robot to move forward until it reaches a waU.Then you want it to stop, turn 
around, and start moving again.The pseudocode might look like this: 

Move forward 
Read wall sensor 
Found wall? 
Yes—Turn around 
No—Keep moving 
Repeat 

Step 3 

The s x Ph of 	The third step is Co transiate this diagram into a processor lan 
guage. a -• also known as codtng. Da vou have Co use 	ry 

Poga"ir9g 	numbers 	a: 3 Csj ior hisi Fonunateiv not. Many hi 

Proper 	 biel ban 	ave been invented that den- ne  instructio 
data 	- 	ich make lt easier for people to express 1 	ro 

Pror 	 gran: s steps. \Vhen a programrner vriees the program in one of 

Planning 	these 	-igua 	the processor itself converes lt into the binary 
numbers tha 	electronic circuits will understand. 

Prevents 	 This process ob vrieing the program varies dependmg on 
Poor 	 vhich programming language vou are using. 	ne languages 

-can he entered into the processor and ehev w)e executed right 
Programrnrng 

awaV. These languages are cailed interprered. Thev are last Co 

write and experiment vith. hut thev mav not take bull advantage 
ob the processors abilities. Exancples ob interpreted program-
ming languages are Javascript, Visual Basic Script (VBScript). 
PHP. and Perl, 
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State Diagrams 
State diagrams are great for describing programs that do tasks sequentially. 

For example, a state diagram for a garage door opener might look like this: 

1A1,1417 _OP uv 
	UPPRESSEc 

UTN ESS 	 ASh\G ;OO 

POO.Pl 
LGf-1 CFF 

) 	(H« UM« SWITG- 

START 

UGHT TIMEO OUT 

LFC-H ON 

000DOWN 
(H« UM« SMTCH) 

LONERNG 	 WA FG 
POOR 	 DOWN PESSEO 5U'70N F'RESS 

The program begins in the 'start" bubble and moves directly to 

the "WAIT FOR UP BUTTON PRESS" state. (Here, the word state means 
"condition" or "situation") When the "UP" button is pressed, we move 

to the "RAISING DOOR" bubble.The door goes up until lt hits a switch 
at the end.Then we transition to the "WAtT FOR DOWN BUTTON 

PRESS" state. When the "DOWN" button is pressed, we move to both 

the "LOWERING DOOR" state and the "LIGHT ON" state.The light moves 

to the "LIGHT OFF state when lt times out.The door goes down until lt 

hits the lower limit switch, where we transition back to the "WAtT FOR 
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 Os and stored in a binary file. This step of convert-
ing the instructions from source code to machine code is called 
compiling. lt 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. 
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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. 

lt is used in such 

disciplines as 

science, engineering, 

robotics,technology, 

and factory automa-

tion. In this example, 

a user adjusting 

the temperature 
50 	

slider on the left will 

change the results in 

the text boxes. 

The term source code simply means the original code 

(written in a high-Ievel language) that was used to 

create the program. 

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 lt 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 von want a challenge, then lt's fun to pick a new 
language and learn lt as you go! 
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How to Get Started Quickly 
In the fast-changing world of programming, books can be outdated by the 

time they are published. For this reason, you will find specific guidance 

and programming examples online atthe ccrnpanion website, http://www. 

boyslife.org/programming . With your parent's permission, visit the website 

for hands-on tutorials, practical advice, and detailed support tor fulfihling 

the Programming merit badge requirements. 
Also study the code "sriippets" that appear throughout this pamphlet 

in the blue boxes. Each snippet performs a simflar function hut in a 

different language so you can compare them and get a feeh tor what 

each programming language looks like. Each example that appears in this 

pamphlet is also on the companion website with all the supporting tools 

you will need to get started and to learn more. Note that you can use these 

samples to fulfill requirements 5a-5c. 

Sequences of Cornrnands 
Frograms are either linear or structured. Linear programs proceed in 

sequence from heginning to end.That is, the instructions are executed 

in the order they appear. "Anbot move forward, stop, and return to the 

starting spot" is an example of linear programming. One command 

foilows the next. 

in structured programming, however, structures such as loops and 

"co to," "if/then« and "while" statements can cause the commands to 

move around in the program. 

Loops are used to make a segment of code repeat a specific number 

of times. 

Go to statements cause the program to jump to another area in 

the program, 

lt/theo statements are conditional statements,That is, if the condition 

is true (a specified condition exists), the instructions following the then 

are executed. For instance, if a robot's sensor has been activated (the 

specified condition exists)‚ the program will do the instructions that 

come after the then. But il the Sensor has not been activated, those 

instructions will not he tohlowed. 

While statements are also conditional.They will run a part (or subroutine) 

of the program while something is happening. After the "something" 

ends, this subroutine returns to the rest lor mein part) of the program. 
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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 Iow-cost software development tools. 

Once you find industries that interest you, head over 
to the website (www.boyslife.org/programming)  to ri't forget to get 
get up arid running quickly.You will be programming 
in no time! yourcounseior's 

approval before 

Mobile Devices you start. 

Mobile devices are common and are among the best selftcontained 
examples of the power of programming. Think about it and 
you will realize that almost everything on a mobile device is 
programmed: onscreen buttons, graphics, sound, controls, etc. 
There are very few physical buttons on a mobile device—almost 
everything is generated and controlled by software. 
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The billions of mobile devices in use around the world all need to be 
programmed. Learning how to program a mobile device could be a great 
career choice, and an awesome and fun skill to have. While lt might seem 
difficult, lt is not out of your reach. Many apps (applications) and programs 
are written by young people like you every day. 

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 tS 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.) 
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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.) 

PYTHON 
TernpeatOr 

#!/usr/bin/env python3 
..initaflze looping variable, assume yes as first answer 

continueT= Y" 

hile continueyN == 
..get temperature input from the user, prc 
at we expect 
greeF=input( . 	. 	... 

degreeC = (degreeF 	/ 

p H : : . . 	 : .: 	s %degreec 

rature below freezing... 

lt degreeC < 

# ... check for lt bemg a very hot day., 
lt degreeF> 

print "Remember to Hydrate!" 

continueYN = input( 	. 

