How Al solves problems
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fp enthusiast and web dev for half my life
Open Source maintainer

Conference speaker

Al & Data Science graduate @ OTH
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Beyond the Hype

What is actually going on?

- What is Artificial Intelligence & Machine Learning
- How does it solve problems

- LLMs, Agents and beyond
- Building Al services in practice



= What is intelligence?



What is intelligence?

« Strong intelligence:
As intelligent as a human

Has emotions, feelings, self reflection, ambition, goals, ...

 Weak intelligence:
Rational actor in a specialized field
Doesn’t need to be generally intelligent at all!



Rational Actors

“An agent that acts so as to maximize
the expected value of a performance
measure based on past experience
and knowledge.” — Russel & Norvig, 2021

- perceives (unknowable) environment
- has goals and can take actions

- uses knowledge and experience

- optimises an expected value

knowledge

Sensors

'

What is the
world like now

Action to
be done

'

Actuators

percepts

actions

ENVIRONMENT




Al is the science of designing
and studying such agents.







The Sims

 Goals: Food, Comfort, Fun, Energy, Hygiene, ...
=> Maximize Happiness

* Actions: Buying food, Ordering food, Cooking, Showering, Playing, Sleeping...

* Butcost Energy, Hygiene, ...
e Different personalities have different preferences

 No clear “winner”, when to switch priorities?

* Sub-Problems: Pathfinding, Weather simulation, Economy, ...



Decision Trees

Maximising Happiness

 Search space:
Huge or infinite

e Requires exponential time
and memory

» Solving infeasible for all but
the smallest problems
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Pathfinding

Decision tree with known target

e Goal: Find the best route
=> Minimize “Cost”

* Actions: Go straight, turn left/right, ...

« But what is the “best”/“cheapest” route?
Shortest, Fastest, Least CO2, Most beautiful, Most possible breaks?

 Need to react to traffic jams, construction, accidents



Rational Actors

Not so intelligent after all?

Generally:

e The Environment is complex and/or unknowable
e Goals are not clearly defined

e Knowledge is not available or unreliable

e Solution space Is (practically) infinite



We need a way to deal with
uncertainty



New Goal: Maximize average
score for all examples




Machine Learning

Generating knowledge from experience

Known Unknown Known/Unknown Known
Average
Score
Input Variables, Predictions, Targets, “Loss”
Features Classes, Labels function

Tweak these!



Machine Learning

Generating knowledge from experience
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Machine Learning

Generating knowledge from experience




Supervised vs Unsupervised

Machine Learning

'FM(X) e) =
Supervised Unsupervised
Learning Learning
Pre-labelled data Unlabelled data, unknown godl

Task-driven Data-driven



Mother of “fit curve onto data”
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Sort data into known or unknown groups

Cancer

Not
Cancer




“Customers who bought this were also interestedin...”

Writes
Code

Eier

Joghurt

Kaffee

Milch

Mush

Ko-Okkurrenz Matrix
(wie oft zusammen gekauft)

Wants
Coffee






Just more complicated
models

(Like, a lot more complicated models)



Neural Networks & Deep Learning
What if we did lots of it?
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Machine Learning

Summary

e Fit asome inputs “optimally” onto an existing data set

 Hypothesis: This then generalizes to unseen/new data
We “learned” how to compute this relationship!

« Universal Approximation Theory: This works for any* problem, as long as we
have a complex enough model and enough data!

e Problem: What is a good model, what is enough data?



Can AI solve «il 80% of my
problems?




(As long as there’s a way to tell how good the solutionis)
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How 1o ML

. Collect and prepare examples
This is a hard problem!

. Pick the right model complexity
This is an even harder problem!

. Train the model with your examples
Takes a while but generally solved

o Profit!

More likely: Do it all over again



Large Language Models (LLMs)






Just maths, so much maths

« Model receives context & prompt as input

o Approximates a (extremely complicated) function:
Given this, what is a likely response?

e Everything else works the same way we looked at

 Theinteresting bits are all in the environment

 No superintelligence, no precognition
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The sky is






full of 6-feet long murder hornets! Oh
my god they’re approaching — They’ve eaten
Jimmies’ house! oh no, what do I do wh- *cracks*



Tokens-to-tokens transformers

THIS 1S YOUR MACHINE (EARNING SYSTETM?

