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WHY? We want to ...

1. ... avoid tedious manual labor (lazy)

2. ... make sure that we work correctly

3. ... be efficient: work faster, with less energy
4. ... make our work reproducible

which applies both to...

« managing information, files and documents
» calculations, analyzing data



Instructions?

« Statements that follow each f Pancake Recipe \
other
* 100g plain flour
*2 eggs
. * 300ml milk
* Every statement does something | .7 spoi /
to change the state of the prpa
computer e
1. Put the flour and milk into a bowl.
2. Crack the eggs and add to the bowl.
. 3. Whisk the ingredients together.
¢ LI near Seq uence 4. Pour some of the mixture into the
pan.
5. Cook until browned then flip.
° H OW can a com puter 6. tOnce tlhe other side is brown leave
understand what we are telling Qioy eating. J
It?

© harrietandviolet.com

* Multiple levels, exact
instructions combine them



Programming, again...

« The concept of calculation: how much
IS 651/77

You have 651 balls.
1. You go through them one-by one. T

2. You put every 7t ball in a bin. 4= RE IR —
3. After done, count the balls. (divisor) = _ﬂ l l'””“ TS
e =
* You can do this with electricity = [ —

* You are using a machine to define a
machine that calculates numbers that
represent something else
(programmable computer)




What kind of languages are there?

General purpose vs. specialized (e.g. domain-
specific) language




What kind of languages are there?
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ORG ROM+$0000 BEGIN MONITOR

* FUNCTION: INITA - Initialize ACIA
* INPUT: none

* OUTPUT: none

* CALLS: none

* DESTROYS: acc A

RESETA EQU $00010011
CTLREG EQU $00010001

INITA LDA A #RESETA  RESET ACTA
STA A ACIA
LDA A #CTLREG SET 8 BITS AND 2 STOP
STA A ACIA

JMP SIGNON GO TO START OF MONITOR

FUNCTION: INCH - Input character

INPUT: none

OUTPUT: char in acc A

DESTROYS: acc A

CALLS: none

DESCRIPTION: Gets 1 character from terminal

oAk A %

INCH LDA A ACIA GET STATUS
ASR A SHIFT RDRF FLAG INTO CARRY
BCC INCH RECIEVE NOT READY
LDAR A ACIA+l GET CHAR
AND A #$7F MASK PARITY
JMP OUTCH ECHO & RTS

* FUNCTION: INHEX - INPUT HEX DIGIT
* INPUT: none

* OUTPUT: Digit in acc A

* CALLS: INCH

* DESTROYS: acc A

* Returns to monitor if not HEX input

INHEX BSR INCH GET A CHAR
cMP A #'0 ZERO
BMI HEXERR NOT HEX
CMP A #'9 NINE
BLE HEXRTS GOOD HEX
CMP A #'A
BMI HEXERR  NOT HEX
CMP A #'F
BGT HEXERR
SUB A #7 FIX A-F
HEXRTS AND A #$0F CONVERT ASCII TO DIGIT
RIS
HEXERR JMP CTRL RETURN TO CONTROL LOOP

INPUT CELSIUS_TEMP
SET FAHRENHEIT TEMP TO CELSIUS_TEMP * 9/5 + 32
WRITE FAHRENHEIT_ TEMP

makeEggs()
getEggs()
stirEggs()
cook()
serve()

Assembly
Language

Assembler

F R AR A TR A R 1 Instruction

set
Hardware

© 2015 Scriptol

Low level program
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1 second 1year
»
High level program
4
5 seconds 1 month



What kind of languages are there?

Interpreted vs. compiled languages

Compilers & Interpreters (high-level)

I1f (numl >= 12Z) Then F2 A9 03 BT FF 09 98 éC
total = votal +1; 07 F4 47 73 77 4B BB BE

©
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Machine Code
{(Executable Form!
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What kind of languages are there?

Interpreted vs. compiled languages

Compilers & Interpreters (high-level)

If (numl >= 12) Then
total := votal +1;
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#include <iostream>
adam@vulcanodon:

using namespace std;

int main()

g

return 0;

cout << "Hello World!'\n";

{(Executable Form!

ei— [

$ g++ hello.cpp -o hello_exec

7f45 4c46
0300 3e00
4000 0000
0000 0000
0600 0000
4000 0000
801 QOO0
0800 0000
9 3802 0000
10 3802 0000
11 1c60 0000
12 0100 0000
13 0000 0000
14 780b 0000
15 0000 2000
16 780d 0000
17 7806d 2000
18  c0O3 0000
19 0200 0000
20 9e0d 2000
21 0002 0000
22 0800 0000
23 5402 0000
24 5402 0000
25 4400 0000
26 50e5> 7464

