Summer Camp
' E.mbedd'éd.'Programrhing Clinic
~ Summer 2003
Dr. Robbeloth

Assistant Professor of Compute

—— --\--r\—.;x""”'

o
e
R
A e






* Apps to perform tasks efficiently
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Automation

e Automate repetitive tasks or
processes

e Save time/effort

 Remove manual interventions




Problem Solving

* Break down complex problems into
small, manageable parts

* Develop algorithms (step-by-step
instructions)




Scientific and Mathematical Modeling

Programming needed in a
scientific research and o
mathematical modeling

Simulate complex
phenomena

|I|| Analyze data ‘ Make predictions



Innovation and Creativity

* Bring new ideas to life

* Develop new tech, products, and services
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hat do | need to start
programming?
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What do | need
to start
programming?

Development Environment



https://opensource.com/resources/what-arduino
https://creativecommons.org/licenses/by-sa/3.0/

What do | need to start programming?

* Could use a website to do your coding
® Replit,com replit Features ¥ Blog Pricing TeamsPro Careers

Make something great.

Build software collaboratively.with the power of Al, on any

device, without spending a second on setup

Start creating



Computer

Abstractions

Level of
Absiraction

App
Scratch Inventar
Python Java Javascript

High-level language

Assembly Language (Mnemonic Symbols)

Machine Language (05 and 1s)

Hardware (Switches and gates)




Free Pascal 3.2 A - O x‘

SOL4.PAS 1=[3]=

rragyll. . 18] of real:
rrayll..18] of real;

Categories of
. witel 'n="):readlnin):
Programming Languages

FOR i:= 0 n DO

writel('w[',i,"1="):readln(x[il):;
write('yl’,i,."1=");readln(ylil);

Procedural . write('x[",n+1," ' 1=");;readln(xln+11);
end ;
C, Pascal, Ada, Fortran, Cobol, etc. bl
. .. o FLIE J = 11 n ol 10
Sequential, Conditional, and Li=1;
. FOR 1:=1 T [
Iterative statements o e

IF i<>j THEHW
begin
L:=L=({x[n+11-x[il)/(x[ jl-x[il);

Code organized into procedures or
functions and blocks

end ;
yn+1l:=yln+1]1+ylJI=L ;end:
writeln('yl’ ,n+1,"1=",yln+11:1:H);
FOR i:=1 TO n DO
beqgin
uriteln('x[".i,"'1=",x[i):18:18, " yl[".1."1]

E
2o ;

",ylil:18:18);

uriteln('x[l’,n+1,")=".x[n+11:168:18, ‘yl’'.n+1,"')=",yln+11:18:18);
end ;
readln;
' 8
37:23 J

F1 Help FZ Sawe F3J Ope Alt+F2 Compile F9 Make HIt+F18 Local menu




Categories of
Programming Languages

* Object-Oriented Purpose
* Java (w/ JIT), C++, Delphi, C#, etc.

* Source Code either compiled into
machine code

* Machine Code runs on a particular
computing device (x86-64 or
ARM)

&g - fdk

function @

tatic e

This Photo by Unknown Author is licensed under CC BY-SA-NC


https://www.homeworklib.com/qaa/1558713/java-code-coconut-kelapa4-4a-input-standard-input
https://creativecommons.org/licenses/by-nc-sa/3.0/

import turtle
from turtle import TurtleGraphicsError

def programSetup(): I

e Categories of
Programming Languages

try:
prompt = "Turtle Color: "
colorChoice = input({prompt) ° Scr|pt|ng Languages

t.color{colorChoice)
except TurtleGraphicsError as tge:
print({"Bad color choice, using purple ", tge)

