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WHY THIS LECTURE?

- To create val/ue using LLMs we need more than just a new interface for the OpenAl API
- Add specific rules = Prompts, Structured outputs via pydantic
- Integrate In a Python program and a process
- Add specific data — ?

- Allow access to specific tools (Python functions) via GPT (the OpenAl API) — ?
- Demonstrate for your projects how to

- .. use a slightly bigger data source, I.e.,

- ... Incorporate use-case specific data, information, FAQs

» Get more functionality in Python = Python packages
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- Feedback process
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» Embedding of text
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AGENDA FOR TODAY

A. Advanced use of LLMs
- Retrieval Augmentes Generation (RAG)
» Embedding of text
>~ Retrieval based on embeddings
> Relevant parameters for RAG

- Function calling
> Give GPT access to tools, I.e., Python functions

B. Python packages and how to manage them
- How to get the textual content from a PDF file

Magnus Bender 4
Assistant Professor
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RETRIEVAL AUGMENTED
GENERATION

.. the basic RAG idea
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ADDING DATA TO AN LLM:
TRAINING

- Train the model on the data
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TRAINING

- Train the model on the data

« So-called fine-tuning General LLM

- Creates a new personalized model
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ADDING DATA TO AN LLM:
TRAINING

- Train the model on the data

—
—
——

+ So-called f/ne-fun/ng Huge specific dataset General LLM
- Creates a new personalized model

- Requires larger amount of training data

Specialized model for specific dataset
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ADDING DATA TO AN LLM:
TRAINING

rain the model on the data

+ So-called fine-turning

Y AARHUS UNIVERSITY

Creates a new personalized model
Requires larger amount of training data
Requires computational resources

Difficult to check if data really went into the
model = only updated weights

—
—
——

Huge specific dataset

Magnus Bender

29. October 2025 Assistant Professor

Training

Specialized model for specific dataset

General LLM




ADDING DATA TO AN LLM:
TRAINING

- Train the model on the data

—
—
——

Huge specific dataset

« So-called fine-tuning NI
- Creates a new personalized model
- Requires larger amount of training data

- Requires computational resources Training

- Difficult to check it data really went into the
model = only updated weights

- Not suitable for our use-cases:

>~ Models on OpenAl APl cannot be fine-tuned
easily

> Stay with general LLMs Specialized model for specific dataset
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ADDING DATA TO AN LLM:
AUGMENTED GENERATION

- Add relevant data to the prompt
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ADDING DATA TO AN LLM:
AUGMENTED GENERATION

A

- Add relevant data to the prompt

. - Specific document
- Augment the models context with a specific

document
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AUGMENTED GENERATION
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Specific document
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document

- Let LLM generate the response only based on the
context (information) in the prompt (e.q., question)

ING:BIOR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . /
i3y AARMUS UNIVERSITY ‘ Assistant Professor




ADDING DATA TO AN LLM:

.
AUGMENTED GENERATION E ‘

- Add relevant data to the prompt - Question
Specific document

- Augment the models context with a specific
document

- Let LLM generate the response only based on the
context (information) in the prompt (e.q., question)

- Uses a general LLM General LLM

ING:BIOR] DEPARTMENT OF MANAGEMENT Magnus Bender
29. October 2025 . /
G AARHUS UNIVERSITY ' Assistant Professor




ADDING DATA TO AN LLM:

.
AUGMENTED GENERATION E ‘

- Add relevant data to the prompt - Question
Specific document

- Augment the models context with a specific
document

- Let LLM generate the response only based on the
context (information) in the prompt (e.q., question)

- Uses a general LLM General LI

Generated Response
based on specific
document and
question

ING:BIOR] DEPARTMENT OF MANAGEMENT Magnus Bender
29. October 2025 . /
i3y AARMUS UNIVERSITY ‘ Assistant Professor




ADDING DATA TO AN LLM:

.
AUGMENTED GENERATION E ‘

- Add relevant data to the prompt - Question
Specific document

- Augment the models context with a specific
document

- Let LLM generate the response only based on the
context (information) in the prompt (e.q., question)

| LLM
- Uses a general LLM Genera

- No training data needed

- No computational resources for trairing, but larger
context to process by LLM

Generated Response
based on specific
document and
question
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ADDING DATA TO AN LLM:

.
AUGMENTED GENERATION E ‘

- Add relevant data to the prompt - Question
Specific document

- Augment the models context with a specific
document

- Let LLM generate the response only based on the

context (information) in the prompt (e.q., question)
General LLM

- Uses a general LIM
- No training data needed

- No computational resources for trairing, but larger
context to process by LLM

- Not suitable for large documents Generated Response
based on specific

» Context of LLMs is limited document and
question
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ADDING DATA TO AN LLM:
AUGMENTED GENERATION

« Example:
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ADDING DATA TO AN LLM:
AUGMENTED GENERATION

« Example:
- Asking ChatGPT about code:

1. Python code
2. Question

VBN DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 8
Z3 AARHUS UNIVERSITY ' Assistant Professor




ADDING DATA Tt
AUGMENTED Gt

« Example:
- Asking ChatGPT about code:

1. Python code
2. Question

AVA\NgISN] DEPARTMENT OF MANAGEMENT
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N

Ol

python ¢ Collapse Run Copy

v with ui.row():
_sSwitch_augment_question

1

2 ui.switch('Augment question')

3 _switch_augment_dataset = ui.switch('Augment context', value=True)

4 _choose_top_k = ui.number("Number of chunks", value=10, min=1, max=1
o)

b

_choose_min_sim = ui.number("Minimum similarity", value=0.2, min=0, |
ui.button("Run", color="primary", on_click=_run_rag)

Please tell me how to add a button to this NiceGUI application.

gpt-0ss:120b

Thought for 1 seconds v

Below is a short, step-by-step guide that shows exactly how to add another button (or any number of
buttons) to the snippet you posted.

It works with the current NiceGUI version (=1.4) and follows the same style you already use.

W The “big picture”
text ¢ Collapse Save Copy
1 ui.row() # a horizontal container (your current UI line)
2
3 |t ul.switch() # ..and the other controls you already have
4 | ul.number()
5 - ui.button() # the new button you want to add

A button can be placed:

inside the same ui.row() - it will appear next to the other controls.
in a separate ui.row() (orany other layout container) - this is handy if you want the button on its

own line or grouped with other buttons.

Both ways are shown below.
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ADDING DATA Tt
AUGMENTED Gt

« Example:
- Asking ChatGPT about code:

1. Python code
2. Question

- Response based on context, I.e,,

» Python code
> Question

AVA\NgISN] DEPARTMENT OF MANAGEMENT
Y AARHUS UNIVERSITY 4

N

python ¢ Collapse Run Copy
1, with ui.row():
2 _switch_augment_question = ui.switch('Augment question')
3 _switch_augment_dataset = ui.switch('Augment context', value=True)
4 _choose_top_k = ui.number("Number of chunks", value=10, min=1, max=1
5 _choose_min_sim = ui.number("Minimum similarity", value=0.2, min=0,
6 ui.button("Run", color="primary", on_click=_run_rag)

Please tell me how to add a button to this NiceGUI application.

ol gpt-0ss:120b
[ hought for 1 seconds
Below is a short, step-by-step guide that shows exactly how to add another button (or any number of
buttons) to the snippet you posted.

It works with the current NiceGUI version (=1.4) and follows the same style you already use.

W The "big picture”
text ¢ Collapse Save Copy
1 wui.row() # a horizontal container (your current UI line)
2
3 |} ul.switch() # ..and the other controls you already have
4 = ui.number()
5 L- ui.button() # the new button you want to add

A button can be placed:

inside the same wui.row() - it will appear next to the other controls.
in a separate ui.row() (or any other layout container) - this is handy if you want the button on its

own line or grouped with other buttons.