O~ W& WM

adam@vulcanodon: ~$
adam@vulcanodon: ~$

Hello World!
adam@vulcanodon: ~$

0201
0100
0000
4000
0400
0000
0000
0000
0000
0000
0000
0500
0000
0000
0000
0000
0000
0pe0
0600
0000
0000
0000
0000
0pe0
0000
0400

0100
0000
0000
3800
0600
0000
0000
0000
0000
0000
0600
0000
0000
0000
0000
0000
0600
0000
0000
0000
0000
0000
0600
0000
0600
0000

0000
bee7
981b
0900
4000
4000
801
0300
3802
1coe
0100
0000
0000
780b
0l00
780d
9802
0000
9ead
900d
0002
0400
5402
4400
0400
e409

0000
0000
0000
4000
00600
0000
0000
0000
0000
0000
00600
0000
0000
0000
0000
2000
00600
2000
0000
2000
0000
0000
00600
0000
0000
0000

chmod +x hello_exec
./hello_exec

0000
0000
0000
1doo
0000
0000
0000
0400
0000
0000
0000
0000
0000
0000
0600
0000
0000
0000
0000
0000
0000
0400
0000
0000
0000
0000

0000
0000
0000
1c00
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000




Some programming languages... Fortran

IBM, since 1957, first high-level
language

For mathematical computations,
compiled

One of the fastest languages, still

climate models, remote sensing data,

crystallography

Fortran
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Some programming languages... C++

« Cwith extended object-oriented
features

« Complex data structures, yet very fast

« Used everywhere, popular desktop Corons o1, s o e e
applications (e.g. Adobe PS, MS Office) |
computer games, agent-based 2 o
modelling m oot

« Very good R integration
(Rcpp package)




Some programming languages... Java

« Based on C too

« Compiled, runs in a virtual
machine: code is very deployable

! Java is another attempt to improve on C. It sort of gets the job done, but
¢ Fa Ste r th a n e It h e r R O r Pyt h O n it's way slower, bulkier, spews pollution everywhere, and people will
think you're a rcdn.eFk.-’

« Some desktop applications,
mesquite, image)




Some Prog ramming Ianguages
JavaScript

« Scripting language for the World Wide Web

« Executed by the clients (the computer visiting
the website)

« Controls animations, interactive content

* Application development using node,js

JS



Some programming languages... bash

BASH

THE BOURNE-AGAIN SHELL

« Shell scripting language based on
the Bourne shell (1976)

*  Current standard on unix-like
operating systems (e.g. Linux) User

Applications

«  Useful for file management,

. : . Shell
system administration running
console applications, raw data Kernel
Hardware

processing

 Other solutions: zsh, ksh, csh, fish



Some programming languages... cmd.exe

RS

The command prompt
The shell of Windows

Very tedious to use




Some programming languages... Python

“

* Since 1991

* Higher level than C, interpreted,
general purpose

i Ve ry p O p U | a r d U e tO th e C | ea n Python is great for everyday tasks: easy to drive, versatile, comes with

all the conveniences built in. It isn't fast or sexy, but neither are your

Syntax errands.

« Two main version still in use:
Python 2 and Python 3

« Tons of scientific packages, many
programs have python APlIs

« Desktop applications, e.qg.
Gplates, debian-apt



Some programming languages... Perl

m o |
il /4
‘4

« A family of languages

« Originally for text processing,
somewhat faster than python

« Used commonly in bioinformatics,
e.g. DNA sequence analysis

Perlused to serve the same purpose as Python, but now only bearded

ex-hippies use it.

« Sometimes for the web with (Paleobiology |
databases (originally the PaleoDB pardbase
website was using perl) .NAA“/\/V”’P

[ )
W

THE PALEOBIOLOGY DATABASE

revealing the history of life



« General purpose, designed for
web development, interpreted

« Server-side programming
« Very good database integration
«  Web-based applications, shops,

content management (e.g.
Wordpress)

PHP is this hand-me-down deathtrap that you only use because you're
stuck with it, and when you hit a speed bump the wrong way it sets you
and your passengers on fire,



Some programming languages... SQL

Structured Query Language S
« The language of relational databases

* Local databases: MySQL, PostgreSQL,
MariaDB, Oracle Database

« Define, Manage, Query




Some programming languages... MATLAB

 Since 1984, Mathworks

« Mathematical computations,
especially linear algebra

* Proprietary — good packages

o G N U a |te rn ative: G N U Octave MATLAB is what scientists use to do special scientist things.

