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What is Code — Op Code & Machine Code

Machine Code — The “programming language” which can be
processed by a CPU

Binary instructions (zeroes and ones) which perform a single
fundamental task

Consists of an Opcode and Operands

0011010010110001

“Read the byte stored in memory location X and store it in CPU
register Y”

1101001011000100
“Copy the byte stored in CPU register Y into CPU register Z”



What is Code
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What is Code — Assembly

section

.text

Human|reatable representatiomqf machine code

Requires an Assem'ﬁﬁ{” 0
mov

message.

mov

rall. e ~a
S, ﬁggsage

dx, 13

transiate, ASivi -> iviacnine
ssem

'sm:

'sh_%rbp

OV %rsp,%rbp

vl SO0x0,-0x4(%rbp)
dl S0x14,-0x4(%rbp)

ml.exe HelloRvtec.obj HelloRvteaatm

syscall
mov
xor

syscall

section

db

rax, 60

rdi, rdi

.data
"Hello, RVTEC!™

10

p %rbp

q

'sh %rbp

v %rsp,%rbp

ovb  S0x0,-0x4(%rbp)
dl S0x14,-0x4(%rbp)
scall

p %rbp

q



What is Code - Assembly Example

MOV X, A:4
MOV Y, B:1
ADD Z, X, Y
MOV D:5, Z




The Operating System

* Memory Management
* Process Management

* Device Management

* File Management

* Security!




OS Appreciation

open(“my_awesome_file.txt")



What is Code - Summary




High Level Programming

Easily human readable
Hides away the complex details of the physical hardware

Execute practical tasks easily with fewer commands

Java
MATLAB

C

Python
Javascript
Visual Basic
Bash

C#

Rust
FORTRAN
Cobol

R

C++

Go

Lisp
Powershell



High Level Programming
Most Popular Programming Languages 2025*

*Source:

Stack Overflow
Developer Survey

stackoverflow.com



High Level Programming

msg:
handle:

written:

go:

global
extern
extern

extern

go
_ExitProcess@4
_GetStdHandle@4
_WriteConsoleA@20

section .data

db
db

db

'Hello, RVTEC', 10
0

section .text

; handle = GetStdHandle(-11)

push
call

mov

dword -11
_GetStdHandle@4

[handle], eax

; WriteConsole(handle, &msg[©], 13, &written, 0)

push
push
push
push
push

call

dword ©

written

dword 13

msg

dword [handle]
_WriteConsoleA@20

; ExitProcess(9)

push
call

dword ©

_ExitProcess@4

print(“Hello, RVTEC”)

Python

cout << “Hello, RVTEC”;

C++

console.log(“Hello, RVTEC”);

Javascript




High Level Programming

Compiled (AOT)

Software Interpreted

cout << “Hello, RVTEC!”;

C++

print(“Hello, RVTEC!”)

Python

‘ Compiler ‘

Hello, RVTEC!

‘ Python Interpreter ‘

| Hello, RVTEC!




High Level Programming

Compiled (JIT)

System.out.printin(“Hello, RVTEC!”)
Java

‘ Compiler ‘

bytecode IE

‘Java Virtual Machine ‘

| Hello, RVTEC!




High Level Programming

* High level languages run through an operating system

@

Ubuntu 22.04.2 LTS on Windows 16
5.15.98

1-microsoft-standard

Activities  © Terminal Mar 8 1835 R0
Home
5 m luca@x10dev: ~ BB © © @
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AN NG
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hdnNNNNyNHHHHh
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Lucagratodev:-
lucagxd10dev:-$ |

ntns
1678 (dpkg). 7 (snap)
bash 5.1.16
1536x816
GNOME 42.5
Hutter
Adwatta
Yaru [GTK2/3]
Yaru [GTK2/3]
Windows Termtnal
Intel 17-9756H (12) @ 2.592GHz
4631:00:00.0 Microsoft Corporat
B73MLB / 15861M1B

6350
AXQe .

) |

Pictures
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High Level Programming — Language Features

Syntax

Static or dynamic

Strongly typed or weakly typed**
Object oriented

Memory management

(Save this page)