* PHP, Python, Node.js (JavaScript), Bash,

t.color{ "Purple”™) Perl’ etc.
- * Interpreted line at a time by interpreter
backgroundColor = daScreen.textinput( “"Background Color", "Color:")} (S|()\A/EEF)
if {backgroundColor = ""}:
daScreen. bgcolor( “black” ) * Tools to convert to machine code blob in
else:
daScreen.bgcolor(backgroundColor) some cases
except ValueErrar as ve: . .
print(“Value *, ve) * Programming Languages often fall into
multiple categories
try:

prompt = “Turtle Shape (" + str.join{","', daScreen.getshapes(}) + "): '
shape = input(prompt)
t.shape(shape)

except TurtleGraphicsError as tge:
print({"Bad color choice, using purple ", tge)
t.shape( "arrow" )

return t, daScreen



Categories of * Functional

Programming * Mathematics functions and evaluations, lots of reuse
Languages « Scala, Erlang, Haskell, Elixir, F#, etc.

% This is file "listsort.erl’ (the compiler is made this way)
-module(listsort).

X Export 'by Llength' with 1 parameter (don't care about the type and name)
-export([by_length/1]).

by length(Lists) -» ¥ Use 'gsort/2' and provides an anonymous function as a parameter
gsort({Lists, fun(A,B) -> length(A) < length(B) end).

qsort([], _)-» [1; % If List is empty, return an empty List (ignore the second parameter)
gsort([Pivot|Rest], Smaller) -»
# Partition list with "Smaller’ elements in front of 'Pivot' and not-'Smaller’ elements
¥ after "Pivot’ and sort the sublists.
gsort([X || X <- Rest, Smaller(X,Pivot}], Smaller)
++ [Pivot] ++
gsort([Y || ¥ <- Rest, not(Smaller(¥, Pivot))], Smaller).



Categories of
Programming Languages

er_child(trude, sally).

* Logic

er_child(tom, sally).

erenttron. sl * Expresses series of facts and rules to tell

ather_child(mike, tom). computer how to make decisions
sibling(X, Y) :- parent_child(Z, X), parent_child(Z, Y). * Prolog, Absys, Datalog, Alma-0 (all very
parent_child(X, ¥) :- father_child(X, Y¥). esoteric Ianguages)

parent_child(X, ¥) :- mother child(X, Y¥).

This results in the following query being evaluated as true:

?- sibling(sally, erica).

Yes
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Categories of
Programming Languages

* Web
* Front-end vs. Backend
* Front-end: HTML/CSS/JavaScript, React

* Back-end: Node.js, PHP, JavaScript,
TypeScript, etc.



https://deepu.tech/three-tips-for-clean-code/
https://creativecommons.org/licenses/by/3.0/

fn main{) {

mut values = vecl[1, 2, 3

~ value in &values {
println! ("value

values.len() > 5 {

println!("List is longer than five items");

DaF+amnm mate bt o
P =l g Millt 1 F1{

match values.len() {
8 => println!("Empty"),
1 => println!{"On

18 => println

» println!{"E

_ =» println!("Many values™},

11

wo and ten values™),

Categories of
Programming Languages

* System Programming Languages
* C, C++, Go, Rust, etc.

* Tradeoff: compatibility vs speed and ease
of hardware access




Categories of
Programming Languages

e Assembly

* Low-level, usually direct one-to-one
correspondence with machine
instructions

* There are pseudoinstructions/macros

e Code is assembled into machine code




v.eee,
s:.std_logic_1164.all;
Me,.numeric_std.all;

CategO rles Of .ty signed_adder is
programming <

aclr : in std_logic;

clk : in std_logic;
|a n g u ages a N std_logic_vector;
b : in  std_logic_vector;
q : out std_logic_vector
s )i
4 end signed_adder;
* Hardware Description Languages 5
. . .6 architecture signed_adder_arch of signed_adder 1is
* Verilog and VHDL (on right) L7 signal g_s : signed(a'high+1 downto ©); -- extra bit wide
. . . 18
[}
Xsed WII;CBCIS:,IA?IOI Programming Gate 19 begin -- architecture
rrays ( 5) 20 assert(a'length >= b'length)
e Devices that you can write program 3; gzﬂzﬁt Pt;;iﬁﬁrl;;st be the longer vector if different sizes!
code for to transform the silicon into 3 g e oto {[-lqi[« vector(q_s):
different computing devices 4 B -

