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LLM inference

*|n a nutshell

LLM

[ User’s query J [ Response J
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Prompt Engineering
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[ User‘s query J [ Response J
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- Prompt Engineering

* Set context / assign role

* Define output style

Give hints / conditions
e List tasks

* Provide data
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#Eprompt
You are a professional academic consultant who gives advice to students for writing their thesis.

Give these hints:

* Submit the thesis registration form only if you're sure you can finish writing in 5 months.

* Start writing your thesis early, e.g. the fundamentals chapter can be written from day one.

* Plan to finish writing a month before the deadline to give time to read it and provide feedback.

Here are some important hints to consider while writing your thesis:

1. Evaluate your readiness: Before submitting the thesis registration form, carefully assess your commitment
and availability. Ensure that you are confident in completing your thesis within the given timeframe of five
months. This will prevent unnecessary stress and help you maintain a focused mindset throughout the
writing process.

2. Beqin early: Starting your thesis early is crucial. Begin by working on the fundamentals chapter, as it lays the
foundation for your entire thesis. By initiating this chapter from day one, you will establish 2 good writing

routine and make steady progress as you move forward.

3. Plan ahead: Create a realistic schedule to guide your writing process. Break down the work into smaller
tasks, setting deadlines for each chapter or section. This will help you maintain a structured approach and
make the workload more manageable. Be sure to allocate time for research, data analysis, and revisions.

4, Aim to finish ahead of time: Plan to complete your thesis writing at least one month before the official
deadline. This buffer time will allow you to thoroughly review and revise your work before final submission.
It will also provide an opportunity to seek feedback from professors ar peers, improving the overall quality

of vour thesis


https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html

~Prompt Engineering

* Set context / assign role “rprome

You are a professional academic consultant who gives advice to students for writing their thesis.
Keep it short.

 Define output style

H H H Give these hints:
. /
lee hlnts Condltlons * Submit the thesis registration form only if you're sure you can finish writing in 5 months.
. * Start writing your thesis early, e.g. the fundamentals chapter can be written from day one.
® LISt taSkS * Plan to finish writing a month before the deadline to give time to read it and provide feedback.
. As a professional academic consultant, here are some helpful hints for writing your thesis;
* Provide data

1. Only submit the thesis registration form if you are confident about completing it within the given
timeframe of 5 months.

2. Begin writing your thesis early to ensure a smooth process. For instance, you can start with the
fundamentals chapter right from day one.

3. Plan your schedule effectively to finish writing your thesis at least a month before the submission deadline.

This will allow ample time for reading, revising, and receiving feedback.

By following these recommendations, you'll have a better chance of successfully completing your thesis on time
and with improved quality. Good luck!

Robert Haase
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~Prompt Engineering

* Set context / assign role “rpromet

You are a professional academic consultant who gives advice to students for writing their thesis.
Keep it short.

e Deflne Output Style Write like Yoda would.

Give hints / conditions sive these hinte:

* Submit the thesis registration form only if you're sure you can finish writing in 5 months.
. * Start writing your thesis early, e.g. the fundamentals chapter can be written from day one.
® Llst taSkS * Plan to finish writing a month before the deadline to give time to read it and provide feedback.

Hints for thesis writing, | have. Follow them, you must.

* Provide data

* Only submit the thesis registration form, if in 5 months, complete writing, you are sure.

* From day one, start writing your thesis, you must. Begin with the fundamentals chapter.

* A month before the deadline, finish writing, you should. Time to read and provide feedback, it will give you.

Follow these hints, you must. Successful thesis writing, you will achieve. Hmmmm.

Robert Haase
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~Prompt Engineering

* Set context / assign role “rpromet

You are a professional academic consultant who gives advice to students for writing their thesis.
Keep it short.

e Def|ne Output Style Povide advice in German.

Give hints / conditions sive these hinte:

* Submit the thesis registration form only if you're sure you can finish writing in 5 months.
. * Start writing your thesis early, e.g. the fundamentals chapter can be written from day one.
® L|St taSkS * Plan to finish writing a month before the deadline to give time to read it and provide feedback.

Als akademischer Berater rate ich lhnen:

* Provide data
o Schicken Sie das Anmeldeformular fir lhre Abschlussarbeit nur dann ab, wenn Sie sicher sind, dass Sie
innerhalb von 5 Monaten fertig schreiben kénnen.
* Beginnen Sie frihzeitig mit dem Schreiben [hrer Thesis, zum Beispiel kann das Kapitel Gber die Grundlagen
von Anfang an geschrieben werden.
* Planen Sie, einen Monat vor der Abgabefrist mit dem Schreiben fertig zu sein, um geniligend Zeit zum
Korrekturlesen und Feedbackgeben zu haben.

Robert Haase

. . . . . TECHNISCHE i
I @haesleinhuepf https://scads.github.io/prompt-engineering-tutorial- W G
Sca DS.AI Secrets of LLMs Lecture ¢ UNIVERSITAT ! 4‘

2023/01 prompts/03 prompt engineering.html
DRESDEN LEIPZIG Jan 13th 2025 DRESDEN

UNIVERSITAT
LEIPZIG



https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html
https://scads.github.io/prompt-engineering-tutorial-2023/01_prompts/03_prompt_engineering.html

~Prompt Engineering

* Set context / assign role i

You are a professional academic consultant who gives advice to students for writing their thesis.
Keep it short.