Both ways are shown below.
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ADDING DATA TO AN LLM:
RETRIEVAL AUGMENTED GENERATION (RAG)

- Having a dataset of many specific documents
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ADDING DATA TO AN LLM:

RETRIEVAL AUGMENTED GENERATION (RAG)
A

Specific

- Having a dataset of many specific documents document(s)

- Answering a question does not always require to
consider all documents Iin the dataset

—
=
—

Huge specific dataset
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ADDING DATA TO AN LLM:

RETRIEVAL AUGMENTED GENERATION (RAG)
A

Specific

- Having a dataset of many specific documents document(s)

- Answering a question does not always require to
consider all documents Iin the dataset

1. Identify (retrieve) the for the current question
relevant documents

—
=
—
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ADDING DATA TO AN LLM:
RETRIEVAL AUGMENTED GENERATION (RAG)

General LLM
- Having a dataset of many specific documents Specific
| | | document(s)
- Answering a question does not always require to
consider all documents in the dataset
1. Identify (retrieve) the for the current question »
relevant documents
2. Send the current relevant
documents together with the
guestion to the LLM
Huge specific dataset
AA;T;G; DEPARTMENT OF MANAGEMENT 29. October 2025 | Magnus Bender 9
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ADDING DATA TO AN LLM:
RETRIEVAL AUGMENTED GENERATION (RAG)

General LLM

Specific
document(s)

ﬁ )2 g

- Having a dataset of many specific documents

- Answering a question does not always require to
consider all documents Iin the dataset

1. Identify (retrieve) the for the current question
relevant documents

2. Send the current relevant
documents together with the
guestion to the LLM

+

Generated Response

(— based on specific
document and

guestion

Huge specific dataset

Magnus Bender o
Assistant Professor
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ADDING DATA TO AN LLM:

RETRIEVAL AUGMENTED GENERATION (RAG)
A

- General LLM
Specific

- Having a dataset of many specific documents document(s)

- Answering a question does not always require to

consider all documents In the dataset
1. Identify (retrieve) the for the current question »
relevant documents

2. Send the current relevant
documents together with the

question to the LLM %
=

+

Generated Response

- Difficulty: based on specific
- |dentify relevant documents for document anc
question

a specific question Huge specific dataset

. )
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RAG STEP ONE: INITIALIZE

=
—
—

Huge specific dataset

. |nitialize RAG for a dataset
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RAG STEP ONE: INITIALIZE
= ==
= < HH

: Chunking E E

Huge specific dataset Chunks (parts) of the dataset

. |nitialize RAG for a dataset

- Split the dataset in smaller chunks (size of chunks can be changed, chunks may overlap or be
adjacent)
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RAG STEP ONE: INITIALIZE
= =l=
= < HH

: Chunking E E

Huge specific dataset Chunks (parts) of the dataset Embeddings (vector space
locations) of the each chunk

. |nitialize RAG for a dataset

- Split the dataset in smaller chunks (size of chunks can be changed, chunks may overlap or be
adjacent)
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RAG STEP ONE: INITIALIZE
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:_ Chunking E E Embed

Huge specific dataset Chunks (parts) of the dataset Embeddings (vector space
locations) of the each chunk

. |nitialize RAG for a dataset

- Split the dataset in smaller chunks (size of chunks can be changed, chunks may overlap or be
adjacent)

- Embed each chunks in a vector space
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RAG STEP ONE: INITIALIZE
= , BB
— & EE »

:_ Chunking E E Embed

Huge specific dataset Chunks (parts) of the dataset Embeddings (vector space
locations) of the each chunk

. |nitialize RAG for a dataset

- Split the dataset in smaller chunks (size of chunks can be changed, chunks may overlap or be
adjacent)

- Embed each chunks in a vector space
» Remember from Lecture 2: Embedding for tokens of LLM inputs

= Place asentence/ sequence of words In a vector space, s.t., similar sequence are next to each other

PWEITIN DcPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 10
i3y AARMUS UNIVERSITY ‘ Assistant Professor




RAG STEP ONE: INITIALIZE

=
—

‘1- 1.1- —

: Chunking ’ ’
Huge specific dataset Chunks (parts) of the dataset Embeddings (vector space

L locations) of the each chunk
 Initialize RAG for a dataset

- Split the dataset in smaller chunks (size of chunks can be changed, chunks may overlap or be
adjacent)

- Embed each chunks in a vector space
» Remember from Lecture 2: Embedding for tokens of LLM inputs

= Place asentence/ sequence of words In a vector space, s.t., similar sequence are next to each other

PWEITIN DcPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 10
i3y AARMUS UNIVERSITY ‘ Assistant Professor




RAG STEP TWO: RETRIEVE & AUGMENT

+ Generate a response with augmented context
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RAG STEP TWO: RETRIEVE & AUGMENT

Question to answer

Embedding space

+ Generate a response with augmented context
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RAG STEP TWO: RETRIEVE & AUGMENT

e

Question to answer

Embedding space

+ Generate a response with augmented context
- Create the embedding of the questions and identify which chunks from dataset are sirmv/ar
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RAG STEP TWO: RETRIEVE & AUGMENT

Retrieved
relevant chunks

Question to answer

Embedding space

+ Generate a response with augmented context
- Create the embedding of the questions and identify which chunks from dataset are sirmv/ar
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RAG STEP TWO: RETRIEVE & AUGMENT

Retrieved
relevant chunks

Question to answer

Embedding space Question to answer
+ Generate a response with augmented context
- Create the embedding of the questions and identify which chunks from dataset are sirmi/ar
- Augment the context for the LLM with these chunks
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RAG STEP TWO: RETRIEVE & AUGMENT

Retrieved
relevant chunks

- General LLM
Question to answer

Embedding space Question to answer
+ Generate a response with augmented context
- Create the embedding of the questions and identify which chunks from dataset are sirmv/ar
- Augment the context for the LLM with these chunks
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RAG STEP TWO: RETRIEVE & AUGMENT  fewomee

chunks into
account

Retrieved
relevant chunks

General LLM

Question to answer

Embedding space Question to answer
+ Generate a response with augmented context
- Create the embedding of the questions and identify which chunks from dataset are sirmv/ar
- Augment the context for the LLM with these chunks
- Generate a response using general LLM for question and retrieved similar chunks
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RAG IN PRACTICE

+ Let's try It together
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RAG EXAMPLE APP ON UCLOUD

® 127.0.0.1

Small RAG Example

Define the data to search via RAG

Add data sources:

V/
W/ 45.7KB / 100.00%

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

Chunk size (cmters):
ﬁ

1 Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

No sources

Small RAG app using the OpenAl API.
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RAG EXAMPLE APP ON UCLOUD

Small RAG Example

@ 127.0.0.1 oy ¢,

Define the data to search via RAG

Add data sources:
/
W/ 45.7KB / 100.00%

g5 7KB /100.00%

Chunk size (mters):
ﬁ

 J» Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

No sources

Small RAG app using the OpenAl API.
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RAG EXAMPLE APP ON UCLOUD

Small RAG Example

Define the data to search via RAG

Add dat -
- ata sources

W 45.7KB / 100.00%

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

P Chunk size (mters):

— o B AT

 J» Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

No sources

Small RAG app using the OpenAl API.
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RAG EXAMPLE APP ON UCLOUD

Small RAG Example

Define the data to search via RAG

Add dat -
- ata sources

W 45.7KB / 100.00%

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

Chunk size (mters):
ﬁ

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

No sources

Small RAG app using the OpenAl API.
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RAG EXAMPLE APP ON UCLOUD

® 127.0.0.1

Small RAG Example

Define the data to search via RAG

Add data sources:

V/
W/ 45.7KB / 100.00%

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

Chunk size (cmters):
ﬁ

1 Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

No sources

Small RAG app using the OpenAl API.
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RAG EXAMPLE APP ON UCLOUD

- D@
Small RAG Example

0

127.0.0.1 U ¢

Define the data to search via RAG RAG-based chat

Ask a question:

What is Aarhus BSS?

Chunk size (characters): B Augment question . Augment context  Number of chunks Minimum similarity m
’ 10 C 02 S

v

I» Overlapping chunks Results

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

Iy AARHUS

AVAXNRISNY DEPARTI s AR
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RAG EXAMPLE APP ON UCLOUD

:

127.0.01

Small RAG Example

Define the data to search via RAG

Add data sources:
0.0B / 0.00%

Chunk size (characters):

I Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

RAG-based chat

Ask a question:

What is Aarhus BSS?

Results

"\.\> ) . Augment context Number of chunks

10

~
L7

Minimum similarity

0.2

A
L7

2 S
% 5
SiTas ARe®

AARHUS
BSS

> AMBA
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RAG EXAMPLE APP ON UCLOUD

Small RAG Example

Define the data to search via RAG RAG-based chat

Ask a question:
Add data sources: What is Aarhus BSS?
0.0B / 0.00%

Chunk size (characters):

I Augment questi fs" mber of chunks Minimum similarity
) - C 02 ¢

v

1 Overlapping chunks Results

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf
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RAG EXAMPLE APP ON UCLOUD

:

Small RAG Example

127.0.01

AVAXNRISNY DEPARTI
AARHUES

Define the data to search via RAG

Add data sources:
0.0B / 0.00%

Chunk size (characters):

I Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

RAG-based chat

Ask a question:

What is Aarhus BSS?