YOP! YOU FOUR THE. DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSLJIERS ON THE OTHEK SIDE.

i
WHAT IF THE ANSLERS ARE LURONG? ) full of B-

JUST STIR THE PILE UNTIL
The Sky THEY START LOOKING RIGHT. feet long
IS... murder
hornets




Roughly 50% more than words

Tokens Characters

14 42

Ich habe die Patente A, B, C und die Sechs

Text Token IDs



Roughly 50% more than words

Tokens Characters

14 42

Ich habe die Patente A, B, C und die Sechs

[1687, 3207, 912, 40721, 311, 3021, 11, 499, 1440, 279, 5718, 11,
323, 779, 656, 358]

Text Token IDs



LLM as a service

e Price per million tokens, roughly one entire Shakespeare collection

e OpenAl: GPT5.2-pro: $21in, $168 out; GPT5.2-mini: $0.25in, $2 out

e Anthropic: Opus: $5in, $25 out, Sonnet: $1.5in, $15 out

e Mistral: Large: $0.5in, $1.5 out

e 3rd-party: GPT-o0ss-120b: $0.15 in, $0.6 out, LIama-3.3-70b: $0.60 in, $0.80 out

« Own hardware: ca. $4500, GPU VPS: $2-4/hour



From LLMs to Chat bots

LLMs generate probable continuations of the input.

 Prompt:
The sky 1s blue.

e Output:
The car 1s red.
The house 1s big.
The cow says moo.
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Muster erkannt.



From LLMs to Chat bots

“One-shot learning”

 Prompt:
What 1s the colour of the sky? Blue.
What 1s the colour of the sun?

e Output:
yellow.
What 1s the colour of grass? Green.
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From LLMs to Chat bots

“Zero-shot learning”

 Prompt:
System: You are a friendly assistant.
User: What 1s the colour of the sky?

e Output:
Assistant: This 1s a very interesting question! While the
sky may appear blue, 1t’s actually



From LLMs to Chat bots

“Zero-shot learning”

 Prompt:
System: You are a friendly assistant.
User: What 1s the colour of the sky?

e Output:
Assistant: This 1s a very interesting question! While the
sky may appear blue, 1t’s actually

Muster erkannt.



. o pPg_vector
Retrieval augmented generation -
That’s RAG! =
 Automatically add relevant

domain-specific knowledge to the context.
 Prompt: @
System: You are a friendly assistant. 1| M

Database: The sky 1s gray.
User: What’s the colour of the sky?

e Output:
Assistant: Based on my information, the sky 1s grey.



Tools, Functions, Agents

Calling the Al in a loop! \
Chat Service

« Categorization Problem:
Which tool matches the request best?

 Prompt:
System: You are a friendly assistant.
Tools: CALCULATE, GET_WEATHER
User: what 1s three plus twenty-six?

e Output:
CALCULATE 3+26
Answer: 29
Assistant: 3 + 26 1s equal to 29!

pPg_vector



Can LLMs solve il 80% of my
problems?




(As long as your problem is a token-token transform)



Pakete und Tarifsystem




Pakete- und Tarifsystem

o Telefonpakete der einzelnen Anbieter werden nur
als PDF oder auf Webseiten angeboten

* Aus den Tarifstrukturen der Anbieter soll fur einen
Kunden automatisch das gunstigste Angebot herausgesucht werden

 Benachrichtigung, falls sich der Wechsel lohnt



@

Anbieter \
Q_ . &

OCR LLM:
Angebot-to-JSON

l
A

Klassische Al:
GuUnstigste Konstellation finden

\ @

LLM:
Angebot erstellen

Kunden-
anforderungen




Summary

« What Al is and what it does
« How ML solves problems

« Examples: Optimisation, Pathfinding, Approximation, Classification,
Text & image generation...

e How to Agent



Hammering In production



Nvidia Spark: 4000 euro, Rent: 2-4$/
hour, Model Selection, Self-Hos’rmg,
GPU/ Hour, Inference Providers (xe)