¢ Def|ne Output Style Povide advice in German.
Explain it like I'm 5 year old.
e Give hints / conditions Give these hints:

* Submit the thesis registration form only if you're sure you can finish writing in 5 months.
. * Start writing your thesis early, e.g. the fundamentals chapter can be written from day one.
® LlSt taSkS * Plan to finish writing a month before the deadline to give time to read it and provide feedback.

. Hallo! Wenn du eine Abschlussarbeit schreiben mdéchtest, habe ich ein paar Tipps flr dich!
* Provide data

1. Stelle sicher, dass du nur das Anmeldeformular fiir die Abschlussarbeit abgibst, wenn du sicher bist, dass du
in 5 Monaten fertig sein kannst. Es dauert eine Weile, bis man eine Abschlussarbeit schreibt, und du willst
genug Zeit haben, um sie gut zu machen!

2. Fang frih an mit dem Schreiben deiner Abschlussarbeit. Du kannst zum Beispiel schon von Tag eins an mit

dem Kapitel dber die Grundlagen beginnen. 50 hast du mehr Zeit fir den Rest der Arbeit.

3. Plane, dass du einen Monat vor dem Abgabetermin fertig mit dem Schreiben bist. Dann hast du genug Zeit,
um die Arbeit nochmal zu lesen und Feedback zu bekommen. Das ist wichtig, um sie noch besser zu
machen.

Ich hoffe, diese Tipps helfen dir weiter! Viel Erfolg bei deiner Abschlussarbeit!

Robert Haase
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Long-context prompting

* Also known as in-context learning
* Context with plenty of knowledge provided in system messag

-~

System message |/
(1000s of tokens)

-
[ User‘s query J [ Response J
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- Long-context prompting

* Single-shot prompting: * Few-shot prompting:

Chain-of-Thought Prompting

p . BT N

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A
The answer is 11.

I'm interested in how to
repalr a motorcycle tire.

<book about motorcycle
Q: The cafeteria had 23 apples. If they used 20 to

repair> make lunch and bought 6 more, how many apples
do they have?
Tell me how to repair a - _/
motorcycle tire.
A:
\_ J

answer is 9. 4/

Robert Haase
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. Context length

Pressure Testing GPT-4 128K via "Needle In A HayStack”
Asking GPT-4 To Do Fact Retrieval Across Context Lengths & Document Depth

Top Of
Document 100%
Accuracy
of Retrieval
GPT-4 retrieval accuracy
Do:gfm started to degrade at large
context Iangths when the fact
was placed between
10%-50% document depth
Placed Fact 50%
Document o.oen Accuracy

Of Retrieval

Depth

T5%
Dot Dapth

0%
Accuracy

Bottom Of Of Retrieval

Document 1K 10K 19K 28K 37K 46K 55K 64K 73K 82K 91K 100K 109Kk 18K 128K

- Context Length (# Tokens) e

Goal: Test GPT-4 Ability To Retrieve Information From Large Context Windows
A fact was placed within a document. GPT-4 (1106-preview) was then asked to retrieve it. The output was evaluated for accuracy.
This test was run at 15 different document depths (top > bottom) and 15 different context lengths (1K >128K tokens).
2x tests were run for larger contexts for a larger sample size.

UNIVERSITAT
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- Context length

. Pressure Testing Claude-2.1200K via "Needle In A HayStack"
Asking Claude 2.1 To Do Fact Retrieval Across Context Lengths & Document Depth
Top Of
100%

Document 0% Doc Depth
Accuracy Of
Retrieval

A
Claude 2.1 200K retrieval
accuracy progressively
4 decreased as context
- lengths increased.
1482% M
B63%
2356%
29.2e%
Placed Fact == 50%
Document soxoecomn Accuracy Of

Dep th ;:-.m Retrieval
T073%
TBAE%
85‘38'&
8B68%
93.‘38'&
0408%
BEITE
0?.‘56'&

v o o

smion Accuracy Of

Bottom Of 100% Doc Depth Retrieval

Document 24K 30K 36K 42K 4BK 54K BOK 5K 7K T B3K BOK 95K 101K M0BK 12K N8K 124K 130K 136K 141K MTK 153K 150K 185K TTOK 177K 182K 1BBK 194K 200K

- Context Length (# Tokens) >
Goal: Test Claude 2.1 Ability To Retrieve Information From Large Context Windows
A fact was placed within a document. Claude 2.1 (200K) was then asked to retrieve it. The output was evaluated (with GPT-4) for accuracy.
This test was run at 35 different document depths (top > bottom) and 35 different context lengths (1K >200K tokens).
Document Depths followed a sigmoid distribution
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Example: Scientific code writing

* Dbia-bob: long-
context prompting
for image-analysis
code.

o
YV mn
Jjupyter
o

import bia_ bob

Hkbob

*# |pad blobs.tif frem disk

# Segment the bright objects on the dark background

*# Measure area and perimeter of the objects

* Show the original image, the segmented image and an

area versus perimeter plot side-by-side using subfigures.