Ext Number of chunks  ~NRgimum similarity

10 C 02§

_ 1 Augment question . Augment cgff

Results

> AMBA
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RAG EXAMPLE APP ON UCLOUD

-

127.0.01

INNE8N] DEPARTI
I AARHUS

Small RAG Example

Define the data to search via RAG

Add data sources:
0.0B / 0.00%

Chunk size (characters):

I Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

RAG-based chat

Ask a question:

What is Aarhus BSS?

V; . ‘ . . . - . - R :x v
’ Augment question { 1 Augment context Number of :, Kinks Minimum S|m|Iar|ty
‘ 10 k. C 02 .

Results




EXAMPLE APP ON UCLOUD:
TRY IT

- | will give a short demonstration
- Play around with it on your own!
- Youwilll find it in Tutorials/Lecture 9
- Run the main.py to open NiceGUI application
~ [t will ask for your OpenAl API key
- There is a pdfs.zip available (Right click =& Download — Extract on your PC)
> You may use your own PDFs (remember, everything is sent to «Cloud and Open A/l)

>~ Use smaller PDFs, I.e., not too many pages and too much text
> Large PDFs, especially together with small chunk sizes, will take a lot of time to initialize RAG

+ You may take a look at the source code of the app, but it is rather complex = We will implement @
more simple RAG in the next tutorial

. ’ L/
C
AT
<& N
R I ‘(\0‘7
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EXAMPLE APP ON UCLOUD:
GET A FEELING FOR RAG
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EXAMPLE APP ON UCLOUD:
GET A FEELING FOR RAG

- RAG initialization:

- What is a good chunk size for a PDF containing multiple big paragraphs of the same
topic?

- What if there are many short paragraphs of different topics?
- When do we need overlapoing chunks?
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EXAMPLE APP ON UCLOUD:
GET A FEELING FOR RAG

- RAG initialization:
- What is a good chunk size for a PDF containing multiple big paragraphs of the same
topic?
- What if there are many short paragraphs of different topics?
- When do we need overlapoing chunks?

- RAG chat;
- Why may it be helpful to qugment the guestion?
- What happens without context augmentation?
- What are good values for number of chunks and rminimum similarity’?
- How to identify them?

INN:B0Y  DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 16
g AARRUS UNIVERSITY ‘ Assistant Professor




RAG EXAMPLE APP ON UCLOUD:

Small RAG Example

Define the data to search via RAG RAG-based chat

Ask a question:
& Add data sources: What is Aarhus BSS?
W' 457KB / 100.00%

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

Chunk size (characters): B Augment question B Augment context Number of chunks Minimum similarity m

» 2 02 S
-
I Overlapping chunks Results
What is Aarhus BSS?
Data sources currently in use GPT

B AU-Encyclopedia-small.pdf

AVA\NZISNY DEPARTMENT OF MANAGEMENT
AARHUS UNIVERSITY

Small RAG app using the OpenAl API.



RAG EXAMPLE APP ON UCLOUD:

® 127.0.0.1

Define the data to search via RAG RAG-based chat

Ask a question:

id da ur What is Aarhus BSS?

AU-Encyclopedia-small.pdf v
45.7KB / 100.00%

Chunk size (characters):

’ Augment questlon . Augment Context Number of chunks Minimum simllarity m
2 C 02 S

I Overlapping chunks Results

User

What is Aarhus BSS?

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources cu rrently in use RAG context, 1
, Aarhus BSS (School of Business and Social Sciences), Faculty Faculty: There are five faculties at AU. Faculty of
B AU-Encyclopedia-small.pdf Arts, Faculty of F
RAG context, 2

n-making process that's always completely rational and reasonable, of course... Eduroam: AU’'s Wi-Fi network.
Good luck! Emdrup: One of AU’s campuses, located just outside Copenhagen. In other words, a tiny AU oasis in
the middle of a University o

AVAVNEIUR] DEPARTMENT OF MANAGEMENT
Y AARHUS UNIVERSITY

Small RAG app usina the OpenAl API.



RAG EXAMPLE APP ON UCLOUD:

DEMO 3

AVANNEIURY DEPARTMENT OF MANAGEME
AARHUS UNIVERSITY

:

Small RAG Example

- 3 Fas- __,_|, " WS e
W' 457KB /100.00%

AU-Encyclopedia-small.pdf
45.7KB / 100.00%

Chunk size (characters):

I Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

Define the data to search via RAG

RAG-based chat

Ask a question:

ECTS

’ Augment question ‘ Augment context Number of chunks Minimum simllarity m
’ 2 C 05 5

Results

User
ECTS

RAG context, 1

at place to work. E ECTS: ETCS, ESCT, ETSC or just E-C-T-S. Can you count to 180 ECTS? ECTS stands for the
European Credit Transfer and and Accumulation System. It's a standard system for comparing academic credits
(which measure the workload f

RAG context, 2

or a particular course) for higher education throughout the EU. A semester’s worth of academic work is equal to
30 ECTS. This means your lecturers decide how much you need to study (and learn) in a single semester based
on this number. A decisio

GPT

Small RAG app usina the OpenAl API



RAG EXAMPLE APP ON UCLOUD:

- D@
Small RAG Example

127.0.01

Define the data to search via RAG

AU-Encyclopedia-small.pdf
45.7KB / 100.00%

Chunk size (characters):

10 Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

RAG-based chat

Ask a question:

What is Health?

. Augment question ‘ Augment context Number of chunks Minimum simllarity m
4 C 02 4

Results

User

What is Health?

RAG context, 1

te term for ‘fail’. A failed exam will be registered as Department of Public Health. of departments like the
Department of Clinical Medicine and the example, Health is the umbrella for health sciences, and is composed
Departments/Schools) special

RAG context, 2

ising in the various disciplines. For or medicine, and is composed of departments (or schools, see umbrella for
a variety of related disciplines, such as the humanities of Natural Sciences and Faculty of Technical Sciences. A
faculty is an Health

GPT

AVANNElURE DEPARTMENT OF MANAGEMEN
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RAG EXAMPLE APP ON UCLOUD:

DEMO 5

AVA\NgISNY DEPARTMENT OF MANAGEME
AARHUS UNIVERSITY

Small RAG app using the OpenAl API.

:

Small RAG Example

Define the data to search via RAG

Add data sources:
Y

AU-Encyclopedia-small.pdf
45.7KB / 100.00% v

Chunk size (characters):

I Overlapping chunks

RESET RAG DATABASE INITIALIZE RAG DATABASE

Data sources currently in use

B AU-Encyclopedia-small.pdf

127.0.0.1

RAG-based chat

Ask a question:

What is Health?

, Augment question ' Augment context Number of chunks Minimum similarity m
) ) 4 C 02 %

Results

User

What is Health?

GPT




RAG IN DETAIL

- What happens in the /nside
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RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | : 1 I | | |
China:
Beijing
1.5 Russia< -
Japarx
Moscow
4 .
Turkey Ankara Tokyo
05 I
Poland:

0 - Germany: 4

France Warsaw

v »Berlin
-0.5 | Italy Paris -

- >Athens

Greece
1 I Spairx Rome |
s Madrid

-1.5  Portugal L isbon 1

-2 | | 1 1 | | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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Assistant Professor
https://opensource.googleblog.com/2013/08/learning-meaning-behind-words.html
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RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | 1 I | | |
China:
Beijing
. Known vectors (positions) for: 15 | G 1ol I
Japarx
Man vl ‘Moscow l
- Woman Turkey Ankara T0kyo
- King 0.5 | !
Poland:
0 - Germany: o
France Warsaw
v »Berlin
-0.5 | Italy Paris -
- >Athens
Greece
1 - Spairx Home 2
% Madrid
-1.5  Portugal it tahon -
-2 | | 1 1 | | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | 1 1 | | |
China:
Beijing
. Known vectors (positions) for: 15 Russia -
_ Japarx
Man vl "Moscow l
- Woman Turkey\ yAnkara *-TOKYO
- King 0.5 - -
_ Poland
» Known vectors (differences) for:
0 - Germany o
- Man — Womon France "Warsaw
v »Berlin
-0.5 Italy Paris =
. —Athens
Greece
41 L Spairx Home 2
»Madrid
-1.5  Portugal Bl -
_2 | | | 1 | | |
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
SSSSSSSSSS [ eemo
IV ZI8 DEPARTMENT OF MANAGEMENT 29 October 2025 ‘ MngUS Bender 23 AMBA ~ EQUIS