#exit the program 

Python is a unique scripting language that uses indentation to form the 

if-then-else blocks in the code, making the code seem less cluttered. Like 

Perl, Python is supported on all computing platforms (Windows, Unix, 
Linux, Mac, and mobile devices) and executes immediately without the 
need for a compile step.The simplicity and self-documenting nature of the 

Python language make lt a favorite language for script writers. 
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Androd life cycle 

IE  , 
ING 

(1) ONCREAYEP() 
(2) ONSTART() 

(3) ONRESTOREINSTANCESTATE() 
(4) ONRESUME() 

3) ONRESU.•%;) 
(1) 0N5AVENS1ANCE5TAYE() 

(2)  

ONRESUM 

(1) ONSAVENSTANCESTA 
(2) ONSTOP() 

<PROCESSKJLE> 

The diagram shows the various statos a program using the Android 

operating System can be in: R can start the app, run the app, pause while 

the mobile device does something eise, "destroy" the app (shut down), 

or stop.The items between each bubbe are the program modiUes that 

can be used during each transition. 
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For example, suppose the mobile device needs to pause your prograrn 

so ii can do something elseThis diagram teils you that the 'onPause(i" 

routine will be run when your program is paused, so you would modify 

the "onPause()' routine to save any work in progressThen when the 

mobile device un-pauses your program so lt can run again, the program 

will run the "onResumeil' routineYou would modity the "onResume()" 

routine to restore the Wort< in progress so your program can pick up where 

it Ich off.Your task as a proarammer of a mobile device is to manage each 

of these transitions by modifying each of these routines appropriately. 

Programs are used in all areas of a business. Programs heip 
employees do their jobs and heip 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. lnventory 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 
cornpany accounting system to make sure ehe material sold 
is paid for and checks are written to buy new material 

Accounting. A business's accounting system keeps track of 1 ct 	 L 
ehe money. Accouneing systems communicate with both the 
retail point-of-sale systems to track ehe money coming into ehe 
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 ehe administrative areas typically 
use programs like word-processing software to create letters, 
marketing materials, reports, and memos. 

Many Scout troops use programs to organize the troop's activities, dues, 

and registrationsYou could write an application that keeps track of 

your patrol dues, for example. 
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Factory Automation 
Have you ever seen a video of an automotive 

	

4 	factory where robotic arms automatically 
build a car? Have you seen robots in a 

bottling plant automatically fihling and 
labeling 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 
programrned. The PLC can be programmed to 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. 

j A Brief History of PLCs 
T 	 Before computers, factories were controlled by 

rel3vs. A relay is a switch that is controlled dcc-
nnically and is either on or off. A factory might 

'e a relay to turn on the lights, another to 
turn on a conveyor belt another to tum 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 

- 7,7,5 - 	there was a problem. If the factory needed to 
change something about its process people had 
to 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 10 get the 
work done, so let's see how to 
program a PLC. 

Ak 

Programming a PLC 
Programming a PLC can be very 
different from most other krnds 	 '- 
of programming. PLCs are pro- 
grammed in several ways, but the This PLC controls motors and sensors in an 
most popular method is called 	automated 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, lt 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 
theo 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." 
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As you can see in the example shown here, a ladder logic 
program Iooks like a wiring diagram. That made it easy for 
the factory engineers who were used to relays to adopt the 
new technology. 

0 FO Cdit eOn Selop Progrann In 

Ladder Logic 
------1 	Temperature 

—jEearepte 

MDFI 	 Piioo 
3 

MC MnnMor Window SMIp 

5,5* 	 fr5... 555 

00 8B 	OMen  

8 	C 	 As 

MaCh 
kTeespeeeeeee> 521 S:P 

ISend Poet2} 	 AS(S Typ
Ans so 

Byte Seeep 	 Sons 
Tesm:eaee Code 	 Heer 
Send Mesoage 

TetepeeaTuee n Aegreee C 
ASS :A 1 

naskearnse 	flddress'orr 

0: 

MTCT 
SATt 

aneCoetrot 

99 C2  

SATt 

[Seed (Pott:L 	 ASCII 
jCT 	 lTyp, 	 AlCAn 

jenatCode 
Send Massage 

HydeseeT 

AF 

Send (Porn:2) 	 SSCS 
53: 	 Type 	 SteTe 

lt 	 ------Ayte Swap 	 Seen 
Tenen:eeTe Code 	 Wenn 
Send Meeeage 

lnnny Loeg Aedeeneear 

Sep 

t 

Ladder Logic gets its name from the way the code Iooks—Iike 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-reliable and durable computers 

called PLCs, which control factory machines. Almost everything made in 
a factory today is controUed by a PLC programmed in Ladder Logic. 
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Although PLCs come in all shapes and sizes, they all have some 

common features. 

• They are designed to be rugged and reliable enough to operate 
continuously for many years in factory environments. 

• They are programmed to do the exact same thing repeatedly, all day 
long, and they are typically programmed using Ladder Logic. 

• They can read lots of inputs (sensors, switches, temperature, humidity, 
pressure, etc.). 

• They can control lots of outputs (machines, motors, lights, relays, 

servos, control panels). 
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Robotics 
Robots are mechanical systems that are programmed to sense and 
react to their environmenes. Thev are clesigned to perform specific 

DTICS :asks quicklv and accurateiv. Programs in rohots can he high]v 
sophisticaeed and even appear to be intelligent .Ä rohot can be 
designed to look like a human arm so it has the flexibiliev needed 
tor the tasks lt will perform. Depending on the task, a human-arm 
:obot may have a simple ewo-finger gripper. a welding attachment 
or a paint sprayer. 

To plan tor its tasks, a robot can accept input in multiple ways: 
l'

- 
 :ouecrazy 

• Tvped instructions via a keyboard 
about robots, 

• Handheld control device, somenmes called a pendant 
you mght not 

• Sensors like temperature, GPS, or ulirasonic, or mechanical 
know there isa switches to detect its locaeion 

Robotics merit In an industrial robot, ehe programining may be divided into 

badge waibng several sections such as the foliowing. 

be earned by you. SAFETY 

• Emergency stop of ehe robot lt a safety sensor is activated 

• Safetv limits tor ehe robot itseif: lt lt contacts an obstacle and 
canno: :va -;?, ehen ehe program turns oft the robot 

USER NTERFACE 

• A gra;. -a 	.:ser interface (GUI) helps ehe user type ,  in ehe 
robot positions and speeds, and how Co operate tools or 
grippers at ehe end of ehe rohot's arms. 

• A handheld pendant allows the user to mo 	obot Co 
locations and seore those locations tor the 

Miniature models of the robot are also 	. 	program 
movemenes and locations into ehe computer. These 

nndaIe na ‚ fnhlnwar c.'ctan-, 	.nA .rc 	‚tnA 	-..‚-; -,1 
1 .'Y.'LLLLI UlILl LISt U.tU UI O}JCLIcII 

' 	 situations requiring human decisions and rohot 
accuracv, such as robotic surgerv. 

• 	 ROBOTICSATIONS 

* 	 • iurn motors on and oft. 

- 	 • Activate grippers and paint spravers. 

Control welders. 
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ROBOT POSITION 

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

ROBOTMOVEMENT 
The robot position sensors also make sure 
ehe 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 k!t 
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 ehe environment they are used in. They can 
use general languages like C or C++ or they can use 
graphical languages. 