This notebook may contain text, code and images generated by artificial intelligence. Used model: claude-3-53-
sonnet-20240620, vision model: claude-3-5-sonnet-20240620, endpoint: Mone, bia-bob version: 0.21.0. Do not
enter sensitive or private information and verify generated contents according to good scientific practice. Read

mare: hitps.//github.com/haesleinhuepf/bia-bob=disclaimer

Asea vs Perimeter

Original Image

Segmented Image

® .
0
o - ]
.
& uc‘,’
E -
.
| B ‘/
.
< .
L
20 e
.
.
o- 8
© 0/ “©0 a0 o«
e

label area perimeter
1 433.0 91.254834
185.0 53.556349

658.0 95.698485
76.870058
477.0 83.7989%0

BwWN R
[V VRN

B

w

B

®

import numpy as
from skimage im
import matplotl
import pandas a
import pyclespe
import stackvie

# Load the imag
image = io.imre

# Segment the b
thresh = filter
binary = image

# Lobel the obj

labels = measur

# Measure prope

properties =

np
port io, filters, measure,
ib.pyplot as plt
s pd
ranto_prototype as cle

W

e
ad( blobs.tif’)

right objects
s.threshold_otsu(image)

» thresh

ects

e.label{binary}

rties

label', "area’; 'perimeter’

segmentation

df = pd.DataFrame(measure.regionprops_table(labels, properties=properties))

# Create the fi

fig, (axl, ax2,

# Original imag

gure with subfigures
ax3) = plt.subplots(i, 3,

e

axl.imshow(image, cmap="gray’}

axl.set_title(’
axl.axis('off')

# Segmented ima,

axd.imshow(labe
axd.set_title("’
ax2.axis('off')

# Scotter plot
ax3i.scatter(df
ax3.set_xlabel(
ax3.set_ylabel(
ax3.set_title(’

plt.tight_layou
plt.show()

Original Image”)

ge
1s, cmap='nipy_spectral')
Segmented Image')

“araa'], df['perimeter’])
“Area')

Perimeter”)

Area vs Perimeter’)

t()

# Display the dotaframe

print{df.head{)

3

figsize=(15, 5)})
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~ Under the hood: long-context prompting

[ ]

* Context-dependent
system prompt
considering

* |ocal variables and
functions

* installed python
libraries

e chat history

+ your prompt

You are a extremely talented bioimage analyst and you use Python to

solve your tasks ...

## Python specific code snippets
If the user asks for those simple tasks, use these code snippets.

* Load an image file from disc and store it in a variable:

from skimage.io import imread
image = imread(filename)

## Todos

Answer your response in three sections:
1. Summary: First provide a short summary of the task.
2. Plan: Provide a concise step-by-step plan without any code.
3. Code: Provide the code.

About 650(C
__ tokens
(~words)

Robert Haase
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. Under the hood: long-context prompting

* E.g. giving advice :
for how to use .
SCikit—image Z * Load an image file from disc and store it in a variable:

v def suggestions():
return """

### Processing images with scikit-image

from skimage.io import imread

image = imread(filename)

10 * Expanding labels by a given radius in a label image works like this:

11 T

12 from skimage.segmentation import expand labels

13 expanded labels = expand labels(label image, distance=18)

14 T

15 ® Measure properties of labels with respect to an image works like this:

16 T

17 import pandas as pd

18 from skimage.measure import regionprops_table

19 properties = ["label', 'area', 'mean_intensity'] # add more properties if needed
20 measurements = regionprops table(label image, intensity image=image, properties=properties)
21 df = pd.DataFrame(measurements)

22 T

23 o

LEIPZIG
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3 Benchmarking plain LLMSs vs. long-context prompting
57 £45%

10
58 + 40% ’ 1 A)

35+32%

claude-3-5-sonnet-20240620_biabob

claude-3-5-sonnet-20240620

deepseek-coder-v2 biabob
|

deepseek-coder-v2

|
N
%

37 +34%

53 + 39%
2%
0
51+41%
39 + 38%
T1+6%
0
33 +38%
0.0 0.2 0.4 0.6 0.8 1.0
Pass rate

gpt-40-2024-05-13_biabob

gpt-40-2024-05-13

gpt-3.5-turbo-1106_biabob

gpt-3.5-turbo-1106

UNIVERSITAT
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Prompt Engineering
* Combining LLMs

Prompt Prompt

Engineering Engineering
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- Reflexion / Reflection

* [terating over tasks/solutions

—[ 2. Programming ]—

Task: You are given a list of two

(a) Task strings [...] of open '(' or close
Agent i ') ' parentheses only [...] )
l def match parens(lst):
(b) if sl.count (" (') +
Trajectory s2.count (' (') == sl.count(')"') +
internal sZ.count (") "'): [...]
feadoack
Evaluator (LM) ] (c) : _
Evaluation Self-generated unit tests fail:
(internal / external assert match parens(...)

I v
1 (] wrong becaus- [N

Trajectory
_‘| Actor (LM) | (@) EENCHENESESINESERE o open and

(short-term memory) .
Reflection close parentheses is equal [...]
l (...
(e) Next
__Obs/Reward —|  Environment |— Action Trajectory
ScaDS ml i Cropped from Shinn et al 2023, licensed CC- . @ TECHNISCHE @Wm‘ UNIVERSTAT
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g

& Reflection

* Example task: Generate a Jupyter notebook

first_notebook = prompt("""
Write Python code for adding two numbers "a” and "b".
OQutput it as Jupyter notebook in ipynb/json format.