Sy AARHUS UNIVERSITY Assistant Professor

https://opensource.googleblog.com/2013/08/learning-meaning-behind-words.html



https://opensource.googleblog.com/2013/08/learning-meaning-behind-words.html

RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | I I | | |

China:
Beijing
. Known vectors (positions) for: 15 | Russia: -
- Japarnx
Man vl ‘Moscow l
- Woman Turkey Ankara Tokyo
- King 0.5 |- |
: Poland:
. Known vectors (differences) for:
0 Germany: o
- Man =@ Woman France Warsaw
» —~Berlin
+ What is the corresponding word for 05 fHaly Paris -
,King“ in the relation ,Man = Woman® Greece . Athens
1 L Spaine ome )
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_2 | | | 1 | | |
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RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | China: ' ' | | '
Beijing
. Known vectors (positions) for: 15 | Russia: -
- Japarnx
qu 1 k Moscow |
- Woman Turkey\ yAnkara >:TOI'(YO
- King 0.5 |- |
: Poland
- Known vectors (differences) for:
0 Germany: o
- Man = Woman France Warsaw
» —~Berlin
» What is the corresponding word for 05 ltaly Paris .
,King“ in the relation ,Man = Woman® — . —Athens
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- King = ?
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RECAP LECTURE 2
EXAMPLE: WORD2VEC

| | China: ' ' | | '
Beijing
. Known vectors (positions) for: 15 | Russia: -
- Japarnx
qu 1 k Moscow |
- Woman Turkey\ yAnkara >:TOI'(YO
- King 0.5 |- |
: Poland
.+ Known vectors (differences) for:
0 Germany: o
- Man — Womon France "Warsaw
» —~Berlin
» What is the corresponding word for 05 ltaly Paris .
,King“ in the relation ,Man = Woman® . . —>Athens
1 I Spairx Rome l
- King = ?
- King - Man + Woman = Queen 1.5 - Portugal ~»Madrid |
Lisbon
-2 | | | | | | |
Representing words by vectors in a i 1.5 1 0.5 0 0.5 i 15 )
multi-dimensional vector space [ cono
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GET AN EMBEDDING

- The OpenAl API provides an embedding
endpoint
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GET AN EMBEDDING

- The OpenAl API provides an embedding from openai import OpenAl
endpoint

OPENAI API KEY = "..."
client = OpenAI(ap1 key OPENAI API KEY)

result = client.embeddings.create(
model="text-embedding-3-small’,
input="Some text to embed!”

)
print(result.datal[0].embedding)

ING:BIOR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
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GET AN EMBEDDING

- The OpenAl API provides an embedding from openai import OpenAl

endpoint
| OPENAI API KEY = "..."
- Create a bunch of decimal numbers client = OpenAI(api key=OPENAI API KEY)
(vector)
- This vector represents a string in the result = client.embeddings.create(

model="text-embedding-3-small’,
input="Some text to embed!”

)
print(result.datal[0].embedding)

embedding space

[ -0.003715922124683857, 0.007958686910569668,
-0.0231960229575634, ... , -0.04570453241467476,
0.02046092413365841, -0.03326955437660217,
0.0831589326262474 ]
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GET AN EMBEDDING

- The OpenAl API provides an embedding from openai import OpenAl

endpoint
| OPENAI API KEY = "..."
- Create a bunch of decimal numbers client = OpenAI(api key=OPENAI API KEY)
(vector)
- This vector represents a string in the result = client.embeddings.create(

. model="text-embedding-3-small’,
embedding space input="Some text to embed!”
Do It for all chunks and each question )

- Chunk size matters: print(result.datal[0].embedding)

[ -0.003715922124683857, 0.007958686910569668,
-0.0231960229575634, ... , -0.04570453241467476,
0.02046092413365841, -0.03326955437660217,
0.0831589326262474 ]
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GET AN EMBEDDING

- The OpenAl API provides an embedding from openai import OpenAl

endpoint
| OPENAI API KEY = "..."
- Create a bunch of decimal numbers client = OpenAI(api key=OPENAI API KEY)
(vector)
- This vector represents a string in the result = client.embeddings.create(

model="text-embedding-3-small’,

embedding space input="Some text to embed!”

Do It for all chunks and each question )
- Chunk size matters: print(result.datal[0].embedding)
> Similar topics per chunk — [ -0.003715922124683857, 0.007958686910569668,
Meaningful position in embedding -0.0231960229575634, ... , -0.04570453241467476,
space 0.02046092413365841, -0.03326955437660217,

0.0831589326262474 ]
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GET AN EMBEDDING

- The OpenAl API provides an embedding from openai import OpenAl

endpoint
| OPENAI API KEY = "..."
- Create a bunch of decimal numbers client = OpenAI(api key=OPENAI API KEY)
(vector)
- This vector represents a string in the result = client.embeddings.create(

model="text-embedding-3-small’,

embedding space input="Some text to embed!”

Do It for all chunks and each question )
- Chunk size matters: print(result.datal[0].embedding)
> Similar topics per chunk — [ -0.003715922124683857, 0.007958686910569668,
Meaningful position in embedding -0.0231960229575634, ... , -0.04570453241467476,
space 0.02046092413365841, -0.03326955437660217,

. . - 0.0831589326262474 ]
>~ Mixed topics = No clear position
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RETRIEVE FROM STORED EMBEDDINGS
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RETRIEVE FROM STORED EMBEDDINGS

Question Text Question Embedding

0.0024567306973040104,
0.026274874806404114,
0.04385124146938324, ..

What is Aarhus
BSS?

- Assume we have the question and the
embedding of the question T
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RETRIEVE FROM STORED EMBEDDINGS

Question Text Question Embedding
Chunk Text Chunk Embedding
What is Aarhus OO. 0002264257647837046890763400446)111044 , .
BSS? ' ’ Aarhus BSS: The School of Business|-0.003715922124683857,
0.04385124146938324, . 1 and Social Sciences, Aarhus 0.007958686910569668,
University. One of the five -0.0231960229575634, ..

- Assume we have the question and the

embedding of the question 1 faculties at AU, which is often just | 0.026827873662114143,

N 228 referred to as BSS. Here you will find| 0.002169022336602211,
 |n addition, we have all the text chunks the Department of Business -0.0106863118708137, ..

and their embeddings in a Excel sheet — Development and Technology, the | ©.03440544009208679,

< Department of Law, the Department | 0.016993477940555387,
of Psychology and Behavioural |-0.0282776243984925, ..

Sciences, the Department of Political| 0.06151728704571724,
4 Science, the Department of 0.03111734427511692,
Management, and the Department of| 0.00567943835631129, ..
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RETRIEVE FROM STORED EMBEDDINGS

Question Text

What is Aarhus
BSS?

Question Embedding

0.0024567306973040104,
0.0262/7/4874806404114,

0.04385124146938324, ..

- Assume we have the question and the
embedding of the question T

- In addition, we have all the text chunks

and their embeddings
- Task: Retrieve the most similar chunks to

the question

Y AARHUS UNIVERSITY

TAS ARW
AVA\\:4g|SN] DEPARTMENT OF MANAGEMENT

IN A Excel sheet —

29. October 2025

Chunk Text

Aarhus BSS: The School of Business

and Social Sciences, Aarhus
University. One of the five

faculties at AU, which is often just
referred to as BSS. Here you will find

the Department of Business

Development and Technology, the
Department of Law, the Department
of Psychology and Behavioural

Sciences, the Department of Political

Science, the Department of

Management, and the Department of

Magnus Bender

Assistant Professor

Chunk Embedding

-0.003715922124683857,
0.007958686910569668,
-0.0231960229575634, ..

0.026827/873662114143,
0.002169022336602211,
-0.0106863118708137, ..

0.03440544009208679,
0.016993477940559387,
-0.0282776243984925, ..

0.06151728704571724,
0.03111734427511692,
0.00567943835631129, ..




RETRIEVE FROM STORED EMBEDDINGS

Question Text

What is Aarhus
BSS?

Question Embedding

0.0024567306973040104,
0.026274874806404114,
0.04385124146938324, ..

- Assume we have the question and the
embedding of the question T

- In addition, we have al

and their embeddings

the text chunks

IN A Excel sheet —

- Task: Retrieve the most similar chunks to

the question

- Method: Compare question’s embedding

with each chunks’ embedding, take best

. ’ L/
C
AT
<& N
? Sy o ‘(\0‘9

AVA\NgISN] DEPARTMENT OF MANAGEMENT
Y AARHUS UNIVERSITY

29. October 2025

Chunk Text

Aarhus BSS: The School of Business

and Social Sciences, Aarhus
University. One of the five

faculties at AU, which is often just
referred to as BSS. Here you will find

the Department of Business

Development and Technology, the
Department of Law, the Department
of Psychology and Behavioural

Sciences, the Department of Political

Science, the Department of

Management, and the Department of

Magnus Bender

Assistant Professor

Chunk Embedding

-0.003715922124683857,
0.007958686910569668,
-0.0231960229575634, ..

0.026827/873662114143,
0.002169022336602211,
-0.0106863118708137, ..