Robots operate in many 

areas including industry, 

law enforcement, military 

UAVs (unmanned aerial 

vehicles), medicine/surgerv, 

space exploration, under- 
water oil-well repair, and 
deepwater scientific study. 
What do all these areas 	 r 
have in common? Robots in 	 ' 

these fields perform tasks 
that are Dirty, Dangerous, 	Robot used in law enforcement 

Difficult, or Dull—the four D's 

of robotics. Because robots are used in so many different areas, career 
opportunities are good for those who know how to program them. For 

more about robots, see the Robotics merit badge pamphlet. 
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Robotics Competitions 
Robotics has become a popular activity for Scouts, with a Robotics merit 

badge to earn and many robotics competitions in which to participate. 

Consider jolning a local team or two arid use that as the basis for one of 

your programming projects. Here is a list of poputar robotics competitioris. 

Boosting Engineering Science andTechnology (BEST)—A free 
competition because all the materials needed to build the robot are 

provided for you.This competition is especially popular in the Southeast 
United States but is growing fast all over the country. Ages: Middle schooi 

and high school. www.bestinc.org  

FIRST Robotics Competition (FRC)—Referred to as 'the varsity sport 

for the mmd" because it combines the excitement of sport with the rigors 

of science and technology. Competitors build and program 120-pound 

robots. Ages: High school. www.usfirst.org  

FIRSTTech Challenge (FTC)—Similar to FRC but on a smaller scale. 

Ages: High school. www.usfirst.org  

FIRST LEGO League (FLL}—A build-and-compete challenge using 

robots built with LEGO Mindstorms® technology. Ages: Middle school 

and elementary school. www.usfirst.org  

Marine AdvancedTechnology Education (MATE) - Competitions to 

build underwater ROVs (remotely operated vehicles). Programmirig is not 

required but can greatly enhance your robot. Ages: Elementary school 

th rough col lege. www.marinetech.org/rov-competition-2  

VEX Robotics Competition 	- 
(VEX)—Among the largest 

and fastest-growing robotics 
competitions in the world and 
also the most popular choice 

for school curriculums. Ages: 

Elementary school through 

college. www.vexrobotics.com  

and www.roboticseducation.org  
You can use the websites 

listed to find a team and compe-
tition near you. If you can't find 
a team nearby, start your own! 

Robot created from VEX Robotics kit 
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Config 
EasyC 

	

GIobaI 	 Tomperature 

	

EGN 	d main ( Void  ) 	 Example 

Va riables 

Temperature = GetAnaloglnput ( TemperatureSensor 

PrintToScredn ( II. 	 .• . 	.... 	. . 	Temperature 

Degreesc = (Temperature-32)**5/9 

PrintToScreen ( 	. 	 % n" 	‚ DegreesC 

	

IF 	 ii ( Temperature > 100 

PrintToScreen ( 	
. . .. 

	

ELSEIF 	 else if ( Temperature <0 

PrintToScreon ( ........... 	. .. 

} 	 } 

	

END 	} 

The popular Easy C robotics programming language is used around the 

world byVEX Robotics Competition teams. Easy C is a great language 

for beginner programmers to learn because it removes all the Syntax 

normally encountered with text-based languages—which aliows the 

robotics to get up and running quickly. Easy C allows you to view the 

actual C code generated, which will help you transition from graphical 

to text-based programming. 
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Prograni Lor  the interre1t 
betv:een '::r ':cdte online shoppirig 

webs:a 
 

a. -.i a sacial :uedia ;ebs:e er an online gaming site? 
The answer: nothing. They are all programmed websites using 
a sirnilar type of programming. Internet 
prograrns are important because thev 
ailow people to access information, 
send email, or play garnes within a 
Web browser. 

lt you could listen to a conversation 
between vour Computer and a website, 
you would hear many programming 
aral Internet languages. The various 
languages available to web developers 
are grouped into tour main 	:quer' 
Ianguages, scripting Iangur 
languages, and programmi.. 

Programming languages offer the 
most flexibiliev. Can von make a website 
without a programming language? Yes, 
vou can use a markup language such 
as HTML, but the website will simply 
sie there like a picture and wont he 
interactive. Everv change will need to 
be rnade bv a person. 

While lt is hard to get S'i exsct nurnber, the (jenerai 	u that 
therewere weit ove 600 mWon websitesin the wodd es of Decemer 
2012.This is an increase ot more than 70 mllon trum ehe prevous year. 
Billior,s of Web requests are iogged each day. \Nfth so many vebshes m 
the world, learning hoo, tu programforthe Internet coud au-ch areat 
career opportunities. 
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Web Languages 

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

Databases 

itahases are a critical part of a web- 
La Adding a database to your wehsite 

w von to store, search, and organize 
large amounts of information. Think of it 
hke a digital tue cabinet containing many i mg files. Leaving the files hin 	around 

creates a mc--- that 15 hald 10 organize. 
- 	 '- 

 
Putting those files mto 	rganized 
vseein a!io 	s vou 	j 	ch ancl 

find 'vi-  - 	 e ioakn 	ahases 
.p websites keep trck of all the 

r!rpl3uC.fl and aiIc'vu--:-- to search 
and 	 w that informat;on. 

lt 



Query Language 
The juerv iar'enge s hcw veu retrieveiniorrcaricn 

daabase e 	ii he e cabinet fer presentation 	-a. 

T.:' reaeve er alter mior rarion irorn ±e database, ve 	e a 

uer lanz'Jage like SQL Srructured Quer: Lmguage. 

nrter craaads ior a uerv laaguage Unchade these' 

SELECT aiiows veu to seareh for the data vou need 

iNSERT adews vu te add infoanatiea re the database. 

UPDATE ahows voii :o make ehanges in die database. 

DELETE a1ows i'r'aatjon from vour database 

Web Programm i ng: Under t h e Hood 
Oace :he qer 12 - -  - 	 he :ahands the iaiontazion off 

to the:oann. 	or rressing. This s tvhere most ei 

:he er amniag ha:ts :e r:og,ramtang Ianguage cait decide 

har re de wta :he dar-z: make d ditcns, search for specific 

'his. er perioaa cacuations. T'e p:oga:nmina 3,ar.guaoe can 

, sc -, 	a users ineu:. ;ike a meuse dick 0,  keyboard enrrv, and 

make decseas. Think oi this as asking artd answering questions 

The rregr asks: Dc 7  have miorma:icr re werk wirh? \Vhat does 

the use: wam to do? Dc 1 have rhe :cect ormation Dc 1 rieed 

%0. change the 

Inrecite: pregramraing laaguages otTer man- eptions 

Chocstng :helangtage fer a partirola: proiea eften depends ca 

die size ei die proecz and die particuiar website features tha: 

be 

The programming fanguage is the powerhouse of Web 
devetopment. lt allows you to make changes to the 
data, process input from the Computer screen, and do 

something with the data or input, if necessary. 
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SQ 

- 	 - - 

- 

Structured Query Language (SQL) is a speciaIpurpose language designed 

tor managing data in relational database management systems. SQL uses 

statemerits to execute database commands and to perform conditional 

operations and low-level functions. Unlike many of the other examples, 

SQL isri't designed to be a programming language and executes only 

when a user interacts with lt. 