High Level Programming - Examples

-lusing System;
using System.Collections;
using System.Math

-Inamespace RVDAC.Common
{
= public static class NmeaGpsDecoder
{
public static bool ToSignedDecimal(string value, string unit, out double val)
{
//some quick error checks
double ddmmss;
val = 0.0;
if (!double.TryParse(value, out ddmmss))
{
return false;
}
unit = unit.ToUpper();
if (!(unit == "N" || unit == "S" || unit == "E" || unit == "W"))
{
return false;
}
//if you've made it here we've already converted to value to a double
ddmmss = (ddmmss / 100);

var degrees = (int)ddmmss;

var minutesseconds = ((ddmmss - degrees) * 100) / 60.0;

//south and west are negative decimals

if (unit == "S" || unit == "W")

{
val (degrees + minutesseconds) * -1;
val = Math.Round(val, 4, MidpointRounding.AwayFromZero);
return true;

val = degrees + minutesseconds;
val = Math.Round(val, 4, MidpointRounding.AwayFromZero);
return true;




High Level Programming - Examples

import serial
import pynmea2
import time

#define COM-ports
port2 = "COM5"
ser2 = serial.Serial(port2, 4800, timeout=0)
= "COM6"
serial.Serial(port, 4800, timeout=0)

#read from COM-port, parse NMEA and send to new COM-port
streamreader = pynmea2.NMEAStreamReader()

while True:
data = ser2.read()
for msg in streamreader.next(data):
msg = pynmea2.GGA('GP', 'GGA', (msg.lat, '1929.045', 'S', '02410.506", '2.6', 'le0.00', 'M', '-33.9', 'M', '', '0000'))

while True:
ser.write(str(msg))
time.sleep(1)

#close COM-ports
ser.close()
ser2.close()




High level programming - Libraries

AKA “Code other people have already written”
Sometimes included as part of the programming language
Sometimes as independent “products” both free and paid

Help you do burdensome things easily and SAFELY

™
Y . & PDFsharp
SERIAL




High level programming - Frameworks

Fuzzy line between libraries and frameworks

Often confusing for newcomers between a programming language versus a
framework

Framework is a combination of...

Large libraries
Defined patterns of organizing and/or writing code

Help you accomplish very complex tasks

k' (& jauery

G write less, do more.




It’s All Simple Text Files

) )
ASM =

MyAssemblyCode.asm MyCCode.c MyCPPCode.cpp MyCsCode.cs

o [

MylavascriptCode.js MyMatlabCode.m MyPythonCode.py MyRCode.R

All you need is a text editor

MyFortranCode.f03

—VB

MyVisualBasicCode.vb



The Integrated Development Environment

Do File  Edit View Git Project Build Debug Test Analyze Tools Extensions

b B2 m e ~ ~ | Release ~ AnyCPU ~ DirectoryValidator

Rulecs # DirectoryValidator.csproj

DirectoryValidator
i

endata_config.json

static void Main(string[] args)

{
//var filetest = "filel.xml";
//var e = Path.GetExtension(filetest);

//arg @ is path to dlrectory to testy
//arg 1 1s a CONTIg —fu

//do we have the right number of args?

Window  Help Search R

ValidatorConfig.cs Program.cs + X [IEathclIleE el Output.cs

4% DirectoryValidator.Program

» DirectoryValidator v ...

DirectoryValidator

~ P DirectoryValidator ~ MIEl =2 | R

~ | @2 Main(string[] args) NF -2 ap

Compile aj@lhsnruﬂerco E

f31 Solution 'DirectoryValidator' (2 of 2 projects)
[<%] DirectoryValidator

& Denendenciac

fa] Solution 'DirectoryValidator' (2 of 2 projects)

‘ Debug

if (args.Length != 2)

Output.CriticalError("Invalid command. There should be two input arguments. A path to test and a path to a config file.");

//does input directory exist?
var testDirectory = new DirectoryInfo(args[@]);
if(!testDirectory.Exists)

Output.CriticalError($"Could not find {testDirectory.FullName}");

//try to load config file
var config = LoadConfigFromFile(args[1]);

bool configInvalid = false;