UMY strip("T T T json™) . strip(tT T )

| generated_notebook.ipynb - Notepad — [l X
File Edit Format View Help

f.i.F‘E't_filE' = IrEEHEPEtEd_nﬂtEbDE‘k : iFI'_-,.‘FI b" '—Ier‘e is the Python code for adding two numbers “a” and -
with open(first file, 'w') as file: b
file.write(first notebook) -~~ python
# Adding two numbers
File Load Error for generated_notebook.ipynb I:E; ~ ia
Unreadable Notebook: Ci\structure\code\BIDS-lecture- result = a + b
2024\ 11a_prompt_engineering\generated_notebook.ipynb
MotJSOMEmor("Motebook does not appear to be JSOM: 'Here is the Python . " . "
code for zdding two ") print(f"The sum of {a} and {b} is: {result}")
:
Ln1, Col1 100%  Windows (CRLF) UTF-8
Robert Haase https://github.com/ScaDS/BIDS-lecture- TECHNISCHE i,
ScaDS A|| Shaesleimhuiept 2024/blob/main/11 t_engineering/10 20 UNIVERSITAT {4 | UNIVERSITAT
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& Reflection

* Example task: Generate a Jupyter notebook

second notebook = prompt(f"""
Take the following text and extract the Jupyter
notebook ipynb/json from it:

1first_notebook}

Make sure the output is in ipynb/json format.
T dson™) . strip(tT M)

ammm

Y.strip(’

[ Launcher X | [A] 10_reflection.ipynb ® | A modified_notebookipynb @ | +
SE"EEII'Id_f.i.].E = "IT'IEIC'i'FiE'd_HCItEbDﬂk.ip}"ﬂb" B + ¥ @O [ RunSelected Cells Interrupt Kernel Restart Kernel... Restart Kemel and Run All Cells... £

with open{second file, 'w') as file:

- : : dd'i b & —
file.write(second notebook) 1]z |# aciing e musters B MYV & FE
b =18

result = a + b

print(f"The sum of {a} and {b} is: {result}")

l The sum of 5 and 12 is: 15
Robert Haase https://github.com/ScaDS/BIDS-lecture- TECHNISCHE &
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DRESDEN LEIPZIG Jan 13th 2025 flection.ipynb



https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11a_prompt_engineering/10_reflection.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11a_prompt_engineering/10_reflection.ipynb
https://github.com/ScaDS/BIDS-lecture-2024/blob/main/11a_prompt_engineering/10_reflection.ipynb

Retrieval Augmented Generation

* Enriching a prompt with relevant context

e :

Knowledge base Selection i

(billion of by L[> . "
Engineering
_ documents) relevance
[ User’s query J [ Response J
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ScaDSAll &z, ” UNIVERSITAT (0 ievric

DRESDEN LEIPZIG Jan 13th 2025



—— ]

- Retrieval Augmented Generation

* Enriching a prompt with relevant context

/ Document index\

Document A

4 )

/ Generator \

Query
encoder

MIPS

Document C

Maximum inner

product search (MIPS)
- Y \ " - Y ;
1 T = argmax, . pZ; ¢
Robert Haase Read more: Lewis et al 2020 TECHNISCHE i,
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- Query encoder: Text-embeddings

* Abstract numeric representation

PCA of word embeddin
of words or text 0.4 e g
[or images] 0.3 -
~
= - t
S 02 &<
S 0.1
Q -4
- ‘ #lbg
: : : : : S 0.0 1 gnicroscope
from llama_index.embeddings.huggingface import HuggingFaceEmbedding =~
s
—-0.1 -~
embed_model = HuggingFaceEmbedding(model name="BAAI/bge-base-en-v1.5") %
c
= —0.2 -
vectors = embed_model. get text_embedding("Hello world") a ‘u‘ ea pig
-0.3 1
len(vectors) : : : : ‘lEl msfer
s -0.6 -04 -0.2 00 0.2

Principal Component 1
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- Query encoder: Text-embeddings

* Embeddings sometimes do not reflect relationships
we have in mind... unless we formulate precisely.

PCA of word embedding PCA of word embedding
gnicroscope 0.6 gnicroscope
0.4 A
™~ ™
I &luster € J
¢ 0.2 - @ 0.4
o o
=R t E.
§ 0.0 4 ¢ 8 0.2 -
mster ‘loud -
r a pig ®
< = | _
e —0.2 - £ 00+ WSter émrﬁsm%@f-computmg
& N @uinea pig
0.4 - igh-performance-computing 02 -_:;] | | ‘.IOUd computing
-04 -02 0.0 0.2 0.4 -0.25 0.00 0.25 0.50
Principal Component 1 Principal Component 1
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QL

1Z: Sl

W

Euclidean distance?