Common Internet programming languages include these: 

PHP—free, open-source. Easy to learn and used for small projects. 

NET—free and used for largescale appllcations. Offers good 
performance, security, and stability. Limited to certain Web 
servers; Windowsx..based. 

JAVA—free 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. 

Try trds: Rght-cck 
o 	anyVVeb page and 
seect 	View Source" 
er somethng sirnar,  
deoendng on the hrowser 
you are LJSflg, to vew 
the source code of the 
Web Dage,.YoLi 	'W sec 
HTML and prohahy 
some JavaScdpt too, 

Markup and Presentaton: 
WhatVou 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 you 
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 tor handling user 
input. These languages create what the user sees on the website. 

- 
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HTML 
:CTYPE h> 	 [ JaScrPtJ 

< 	>Exampe Javscrpt Program for Boy Scout Mert Badge<.. rio> 

src= jsexample,js type= text/javascript>< 	.> 

<.• 	> 

< 	.> 

<hl>Javascript Programming Exampe<' > 

>EnterTemperature 
type="tex. id= 	. . . 

<1 	type="button"vaiue= .....onc)kk= ......... .....1> 
<1h2> 
<h3 d="myAnawer"></h3> 

bePrepared{) { 

var tenpF = document.gettlementßyld('MylnputTemp').value; 	 Javascript 
var ternpC = (5/ °(tempF ().toAxed(1(; 

i(tempC< lt 

var myActionText= 

<Ire ( 

if (tempC> 	11 

<er myAct(onText = 

eise 

<er nryActianText 

newText = 	 etempf 	 -rtempc 	 +myActionText; 

documerrt.gettlemeatByld('myAnswer'(.innerHTML = rrewText; 

Javascrip Programming Example 

Enter Temperature (°F): 

lfthe temperature is 35°F (1.7 °C): Take Iong-johns! 

JavaScript is a scripting language used to make dynamic websites. Free 
and easy to use, you already have lt installed on your Computer and Can 

be programming in minutes. In this example, the HTML code formats the 

web page and makes lt 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 lt to degrees Celsius, 
and displays a message depending on the current temperature. 
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Programming tanguage 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) 

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

"HELLOWORLD" EXAMPLES 

<script type="text/javascript"> 
<!--function hello-World () 

alert('Hello World!'); 

} 

<1 script>  

[Sei ect * from rnyTable :here text like HeIoWoridI" 

<!DOCTYPE html> 
<html 	en Il> 

 

<head> 
<meta 	="utf-8"> 
<title>Hello World</title> 	 Hello World!); 

</head> 
<body> 
<hl>Hello World!</hl> 
</body> 	

Here s the same "HefloWodd" 

</html> 	 program in four different 
programming languages 
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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 
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 
in the image. This value is a number that has a range 
depending on how many colors a computer monitor 

The word pixolis short for 	or smartphone can display. The larger the number, the 
"picture &ement:' 	 more colors are possible. 

On a 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 produced. 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- 

writteri as (0, 0, O)—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. 

Green at its brightest with the other colors dark—(0, 255, 0)- 

is a bright shade of lime, while green displayed "less than 

Ä half bright"—(O, 100, 0)—produces dark green. 

Following this pattern, what color do you think (0, 0, 128) 

represents? (Hint: lt'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 online for an RGB color-code chart. 

56 	RROGRAMMNG 



	

[o'.v are pxe used in.anacu f you h.. 	rai 
ha:are±esaesize heghtanwd± voanwitea 

pran tO v:heagesonea:atimeathesamepIaceon 
theree a bre waa44 t between each image n the enes. Thi 
has :he e- 	 ine inlages lf the ftpping 
done 	- 	gh. he seuence c' indrdduai images can appear in 
move 	Tha: is, thees annanor 

be an ndvidua1 draving in a cnmic s:rp. a 
s:rn hhn. o: a single ccmne:e mage for 

digha dspIav heu a 	vieis 	 n ed 	ca:ipuu 
:abie: devce, each rarne is dra;vn hs;iaved n:anv nme 
secnnd n crae he ]usion o maverncnn S:ean:ng' 
vew da:a xhe 1: :s heing received ra:her than havng o 

in ?wnoad cmpeieiv. 
Crnpu:er prog:ams can 	d:a'.v mages 

frorn scra:ch when ne 	ure has been 
zazen vhl: a ame:a. This is the basis for 
nnnu:e: anirna:cn. uhich d:avs each 
f:aamevecrseuenceung 	 - 
maema:cs in define abects in :he 
:e::e, igh:ing seurces. direc:inn nf view. 

1 ?the: fa::ois. When :h:eedmensionn  
hnage;a:edrawnc:rota:ed.the 

n: am, ematins :ved cnn be  
usng a form c main caLed gcuomeirv. 
Specai fecas 

 
-an also 'ne added :0 an unage frame ti:i -: 

‚ne mpossibie ro capm:e vth a carnera. such as explosiors. 
extreme de:a, er dcc mergdig of human aciors '.vith added 

AM ci 
sneca ede-ms. 

these -D imace man uadc'ns and 
eecrs are Pc essed hv dcc zommner meg:arn 

e-hv-pxei. The nrograrn must keen taack o 
ccv nixe iv ahtunes duniag dcc arjmadon 

secerice. whi± s a huge task sdcce most 
dicages haue lhnus of pdcels 

Because animanon s used vi 
video garnes. tvebshes smnrphor 	- 
:able:s. and othe: dcv 	and 
appca:ions. eam:ng 	v :0 

prearam andradons a good carees 
opparvinity zitat s also uti. 



0 

CL 
- 0 

> 
2cp 00 M 

CL  tu 

CL 

0 	- 

0 

c 

-z 

D 0 0 
0 = 

0 - - 

> 
- 
U) 

- 0 	0 

0-oc 
(O 	0 

58 =OGRAMUMG 



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, 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 er music using hardware or 

71 	0 
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 Programming Careers 
In the entertainment industry, programming 
is vital, and it is big business. 

Gaming. Video garne programmers develop 
garnes for personal computers, tablets, 
srnartphones, and garne consoles. Gaming 
is a huge industry, with consumers 
spending billions of dollars each year c 
video garnes, hardware, and accessories. 

Movies and television. Media production 	 1 
may require complex programming for ani- 
mations, cornputer-generated images, and 
rnotion capture (that is, recording the actions of human actors and 
using that information to anirnate digital characters). Media editing and 
producing optical discs (such as DVDs and Blu-ray discs) also rnay 
involve prograrnming. 
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Besides connecting to the Internet, televisions may connect 
to many other programmed devices, including garne consoles, 
disc players, and cable boxes. 

