CURIE Academy, Summer 2021
Lab 2: Computer Engineering
Software Perspective

Prof. Christopher Batten
School of Electrical and Computer Engineering
Cornell University
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Application: “Smart Light” System

Control regular
and smart lights

Adjust your smart
thermostat

Activate home
automation scenes

ON Cameras Add Da

b "'llln_“;r.r

Camera with privacy
shutter and motion sensor

Everyone can DJ
with Sonos

Dim lights or tap to
turn lights on/off

Lock / Unlock your doors
with smart locks

See who's at the
door with Ring



Application: “Smart Light” System

loT Input
Device

Button
Input

s> Module

IoT Output
Device

LED

- L AP
Output o> 4
F‘l ] - N _bv A \{I
Module 45N .
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Particle Argon
WiFi Atenna

Mode Status Reset USB Blue LED on Pin D7

Port
~Button LED Button' "y Power Connector
@ 1 Wil for LiPo Battery

Analog Port A2 é] Analog Port A0

Analog Port A4

\

UART Port

\

12C Port

Digital Port D4

Digital Port D2

I
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Algorithm: Flowcharts

IoT Input ] >

( Setup IoT Device )

'

—»

Read Button State

Button

no

Button
Input
Module

Pressed?

|

Send "on" Msg

Send "oft" Msg

v

Wait 1 Second

(a) Flowchart for IoT Input Device

Device

i [ IoT Output ]

LED

Output
Module “§

( Setup IoT Device )

!

—»

Wait for Msg

|

Turn LED On

Turn LED Off

(b) Flowchart for IoT Output Device
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Programming Language: C++

// function to add two integers

—_

int a; // declaration > int add( int a, int b )
a = 2; // assignment 5 {
int b = 3; // initialization 4 int sum;
5 sum = a + b;
int c; 6 return sum; 1 1int c;
c = a + b; 7} > ¢ = add( 2, 3 );

() (b) (c)
Figure 6: Example C++ Code Snippets



10

11

Programming Language: C++

1 // function to add two integers

1 1int c;
2 ¢ = add( 2, 3 );

int a; // declaration > int add( int a, int b )
a = 2; // assignment 5 {
int b = 3; // initialization 4 int sum;
5 sum = a + b;
int c; 6 return sum;
c =a + b; 7}
(a) (b)

(c)

Figure 6: Example C++ Code Snippets

int button_state;
button_state = read_button_state( button_pin );

if ( button_state == 1 ) {
// send "on" msg

+
else {
// send "off" msg

¥

// wait 1 second

(a) Sketch of IoT Input Device Program

—_

void receive_msg( msg )

2 A

3 if ( msg == "on" ) {
4 // turn light on

5 +

6 else {

7 // turn light off
8 +

o }

(b) Sketch of IoT Output Device Program

Figure 7: Sketch of C++ Programs for Smart Light
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Compiler: Particle OS

// Global constants for pin assignments and global variables

int led_pin = D7;

int x = 2;
int y = 3;
int z = 0;

// Helper functions

int add( int a, int b )

{

¥

// The setup routine runs once when you press reset

int sum;
sum = a + b;
return sum;

void setup()

{

¥

// Configure led_pin as digital output
pinMode( led_pin, OUTPUT );

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

42

43

// The loop routine runs over and over again

void loop()

{

// Do the addition
z = add( x, y );

// Blink LED z times
for (int i = 0; i < z; i++ ) {
digitalWrite( led_pin, HIGH ); // Turn on the LED

delay(500) ; // Wait 0.5 seconds
digitalWrite( led_pin, LOW ); // Turn off the LED
delay(500) ; // Wait 0.5 seconds

¥

// Wait four seconds
delay(4000);
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Compiler: Particle OS

int button_pin = D4;
int button_state = -1;

void setup()

{
pinMode( button_pin, INPUT );
}

void loop()
{
button_state = digitalRead( button_pin );
if ( button_state == 1 ) {
Particle.publish( "button_state", "on" );
+
else {
Particle.publish( "button_state", "off" );
+
delay(1000) ;

( Setup IoT Device )

'

—>

Read Button State

Button no

Pressed?