Y mig

milarity in embedding space

Nt inner proauct search more common than

r = argmin, _pllz; — g2 T = argmax, .p; q

Nearest neighbor search Maximum inner product search
(Euclidean distance)

vectors in embedding space:
X; ... document

g ... query
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'RAG from scratch

0. Encode the knowledge base (code snippets)

splits = all code_snippets.split("‘\nin")
[show(s) for s im splits[:3]];

* Displays an image with a slider and label showing mouse position and intensity.

stackview.annotate(image, labels)

* Allows cropping an image along all axes.

stackview.crop(image)

* 5Showing an image stored in variable image and a segmented image stored in vanable labels on top. Also works with two images or two label images.

stackview.curtain{image, labels, alpha: float = 1)

Should be cached ideally!

vectore store = VectorStore(splits)

el

Robert H . . . .
ScaDS$s All @haesleinhuepf https://scads.github.io/generative-ai- . aﬁ?\ll'lENnglf}rﬁ .
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& RAG from scratch

1. Encode the question

question = "How can I label objects in an image?"

vector = embed(guesticn)
vector[:3]

[-8.884170199856162871, ©.83236572816967%64, -2.8011563859193196297

Robert H : : : :
S S —II @hwesleimhuept https://scads.github.io/generative-ai- -, aEI(I:\II-IENnglgrﬁ Siasls | UNIVERSITAT
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'RAG from scratch

2. ldentify related code-snippets

related code snippets = vectore store.search{guestion) Sorted by
show("\n\n".join(related code snippets))
distance

* |abels objects in grey-value images using Gaussian blurs, spot detection, Otsu-thresholding, and decending

Voronoi-labeling from isotropic input images.

cle.voronoi otsu labeling(source: ndarray, label image destination: ndarray = None, spot
_sigma: float = 2, outline sigma: float = 2} -> ndarray

* [Draw a mesh between close-by objects in a label image:

mesh = cle.draw_mesh_between proximal labels{labels, maximum distance:int)

* Apply morphological opening operation, fill label gaps with voronoi-labeling, and mask background

pixels in label image.

cle.smooth labels(labels input: ndarray, labels destination: ndarray = None, radius: int
= @) -» ndarray

Robert Haase TECHNISCHE
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& RAG from scratch

3. Generate prompt

context = "\n\n".join{related code snippets)

prompt = """

Answer the guestion by the very end and consider given code snippets.
Choose at least one of the code-snippets.

Only write Python code that answers the question.

## Code snippets
1context}

## Question

1question}
RobertHaase . . . . AP TECHNISCHE :.-h:::-.-,
SC a DS All gjeil‘a’:'csslecl)?rl_]rl\e/lszecture https.//scads.glthub.|o/generat|ve al 30 UNIVERSITAT f UNIVERSITAT
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RAG from scratch

4. Retrieve answer

answer = prompt chatGPT(prompt)

show({answer)

You can label objects in an image using the voronoi_otsu_labeling function from the

first code =nippet. Here is an example code snippet:

import numpy as np
import pyclesperanto prototype as cle

# Load your image data

image = np.array([[e, @, &, 8, E!I],
(8, 1, 1 , 9],
(B, 1, 1, 1 e],
[6, 6, 1, 8, @],
(e, @, &, B, 8]])

# Label objects in the image
labels = cle.voronoi otsu labeling(image)

From our knowledge base

Robert Haase

I @haesleinhuepf
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https://scads.github.io/gener

notebooks/60 rag/20-simple

answer = p rmpt_ch atGET { 4FTTD
Write Python code to answer this question:
{question}

")

show(answer)

You can label objects in an image using image processing technigues such as contour
detection and bounding box drawing. Here is an example code using OpenCV library in
Python:

import cv2

# Load the image
image = cv2.imread( image.jpg’)

# Convert the image to grayscale
gray = cv2.cvtColor(image, cv2.COLOR_BGRZGRAY)

# Apply thresholding to get binary image
ret, thresh = cv2.threshold{gray, 127, 255, 8)

# Find contours of objects in the image
contours, hierarchy = cv2.findContours(thresh, cv2.RETR_TREE, cwv2.CHAIN_
APPROX_SIMPLE)

# Draw bounding boxes around objects
for contour in contours:
X, ¥, w, h = cv2.boundingRect{contour)
cv2.rectangle{image, (x, y), (x + w, v + h), (@, 255, &), 2)

# Display the image

cv2.imshow( 'Labeled Image', image)
cv2.waitkey(@)
cv2.destroyAllWindows()


https://scads.github.io/generative-ai-notebooks/60_rag/20-simple-rag.html
https://scads.github.io/generative-ai-notebooks/60_rag/20-simple-rag.html

3 Use RAG frameworks!

* Implementing RAG from scratch only makes sense for acade
purposes.