Garne consoles are special-purpose computers that run 
garnes and various kinds of medla. The consoles iriclude 
operating software and also execute specially developed garne 
prograrns on removable media. Sorne consoles are programmed 
to support (work with) network-based rnultiplayer garnes. 

Disc players such as DVD or Blu-ray 	players have pro- 

• gramrning to play DVD or Blu-ray videos. These devices are also 

• • often prograrnrned to piay audio or 10 connect with the Internet 
to strearn video or audio. 

Set-top boxes supplied by cable or satellite television corn- 
panies are prograrnrned to receive, decrypt, and stream audio 
and video transrnitted by the cable cornpany. These devices 

s also include programrned user interfaces that allow users to 
configure and select various features. Sorne sei-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 developrnent of operating systerns specifically for devices 
that manage television content, such as the OpenTV operating 
system developed in the 1990s and now found in weil over 100 
million set-top boxes. 

And finally, digital televisions can also connect 10 computers 
and double as large computer monitors. 

Outdoors 
Programrned devices for entertainrnent are not limited to the horne. 

Many devices that people use outside also require serious program- 
rning. Prograrnmed mobile cornputing devices allow people 
tu comrnunicate and play while on the go. Srnartphones and 
tablets have all kinds of entertainment programming, frorn 
garnes to piayers for various types of rnedia. 

Pregrammeddevices for entertainment 
- 	 include gadgets such as GPS units, music 

4 ptayers, and e-books. Can you think of other 
programmed devices that people use for fun 
and adventure? 
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Weather predictio 
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-: 	g: cec weae 

Researdiers use computers to 

create new drugs that fight 

cancer. With too many possible 

combinations of chemicals to 

test each one, scientists use 

simulations to predict how 

molecules will interact with 

cells. By testing many differer 

possibilities with computers, 

scientists move a step closer 

a cure for cancer. 
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The Ruby programming language is used primarily for web application 
development lt is a simple, open source (free) object-oriented program-
ming (OOP) language that is gaining popularity due to its fiexibility and 
ease of use. 
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Computeraided design (CAD) prograrns aliow engineers to 
creaee models and schematics of their desi2ns. The models can 
be placed into artificial environments whe:: 	sngineer can 
virtualiv'walk -  and move objects around. 	oiution avoids 
ehe need to build expensive phvsicai mod 

Programs have been created to check 	:cs: measure 
ehe fit; and analvze the properties of things, such as stresses, 
temperatures, and movemenes. 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. 

F .  

to find the answer.This saves money and time. 

One thing common to all areas of engineering is 
problem solving. How big does a thing have to be? 
How strong? Engineers design things based on the 
knowledge they have. Information about something 
may not always be available, and this is where com-
puters are especially helpful. Programs can quickly 
solve complex math problems that humans cannot 
figure out. Engineers use Computers in problem 
solving so that they do not have to build somethin 
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Objective-C is a compiled language that is derived from C and is purely 

objectoriented.This is a useful language to learn because the iPod, iPad, 
and other Apple Computers use this as their native language for programs 

and apps. 
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For security, a car may have a program that communic tes 
wieh the remote key control. A driver can remotely lock and 
unlock the car, open windows and a sliding door, and even set 
oft ehe 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 niay 
have GPS, maps, and satellite radio, all operated by a touch screen. 
The doors may have a separate program Co control window motion. 
Some cars have automatic one4ouch 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 weil 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 togeeher. Red-yellow-green 
signal lights are a national standard in the United States 
and in many other countries. These traffic-control 
devices are programmed tu safely control the sharing of 
intersections by cars traveling on crossing roadways. 

A traffic-light prograni has multiple inpues. Its own 
eimer program controls ehe progress of ehe program. 
Also, there may be a communications coimection to an 
external processor. The program can be developed and 
tested on that external processor, theo downloaded 
into ehe traffic-controller processor and run. The output 
would be the signals to control cirduits that activate and 	• 
deactivate ehe traffic lights. These control programs can 
also be used to coordinate multiple signals at multiple 
intersections to improve ehe flow of traffic. 

If a program is designed weil, it's easy to add more features 
such as left-turn control from one or both streets. Anoeher possible 
feature is for blinking lighes overnlght, when eraffic 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 ehe traffic lights accordingly. 
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MATLAB 
- 	 Tempesature 

taample 

3 	tun 1 == Y ) 	(ran t 	y () 
2- 	DegreeF - nput 

7 - 	DegreeC (DegreeF- :12• - 5/9; 

8 - 	mystnng statut 	 num2str DegreeC 

9 - 	dsp (nsystrnsg 

10 - 	 1 DegreeF > 100 

11 	 d sp Hydrate 

12 	 eise 2 DegreeF < 0) 

13- 	 drsp( 

14 - 

16 	 tun it input 

17 

Commana Wndow 

» TemperatureSampleCode 

Enter Current Temperature Fahrenheit: 72 

Temperature Deg C:22.2222 

Would you like to check ehe temperature (y/n) ? y 

Enter Current Temperature Fahrenheit: 101 

Temperature Deg C:39.3333 

Hydrate 

Would you like to check the temperature (yln)? Y 

Enter Current Temperatue Fahrenheit: -20 

Temperature Deg C:-288889 

Bring Long Underwear! 

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

f» 1 
Matlab 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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canbu:w:n -up workng 

nnnaL. These hacke---tse he 1nrerne as ±eir hhwav 
anvcoers;sre 

ci:er securi is 	ro;vi::g an.i raidv cha: 
of cozute: :egranmhig. Ih rote c rpcter nervo:ks and 
the hs 	:ha deend on them proramin:ng s d 

-v 	de da:a: cieck 7,ne iisers creden:as: co 

r5In:nerc sensers ro read a 
:e:ns. Ir:examne and 
c:ve and ae:anca 	 ns. :av 
cm. and mihkc saerv. 

egces en. nbe:spaceheweer. 
acker ar 	e fende: B:n :he n:ec:cr of ze 

er st',. 	 n cra1wavk 

an advan;age :ecause ackers ran s 
e:heresemt.Ifak 	 - 
saekvnandnece 

hes ac:ces, mhen the cmnnun 
ess vue:at 
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homeComput' 3o: 
These orincioes 

business. 5 :: 	used on vour own laptop. 
vour computer at home, and even a smartohone. 

lfvou haea home network. vou canensure irs 
confidentiality 5v ming sure lt s mnrirs whh 
stiong W:-F ,  encrvplon ort -.he wireless access ooinrt 

Yau can kein re ensure 	integrity of 	Computer 
mn: - ::. undare ott 	:nera 	:rem te ges die latest 

securlrc tu: ss. These are us' 	d 5v die softwares 
seiler to olug holes or 	::: 	that might aliow a 
hacker :ontroi oit. 