* Code is synthesized into electronic 5 adding proc:
3  process (aclr, clk)

design resulting in logic gates being beqi
. gin
wired up on the board if (aclr = '1') then
g_s <= (others => '0');
elsif rising_edge(clk) then
g_s <= ('o'&signed(a)) + ('0'&signed(b));
end if; -- clk'd



This Photo by Unknown Author is licensed under CC BY-SA

library IEEE;

use IEEE.std logic 1164.all;

entity mux4 is

port(
al : in std logic wvector(2
a2 : in std logic vector(2
a3 : in std logic vector(2
ad : in std logic vector(2
sel : in std logic vector(l
b : out std logic wvector(2

)5

end mux4;

architecture rtl of mux4 is
-- declarative part: empty

p_mux : process{al,a2,a3,ad4,sel)

begin
begin
case s&] is
when "gg"
when "81"
when "18"

when others =

end case;
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az ;
az ;
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ad ;

end process p mux;

end rtl;

downto
downto
downto
downto
downto
downto
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https://embarcados.com.br/pesquisa-para-treinamento-altera-em-fpga/
https://creativecommons.org/licenses/by-sa/3.0/

Basics:

. v/ O €

USING THE I.P.O INPUTS PROCESSING OUTPUTS
PATTERN



Types of Statements

Sequential

* Ask for input from the console (cin >> variable)

* Perform a mathematical calculation (inta=b + c)
* Call a procedure/function/routine (sqrt(16))

* Display a result (e.g., output) on the console

(cout << “I like Peppa Pig “ << endl;)



e Conditionals

* Evaluate an expression and choose a code
path base on its results

Types of if (this is true)
Statements take the first course of action

else if (something else is true)

take that second course of action

else '
default to that final course of action /

o




Types of statements

* lterative statements
e Perform a sequence of actions repeatedly

* Can repeat based on something becoming true (zero, one,
multiple)

while (something is true)
statement 1

statement 2

statement n
e Can repeat until something becomes false
do

statement 1

statement 2

statement n

while (something is true) // do this at least one time



Variables

* Need to hold our inputs and
intermediate values
somewhere

e Use variables

* Not like math variables
representing an unknown

e Take up memory, computers
don’t have unlimited resources



Datatypes

Each variable has to be
represented by a datatype

Integers = Use byte/int/long
Decimals = Use float/double
Characters = Use chars

Strings =2 Use string

Tradeoff: range vs memory




-low Chart
Model

* Flow charts let’s us visually
map out each step, decision,
and repeated sequence of
instructions

Terminal/Terminator

Process

Decision

Document

Data, or Input/Output

Terminator

Process

Decision

Docurment

Data



-low Chart
Model

* Flow charts let’s us visually
map out each step, decision,
and repeated sequence of
instructions

Ly

Stored Data

Flow Arrow

Comment or Annotation

Predefined process

On-page connector/reference

Off-page connector/reference

Database

Predefined
Process

Ofi-Page
Link



Let’s try a
quick

exercilse

Imagine we go to the local carnival.

One ride costs one ticket

Do we have money?

If so, buy some ticket, otherwise go home

Wait in line, get on ride. Wonder is it over yet.