* Many mathematical, engineering,
scientific algorithms are only
available in this language

OCTAVE




Some programming languages... Mathematica

Wolfram
« Developed by Wolfram Research Mathematica

« Symbolic language, as close to
maths as possible

« Alternative to matlab (even more ¢ e

<< MaTeX"

.
eXpenSIVe) MaTeX@Expand[ (x +y) 6]
2%+ 6y + 15202 + 200y + 1522yt + 6y + 30

MaTeX@TeXForm@RandomInteger[10, {3, 4}]

231 7
19010
1478 3
functions = {Sin[x], Normal[Sin[x] +0[x] A6]};
Plot[functions, {x, -Pi, Pi}, Frame » True, FrameStyle + BlackFrame,

BaseStyle » {FontFamily » "Latin Modern Roman"},
FrameLabel » MaTeXe {"x", "\\text{sine of } x"},

PlotLegends » MaTeX e functions]
T . T
) \
; 0.0 ! — sin(x)
= / ,r‘j T:‘ .
/ T T .
-05 R 120 6
-1.0 1 L i} .| L L 1 J
-3 -2 -1 0 1 2 3
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Some more... Julia

« The next big thing, growing fast

«  Built for ease of use and performance at the
same time

e Good choice for numerical simulations

* Onlylanguage besides Fortran and C++ to
reach petaflops-level performance



Some even more...

« BASIC, C#, Rust, Lua, Ruby, Go, Pascal,
LISP, F#, Haskell, SAS, etc..

https://en.wikipedia.org/wiki/List_ : - ; < >
of_programming_languages ‘oo




R (S)

«  GNU version of S (1976), since 1992 (Ross
lhaka and Robert Gentleman, cf. S3, S4)

R is what scientists use when they can't afford MATLAB.

@s

J R/Bloconductor
for Genomics

*  Written mostly in C and Fortran

. Statistics-oriented

« 17" most popular language on TIOBE REVOULSTION S OPEN
* High-level language: can be very slow
* Interpreted

«  CRAN packages (21467)

. Contributor to Debian




Why learn / start with R?

Isolated environment, experiment freely!

Well-suited to statistics and scientific
calculation: next step after excel

De facto standard language in Ecology and
Paleo

Easy to set-up, works well on anything




R and RStudio

R: Language, tools to use it

- Terminal
- Plotting ‘devices’

Studio Rstudio:Integrated Development

Environment (IDE) for R

- Runs R
- Code editor
- Document Building



Some more things to consider...

Adam T. Kocsis (adam.kocsis@fau.de)

@
e GeoZentrum
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Sequential instructions mi

« The faster one step is done, the e e
faster the entire program

output “The average is” + average

Intel 1486 (1989)




Parallelization =

9 ’

]

’1 L]

. Execute multiple tasks atthe |
same time i

N

Hen /Patterso
42 Years of Processor Data ki
7 ! ' ' H.Sutter ’ ' Transistors
10" “Freo Lunch is Over” & " (1000s)
6 “First Reconfigurable Wave™ ‘A:“‘ 5
10" Adaptive Sdicon, Eisen, Triscend, A =
mﬁﬁ’}ﬁwm’&"ﬁ: s apd, = .
105 3 i } P Soulo-m::‘d
(SpecINT x 10%)
Frequency
(MMz)
Typical Power
(Waztts)
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Logical Cores
1970 1980 1990 2000 2010 2020

Hennessy and Patterson, Turing Lecture 2018, overlaid over “42 Years of Processors Data”™
https://www.karlrupp.net/2018/02/42-years-of microprocessor-trend-data/; “First Wave” added by Les Wilson, Frank Schirrmeister
Original data up 1o the year 2010 collected and plotied by M. Horowitz, F. Labonte, O. Shacham, K, Olukotun, L. Hammond, and C. Batten
New plot and data collecied for 2010-2017 by K. Rupp
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Parallelization —

Graphics

« Modern processors have
many cores, often with
multithreading

« Some tasks are trivial to
parallelize, some are not!
Why a GPU?
« CPU cores for more N
Optimized for Many
COmpleX prgcess Optimized for Parallel Tasks

Serial Tasks

IEEEENEE DEEEEEEE

« GPU for simple calculations
j IEEENEEE EEEEEEEE

IEEEEEEE DEEEEEEE

IENEEEEE DEEEEEEE

L (G PG P U) EENEENEE EERREEEE
00000000 00000000

INNEEEEE DREEEEEE

INEEEEEE DNEEEEEE




Clusters (supercomputers)

Horizontal Grid
(Latitude-Longitude) |*

« Deeply integrated network of e
computers

lor  torrestrial

. Used for High Performance
Computing (HPC) — Linux!

e Servers \

Attached Storage

Login node\\ Data Transfer Node

| =<
P
|

ol




The Internet

. Connected computers
(ARPANET, 1969)

. Internet Protocol — Unique
addresses

. Most used for the ‘Web’

. What happens when you
use a browser to visit a
page?