Si ca aarül a com: : 	 avaatbility 5v runriing a 
ckui diskanddatafiies.Abackungivesvourdata 

In from a hardware faiiu-re or a lost laptop 
data dies can be loadeJ onto a replacemem 

-;nare batretu or a power adapter are other wi 
matmam die avaiiahilizv 

 
ot a mobile computert 

The most advanced area of Computer security programmirig is called 
reverse engineering.This involves examining a compited module and 

trying to determine the code that was used to produce it. Most often, a 
programmer using reverse-engineering skills will analyze a virus that has 

infected a Computer to figure out how to neutralize and remove the virus, 
and also determine what kind of problems it could cause. 
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Positive Identif ication 
• 	

- 	-zw 	- 	:ea 	• •::ec: 
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v - 	 • aze 

- 

ar 	'e 

• a 	 - 

• 	 y 'rrerc :ha:Zer 

user 



- 	-:. 	 ImuIInK 
Temperatue 

Exampe 

DgeeF 	1 	[tJ 	L 

DegreeF 

-J 

Low 	 High 

-40 	 101 	 130 

11 	 H&p 	 CIose 

Tre Smunk arogrammmg snguaga uses 5 bocK dagram. n ths 

examoe he program is aunched from - .he ma;n wndow bv seecPng 

the souros fe ach :5  axecuteS oy using the "piay arrou.TOe user then 

seusots e va!ue bo double-cI:cng an DegreeF to ger the sHoor, 
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Training Tor a 
Programniing Career 
Aong 	rit the ability to think logical]v and solve prob 
lems, 	:::crammer also needs patience and creativitv. 
Comp1ica: :::•:rams demand creative approaches and patient 
attention to detail. A programmer also needs good communication 
skilis and the abilitv to work in teams. Equaliv important, hovever, 
is the ahiiitv to work alone for Ion- periods of time. Programming 
ran be a loneiv 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 developed. 
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EducatiGnal Opportunities 
Seme prg: nne: are se 
Zagn. Pcgra mb 
can be iearne :hrogh onine 

and home 
- 	g cece ana 	vnk:n 

rc;v; 
- i'.va 	vav o± g 

za ex'erence. 
Xhec vc: hae c;o 

- 	ne caee: ?un' 

x. 	nerit badge cc 
aoo gida:e coune10 can 
vou 

dzaton. ::ann. 	erence 
ocr chcen: 	- 

---- 

Careers in Programming 
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Intel!e ctual Property 
- 	 :aveaphYsicai 

:rnpuer 

hpuer'rorams.th 

«Hscorohermeda Ofl 	 szerei. 

inieitectuas propeny, or IF refers l oa :cns that 

cannot be touched or held, such asideas, cais, 

and designs. 

nteil--ctual Property Rights 
ro 

and ho. IF 

rae secre:. .T:.een: 

.....- 	- 	- 	.: 

opyright Protections 

.Theautoge 	2 

examii atre ttvcving a spaes ara.:tt 

OId. the prograrrrtter \-(: -. 

as ects :M -.0 	:ieonce Ehe 
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ne Digital Miflennium CopyrightAct of 1998 extenaea 

the protection of copyrght holders by imposlng 

penalties for attempts to vioate copy proteetion. 

Copy proteetion, also known as content protection, 

aims to stop the illegal reproduction of Computer 

software as weil as movies, music, and other media. 
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Patents 
A patent protects useful and innovative processes er rnethods, 
machines, manufactured items, or compositions of matter" (things 
made ci two or more substances or ingredients). Unlike copyrights 
that are automatic when the werk is created, patent ,-; must be 
applied tor. To seek patent protection, a prograrnrner must file an 
application with the Urtited States Patent and Trademark Office. A 
government patent examiner reviews the application to determine 
whether lt is tor something truly new, useful, and not obvious. 
The application process is often lengthy and typically requires the 
services cl a patent attornev er a patent agent. 



As an example, think abaut the asteroid shootir: :ar: 
mentioned eariier. lf aspecis of the garne are innoval ‚ ee 
programmer mav be able es get patent protection. TI - v rogram-
mer could then use the patent Es stop sEhers from making, 
using, seiling, imporeing, or offering for sale Ehe programmer's 
patented invention. 

L1IIM2r 

A trademark proteces a word, phrase, symbol, sound, or color-
ehe "mark"—that identifies and distinguishes ehe source of a 
particular product or service. \'ou receive tradernark rights hy 
using ehe mark in connection with Ehe sale of a product sr 
service. Those rights develop over time as customers hegin es 
csnnect Ehe mark with a product. 

People sften use a superscri:: 	") next Es their mark 
es put others sn notice Ehat thev 	cming trademark rights. 
lf Ehe swner sf a mark registers lt with Ehe United States Patent 
and Trademark Office, Ehe swner of Ehe mark mar use a >Z es 
shsv Ehat Ehe mark has been regisEered. 

Programmers often use trademarks Es keep sehers from 
using a similar name tsr a competing produce. For example, if 
ehe programmer named ehe astersid shsseing garne -Astroblitz, -  
he sr she might wall[ trademark prstectisn to make sure ssrne 
sne else dses not seil a competing asteroid shssting garne vith 
Ehe same or a verv similar name. 
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Trade Serrees 
A trade 	: ltp. , tz commerciallv valuable Information for 
vhich the owner 1:3 :::en strong measures to maintain secrecy. 

This protection vIl ::: 	long as ehe Information remains 
a secret. 

in the exarn c ::te asteroid shooting garne, ehe prograrn-
mer could keep the source code a trade secret. To do so, the 
programmer would need to strictly control access to the source 
code. He or she would need to put evervone who has access 
to ehe code under an obligation to maintain the secrecy. This 
might be done by having ever one with access sign a conerace 
promising not to reveal the secret. 

Unlike a patent, trade secret protection will not prevene the 
use of the protected Information by those who independently 
develop it or by those who acquire lt by legitimate means. This 
means another programmer could independently develop a nearly 
identical program as long as he or she has not done so based on 
inappropriate access to the first programmer's source code. 



How Softv Is Sold 
The 	 is in its electronicaiiv coded instructions, 
not 1.; 	 er other tangible medla upon which ehe 
instructic: - ::- s::si Software developers do not seil DVDs er 
other storage ::e. What thev actualIv seil is permission to 
use ehe programs iiev have created. This is called licensirig 
the software. 

Licensing is more hke renting a bike than huving one. 
When vou bin,  a hike, you own it outright and can do what you 
vane vieh it. \Vhen vou rent a bike, hovever, vou hove ehe right 

Co use it, hut vou may have some restrictions on how long and 
where vou can ride it. Similarlv, with software, vou purchase a 
license Co use ehe softwa: 	manner specified by ehe terms 
and conditions of the hct . i .. 