Ride it again if we still want to AND have at least one ticket.

coto draw.io

Select Local Device, New Diagram, Basic Flowchart



How would \Mwelco e a hew

.
person to camp and d|sp\aythe|r
approximate age?




lude =iostream=

oid helloAgeExample() {

Fi rSt LR riEme
Example unt yob;
Solution b i

cin >> name;

cout << "Hello " << name << " What year were you born?: " << endl;

cin >> yob;
cout << "Oh, so you must be " << 2023 - yob << " years old or " << 2022 - yob
<< " years old. " << endl;




0O :. C- SummerCampC++Examples IS P Run

J
mrobbeloth

Search maincpp v~ B =* + : >_ Console ~ = Shell = 4+
~ Files B E main.cpp > | calculateTip - sh -c make -s
: . - ./main
) 1 #include <iostream=> Mamé'
main.cpp ==
2 Michael
[ .ccls-cache 3 using namespace std; 23}}0 Michael What year were you born?:
4
- Oh, so you must be 46 years old or 45 years ol
B main 5 void helloAgeExample() { . ﬂ
™ main-debug 6 string name;
7 int yob;
™ main.o 5 ¥oO;
3 Makefile 9
1@ cout << "Name: ";
Config files 11
12
= .replit 13 cin >> name;
replit.nix 1%
15
16 cout =< "Hello " =< name << " What year were you born?: " =< endl;
17
~ Tools - )
19 cin >> yob;
+ @rr,:) O Q 20 cout =< "Oh, so you must be " << 2023 - yob << " years old or " << 2022 - yob
- 21 << " years old. " =< endl;
Ghostwriter  Deployments Chat Code Search 22 }
- _ 23
L. = > g 24, void calculateTip{) {
Conscle Database Debugger Doca 25 cout
26 }

Example Running on Replit.com

¢ Try Ghostwriter *

2

Help Ln 25, Col & History ‘D




How would you calculate
the tip?

e Use draw.io to map out steps
 Let’s write the pseudocode

* Ask below (‘B’) expectations (10%),
meet (‘M’) expectations (18%), or
exceeded (‘E’) expectations (20%)

e Keep using the IPO pattern

* Next, translate each pseudocode
instruction into a line of C++ code

 How do you differentiate the
service you got?




Solution to tip
porogram




Let’s work with
loops

What would it take to print from one
number to another, say 1 to 10, and then
give a sum of those numbers?

IPO
Inputs:
Processing:

Outputs:

Later, we’ll try to print the odds or evens
from some start value to some end value
based on user inputs.




Infinity Mirror

e 2+ mirrors/mirror-like surfaces in
parallel or angled arrangement

e LED strip (60 lights total) will line
the perimeter

* Create series of ever smaller
reflections toward infinity

e Recursive due to Droste effect
* Front-mirror must be one-way

e Software code and electronics
creating art

5 B
LT LY u O W




Arduino Overview

* Click Start button and type Arduino and select
Arduino result or look for the icon

All Apps Documents Web More ¥ $§ X

Best match

App

il Arduino IDE

® arduino-ide 2.1.1 Windows_64bit 5 App

(1).exe

8l

arduino- N .
ide 2.1.1 Windows_64bit.exe ' Open



sketch_jul13a | Arduino IDE 2.1.1
File Edit Sketch Tools Help

O

Select Board -

sketch_jul13a.ino

=

2
3
A
5
6
7
8
9

=
&

hnid setup() {
// put your setup code here, to run once:

¥

vold loop() {
// put your main code here, to run repeatedly:

Arduino
Environment

Classic
version

Syntax is C++
compatible




FOU AR I T e B

Tools Help
Archive Sketch

Manage Libraries... Ctrl+5Shift+I

I\/I d ke sure Serial Monitor Ctrl+Shift+M

Serial Plotter

t h | S b O a rd | S WIFi101 / WiFININA Firmware Updater Arduino Ytn

Upload SSL Root Certificates v Arduino Uno R

Arduina Uno Mini
S e e C e Board: "Arduino Uno” > Boards Manager...  Ctrl+5hift+B

Arduino Duemilanove or Diecimila

Port > .
Arduino AVR Boards > Arduina Nano

Get Board Info

Arduino Mega or Mega 2560
Programmer > Arduino Mega ADK

Burn Bootloader Arduino Leonardo

Arduino Leonardo ETH



Tools Help
Auto Format Ctri+T _
Archive Sketch
Manage Libraries... Ctrl+5hift+]

