2"d C Class with Mr. Czik

Counting Systems
0] 1 2 3 4 5 6 7 8 9 10 Arabic
| i1 1 Vv \4| VIiI VI IX X Roman
Numerals — Glyphs

Base 10 — Decimal — we have 10 fingers

1000 | 100 10 1 1000, 2 100s, 3 10s, and 4 1s

1
1 2 3 4 1000+200+30+ 4 = 1234 (decimal number)

Other number bases can be useful — how about 12 — 12 months
12 in a Dozen — 12 x 12 in a Gross — 12 Hours twice in a day
12 inches in a foot
12 (2, 3, 4, 6) factors better than 10 (2 & 5 only)

Complex numbering systems can be understood even by young children

Time 12:00 or 24:00 clocks, 60 minutes increments hours, etc

Computers work in Binary (Base 2) — Zero and One (true and false)

128 64 32 16 8 4 2

1
1 1 1 1 1 1 1 1

Binary number 11111111, 128+64+32+16+8+4+2+1 = 255 (decimal
numbers)

Programmers use Hexadecimal (Base 16, Hex = 6, Decimal = 10) numbers
to help represent binary numbers without using as many digits

0 1 2 3 4 5 6 v 8 9 A B C D E F Hex

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Dec

4096 | 256 16 1 4096, 2 256s, 3 16s, and 4 1s

1
1 2 3 4 4096+512+48+ 4 = 4660 (decimal number)
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Binary Chart — with Decimal and Hexadecimal values

| Dec | Hex |

32 | 16 | 8

64 |

| 128 |
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| Dec| Hex

32 | 16 8

64 |

| 128 |
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In computing, Binary numbers are defined in groups — one (a bit), four (a
nibble), eight (a byte), and multiples of four and eight (a word, specified as
in “a 16-bit word”). A very useful trait of Hexadecimal numbers is that they
correspond to Binary numbers in groups of four. A Hexadecimal number is
indicated by a prefix of “Ox” or a suffix of “H”.

oloj/o|o|/o]|o|o|o|o]|o]o|/o|lo|0]0]O Binary

0] 0 0 0] Hexadecimal

O Decimal = 0000 H

olojo|o|o|o|o|o]o|o|o]o|1]1]1]12 Binary

0 0 0 F Hexadecimal

15 Decimal = O0OOFH

olojo|o|o]ofofo|a]afalal1l1]2]2 Binary

0] 0 F F Hexadecimal

255 Decimal = OOFFH

olojofofa]alalalafafalalal1]2]2 Binary

0 F F F Hexadecimal

4095 Decimal = OFFFH

1lalafaf{afalala]a]ala]a]a]ala]1 Binary

F F F F Hexadecimal

65535 Decimal = FFFFH

o|l1]/of1]|1]of2]of1]|a]olal1|1]1]2 Binary

5 A D F Hexadecimal

23263 Decimal = 5ADFH

So we can represent 16 places of binary digits with only 4 places of
hexadecimal digits, in an easily translatable format. Also, most current
scientific calculators include at least Hex — Decimal — Binary number
conversions, if not actual calculations.

Binary (and therefore hex) is often used when programming for control and
robotics, in working with ports that interface to real-world devices.
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Input Devices
ALU Sensors, Keyboard,

Bus Mouse, Digitizer,

Camera. ..

Control Unit

CPU /O Devices

Data and Output Devices
Instruction Storage Motors, Solenoids,
Display, Printer,
Memory Printer . . .

Parts of the Computer
CPU

Computes in binary numbers, which can represent program instructions,
numbers or alphanumeric characters

Runs programs (Control Unit) and calculates math (ALU)
A standard CPU will run only one instruction at a time
Memory

Used to store data and program instructions, either on a temporary working
basis (RAM) or long-term (disk drives, flash memory)

1/0 (Input/Output)

Devices that communicate between the computer and the real world
Bus

Interconnections between the different parts of the computer
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Using the MPLAB IDE (Interactive Development Environment)

to Program in C

W MPLAB IDE v6.30

File Edit ¥iew Project Debugger Programmer Tocls Configure Window Help

losE /s a?|oesrd/oa

el Excarnplis Lanel ==l
= Erample 1.mcp*

[ Source Files
- ewampled.c
- Header Files
-~ Object Files
+ Library Files
[=] Linker Scripts
-~ 18FB520.1kr