::e mav be licensec. 	ral vavs, including: 

Freeware. Jbtaining freevare costs nothing. "Free," however, 
does::: :c:essarilv enean unlimieed. For e.xample, ehe license 
coulc :cs.......use Co particuiar users e.g., personal, noncommer-
cial usr:, cr ehe license couid limit ehe ahilitv of an individual 
user to redistrihute the software. 

Shareware. A software developer may release a program as 
shareware and expece people who use the pr.:gram to make a 

a 'e. T" eveioper is reivir c "nur honor Co 
heip cover the 	developing 
the software. 

Demo. Demo or triol software will 
work for a !imited time or with 
iimited features. After ehe purchaser 
pavs a iicense fee, ehe programmer 
provides a code that removes the 
limitations. 

Qn Source. An open-source 
'v license is a form of freeare. This 

. J  particular type of license covers the 
"- utahIe program und the source 

deveioped hv ehe programmer. 
This license mav come vith 
!imitations er restrictions. 
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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 Investigaton 

is charged by the U.S. government 

to investigate piracy and inteilectual 
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 heip "detect 
and deter criminal violations of 

U.S. inteUectual property laws by 

educating the pubUc about the 

existence of these laws and the 

authority of the FBI to enforce them." 

You have probably seen this seal 
alongside the following text: 

The unauthorized reproduction or distribution of a copyrighted work is 
illegal. Criminal copyright infririgement, including infringement without 
monetary gain, is investigated by the FBI and is punishable by fines 
and federal imprisonment. 

A Scout Is Trustworthy 
Stealing software is ilke stealing anything eise. lt's 

wrongYou wouid not sneak into a theater to see a 

movie wthout purchasing a ticket, or lot a friend in 

through the back door without paying. Similarlv, you 

should only use software you have paid tor and not 

make copies tor your friends, 
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SEWNG DISTANCE 

ELROW ANGLE 
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HEIGHT 	 j 	
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/ 	 HEGHT 	ANGLE 
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Ergonomics is the science of equipment design, intended to tncrease efficiency by 
reducing operator fatigue and discomfort. For proper ergonomics: 
• Monitor should be about an arm's length away from eyes (18-24 inches). 
-Top of screen should be Jevel wlth eyes so you look slightly down at the monitor. 
• Knees should be at an open, 90- to 120-degree angle (legs not folded under you). 
• Elbows at a O-degree angle. 
• Wrists resting on support and straight. 
• Mouse directly in front of elbow (you shouldn't have to reach for it). 
• Keyboard at elbow height. 
• Seated with back against backrest, back at 90-degree angle to legs. 
• Feet fiat on floor or on footrest. 
• Head balanced on fleck, not tilted too far back or forward. 



t thinS that wrin 	arams could muse iniunes. 
ir es from rogrammnghave much in common 

nci fan be crevented using same ei the 
same ec: :ues :: athlees use 

mal 	ogramirg-re1ated iniunles are ne nlre sznnss 
c 	Jus as in athletin activdies. an  RS1 oncurs tvhen 

an a oirs, pulling an the tendons and musales 
araundthe leim. \Vhen -,he stress happens :saemedlv. the botiv 

have time tO recover and Secomes irsitated The bodv 
the Irritation hv  increasing the amouat o fluid in that 

adune the str 	laced on ths :sndon er muscle. 

And los: a  athietes 	:rained i  d 	:u can avoid issues like 
ihe following 5v developing good hai 

Carpa] tunnel syndrome—sweihng inside j:: row tunnei' 
formci acrte and homem in --.he wrisr :ha an lead w pain 
tinglint, and numbm -- he tunnel surrounds nerves tha: 
conduct sensorv and : : :or impulses:: md from -,he hand 

Cervical radiculopathy—disk comp: ion in the neck, eisen 
caused 5 ::::Ive madling cia ahone an the shoulder 

Epicondyhts—elbew soreness aScii cailed 
:ennIs elSotv 

Reflex sympathetic dystrophy—a paunful 
condition marked 5v drv. swoiien Sands abo 
lass of muscie control 

Tendonitis—tearin abo  
endor.s conncchnc bettes te Tieu 

3esio 	velop ::SIs. ::: trammers can 
emme dehvdrared, 	ice Sack problems. 

ian 	adaches 
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Eye breaks. lt's easy to get so tocusecl on programmin 

that you don t move for hours Take eye breaks—look 

away from the monitor from time to time preferabiy at 

something more than 20 feet away.This gives your eyes a 

chance to relax and helps prevent eyestrain. 

Typing breaks. Most typing is done in bursts. Rest your hands in a relaxe: 

fiat, straight manner to give them time to recover and prevent RSIs. 

Rest breaks. Take a break every 30 minutes or so to give your body a 

chance to retax.You can use software programs that remind you to take a 

break so you don't get stuck in a trance staring at your monitor. 

Exercise breaks. Get up and stretch, rotate your head and shoulders, 

move your arms and legsYou will find you can program better and long: 

if you do this regulariy.  



First Aid for RSIs 
• Applyanice pack totheinjurec1areatoneIpre4iucepa 

• Use an elastic joint support or wrap the area firmly wit 

bandage to limit the swelling and to protect the '« 	- 
lt so tightly that btood circulation is restricted, 

• Rest the injured area. 

• Take an anti-inflammatory pain reliever as recommenc  

• After 24 hours, heat (hot packs, heating pad, whirlp: = 	= 

• As symptoms diminish, gently exercise the affectec 	= 
heip relieve remaining tenderness, stiffness, and tirc 

lf pain is severe or persistent, seek medical afle - 

Features of a Human-Friendiv Computer 
Workstation 

Suf 	 - e:: c - : 	preventey:- 

 Mo 	-=--= 	: -onthunchingo 

Ke:: 3tel==-vheightforarm and shoi. 

Padding in front o 	yboard for wrist align- -- -- : 

L ustable seatback s:jort for lower b:• 

:s)iIit 

Eectrica Safetv 
[fou are vrtnE 	 an a devlcethazisphgg±::: 

;val cr aewen 	are dealing wlth aa1en av deadiv ectronlc 

drcuisNeep iiuid and ood awav from pKgoed-n machnes. 

and :nake sure anv cords are neativ towed Lo revent tdping 

Be su:e de eouipmem properlv grounde ro arevent shock 

I(s best ra unpiug the computer when t is not in use. 