0.03440544009208679,
0.016993477940559387,
-0.0282776243984925, ..

0.06151728704571724,
0.03111734427511692,
0.00567943835631129, ..




SIMILARITY OF (EMBEDDING) VECTORS
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SIMILARITY OF (EMBEDDING) VECTORS
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SIMILARITY OF (EMBEDDING) VECTORS
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SIMILARITY OF (EMBEDDING) VECTORS
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SIMILARITY OF (EMBEDDING) VECTORS

sim(cy, q) = cos(e(c;), e(q))
e(q)

: : : ' E(Ci
+ Use the cosine-similarity, I1.e., the angle between two vectors sim(ci, g (c1)
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SIMILARITY OF (EMBEDDING) VECTORS

sim(cy, q) = cos(e(c;), e(q))

S K
Vew B Zi=1 ViWi Xy
VI YK 2 /3K 0

=1 ! =1 !

- Use the cosine-similarity, 1.e., the angle between two vectors

cos(v, w) =

e(q)

stm(c1, e(c1)
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SIMILARITY OF (EMBEDDING) VECTORS

sim(cy, q) = cos(e(c;), e(q))

N K

V'W Zi=1 ViW;

IFUI - [3F o [3K 0
=1 ! =1 1

- Use the cosine-similarity, 1.e., the angle between two vectors

cos(v, w) =

+ Calculate it between the embeddings of each chunk
e(cy), e(cy), . .., e(c,) and the embedding of the question e(g)
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SIMILARITY OF (EMBEDDING) VECTORS

sim(cy, q) = cos(e(c;), e(q))

N K

Vew Zi=1 ViWi

IFUI - [3F o [3K 0
=1 ! =1 1

- Use the cosine-similarity, 1.e., the angle between two vectors

+ Calculate it between the embeddings of each chunk
e(cy), e(cy), . .., e(c,) and the embedding of the question e(g)

cos(v, w) =

. Take the best k chunks of

sim(cy, q), sim(cy, q), . .., sim(c,, q)
for augmentation

Magnus Bender

DEPARTMENT OF MANAGEMENT
AAREISS LR AGEMEN 29.October 2025 | ,
Assistant Professor

Y AARHUS UNIVERSITY

e(q)

sim(ci, g

e(c1)
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RAG: SUMMARIZED

A Initialize with a dataset

SSSSSSSSSS [ ermo
@A“MBAS “ EQUIS
ACCREDITED

CCCCCCCCCC

VBN DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 27
Z3 AARHUS UNIVERSITY ' Assistant Professor




RAG: SUMMARIZED

— A Initialize with a dataset
1. Split dataset into chunks

L EFMD
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks

L EFMD
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion

L EFMD
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
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RAG: SUMMARIZED

= A |Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
2. Retrieve most similar chunks to the question, use the embeddings, e.q.:
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
2. Retrieve most similar chunks to the question, use the embeddings, e.q..

» Calculate similarity of embedding of question with each chunk’s embedding
> Take the top k or all above a similarity threshold
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
2. Retrieve most similar chunks to the question, use the embeddings, e.q..

» Calculate similarity of embedding of question with each chunk’s embedding
> Take the top k or all above a similarity threshold

3. Augment the question with the most similar (relevant) chunks
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
2. Retrieve most similar chunks to the question, use the embeddings, e.q..

» Calculate similarity of embedding of question with each chunk’s embedding
> Take the top k or all above a similarity threshold

3. Augment the question with the most similar (relevant) chunks
4, Let general LLM generate an answer to question
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RAG: SUMMARIZED

= A Initialize with a dataset
1. Split dataset into chunks
2. Create embedding for each chuck
3. Store embeddings and chunks
B. Augment a guestion
1. Create embedding of questions
2. Retrieve most similar chunks to the question, use the embeddings, e.q..

» Calculate similarity of embedding of question with each chunk’s embedding
> Take the top k or all above a similarity threshold

3. Augment the question with the most similar (relevant) chunks
4, Let general LLM generate an answer to question
=\We will implement it in the next tutorial
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-UNCTION CALLING

+ Wiring a toolbox to GPT
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RECAP LECTURE 2
Al AGENT

- .. can change their
environment (actuators) What action <hould |

State
| What the

. Intelllqen.t systems, but. not How the world evolves world is now [T1

necessarily /ntelligent in a D

human sense <
A " : r What will it be like if | do — o

« Agents What my actions do A ction & —

- .. have godls O

- .. have a perception of their — How happy will I be in =

environment (sensors) Utility this state 3
~t

- ... plan their actions do now

- ... update theirs goals = learn
during runtime

Agent

CCCCCCCCCC
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READINGS:
EQUIPPING LANGUAGE MODELS WITH TOOLS

@much was the included change in fair value of g

the company's servicing asset included in its servicing

fees? r 1
GreenSky, Inc. NOTES TO CONSOLIDATED FINANCIAL
STATEMENTS (Continued) (United States Dollars in - (7T Task Solver SRRkttt N
thousands, except per share... \\ I I
. Task Type ! Tool Activation ! Outputs
j \ ! :
\ information . |
: / '[ extraction ]_ \ { 30,459 ]_ v 30,459
| / \ |
What is the average of External Systems Hardware | / ‘I :
gross profit? \ I I I
The Systems gross profit margin decrease year to year \ I . . B : :
was driven by the mix away from IBM Z and margin \ / arithmetic - -: 0 (2590+2893) /2 calculator : 2741.50
declines in Power Systems and Storage Systems.... \\ / ,' I|
/ I
7 \ i :
/ \ : SELECT ([TeamName]) I
/ \ : '. FROM data_table WHERE : ; R
'l \I script | LOWER ([ Season]) = SQL engine : RC3 Bassani Racing
Which team started 2010? I l I' LOWER (2010") :
I \ 1 I
I \ \ :
I \ : :
] ‘[ classification ]— - == ->[ neutral ]— o { neutral ]
I I I
Determine the sentiment of the following. // """"""""""""""""""""""" g
’ _ J

Equipping Language Models with Tool Use Capability
for Tabular Data Analysis in Finance, Adrian Theuma, Ehsan Shareghi, 2025

/_ EFMD

HPAVBR  ~Eouss

ACCREDITED  accrepiTep
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FUNCTION CALLING AND THE OPEN Al API:
CREATING A FUNCTION

- Example use-case:
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FUNCTION CALLING AND THE OPEN Al API:
CREATING A FUNCTION

- Example use-case:

- Check which
employee Is
available for a
meeting
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FUNCTION CALLING AND THE OPEN Al API:
CREATING A FUNCTION

- Example use-case:

- Check which
employee Is
available for a
meeting

- Provide a simple
calendar lookup
function to ChatGPT
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FUNCTION CALLING AND THE OPEN Al API:

CREATING A FUNCTION

- Example use-case:

- Check which
employee Is
available for a
meeting

- Provide a simple
calendar lookup
function to ChatGPT

TAS ARV
IAVA\NgI§N] DEPARTMENT OF MANAGEMENT
Y AARHUS UNIVERSITY

employee calendar = {
("Monday", 10),
Monday", 9),

"James"

"Mary”
"Elizabeth”

¥

29. October 2025

: [ (

"William" : [ ("
[ (
(

Monday", 9)
Monday", 9)

Magnus Bender
Assistant Professor

11),
10),
"Tuesday", 10),

"Tuesday", 10),

("Tuesday", 11)
("Tuesday", 11)
("Tuesday", 12)
(

"Tuesday", 12)

A A A\ A



FUNCTION CALLING AND THE OPEN Al API:
CREATING A FUNCTION

» Example use-case: employee_calendar = {

) . "James" . [("Monday", 10), ("Monday", 11), ("Tuesday", 11)°
C:hefk\Nthw "William" : ('Monday , 9), ('Monday", 10), ("Tuesday", 11)]
employee Is "Mary" : [("Monday", 9), ("Tuesday", 10), ("Tuesday", 12)
available for a "Elizabeth" ' ("Monday", 9), ("Tuesday", 10), ("Tuesday", 12)
meeting }

Provige a simple def i1s_employee available(name:str, day:str, hour:int) -> bool:
Colen_dor lookup i1f name in employee calendar:
function to ChatGPT for d, h in employee calendar[name]:
1f d == day and h == hour:
return False
return True
else:
return False
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FUNCTION CALLING AND THE OPEN Al API:
TELLING CHATGPT ABOUT A FUNCTION

def i1s employee available(name:str, day:str, hour:int)

Magnus Bender sy
29. October 2025 | Assistant Professor 52




FUNCTION CALLING AND THE OPEN Al API:
TELLING CHATGPT ABOUT A FUNCTION

def i1s employee available(name:str, day:str, hour:int)

tools = [{
"type": "function",
"name": "is employee available",
"description”: "Checks if an employee 1s available at a current day and hour.”
"parameters”: {
"type": "object",
"properties": {

.