//validate the config
//test the global rules
//foreach(var test in config.globalrules.globaltests)
//{
//if (!test.IsValid())
//configInvalid = true;
/1}

//test the general rules for validl
100% Q0 L2 o = X~

Output

Show output from: Package Manager - =

D ¢ Properues
C* GlobalRules.cs

Inte raetgerth the

C#* QOutput.cs

Debuggéi‘ Tool

C* TestResult.cs
D C* ValidationMethods.cs
D ¢* ValidatorConfig.cs
4T DirectorvValidatorTests

&

TestRegexMatches.cs TestRe v I X

P~

Output

Show output from: Build - « > x== 23

1>C:\Users\egrue\source\repos\DirectoryValidator\Program.cs(70,17,70,25): warning CS@219: The variable ‘'warnings' is assigned but its value is never used

1>DirectoryValidator -> C:\Users\egrue\source\repos\DirectoryValidator\bin\Release\netcoreapp3.1\DirectoryValidator.d1ll
1>Done building project "DirectoryValidator.csproj”
Build started: Project: DirectoryValidatorTests, Configuration: Release Any CPU
2>DirectoryValidatorTests -> C:\Users\egrue\source\repos\DirectoryValidatorTests\bin\Release\netcoreapp3.1\DirectoryValidatorTests.d1ll
Build: 2 succeeded, © failed, @ up-to-date, @ skipped

2

Restored C:\Users\egrue\source\repos\DirectoryValidator\DirectoryValidator.csproj (in 66 ms). I I’] ‘ l- I
Restored C:\Users\egrue\source\repos\DirectoryValidatorTests\DirectoryValidatorTests.csproj (i

Time Elapsed: 00:00:00.6109054
Finished ====

Web Publish Activity = Error List Jelij{elii4

L[] Ready

A Add to Source Control «

2



The Integrated Development Environment

’ﬂ

Visual Studio Code

Visual Studio



Choosing a programming language — Question 1

Embedded or PC?




Embedded System




Embedded System

Your path ends here




Choosing a programming language — Question 2

Are you coming into an existing environment?

Powered By




Choosing a programming language — Question 3

Is there a compelling library or framework?

Was the language purpose-designed for a particular task?

O
M’t

T
‘*?.‘_‘;‘;’_:-

sug, &, W

e

Scientific computing MATI AR



Choosing a programming language — Question 3

Is there a compelling library or framework?

Was the language purpose-designed for a particular task?

Websites ===



Choosing a programming language — Question 3

Is there a compelling library or framework?

Was the language purpose-designed for a particular task?




Choosing a programming language — Question 3

Is there a compelling library or framework?

Was the language purpose-designed for a particular task?

android

X Kotlin

Mobile Apps



Advice
Find a mentor
RTFM (RTFD?)
Find a reputable style guide — sometimes included in the docs

Learn Git simultaneously

Python Enhancement Proposals ’ Python » PEP Index » PEP 8

Contents PEP 8 - Style Guide for Python Code

e Introduction
o AFoolish Consistency is the Author: Guido van Rossum <guido at python.org>, Barry Warsaw <barry at python.org>, Alyssa

Hobgoblin of Little Minds Coghlan <ncoghlan at gmail.com>
Code Lay-out

Status: Active
o Indentation

o Tabs or Spaces? Type: Process
o Maximum Line Length Created: 05-Jul-2001
o Should a Line Break Before or After Post-History: 05-Jul-2001, 01-Aug-2013

a Binary Operator?

> BlankLines » Table of Contents
o Source File Encoding

o Imports
o Module Level Dunder Names o
« String Quotes Introduction
e Whitespace in Expressions and
Statements This document gives coding conventions for the Python code comprising the standard library in the main
o Pet Peeves Python distribution. Please see the companion informational PEP describing style guidelines for the C code in

o Other Recommendations the C implementation of Python.




Relevant XKCD

LOOK AROUND YOU
~~~ AND BEHOLD
MY MASTERPIECE!

'/ SERIOUSLY?

STICK FIGURES?

INCOMPETENT
FOOL, THAT ONE

DELUSION HAS
REACHED NEW
HEIGHTS.

EXPERTISE