Send "on" Msg

'

Send "off" Msg

Wait 1 Second <
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Compiler: Particle OS

int led_pin = D4;

void receive_msg( const char* event, const char* msg )
{
if ( strcemp( msg, "on" ) == 0 ) {
digitalWrite( led_pin, HIGH );
X
else {
digitalWrite( led_pin, LOW );
+
b

void setup()

{
pinMode( led_pin, OUTPUT );
Particle.subscribe( "button_state", receive_msg );

}

void loop()
{

// empty
+

( Setup IoT Device )

!

Wait for Msg

Turn LED On

Turn LED Off
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Compiler: Particle Devel Environment

X Particle Web IDE X + o

& build.particle.io/build/60e9e270de87cd0100dedb74 QA w B » 4“)

MI M I Mgwria LR A

brg-argon-139

e T 2 int button_state
Verlfy brg-argon-142 4 void setup()
S brg-argon-143 L Mode( b : :
ave pinMode( button_pin, INPUT );
brg-argon-144 7}
brg-argon-145 void loop()
brg-argon-148 10 - {
11 button_state - digitalRead( button_pin );
brg-argon-153 12 ( button_state 1) {
Code rg-argon-154 13 Particle.publish( "button_state”, "on" );
Device ID: - ‘
Libl‘al‘y Particle.publish( "button_state", "off" );
}
delay(1000);
Help Device OS target: ELE000)
| Default (2.1.0)
Docs On the device: 2.1.0
Devices
Console

brg-argon-155

@® brg-argon-154 ® vz.1.0 ¢

Settings




Compiler: Particle Devel Environment

e Always confirm your Particle Argon status LED is
breathing cyan

e Always confirm that your Particle Argon is selected in
the device list as indicated by the yellow star

e Always confirm that your Particle Argon is selected as
indicated by the device name in the lower left-hand
corner

e Always prefix the names your Particle Argon C++
programs with your first name (e.g., jane-blink-led)



Compiler: Particle Devel Environment

¥ Particle Console | Build your X -+ °

@ console.particle.io/devices/e00fce684d7¢11c254664147

‘X’ Sandbox 2 B Docs @ Contact Sales & Support A Notifications
Particl
< View Device PING / EDIT

ID:  e0O0fce684d7c11c254664147 Name: brg-argon-154 Notes

Device OS: 2.1.0 Type: (A) Argon

Serial Number: ARNKAB8429VABCH Last Handshake: Jul 19th 2021, 10:35 am
Last Heard: Jul 19th 2021, 10:35 am

EVENTS (LAST VITALS \

Jul 19th, 2021, 10:27AM
B ADVANCED

bUtton—State © = Strong Wi-Fi signal
Published by e00fce684d7c11c254664147 on 7/1 - i .
NAME DATA DEVICE PUBLISHED AT 9/21 at 10:35:32 am O 2119ms round-trip time

© 50kB of 165kB RAM used
Unpause to reveal 12 queued events. p
© O rate-limited publishes

button_state off brg-argon-154 7/19/21 at 10:35:36 N gwmwmm-)

on
check
button_state off brg-argon-154 7/18/21 at 10:35:35
NEW

button_state off brg-argon-154 at 10:35:34.. FIRMWARE ©=F
button_state off brg-argon-154 7/19/21 at 10:35:33

= grargon= < ° OTA Updates: Enabled
button_state Force Enable OTA

Force enable OTA updates to

button_state on brg-argon-154 7/18/21 at 10:35:32 ... overric ce firmware setting
button_state on brg-argon-154 7/19/21 at 10:35:30..

) ' i X _ o _ FUNCTIONS
spark/device/dia... {"device” {"networ... brg-argon-154 7/18/21 at 10:35:30
button_state on brg-argon-154 7/19/21 at 10:35:29 .. No functions found on device. Read

ey s more about functions here.

button_state off brg-argon-154 7/19/21 at 10:35:28
button_state off brg-argon-154

VARIABLES

7/19

/19/21 at 10:35:27 ...

particle/device/u... fa

o
"
(1]

brg-argon-154

No variables found on device. Read

button_state off brg-argon-154 7/19/21 at 10:35:26 ..
more about variables here.

particle/device/u... false brg-argon-154 7/18/21 at 10:35:26

particle/device/u... true brg-argon-154 7/19/21 at 10:35:26 ..

ACTIONS
spark/device/las.. power_down brg-argon-154
15 POWEr_cow Jare 1 UNCLAIM
spark/status online brg-argon-154 7/19/21 at 10:35:25 ...

spark/status offline brg-argon-154

at10:31:45 .. y.