"required": ["name", "day", "hour"],
"additionalProperties": False

}s

"strict": True

}]
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FUNCTION CALLING AND THE OPEN Al API:
TELLING CHATGPT ABOUT A FUNCTION

def i1s employee available(name:str, day:str, hour:int)

tools = [{
"type": "function",
"name": "1s_employee available",

"description”: "Checks if an employee 1s available at a current day and hour.”
"parameters": {

"type": "ObjeCt", ("name": {
"properties": {

"type": "string",
— "enum" : list(employee calendar.keys()),
}s . "description": "The name of the employee.”
"required": ["name", "day", "hour"], )
"additionalProperties": False ”aay”: (
%: o "type": "string",
strict : True "enum": ["Monday", "Tuesday", ..],
}] "description": "The day to check."
}s
"hour" : {
"type" : "integer",

QAT DEPARTMENT OF MANAGEMENT 29.0ctober2OZE "description” : "The hour to check, e.g.: 10, 11



DETERMINE FUNCTION
CALLS AND EXECUTE THEM

L EFMD
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essages - (ol ey e DETERMINE FUNCTION
T T CALLS AND EXECUTE THEM




essages = [Croter: ueer', et DETERMINE FUNCTION

which employees are free to join

the meeting?"}] CALLS AND EXECUTE THEM

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

W W I W W il 1 n I Y 1 w’ W w1



essages = [Croter: ueer', et DETERMINE FUNCTION

which employees are free to join

the meeting?"}] CALLS AND EXECUTE THEM

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item in response.output:

W W I W W il 1 n I Y 1 w’ W w1



essages = [Croter: ueer', et DETERMINE FUNCTION

which employees are free to join

the meeting?"}] CALLS AND EXECUTE THEM

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item in response.output:
i1f item.type == "function call":
1f item.name == "is employee available":

W W I W W il 1 n I Y 1 w’ W w1



essages = [Croter: ueer', et DETERMINE FUNCTION

which employees are free to join

the meeting?"}] CALLS AND EXECUTE THEM

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item in response.output:
i1f item.type == "function call":
1f item.name == "is employee available":

args = json.loads(item.arguments)
availability = is employee available(**args)
print(f"is employee available({args}): {availability}")

W W I W W il 1 n I Y 1 w’ W w1



messages = [{"role": "user", "content":
"We will have a meeting on Tuesday at 11,
which employees are free to join
the meeting?"}]

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item in response.output:
i1f item.type == "function call":
1f item.name == "is employee available":

args = json.loads(item.arguments)

availability = is employee available(**args)
print(f"is employee available({args}): {availability}")

W W I W W il 1 n I Y 1 w’ W w1

DETERMINE FUNCTION
CALLS AND EXECUTE THEM

i1s_employee available({

'name’': 'James’,
'day': 'Tuesday',
'hour': 11

}): False

i1s_employee available({
'name’': 'William',
'day': 'Tuesday',
"hour': 11

}): False

is_employee available({
'name’': 'Mary’,
'day': 'Tuesday',
"hour': 11

}): True

i1s_employee available({
'name': 'Elizabeth',
'day': 'Tuesday',
'hour': 11

}): True




messages = [{"role": "user", "content':
"We will have a meeting on! Tuesday at 11

which employees are free to join Sy
the meeting?"}] CA

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item in response.output:
i1f item.type == "function call":
1f item.name == "is employee available":

args = json.loads(item.arguments)

availability = is employee available(**args)
print(f"is employee available({args}): {availability}")

” W W I W W il 1 n I Y 1 w’ W w1

DETERMINE FUNCTION
LSA N D EXECUTE THEM

i1s_employee available({

'name’': 'James’,
'day': 'Tuesday',
'hour': 11

}): False

i1s_employee available({
'name’': 'William',
'day': 'Tuesday',
"hour': 11

}): False

1s_employee available({
'name’': 'Mary’,
'day': 'Tuesday',
"hour': 11

}): True

i1s_employee available({
'name': 'Elizabeth',
'day': 'Tuesday',
'hour': 11

}): True




messages = [{"role": "user", "content':
"We will have a meeting on! Tuesday at 11

which employees are free to join Sy
the meeting?"}] CA

response = client.responses.create(
model="gpt-5-nano”,
tools=tools,
input=messages,

)

messages.extend(response.output)

for item 1in response output:
1f item.type == ”functlon ~call”:
if item.name == "is employee available":

args = json.loads(item.arguments)
availability = is employee available(**args)
print(f"is employee available({args}): {availability}")

messages.append({
"type": "function call output",
"call 1d": item.call 1id,

"output": "yes"
1)

1f availability else "no

DETERMINE FUNCTION
1°¢ N D EXECUTE THEM

i1s_employee available({

'name’': 'James’,
'day': 'Tuesday',
'hour': 11

}): False

i1s_employee available({
'name’': 'William',
'day': 'Tuesday',
"hour': 11

}): False

1s_employee available({
'name': 'Mary’,
'day': 'Tuesday',
"hour': 11

}): True

i1s_employee available({
'name': 'Elizabeth',
'day': 'Tuesday',
'hour': 11

}): True




FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list
of employees that are available for
the meeting in question.",

tools=tools,

input=messages,

# may use structured outputs etc.

)

print(response.output text)

ING:BIOR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 34
G AARHUS UNIVERSITY ' Assistant Professor




FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list
of employees that are available for
the meeting in question.",

tools=tools,

input=messages,

# may use structured outputs etc.

)

print(response.output text)

Mary
Elizabeth
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FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Define functions and tell ChatGPT
of employees that are available for

the meeting in question.",
tools=tools,
input=messages,
# may use structured outputs etc.

)

print(response.output text)

Mary
Elizabeth
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FUNCTION CALLING AND THE OPEN Al API:

GETTING THE ANSWER

response = client.responses.create(

» Making tools (self defined local Python functions)

model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Defi

of employees that are available for

the meeting in question.", 2. Cdl

ne functions and tell ChatGPT
OpenAl APl with the question and the

tools=tools, available tools

input=messages, » Returns the functions calls (function names &

# may use structured outputs etc.

)

print(response.output_text)

Mary
Elizabeth
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FUNCTION CALLING AND THE OPEN Al API:

GETTING THE ANSWER

response = client.responses.create(

» Making tools (self defined local Python functions)

model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Defi

of employees that are available for

ne functions and tell ChatGPT

the meeting in question.", 2. Cdl .OpenAI APl with the question and the
tools=tools , available tools
Lnput=messages, ; » Returns the functions calls (function names &
) # Mmay use structured outputs etc. parameters) to which ChatGPT needs the
return values
print(response.output_text) 3. Run the functions calls locally in Python
Mary
Elizabeth
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FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Define functions and tell ChatGPT

of employees that are available for . .
the mget{ng in question.", 2. Call OpenAl API with the question and the

tools=tools, available tools
tnput=messages, ’ > Returns the functions calls (function names &
) # may use structured outputs etc. parameters) to which ChatGPT needs the
return values
print(response.output text) 3. Run the functions calls locally in Python
Mary 4. Call OpenAl APl again, now with the return
Elizabeth values of all function calls
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FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Define functions and tell ChatGPT

of employees that are available for . .
the mget{ng in question.", 2. Call OpenAl API with the question and the

tools=tools, available tools
tnput=messages, ’ » Returns the functions calls (function names &
) # may use structured outputs etc. parameters) to which ChatGPT needs the
return values
print(response.output text) 3. Run the functions calls locally in Python
Mary 4. Call OpenAl APl again, now with the return
Elizabeth values of all function calls

5. Get an overall answer
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FUNCTION CALLING AND THE OPEN Al API:
GETTING THE ANSWER

response = client.responses.create( . Molgnq tools (self defined local Python functions)
model="gpt-5-nano", available to ChatGPT

instructions="Respond only with a list 1. Define functions and tell ChatGPT

£ empl that {lable f . -
zheegge?{ﬁgsin guegﬁoﬁ\fﬁl abre ron 2. Call OpenAl APl with the question and the

tools=tools, ’ available tools
U‘PUt =Messdges, ’ » Returns the functions calls (function names &
) may use structured outputs etc. parameters) to which ChatGPT needs the
return values
print(response.output_text) 3. Run the functions calls locally in Python
Mary 4, Call OpenAl APl again, now with the return
Elizabeth values of all function calls
5. Get an overall answer
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PYTHON PACKAGES