Build Options

Genisial | MPASH Assembler | MPLINK Links: | MPLAB 18]

Output Directory, $EINDIR]
|
Itermediates Divector, STMPDIRY:

[ C:mcc18'enample’,getting_started\examplelesamplel.c ;_IEE_] A{x%ﬁ'ffﬂla |TT'7{U¢3,P5HT&WMEJ|HJ
7 =
* This is example 1 from "Cetting Started with MPLAE Cl2". —
*7 Include Path, HINCDIR]
#include =plZcnxx h> /% for TRISE and TPORTE declarations */ I
Library Path, $LIBOIRY

int counter:

void main (void)

Ic'\mcc‘l Bulib
1

Browss..
Browse...
Bieype..

Browse...

e Liker St P SLKRDIRY
TRISB = 0O; F* configure PORTE for output */ )
while (counter == 15) IE:\mcc‘IE\\k,r Browse..
{

PORTE = counter; /7 display value of 'counter' on the LEDs =

coantertt;
}

b Hep | SuteDefsuts|
ok | cemes || s

| -\ Picteresz0 | | | T [ [oded fnn ot
First, configure the MPLAB IDE with the Project Wizard
Project Wizard - Next
Device — select PIC18F8520 — Next
Active Toolsuite — select Microchip C18 Toolsuite
Location — enter C:\\mcc18\bin\cppl8.exe if needed — Next
Project Name — enter Example 1

Project Directory — Browse to
C:\mccl8\example\getting_started\examplel - Next

Skip adding files — Next
At Summary, press Finish
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Set Project Build Options
Project — Build Options — Project
Library path should be set to c:\mcc18\lib
Linker path should be set to c:\mcc18\Ikr
OK

Add 18f8520.lkr to Project
Right click on Linker Scripts
Choose to Add Files
Browse to c:\mccl8\lkr
Select 18f8520.1lkr, and Open

Once configured, add example 1.c file to Project
Right click on Source Files
Choose to Add Files
Select example 1.c, and Open

Double click on example 1.c to open the file for examination and
editing

Note that the text between /* and */ is just for commenting your code, and
does not run at any time. The MPLAB IDE shows these comments in green,
and declarations and statements in bold blue, with the rest of the text in
unbolded black.

C is a compiled language, which means that it is turned into a machine
language format before it is run (binary code is loaded into the Robovation
controller, not the C code in text format).

RIS 2.0 for LEGO Mindstorms is an interpreted language, in that the
Mindscripts code that is produced from the graphical programming
environment is loaded onto the RCX and converted into machine code as
each line is run. Compilers run much faster than interpreters.

An example of Mindscripts code (which is somewhat C-like):
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program test {
#include <RCX2.h>
#include <RCX2MLT.h>
#include <RCX2Sounds.h>
#include <RCX2Def.h>
sensor touchl on 1
touchl is switch as boolean
main {
ext InterfaceType "kFreestyle"
rcx_ClearTimers
bbs_GlobalReset([A B C])
try {
if counterl > 10{

while touchl is closed {
on[ABC ] for 100

by
by
else
{
if counterl > 20{
repeat 3 {
by
by
else
{
+
by

} retry on falil
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An extra step needs to be run when you run a compiler, the Build process.
Project — Build All

This command will link and compile the code that has been written, and puts
it in a format to be loaded onto the Robovation controller. The result should
be “BUILD SUCCEEDED”. It generates a file with the extension .cof, which
the PIC microprocessor will understand.

BT
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You can also run the MPLAB Debugger (MPLAB SIM) to test program
execution.

Debugger — Select Tool — MPLAB SIM

You can double click next to a line of your code, and set a breakpoint, where
execution will pause.

From the Debugger menu, you can Run your code. You can single step your
code (Step Into) instead, to observe execution line-by-line. You can choose
to Animate, which executes and shows an arrow at the execution point
constantly. You can also Halt execution. VCR-style icons on the menu bar
can accomplish most of these functions as well.
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The Goto statement can be used to unconditionally jump from one location
in the program code to another. While it can be a quick and dirty solution to
program problems, Goto statements should be avoided as the enemy of
structured, understandable code. Goto statements encourage “spaghetti”
code, difficult to decipher. Use indents, comments, and proper program flow
for structured programming.

Goto label
label

Controlling program flow is accomplished by using the following statements:
if if-else switch break continue goto



