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; Computer Engineering Units

Unit O — Introduction and Course Organization, Motivation (today)
Unit 1 — Introduction to Programming and C Language

Unit 2 — Basic Concepts: Variables and Data Types Homework 1
Unit 3 — Control Structures: Conditional Statements

Unit 4 — Control Structures: Loops - /

Unit 5 — Functions and Modular Programming

Unit 6 — Arrays and Strings

Unit 7 — Pointers and Structures

Unit * — Advanced Embedded Con(cem

Homework 2
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; General Overview

> Introduction to programming
> A brief history of C

> How to program in C
> Syntax
> Expressions
> Statements
> Introduction to language concepts
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: What is programming?

programming

/' prou.graem.in/
noun

> is "the activity or job of writing computer programs” (cf. Cambridge Dictionary).

> is telling your computer what the f#@% it should do!
> is creating a list of instructions for a computer.
> is turning a problem-solving sequence of tasks into operations.

> is a mental process of solving problems and expressing the solutions in a
language that machines understand
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: Why program embedded systems?

> Embedded systems are built to perform a set of functions performed on their
internal microcontroller/microprocessor.

> Smart devices mostly lack a user interface - they rely on software to operate.

> Embedded software allows to monitor physical phenomena, make decisions,
and actuate hardware accordingly to achieve our goals.

> Especially difficult compared to PCs, as they are resource constrained!
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; From Problem to Program

> Define your goal and the corresponding inputs/outputs:

What problem are you solving? What do you want to sense? What do you want
to control? Are there any further requirements?

> Design your algorithm:

Sketch your program (flow chart, pseudo code) to visualize what you want to
achieve - description of the sequence of operations and decisions.

> Translate it into programming language statements:

Implement the actual algorithm using a suitable language and its syntax.

> Run, check, debug, and iterate over your program:

Build it, run it on the target, observe it, debug it, learn from it, iterate.
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: Example: Coffee Machine

> read sensors: water temperature and pressure, water tank level,
beans level, waste level, milk level

> read inputs: buttons for espresso, cappuccino, lungo, latte macchiato, etc.
> control outputs/actuators: heater, pump, grinder
> brewing process: heat - grind - brew (= add milk) = purge

> enforce constraints: no dry pump, over temperature/pressure
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: Programming Paradigms

A programming paradigm is a methodology for solving problems
using the tools and techniques of a programming language.
> common paradigms in embedded systems include

> imperative/procedural: assignments and control-flow centered - C
> object oriented: organize code around objects; encapsulation!
> declarative/functional: evaluation of functions, trees of expressions

> event-driven: reacting to events (interrupts, user inputs)
> state machines: behavioral modeling as a set of states with transistions

Unit 1: Introduction to Programming and C Language Computer Engineering, VU (448.012)



Ty

A brief history of C

> created by Dennis Ritchie at Bell
Laboratories from 1969 to 1973

> originally for the UNIX operating system
> to "replace” Assembly programming

> target: DEC PDP-7, 147 456 bit RAM
(8K 18-bit words; ~18 432 bytes)

> built on B and BCPL languages

> standardized in the ANSI C standard
(C89/C90)

> influences nearly all modern programming
languages!
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m Why start with C?

> “"Mother of languages”
... many languages borrowed syntax and features directly from C.

> Deep Understanding
... learning C gives you insight into pointers, memory, how operating systems
work; without having to rely on assembly language.

> Efficiency & Control
... widely used in operating systems, (real-time) embedded systems, compilers,
networking, game engines; efficient for resource-constrained devices.

> Portable Foundation
... once you understand C, it's easier to pick up any other language.
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From Source Code to Executable

e |\

Preprocessor [ 4 Compiler > Assembler L Linker
expand macros, translate into convert into resolve (external)
* h include headers, assembly machine code dependencies,
[ ] M . .
| strip comments,... instructions create executable

Unit 1: Introduction to Programming and C Language Computer Engineering, VU (448.012)



Ty

: Characteristics of C

> imperative and procedural: statements and functions executed in sequence
> free-form source code: positioning of the text is irrelevant, but: case sensitive!

> semicolons terminate statements
> curly braces {} group statements into blocks

> code is contained in functions; main function marks entry point
> control flow constructs: if, else, switch, for, do, while, and goto

> parameters are passed by value = pass by-reference only via pointers
> small set of keywords; rich set of operators:
+ - * [/ %&| M~ >< <= >= << > == 1=8& || ! -> [ ]
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m Characteristics of C

>
>

lexical scope: variables declared inside a block are only visible inside this block
recursion: functions can call themselves recursively

static typing: every variable has a type; implicit conversion possible
multiple assignments in a single statement possible

low-level access: pointer arithmetic and direct memory access
user-defined data types supported

array definition and access via square brackets [ ] = indexing starts at @
no string type = null-terminated character arrays
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Hello World! (on your PC)

preprocessor directive to include library

entry point function; returns integer

main.c X
#include <stdio.h>

TR 4 call to a function printf()
used for printing to screen

printf("Hello, Computer Engineers!\n");
return 0;