- Why we need them
+ How to manage them
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
 Other functions need to be imported first

import time - time.time()
import json - json.loads(), json.dumps()
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
 Other functions need to be imported first

import time - time.time()
import json - json.loads(), json.dumps()

- The import keywords loads a so-called module and makes it available for use
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
 Other functions need to be imported first

import time - time.time()
import json - json.loads(), json.dumps()

- The import keywords loads a so-called module and makes it available for use
- Modules may be part of python (standard library), e.q., json, csv, time
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
 Other functions need to be imported first

import time - time.time()
import json - json.loads(), json.dumps()

- The import keywords loads a so-called module and makes it available for use
- Modules may be part of python (standard library), e.q., json, csv, time
- Modules may be part of packages, e.q., pydantic, nicegui, openatl
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PACKAGES & IMPORTS

- Some functions are always available
len(), str(), int(), range(), print()
 Other functions need to be imported first

import time - time.time()
import json - json.loads(), json.dumps()

- The import keywords loads a so-called module and makes it available for use
- Modules may be part of python (standard library), e.q., json, csv, time
- Modules may be part of packages, e.q., pydantic, nicegui, openatl

- Modules may be self-created, custom modules
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IMPORT CUSTOM MODULES

Y AARHUS UNIVERSITY

29. October 2025

Magnus Bender
Assistant Professor

example_import.py

[def hello():
| print("Hello World!")

;def bye():
{  print("Bye!")

VARIABLE = False |




example_import.py

[def hello():
- print("Hello World!")

IMPORT CUSTOM MODULES |~

' print("Bye!")
name. Py — .
51mport ekample lmport '

VARIABLE = False |

print(example_import) j |
iprint(example_import.bye, example import.hello) | * Create two files: example_import.py and
; , name.py
Iprint(example_import.VARIABLE)
jexample_import.bye() |
texample_import.hello() ;
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example_import.py

[def hello():
- print("Hello World!")

IMPORT CUSTOM MODULES |~

' print("Bye!")
name. Py — .
51mport ekample lmport '

VARIABLE = False |

print(example_import) j | .
iprint(example_import.bye, example import.hello) | * Create two files: example_import.py and
| i name.py
'print(eX§nple_import.VARIABLE) . |mport example_import IN name. Py
jexample_import.bye() :

lexample_import.hello() ;
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example_import.py

jdéf:helld()”
- print("Hello World!")

IMPORT CUSTOM MODULES |~

' print("Bye!")
name. Py — .
31mport ekample lmport '

VARIABLE = False |

brint(example import)

iprint(example_import.bye, example import.hello) | * Create two files: example_import.py and
| |  name.py
iprint(example_import.VARIABLE) | + Import example_import in name.py
jexample_import.bye() | :

lexample_import.hello() | - example_1import becomes a module

<module example import' from ./eXahple;{mbbrf.by'>
<function bye at 0x100be7760>
<function hello at 0x100be6200>
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IMPORT CUSTOM MODULES

name. Py e .
31mport example lmport

brint(example_import)

iprint(example_import.bye, example_import.hello)

examplelmPOFtPY\_ e

hello():

print("Hello World!")

bye():

print("Bye!")

VARIABLE = False |

- Create two files: example _import.py and

3 ? name.py
iprint(example_import.VARIABLE) |+ Import example_import in name.py
jexample_import.bye() : ST
iexample_import.hello() |~ example_import becomes a module
<module example import' from ./example_import.py'> - Variables, classes, and functions in
<function bye at 0x100be7760> example import are accessible via
<function hello at 0x100be6200> example import.<variable_name>,

example import.<class name>, and

example import.<function name>
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IMPORT CUSTOM MODULES

name. Py e .
31mport example lmport

brint(example_import)

iprint(example_import.bye, example_import.hello)

examplelmPOFtPY\_ e

hello():

print("Hello World!")

bye():

print("Bye!")

VARIABLE = False |

- Create two files: example _import.py and

3 ? name.py
iprint(example_import.VARIABLE) |+ Import example_import in name.py
jexample_import.bye() : ST
iexample_import.hello() |~ example_import becomes a module
<module example import' from ./example_import.py'> - Variables, classes, and functions in
<function bye at 0x100be7760> example import are accessible via
<function hello at 0x100be6200> example import.<variable_name>,

. example import.<class name>, and
E;e?e example import.<function name>
Hello World!
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examp le_1import.py

idéfqheitd(>3<_
| print("Hello World!")

MORE IMPORT STATEMENTS

idef bye():
t print("Bye!")
name.py

[VARIABLE = False |

[import example_import
Ifrom example_import import hello

iprint(example_import.hello) | <function hello at 0x100be6200>
iprint(hello) { <function hello at 0x100be6200>
thello() | Hello World!

iimport sys, time

| from example_import import *|

[inport example_import as eti |

ING:BIOR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 38
G AARHUS UNIVERSITY ' Assistant Professor




example lmport Py

4 prlnt("HEIIO WOrld!n)

MORE IMPORT STATEMENTS

name.py

;def bye():
i print("Bye!")

VARIABLE = False |

[inport example_import | |
ifrom example_import import hello

iprint(example_1import.hello) f <function hello at 0x100be6200>
iprint(hello) | <function hello at 0x100be6200>
thello() { Hello World!

iimport sys, time

i from example_import import ¥*]

tnport example_import as et |
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example lmport Py

4 prlnt("HEIIO WOrld!H)

MORE IMPORT STATEMENTS

name

;def bye():
i print("Bye!")

[VARIABLE = False

”lmport example lmport ”””"”'”'i
ifrom example_import import hello

iprint(example_1import.hello) f <function hello at|0x100be6200>
iprint(hello) { <function hello at 0x100be6200>
thello() { Hello World!

iimport sys, time

i from example_import import ¥*]

tnport example_import as et |

IN:BIR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 38
i3y AARMUS UNIVERSITY ‘ Assistant Professor




example lmport Py

4 prlnt("HEIIO WOrld!n)

MORE IMPORT STATEMENTS

name

;def bye():
i print("Bye!")

VARIABLE = False |

”lmport example 1mport ”””"”'”'i
ifrom example_import import hello

iprint(example_1import.hello) f <function hello at 0x100be6200>
iprint(hello) | <function hello at 0x100be6200>
thello() { Hello World!

time

iimport sys,

i from example_import import ¥*]

tnport example_import as et |
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example_import. Py

[def hello():
4 prlnt("HEIIO WOrld!n)

MORE IMPORT STATEMENTS

name

def bye():
t  print("Bye!")

VARIABLE = False |

71mport example lmport ””"*'”'”'7
,from example import import hello

iprint(example_1import.hello) f <function hello at 0x100be6200>
iprint(hello) { <function hello at 0x100be6200>
thello() { Hello World!

iimport sys, time

i from example_import import ¥*]

import example_import as ei
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example lmport Py

4 prlnt("HEIIO WOrld!n)

MORE IMPORT STATEMENTS

idef bye():
i print("Bye!")
name.py

VARIABLE = False |

”lmport example 1mport ”””"”'”'i
ifrom example_import import hello

iprint(example_1import.hello) f <function hello at 0x100be6200>
iprint(hello) | <function hello at 0x100be6200>
thello() { Hello World!

iimport sys, time

i from example_import import ¥*]

tnport example_import as et |

IN:BIR] DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 38
i3y AARMUS UNIVERSITY ‘ Assistant Professor




HOW TO GET PACKAGES & MODULES
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HOW TO GET PACKAGES & MODULES

» Modules may be part of Python (standard library), e.q., json, csv, time

- No need to install, are already available
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https://pypi.org/

HOW TO GET PACKAGES & MODULES

» Modules may be part of Python (standard library), e.q., json, csv, time

- No need to install, are already available
+ Modules may be part of packages, e.q., pydantic, nicegui, openai

Magnus Bender 39
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HOW TO GET PACKAGES & MODULES

» Modules may be part of Python (standard library), e.q., json, csv, time
- No need to install, are already available

+ Modules may be part of packages, e.q., pydantic, nicegui, openai
- Need to be installed using pip (Python package installer)
- Installs packages from PyPi (https://pypi.orq/)

Magnus Bender 39
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HOW TO GET PACKAGES & MODULES

» Modules may be part of Python (standard library), e.q., json, csv, time
- No need to install, are already available
+ Modules may be part of packages, e.q., pydantic, nicegui, openai
- Need to be installed using pip (Python package installer)
- Installs packages from PyPi (https://pypi.orq/)
>~ Possible to search there for relevant packages
> Possible to ask ChatGPT
> We introduced you to some useful packages
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https://pypi.org/