I\/l a ke S u re Serial Monitor Ctrl+Shift+M
t h e corre Ct Serial Plotter

WIFI101 / WIFININA Firmware Updater

serial port is

Upload 551 Root Certificates

S e | e Cte d Board: "Arduino Uno” p [
Port: "COMS" 2 Senal ports
Get Board Info v  COMS (Arduino Uno)
Programmer 2

Burn Bootloader




If the correct
board and port
is selected

* Tools2>Get Board Info

BN and maybe PID should
be the same, but other
values may vary. It’s okay

Board Info

o Board Info

BMN: ArdlUino Uno

VID: 0x2341

PID: Ox0043

SN: 95232343833351411252

OK




Library for LED

Strips

* Select 3.6 or later version

* Tools—>Manage Libraries

* Enter FastLED into search box
* Pick the one by Daniel Garcia.
* Click Install

“[l]h\

e https://github.com/FastLED/FastLED/wi

ki/Basic-usage

* |n code, select new sketch and add as 1t

line before setup() block:
#include <FastLED.h>

&) sketch_jul13a | Arduino IDE 2.1.1
File Edit 35ketch Tools Help

I : I : - ' Arduino Uno

LIBRARY MANAGER sl
EasfLED

Type: All W

Topic: Al v %

FastLED by Daniel Garcia
3.6.0 installed

Multi-platform library for controlling
dozens of different types of LEDs
along with optimized math, effect,...
More info

360 W REMOVE


https://github.com/FastLED/FastLED/wiki/Basic-usage

Next steps

Better to change code in one place than many places
Constants help us to do this

In C/C++, we can use #define

#define NUMBER_LEDS 60
#define DATA_PIN 6

Let’s do this after #include <FastLED.h> on line 1

Wherever NUMBER_LEDS appears in our code, the
compiler will replace it with 60.




Now, we work on setup(), We need to add:

Need to declare globally an array of LED objects using the variable declaration:
CRGB objects leds[NUMBER_LEDS];

"

-
// Next add the following line in setup: v
FastLED.addLeds<NEOPIXEL, DATA_PIN>(leds, NUMBER_LEDS);

.

<

-

FastLED is an CFastLED class object, addLeds is a method (specifically a factory ~
method).

v

e—
-
Yes, the period, angle brackets, parenthesis, and the semicolon are all important —

part of what we call syntax

It says we have 60 LEDs we would like to use that are NeoPixel compatible
(WS2812s) and are connected to pin 6.



Finally, let’s work on
loop()

We need to use a construct that repeats a certain number of times
We call this a loop

In this case, we’ll use a special type of loop called the for loop

for(myVariable = start_value; myVariable < something_else;
start_value++) {

// do something over and over again until myVariable equals something
else

}

=, ==, <, ++, {, and } all mean something different, do you know what it is?




To get an LED to actually
do something

 \We need to call a method,
FastLED.show()

 We may want to add delay(some
milliseconds) to get interesting
effects.



Verity the code

Click the checkmark icon
Sketch—> Verify or CTRL+R

If you don’t see any red error text, that’s good

You can now upload the compiled sketch to the board

Output
Sketch uses 444 bytes (1%) of program storage space. Maximum is 32256 bytes.

Global variables use 9 bytes (0%) of dynamic memory, leaving 20639 bytes for local variables. Maximum is 2048 bytes.



Upload the compiled sketch

Sketch->Upload or CTRL+U
If you don’t see any red error text, that’s good
* You can now upload the compiled sketch to the board

oo

Click the upload (play) arrow icon £ sketch_jul13a | Arduino IDE 2.1.1
Board should be selected File Edit Sketch Tools Help



Q&A Break

* Next two exercises, time permitting
* Make % of the lights blue and % read
* Finally, let’s animate all the lights

If there is extra time beyond that, let’s try something more challenging
like different colors for odd/even lights or generate different random
colors.
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