IPv4 VS. IPv6

Deployed 1981 Deployed 1998
32-bit IP address 128-bit IP address
4.3 billion addresses 7.9x10%° addresses
Addresses must be reused and masked Every device can have a unique address

Alphanumeric hexadecimal notation

Numerie dot-decimal notation 50b2:6400:0000:0000:6¢3a:b17d:0000:10a9

192.168.5.18 (Simplified - 50b2:6400::6c3a:b17d:0:10a9)
DHCP or manual configuration Supports autoconfiguration
World Wide Web

‘The WorldWideWeb (W3) is a wide-area hypermedia information retrieval initiative aiming to give universal access to a large universe of documents.

Everything there is online about W3 is linked directly or indirectly to this document, including an executive summary of the project, Mailing lists ,
Policy , November's W3 news , Frequently Asked Questions .

What's out there?
Pointers to the world's online information, subjects , W3 servers, etc.
Help
on the browser you are using
ftw: ucts
Alist of W3 project components and their current state. (e.g. Line Mode ,X11 Viola , NeXTStep , Servers , Tools , Mail robot , Library )
Technical
Details of protocols, formats, program internals et
Bibliography
Paper documentation on W3 and references.
People
Alist of some people involved in the project.
History
A summary of the history of the project.
How can I help ?
If you would like to support the web...
Getting code
Getting the code by anonymous FTP , etc.




Servers and clients

!

A

« We access remote material
« Websites and web applications

HH/

https://palaeobiology.nat.fau.de/ A physical server

[

=
... =

|i / Server




Virtual Machines

« Computer used to ‘emulate’ another computer

/ \ / \ (- Y )
[App1 ’ ‘ App2 |
App1 J {AppZ App1 J {Appz [G(l;gst] [Ggesst]
- N 4
f ) '@ A
Guest OS Guest OS i b
Q y Q y Hypervisor L Applications
. J/
N\ G
Hypervisor Host OS
J/ (N
Hardware Hardware
Type1 Hypervisor Type2 Hypervisor




Data centers and the ‘cloud’

» Scalability

 Distributed resource

. Software Is used to scale
resources!

 ‘Infrastructure as a service’

« Most web applications today
are using the cloud

¥ Cores
»¥ GB Ram
K GB HDD

60% Utilization




Contalnerization

. Cheaper than virtual machines docker

/

Types of Virtualization

Virtual machine

Heavyweight hardware
level virtualization

Container
Lightweight OS level
virtualization

App 1 App 2 App 3 App 4

Bins/Lib Bins/Lib Bins/Lib Bins/Lib
App 1 App 2 App3 | App4

Guest Guest Guest Guest

oS (01 oS oS Bins/Lib Bins/Lib Bins/Lib | Bins/Lib

Hypervisor

Container Engine

Host Operating System

Host Operating System

Infrastructure Infrastructure

Virtualization Containerization
&=ServerWatch



Distributed data

« Adds redundancy

. Allows parallel processing

. Hadoop, S3 Bucket

P

[» Client ‘ F—»\NameNode/
/\/i\\
DataNode DataNode | = DataNode DataNode | | DataNode |

EED EEE !DID\ IDD!

Y Y Y A 4 ) 4

Local Local Local Local Local
Disk Disk Disk Disk Disk




Big Data

« Cheaper than virtual machines

The 5 Vs of Big Data

The size of
the data
The speed data
Velocity appears and
. disappears
The reliability
of the data Veracity
The relevance
of the data
The types of

Variety

data




Machine Learning?

« A subbranch of statistics (statistical learning)

« Make predictions based on data

Price in $ vs. Sa. Ft.
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Artificial Neural Networks

» Based on logistic regression

Logistic regression

e e 0 09

_ 1
f () = 1+exp(—x)

Input layer
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Dendrites
Cell body Terminals

Weighted Function
Sum




Large Language models @ ChatGPT

or
(14,400 vaIues)

. Local vs cloud

Output layer
(12,288 neurons )

" I Hidden layer
. Billions of parameters
Word vector “ Izr],‘z);tav:acltﬁers)

_— Artificial Intelligen@‘\\

v B
NG
\\

Data Science & Analytics

' : /
“.Natural Language Processing /
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