1
2
3
4
5
6
7
8

}

terminates program with @
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Hello World! (on your PC)

#include <stdio.h>
main() {

printf("Hello, Computer Engineers!\n");
return 0;

1 #include <stdio.h>
2

Ty

#include <stdio.h>

main()

{

printf("Hello, Computer Engineers!\n");
return 0;

#include <stdio.h>

main( )

{

printf( "Hello, Computer Engineers!\n" );
return 0; }

3 main() { printf("Hello, Computer Engineers!\n"); return 0; }
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m From a PC to a Microcontroller

> Same Language, Different Target

we still write C, but compile it for our target rather than the PC (cross compiler)

> Bare Metal

executed directly on the hardware - no or limited operating support

> Interface Hardware

instead of printing on screens, we toggle LEDs, read sensors, communicate over
wires

Embedded programming empowers us to build smart devices > let’s dive in!
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Microcontrollers vs. Microprocessors

> key building block of embedded systems: microcontrollers (MCUs)
> combines processor core, memory and peripherals (I/0Os) on a single chip

> in contrast, a microprocessor (UP) only contains the processing unit
> needs external memory and peripherals = general purpose computing

: System-on-Chip (SoC; processor, Central Processing Unit (CPU) in the
Integration : ) :
memory, peripheral in one chip) package only
Purpose Specific tasks General-Purpose computing
Cost & Size Smaller, cheaper, constrained Larger, more expensive, high
resources, low power performance, high power

Examples ARM Cortex-M, MSP430, RP2040 ARM Cortex-A, Intel i7, AMD Ryzen 9
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: Our Platform: RP2040 & the Raspberry Pi Pico

> Dual-core ARM Cortex-MO+
running at up to 133 MHz

> 264 kB of on-chip SRAM
> 2 MB of external flash on the Pico board.

> Rich peripherals:

GPIO pins, timers, UART, SPI,
1°C, PWM, ADC, and PIO modules

- you'll get your own for the course! (rental only)
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Preprocessor and Comments

> preprocessor runs before compilation - “text replacement”
> directives start with

mainc  x > insert declarations from a
#include <header> standard library or a local file

#tinclude "file" . . e .
#define > define a macro or inline function
#tifdef . . . .

#elif > conditional compilation

ftelse

#tendif

> comments improve readability and add further information or explanations
- ignored by compiler
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a Expressions, Statements, Blocks, and Scope

> an expression produces a value - typically appear inside statements

> a statement performs an action, is a complete instruction, and
ends with a semicolon ;

> a block is grouped by braces { }
> variables declared inside a block are only visible within that block

main() {
a = 5;
{
o) = B¢

printf("%d\n", a + b);
}

return O;

}

1
2
3
4
5
6
7
8
9
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a Variables, Data Types, Arrays, Strings, Pointers (preview)

> C uses static typing: every variable must be declared with a type before use.
> basic types include int, char, float, and double

> declaration: a = 5;

> arrays are sets of values of a certain data type: arr[3] = {5, 6, 7 };

> strings are null-terminated (' ©) arrays composed of char values (characters)
> IS stored as { , , , , , }

> pointers are variables that point to another variable

> declaration
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: Operators (preview)

> assignment operator = (can be combined with other operators like +=)

> arithmetic operators to compute numeric results;
+ - * / % ++ --

> relational operators to compare values:
== l= < > <K= >=

> logical operators to combine or negate truth values:
&& || !

> bitwise operators to manipulate bits
& | N ~ << >
... and a few others (e.g., ->)
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a Good Programming Practices

To write reliable embedded software in C, try to adopt these habits:

use meaningful names for variables, functions, constants

avoid magic numbers - define constants

indent consistently and use braces even for single statement blocks
comment wisely and explain non-obvious parts of your code
modularize and break large functions into smaller ones

VoV VOV VLV

separate and cluster logic (e.g., hardware access vs. application logic)

- these practices make your code easier to read, test, and maintain!
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: Building, Running, and Debugging

Test often and in small increments to avoid chasing complex bugs later!

Whenever possible
> use on-chip debugging tools (e.g., JTAG, SWD)
> use an IDE debugging environment for

> breakpoints and

> single stepping! > YES, our Raspberry Pi Pico is capable of it!

However, other embedded systems often lack full-fledged debuggers, so
> use printf or stdio functions tot print variables and trace execution

> use LEDs or other outputs as indicators and measure them with a scope
> simulate your program (e.g., with Wokwi) before flashing it
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Summary

This unit covered

what programming is,

why we use C as a language,

where C came from,

a brief overview how C looks like, works, feels and acts,

what the difference between a microcontroller and a microprocessor is,
how programming embedded systems work, and

how you can become a better programmer.

VoV VvV V VO VNV

- Next time, we start with the details, so collect your hardware and play around!
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