: 	during a thunderstorm. All 	 mions nrotect 

tfle ca purer. 
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compiled programimng langL.  
irogramming 
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development environn E n 

embedded rcoesso 	T:T :T 

90 POGRAMMtNG 



rgocMies - 
Z  DE  • 	hepe 
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operating system. - vare tim: 
ao;vs :he :eu:er eeriorn 
basIc jnc:ions. 

portability. A p:egc 	abiiizv cc run 
a varre:v of er:ressor 	ftvare :a: 

dsrum'.vn 
- 	deesno:d 	dx:a 

pa::icula: type hard.w. 

program. A se: e; processer ins:ru::ons 

programming tanguage. T1e language 
usedvrterrmrtorsrLa:a 
c:o-cesser :an verstand er Imernre:. 

protocol. Te rues precessersuSe *0 

cemmunlcate wih ead olhen 

pseudocode. An ov:dne ei a 
ami resernbdn 

e :onvert 	ve rea 
ndng steme::ts  

souce code e engcia coueusec te 
crear 	e pr 	m. Depending ort :ne 
auguage s code .otdd be comp:led 
dowr .. ......:ftne code er iust interDreled 
asis. 

satehagram.A type ei diagram 	i - 
:emeuter science :o illustrate the possiNe 

r smges ei behavior. arid a2 ±e 
'Ne patits a program .an use cc 

	

trion fhil 	ccc cc anorhen 

structured programming. A st e: 
prograrnmmg airse. ar mprovIr 
cari:v cuahtv, and deveopmen- 
ci a erogram hv using bocks • ecions 
ei code tha: ccc vouved :ogether. 
md subroutines. 

subroutine. A sequence ei program 
instrac:ior.s:eperiorm a specific task, 
vrIt:en as a uni: :hat can then be used 
in pro grams wherever rita: parricular 
as shoud eeriermed. Suhp:ograms 

mcv Ice dehrred within prograrus. er 
separateiv in lihraries :hat can be used 
5v nrulrine programs In difieren: 
erogrararning anguages. a suhreurirte 
mcv be caled a iunc:ion, a routine, 
er a suhprogram 

trojan. A virus 0: harmiu Drogram 
d:sguised cc :ook hke a useful program. 
such es a screensave:. 

workstation. A termina er nersona! 
certrauter usuajiv c:rmected cc a 
rem.pu:er netwerk, or a powerfu 
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and sends irs ccpies over a nezwork 
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HowToStartProgrammmgcom 
Becinner information abour nrogamming 

Visual Basic and PHP 
\Vehire: brin:. . how:orarr 

programning.com  

The best place to start your 
programming journey is with 
the companion website for this 
merit badge, www.boyslife.org/ 
programming.There you will find 
many examples and free resources 
appropriate for Scouts You Will be 
up and running quiddy and be 
able to find what you need to 
fulfill the Programming merit 
badge reguirements. 

official retail webt :.. rwitn 
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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 pamohlets are of general 
interest and are made availabie by many schcois and pubiic Ubraries. The latest 
revision date of each pamphlet might not correspond with e copyright date shown 
below. because this list is corrected on!y once a year, in Januar Any number of merit 
badge pamphiets may be revised throughout the year; others are simply reprinted until 
a revision becomes necessary. 

lt a Scout has aiready started working on a merit badge when a new edition for that 
pamphiet is irtroduced, he may corttirtue to use the same merit badge pamphlet to eam 
the badge and fuifjJ•! the requirements therein. In other words. the Scout need not start 
over aoa with the new pamphlet and possibly revised reauemer1ts. 

Merit Badge Pamphlet Vear Merit Badge Pamphlet Vear Merit Badge Pamphlet Year 
Arrscar,  Business 2002 Environmental Science 2006 Piant Science 2005 
Aeca 	C:1ures 2005 Famy Lfe 2005 P!o'nong 2004 
An'eos 	Her:ace 2005 Meohanics 2008 Potterv 2008 
Amer:csn Labor 2006 7erprrting 2003 Pr5c Health 2005 
Armai Scence 2006 Eire Sefet: 2034 P uhic Speaking 2013 
ArchaeoEcgy 2006 Forst Aid 2007 Pp eid Paper 2006 
Archery 2004 Fisn 	cr Vo4e Rado 2008 
Architecture arid ML uiiment 2004 RaEroading 2003 

LandscapeArctstecture 2010 Fishi 2009 Reading 2003 
Art 21306 -°isrnrrg 2009 Repr;e and 
Astronomy 2013 nsrry 2005 A'rprSbSin Study 2005 
AtrLepcs 2006 Gardening 2013 RiSe Shooting 2001 
AutorrrotiveMaintenance 2012 GeneSogy 2005 Rpbotcs 2011 
Avahon 2006 Geocaclong 2010 Pn:g 2006 
Backnacking 2007 Geo!cgy 2005 Sic: 2006 
Basker' 2003 Gc.if 2002 Sauunianship 2003 
Brd S:udy 2005 Gran 	Arts 2006 Schcrsi5p 2004 
B:n(seeMusic) Hikr4 2007 Scoutr'o 1-leritage 2010 
Cii:: ng 2005 Horns Repairs 2002 Scupe 	ig 2009 
Canining 2004 Horssmanship 2013 Scplii 2007 
Cns"istry 2004 indlan Lore 2008 Searoh anO Rescue 2012 
Ceess 2011 h'sect S:udy 2008 Snotgun Sr.00tng 2005 
Cinemstography 2008 Hi.tng 2010 Skaln.g 2305 
C5zensho in the Jimahsm 2006 Smar-Bost Sailing 2004 

Co , 2005 Kayak;ng 2012 Snow Sports 2007 
Cizensno in the Nation 2005 Larrdacape Architecture So:! and Water 
Ci zrshp in the World 2005 see Architecturel Conservation 2004 

2011 v 2003 Space Eioration 2004 
Co.n Coecting 2008 j atherwork 2002 Sorzn 2005 
Coiectcns 2008 Lteaav:rrg 2008 S:ao Coecting 2007 

2009 Cc nrnurrcation Marrrma Study 2003 LJLy:rlO 2004 
Ccrr.pci :: Materials 2006 Mecc;ne 2009 Si. ini 2008 

2009 Metsiwork 2007 e: 2003 
Cock:ng 2007 Mode. Design and Building 2010 Tneate 2005 
Crnne Prevention 2305 Motorooarino 2008 TraSc Safety 
Cycng 2003 Miri nid Bugling 2003 T'ucir Transoortation 3322 

2006 Nahe 2003 Veterrrara Meocine 2005 
er! ist Osspilities AwarenesS 2005 Nuieu Science 2010 Water Sports 2007 

Dog Care 2012 Oceancoraphy 2009 Wealb 2006 
Drattna 2008 Onenteenog 2003 W&oi:e 2012 
E;ectrc•ty 2004 Panit:rrg 2031 Wrlewater 2005 
Electror.cs 2004 Persona Ftness 2023 Wnderrress Survival 2007 
Enreriec.i Preparedness 2012 Personal Management 203u Wood Caraing 2006 
Er.erp 2005 Pets 2003 Woodwork 2011 
Engleerwg 2008 Photography 2013 
E.nc-ewneurship 2006 Pioneering 2006 
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