Computer Engineering

Computer Systems Stack

Application
Algorithm
Programming Language
Operating System
Compiler
Instruction Set Architecture
Microarchitecture
Register-Transfer Level
Gate Level
Circuits
Devices

Technology

Smart Light
Flowchart

C++

Particle OS

Particle Development
Environment

v

ARM Machine Instructions

Ripple Carry Adder

NOT, AND, OR, XOR

Inverter

Resistors, LEDs,
Transistors

CURIE Lab 2

CURIE Lab 1



ISA: ARM Machine Instructions

Main
Memory

v 1

Registers

J'\/J'

+

LLoad /Store
Instructions

Arithmetic
Instructions

1

—_

12
13
14

15

10

11

int add( int a, int b )
{
int sum;
sum = a + b;
return sum;

}

# load two values from main
# memory 1into two registers
ldr r2, [r7, #4]

1dr r3, [r7]

# do the actual addition
add r3, r3, r2

# store the sum from a register
# back into main memory
str r3, [r7, #12]



ISA: ARM Machine Language

® Compiler Explorer X - o
& godbolt.org w @ » &
‘; COMPILER (.. y Select ARM gcc trunk (linux) here
= Add...~ || More ~
A=+ EXPLORER |
C++ source #1 X O XB6-04 piottmitiaedil Compiler #1) C++ X O
. . \_
A~ B 4~ v £ » C++ v x86-64 gcc 11.1 v & ( Compiler options... >'
1 // Type your code here, or load an —
Yp y ! A v ° v—Yt E + A 4 ‘, v A
2 int square(int num) { —
. 1 square(int):
3 return num * num; -
2 push rbp
4 }
3 mov rbp, rsp
Write your C++ 4 mov DWORD PTR [rbp-4], edi
code here ... 5 mov eax, DWORD PTR [rbp-4]
6 imul eax, eax
7 pop rbp
8 ret

Compiler will generate the
corresponding machine
instructions here ...

Try entering
-O3 here

C' B Output (0/0) x86-64 gcc 1.1 § - 77ms (27928) ~170 lines filtered LW




Lab 2 Overview

Part 1.A Test Simple Addition Program

Part 1.B Examine Machine Instructions

Part 2.A Experiment with LED Output

Part 2.B Experiment with Button Input

Part 3.A Experiment with Particle Variables

Part 3.B Experiment with Sending Particle Events
Part 3.C Experiment with Receiving Particle Events
Part 4. A Develop a “Smart Light” System

Part 4.B Share Photo or Video of loT System
Experiment with loT Geolocation System

Let’s write a simple blinking LED program
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| 11 int add( int a, int b )
Read Button State 12 {

””B} int sum;

Algorlthm 4 sum = a + b

il 15 return sum;
Send "on" Msg Send "off" Msg

l ~’ Prog Lang

Wait 1 Second

Instruction Set . .- R -
v * . Architecture ?,m#fﬁ' glszs

IoT Input
Device

A

Main
Memory

HER
| 111

& bui [dp icle.io/build/60e9e270de87¢cd0100dedb74 Q % @2 # &Y

MY wrge T

brg-argon-139 >

! brg-argon-140 > int button_pin D4;
- o T N int button_state - -1;
: RegiSterS : 4 1dr r3 [r7] Verlfy brg-argon-142 > void setupQ)
/f 4 S brg-argon-143 > inMode( butt in, INPUT );
. ave pinMode( button_pin, 3
A T R L e I brg-argon-144 >
¢ ¢ 4‘. ’ =S brg-argon-145 > void 1oopQ)
. . brg-argon-148 > { ‘. .
\/ 6 # do the actual addition brg-argon-153 s b”tE"EaiEﬁﬁestaﬂéglt“}R§°‘§( button_pin );
Arlthmetlc Code rg-argon-154 @ Par‘ticle.;ublish( "button_state", "on" );
I IHStI'UCtiOIlS 7 add r3 H r3 ’ r2 Device ID: } ;
Library Particle.publish( "button_state", "off" );
8 }
Help Device OS target: d Lay(1000);

| Default (2.1.0)
Ont

COS & Compller

brg-argon-iss

store the sum from a register [
0Cs

Microarchitecture vecx into main memory

r r3, [r7, #12] Console

& R T L =) ’ Settings
Vi Vo PoRed

@ brg-argon-154 ® v2.1.0 ¥

/

|l ||/ Devices & Technology @
| pevies. 9