* In projects, use frameworks!
* LangChain / LangGraph

https://github.com/langchain-ai/langgraph/tree/main/examples/rag
e Elastic Search

https://www.elastic.co/what-is/retrieval-augmented-generation

e L lama-index
https://docs.llamaindex.ai/en/stable/understanding/rag/

The field is moving fast,

* Smolagents revise your decision for
https://huggingface.co/docs/smolagents/en/examples/rag 3 framework from time

to time!
Robert Haase TECHNISCHE .2
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Example: RAG/LLM-based HPC-expert
- e Step 1: Setup embedding & LLM

from llama_index.core import Settings
from llama_index.embeddings.huggingface import HuggingFaceEmbedding
from llama_index.llms.openai_like import OpenAILike

# bge-base embedding model
Settings.embed model = HuggingFaceEmbedding(model name="BAAI/bge-base-en-v1.5")

# ollama
Settings.llm = OpenAILike(model="meta-1llama/Llama-3.3-70B-Instruct”,
request_timeout=126.8,

Our institutional

server. Prompting
api_base="https://1llm.scads.ai/v1", without limits ©

api_key=os.environ.get('SCADSAI_API_KEY'))

2 | UNIVERSITAT
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Sca DS AII @haesleinhuepf Knowledge base source: ZIH HPC compendium, licensed CC-BY 4.0 33 UNIVERSITAT ﬂ'—~

. Secrets of LLMs Lecture . : _ EehilEs | LEIPZIG
DRESDEN LEIPZIG an 13th 2025 https://compendium.hpc.tu-dresden.de/ DRESDEN Sk



https://creativecommons.org/licenses/by/4.0/
https://compendium.hpc.tu-dresden.de/

- Example: RAG/LLM-based HPC-expert

e Step 2: Index knowledge base

from llama_index.core import VectorStorelndex, SimpleDirectoryReader

class Chat():
def __init__ (self):
self.former_folder = None

def load(self, folder):
if self.former_folder == folder:
return self.count_documents()
self.former_folder = folder

documents = SimpleDirectoryReader(folder, required_exts=[".md"], recursive=True).load_data()

index = VectorStorelIndex.from documents(documents
self. query_engine = 1ndex.as_query_engine

self. documents = documents

return self.count_documents()

def count_documents(self):
return len(np.unique([d.metadata["“file_name"] for d in self._documents]))

def query(self, question):
return self. query_engine.query(question)

* Step 3: Query

UNIVERSITAT
LEIPZIG
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- Example: RAG/LLM-based HPC-expert

[ ]

* Common implementation

RAG

+ Text-based knowledge base
+ Streamlit User interface

@ chat-with-hpec-compendium X o

<> C ® localhost:8866

Ask about the HPC compendium

In this RAG example, we will use the HPC compendium which is licensed under CC BY 4.0 by TU Dresden ZIH.

Hint: Execute this notebook from the terminal using voila chat-with-hpc-compendium.ipynb .

hpc-compendium/doc.zih.tu-dresden.de/docs/ Load

127 documents loaded.
How can | access the Jupyter Hub on the HPC system?

You can access the Jupyter Hub at https://jupyterhub.hpc.tu-dresden.de. However, please note that this service is only
available for users with an active HPC project. If you don't have an HPC project, you need to apply for one. Additionally,
you can start a JupyterHub session on the cluster 'vis' with one GPU, 2 CPU cores, and 2 GB memory per core by clicking
on the provided link: https://jupyterhub.hpc.tu-dresden.de/hub/spawn#/~
(cluster~'vis~nodes~"1~ntasks~'1~cpuspertask~'2~mempercpu~'2048)).

The link doesn't work. It says cannection refused. What may be the issue?
1. The port number may be incorrect. Make sure to replace ™ with the correct local port number you specified in the
previous step. 2. The connection may be blocked by a firewall or security software. Check your firewall settings to ensure
that the port is allowed. 3. You may not be inside the TU Dresden campus network, which is required for connecting to
the compute nodes. Consider using VPN or an SSH tunnel to establish a connection. 4. The self-signed certificate may not
be trusted by your browser, causing the connection to be refused. Try adding an exception in your browser settings to
trust the certificate. Please try checking these potential issues and see if they resolve the problem. If not, feel free to
provide more details for further assistance.

Enter a question here Submit

Robert Haase
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~Quiz: Why not long-context prompting?

e One can also

ro ra m a n H PC_ with open('hpc_compendium_full text.md', 'r', encoding="utf-8') as f:
p g content = f.read()

question = "How can I access the Jupyter Hub on the HPC system?"

# Read the full-text content of the HPC compendium

expe rt US| ng Iong_ response = prompt_gemini (f""" Hlnt These

Given a long text, answer this question:

context prompting. # Question are 800kb

* What are
advantages /

disadvantages?

{question}
## Long text
{content}
## Your task:

Answer the question: {question}
"", model="gemini-1.5-pro-exp-e827")

display(Markdown(response))

You can access the Jupyter Hub on the HPC system through the following URL:
https://jupyterhub.hpc.tu-dresden.de. You will need an active HPC project and your
ZIH credentials to log in.

ScaDS.All
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- Retrieval augmented generation

* There are various alternate solutions to embedding-
based RAGs

* full / specialised LLM to find relevant documents
e database-queries
* online searches

* Best choice depends on requirements (knowledge base
quality, response time, costs, ...)

UNIVERSITAT
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Function calling / “tool calling”
* Enabling LLMs to interact with the world

Prompt Prompt

Engineering Engineering

[ User’s query ] [ Function call HExecution result} [ Response J
g

Useris
responsible
Robert Haase TECHNISCHE i
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Function calling / “tool calling”

e Enabling LLMs to interact with the world

Execution result

Prompt
Engineering Engineering

Developer is
responsible
[ User’s query J [ Response J
Robert Haase TECHNISCHE i
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- Example applications

* Function calling (choosing a tool)

Given a list of tools...
* get current _time
 order food
* book room

o

Some kind of
next-word

prediction task
- |

book room

... and a task:

Please book meeting room 3
for Robert at 3pm.