HOW TO GET PACKAGES & MODULES

» Modules may be part of Python (standard library), e.q., json, csv, time
- No need to install, are already available
+ Modules may be part of packages, e.q., pydantic, nicegui, openai
- Need to be installed using pip (Python package installer)
- Installs packages from PyPi (https://pypi.orq/)
>~ Possible to search there for relevant packages
> Possible to ask ChatGPT
> We introduced you to some useful packages

- Modules may be self-created, custom modules

- Easy way: Place multiple Python files in same directory and use
import <file name>
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https://pypi.org/

PIP: PYTHON PACKAGE INSTALLER
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PIP: PYTHON PACKAGE INSTALLER

 Each of us already uses pip on uCloud
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PIP: PYTHON PACKAGE INSTALLER

 Each of us already uses pip on uCloud

- But we did not tell you about (only select ,initialization setup.sh*)
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PIP: PYTHON PACKAGE INSTALLER

 Each of us already uses pip on uCloud

- But we did not tell you about (only select ,initialization setup.sh*)
»+ On uCloud:
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PIP: PYTHON PACKAGE INSTALLER

 Each of us already uses pip on uCloud
- But we did not tell you about (only select ,initialization setup.sh”)

»+ On uCloud:
- Each of you has your own Python environment

Magnus Bender
. 40
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PIP: PYTHON PACKAGE INSTALLER

 Each of us already uses pip on uCloud
- But we did not tell you about (only select ,initialization setup.sh”)

»+ On uCloud:
- Each of you has your own Python environment
- All modules from the standard library
- Some additional packages, pre-installed by us via pip

Magnus Bender
. 40
Assistant Professor
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PIP: PYTHON PACKAGE INSTALLER

requirements. txt |

+ Each of us already uses pip on uCloud réquests
i tqdm
ipdoc

- But we did not tell you about (only select ,initialization setup.sh®)
»+ On uCloud:
- Each of you has your own Python environment

Ipydantic
inicegul

- All modules from the standard library

nltk
inumpy
]Scipy
iscikit-learn

- Some additional packages, pre-installed by us via pip

» See the requirements. txt —

lopenat
ipykernel

ipdfminer.six |
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PIP: PYTHON PACKAGE INSTALLER

requirements. txt |

+ Each of us already uses pip on uCloud réquests
i tqdm
ipdoc

- But we did not tell you about (only select ,initialization setup.sh®)
»+ On uCloud:
- Each of you has your own Python environment

Ipydantic
- All modules from the standard library n1cegu1
lnltk
inumpy
}Scipy
jscikit-learn

- Some additional packages, pre-installed by us via pip

» See the requirements. txt —

- You may Install more packages if your need them

lopenat
ipykernel

ipdfminer.six |
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PIP: PYTHON PACKAGE INSTALLER

requirements. txt |

. Each of us already uses pip on uCloud requests
tqdm
ipdoc

- But we did not tell you about (only select ,initialization setup.sh®)
»+ On uCloud:
- Each of you has your own Python environment

Ipydantic
- All modules from the standard library n1cegu1
lnltk
inumpy
iscipy
jscikit-learn

- Some additional packages, pre-installed by us via pip

» See the requirements. txt —

- You may Install more packages if your need them
> pip Llist
» pip install <package name>

lopenai
ipykernel

ipdfminer.six |
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PIP: PYTHON PACKAGE INSTALLER

requirements. txt |

+ Each of us already uses pip on uCloud réquests
i tqdm
ipdoc

- But we did not tell you about (only select ,initialization setup.sh®)
»+ On uCloud:
- Each of you has your own Python environment

Ipydantic
- All modules from the standard library n1cegu1
lnltk
inumpy
}Scipy
jscikit-learn

- Some additional packages, pre-installed by us via pip

» See the requirements. txt —

- You may Install more packages if your need them
> pip list
» pip install <package name>
- We will do it together in the next tutoriall

lopenat
ipykernel

ipdfminer.six |
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SUMMARIZE TODAY

» Take home messages.
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GET A FEELING FOR RAG

- How to identify good parameters?
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GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
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GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
o Or would it be better use the text structure, 1.e., the pages, sections, and paragraphs of documents.
o Can we think of a way to dynamically determine the chunk size?
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GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
o Or would it be better use the text structure, 1.e., the pages, sections, and paragraphs of documents.
o Can we think of a way to dynamically determine the chunk size?
> A chunk must be large enough to contain full content, but not too large.
» Should overlapping be used to circumvent cut contexts and if yes, how much overlap?
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GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
o Or would it be better use the text structure, 1.e., the pages, sections, and paragraphs of documents.
o Can we think of a way to dynamically determine the chunk size?
> A chunk must be large enough to contain full content, but not too large.
» Should overlapping be used to circumvent cut contexts and if yes, how much overlap?
- Why, when, and how should we augment questions (before doing the retrieval)?
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GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
o Or would it be better use the text structure, 1.e., the pages, sections, and paragraphs of documents.
o Can we think of a way to dynamically determine the chunk size?
> A chunk must be large enough to contain full content, but not too large.
» Should overlapping be used to circumvent cut contexts and if yes, how much overlap?
- Why, when, and how should we augment questions (before doing the retrieval)?

- How many items to add during augmentation?

VBN DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 42
Z3 AARHUS UNIVERSITY ' Assistant Professor




GET A FEELING FOR RAG

- How to identify good parameters?

- Chunk size:
» Do we actually need a fixed size?
o Or would it be better use the text structure, 1.e., the pages, sections, and paragraphs of documents.
o Can we think of a way to dynamically determine the chunk size?
> A chunk must be large enough to contain full content, but not too large.
» Should overlapping be used to circumvent cut contexts and if yes, how much overlap?
- Why, when, and how should we augment questions (before doing the retrieval)?

- How many items to add during augmentation?
» Use a fixed threshold for similarity, a fixed number of items?
» How to dynamically gather good values?
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TUTORIAL ON FRIDAY AND MONDAY

1. Use pip
« Get an overview of installed packages
« |nstall more packages
« Get alist of packages to install the same selection elsewhere
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TUTORIAL ON FRIDAY AND MONDAY

1. Use pip

« Get an overview of installed packages

« |nstall more packages

« Get alist of packages to install the same selection elsewhere
2. Implement a RAG-pipeline on your own

« There will be a partly implemented pipeline in a notebook

« There will be a GUI using your pipeline in the notebook
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TUTORIAL ON FRIDAY AND MONDAY

1. Use pip

« Get an overview of installed packages

« |nstall more packages

« Get alist of packages to install the same selection elsewhere
2. Implement a RAG-pipeline on your own

« There will be a partly implemented pipeline in a notebook

« There will be a GUI using your pipeline in the notebook
3. Use RAG for your project (optional)
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TL;DRL

+ RAG

- RAG is actually what happens if you, e.q., upload files to ChatGPT or Google
NotebooklM and ask questions about the content.
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TL;DRL

+ RAG

- RAG is actually what happens if you, e.q., upload files to ChatGPT or Google
NotebooklM and ask questions about the content.

- Allows us to avoid training specific models
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TL;DRL

- RAG

- RAG is actually what happens if you, e.q., upload files to ChatGPT or Google
NotebooklM and ask questions about the content.

- Allows us to avoid training specific models

- Follows the idea to add relevant context (context from a dataset) to each prompt, the
relevant context Is retrieved using embeddings and their similarity to the question/

prompt

Magnus Bender 4
Assistant Professor

INN:B0Y  DEPARTMENT OF MANAGEMENT
¥ AARHUS UNIVERSITY 29. October 2025 \



TL;DRL

+ RAG

- RAG is actually what happens if you, e.q., upload files to ChatGPT or Google
NotebooklM and ask questions about the content.

- Allows us to avoid training specific models

- Follows the idea to add relevant context (context from a dataset) to each prompt, the
relevant context Is retrieved using embeddings and their similarity to the question/

prompt
» Function calling with LLMs

- Make tools (Python functions) available to ChatGPT, let it choose which function to run
and then take the function’s return values into account
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TL;DRL

+ RAG

- RAG is actually what happens if you, e.q., upload files to ChatGPT or Google
NotebooklM and ask questions about the content.

- Allows us to avoid training specific models

- Follows the idea to add relevant context (context from a dataset) to each prompt, the
relevant context Is retrieved using embeddings and their similarity to the question/

prompt
» Function calling with LLMs

- Make tools (Python functions) available to ChatGPT, let it choose which function to run
and then take the function’s return values into account

» Python packages
- Adding more functionality by installing external code

INN:B0Y  DEPARTMENT OF MANAGEMENT 29 O Magnus Bender
. October 2025 . 44
g AARRUS UNIVERSITY ‘ Assistant Professor




DEPARTMENT OF MANAGEMENT
AARHUS UNIVERSITY