Which is the right tool to use?

@  The right tool to use for the task "Please book meeting room 3 for Robert at 3pm" is:

Given a list of tools...

* get_current_time

* order_food

* book_room

... and a task:

"Please book meeting room 3 for Robert at 3pm.”
Which is the right tool to use?

¢ book room

g o PE

Robert Haase
@haesleinhuepf
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- Example applications

* Function calling (parameterizing)

Some kind of
translation task

Given a function signature...
book room(room, time, person) -

... and a task: book _room(“Meeting Room 3°
Please book meeting room 3 for “3pm*, “Robert”)

Robert at 3pm.
How could | use the tool?

Robert Haase

TECHNISCHE i
I @haesleinhuepf AT (78 | UNIVERSITAT
Sca DS.AI Secrets of LLMs Lecture 41 UNIVERSITAT ﬂ‘_’" }

55 | LEIPZIG
DRESDEN LEIPZIG Jan 13th 2025 DRESDEN e




Example applications

* Function calling (parameterizing)

Given a function signature...
book_reom(room, time, person)

... and a task:

"Please hook meeting room 3 for Robert at 3pm."
How could | use the tool?

G Ive na fu 4 Ct i on s I g 4 at ure... @  Touse the *book_room® function for the task "Please book meeting room 3 for Robert at 3pm,” you
book_room(room, time, person) e s i i s

... and a task: e g o

Please book meeting room 3 for
Robert at 3pm.

How could | use the tool?

Robert Haase
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- Function calling That slide is 8

months old

* Compatible models are rxe

mistral

The 7B model released by Mistral Al, updated to version 0.3

7B

T

Function calling

&, 2073k Pulls (O updated 6 days ago

Mistral 0.3 supports function calling with Ollama’s raw mode.

7b v < 84 Tags ollama run mistral
Example raw prompt
Updated 6 days ago 2ae6fbdd7a3d - 4.1GB
model arch 1lama - parameters 7.26 - quantization Q4@ 41GE [AVAILABLE_TOOLS] [{"type": "function™, "function™: {"name": "get current_weather",

"description”: "Get the current weather™, "parameters”: {"type": "object", "properties":

params Ceree e e - I"location": {"type": "string", "description”: “"The city and state, e.g. San Francisco, CA"},
"format": {"type": "string”, “enum": ["celsius", "fahrenheit"], "description”: "The temperature
unit to use. Infer this from the users location."}}, "required™: ["location", "format™]}}}]

remplate ST e e e e e - [/AVAILABLE TOOLS][INST] What is the weather like today in San Francisco [/INST]

license Apache License Version 2.8, January 2084 http://www.apache.org/li. 11kE

Example response

[TOOL_CALLS] [{"name": "get current weather™, "arguments": {"location": "San Francisco, CA",

"format": “celsius"}}]

UNIVERSITAT
LEIPZIG
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Function calling

* Compatible models are e common

mistral

The 7B model released by Mistral Al, updated to version 0.3

7B

&, 9073k Pulls (O updated 6 days ago

7b v < 84 Tags ollama run mistral

Updated 6 days ago

model arch llama - parameters 7.2B - quantization Q4_e 4,1GE
"description”: "Get the current weather™, "parameters”: {"type": "object", "properties":

params Crre e e : {"location”: {"type": "string", "description”: "The city and state, e.g. San Francisco, CA"},

license Apache License Version 2.8, January 2004 http://waw.apache.org/Li.. "format": {"type": "string”, "enum": ["celsius", "fahrenheit"], “description”: “The temperature
unit to use. Infer this from the users location."}}, "required"”: ["location™, "format"]}}}]

template [INST] {{ if .System }}{{ -System }} {{ end }}{{ .Prompt }} [/INS. [/AVAILABLE TOOLS][INST] What is the weather like today in San Francisco [/INST]

T

Function calling

Mistral 0.3 supports function calling with Ollama’s raw mode.

Example raw prompt

2aebfbdd7a3d - 4.1GE

11GB [AVATLABLE TOOLS] [{"type": "function", "function™: {"name": "get current_weather"”,

Example response

[TOOL_CALLS] [{"name": "get current weather™, "arguments": {"location": "San Francisco, CA",

"format": “celsius"}}]

Robert Haase
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"type”: "function™,

- Function calling W0

"description”: "Loads an image from disk and stores it under a specified name",
-
"parameters”: {
"type": "object"”,

- *Under the hood: JSON ]
n e r e OO [} "filenama": {
"type": "<class ‘str'»"
¥
"name”: {
tools = [] "type": "<class ‘str'»"
}
}J
@tocls. append “pequired”: [
def load image{filename:Str‘, name:str): "filename",
wen “name”
Loads an image from disk and stores it under a specified name ]
LT = }
}
from skimage.io import imread 1
image = imread(filename) {

# store the image in memaory type”: "function”,

. . "function”: {

image memory[name] = image “name”: “show_image",

"description”: "Shows an image specified by a name",
"parameters”: {

@tools.append
"type": "object”,

def show imags({name:str}):
wnn "properties”: {
"name”: {
Shows an image specifisd by a name "type: "<class 'str'>"
}
from stackview import imshow } N
imshow({image memory[nams]) PEqENEd..' [
name
]
¥
h
}
1
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Function calling

* In Python / ollama

tools = []

@tools.append
def load image(filename:str, name:str):

Loads an image from disk and stores it under a specified name

from skimage.io import imread
image = imread(filename)
# store the imgge in memory

image memory[name] = image

gtools.append
def show image(name:str):

Shows an image specified by a name

from stackview import imshow
imshow({image memory[name])

Robert Haase

act("Load the image data/membrane2d.tif and store it as membrane"”, tools)

act("Show the membrane image", tools)
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o

Submit a prompt to a locally running collama model and returns the response.

- Function calling

-API-compatibiIityM(in python)

def prompt_ollama(message, endpoint:str= “http://localhost:11434/api/generate”, model:str="mistral:v®.3", verbose=False):

That slide is 8 months old

task = 'Load the image “"data/blobs.tif" and steore it as "blebs™’

# format the Llist of function tools to be a single Lline

message = message.replace("\n”, " ")
while " " in message:
message = message.replace(” ", " ")

import requests

url = endpoint

payload = {
"model”: model,
"prompt”: message,
"raw": True,
"stream”: False

}

if verbose:
print("message:", message)

my prompt = """
[AVAILABLE_TOOLS]{json_text}[/AVAILABLE_TOOLS][INST] {task} [/INST]

answer = prompt_ollama(my_prompt, verbose=True)
message: [AVAILABLE_TOOLS][ { "type": "function”, "function": { "name"”: "load_image", "des
[)iIﬂEE(:tl\/ cription”: "Loads an image from disk and stores it under a specified name", "parameters”: {
"type": "object", "properties”: { "filename": { "type": "«<class 'str'>" 1, "name": { "typ
. a": "<class 'str'»" 1}, "required”: [ "filename", "name™ ] } } }, { "type": "function", "f
B acceSSIng the unction": { "name": "show_image", "description”: "Shows an image specified by a name", "par
ameters”: { "type": "object™, "properties”: { "name": [ "type": "<class 'str'>" } }, "regui
REST API red”: [ "name™ ] } } } J[/AVAILABLE_TOOLS][INST] Load the image "data/blobs.tif" and store

it as "blobs™ [/INST]
answer { 'model’': 'mistral:v@.3", 'created_at': '2824-85-29T89:15:12.74248327", 'response’:

response = requests.post{url, json=payload)_|

if verbose:
print{"answer”, response.json())

return response.json()

"[TOOL_CALLS] [ 1 "name": "load_image", "arguments": { "filename": "data/blobs.tif", "nam
e": "blobs" } } ]\n\nNow the image is leoaded and stored under the name "blobs"\n\nTo displa

y this image use the show_image function:\nn[TOOL_CALLS] [ { "name": "show_image", "argume
nts": { "name”: "blobs™ } } JWni\nThis will show the image named \'blobs‘’' in the current gr
aphics window.', 'done': True, 'done_reason': 'stop', 'total_duration': 12143355388, 'load_

duration’: 3182288, 'prompt_eval count’: 22, "prompt_eval duration’: 1256156888, "eval coun
t°: 112, “eval _duration’: 18883138808}
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. Smolagents Framework

* Tool calling system prompts are some kind of long-context prompts

114 W TOOL_CALLING_SYSTEM_PRbMPT = """You are an expert assistant who can solve any task using tool calls. You will be giveh a task
115 To do so, you have been given access to the following tools: {{tool names}}

116

117 The tool call you write is an action: after the tool is executed, you will get the result of the tool call as an "observation"”.
118 This Action/Observation can repeat N times, you should take several steps when needed.

119

120 You can use the result of the previous action as input for the next action.

121 The observation will always be a string: it can represent a file, like "image 1.jpg".

122 Then you can use it as input for the next action. You can do it for instance as follows:

123

124 Observation: "image 1.7jpg"

125

126 Action:

127 {

128 "tool name": "image transformer”,

129 "tool arguments”: {"image": "image 1.jpg"}

130 1
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. Smolagents Framework

e Use lists of actions + observations to drive conversations

140 Here are a few examples using notional tools:
141 ---
142 Task: "Generate an image of the oldest person in this document.”
143
144 Action:
145 {
146 "tool name": "document_ga",
147 "tool_arguments”: {"document”: "document.pdf"”, "question": "Who is the oldest person mentioned?"}
148 }
149 Observation: "The oldest person in the document is John Doe, a 55 year old lumberjack living in Newfoundland."
150
151 Action:
152 {
153 "tool_name": "image_generator”,
154 "tool arguments”: {"prompt”: "A portrait of John Doe, a 55-year-old man living in Canada."}
155 1
156 Observation: "image.png"
157
158 Action:
159 {
160 "tool name": "final answer"”,
161 "tool arguments”: "image.png"
162 1
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- Use Frameworks!

* Implementing Function Calling from scratch only makes sens
for academic purposes.

* In projects, use frameworks!
* LangChain / LangGraph

https://python.langchain.com/docs/how to/tool calling/#pydantic-class

* Ollama
https://ollama.com/blog/functions-as-tools

e Llama-index
https://docs.llamaindex.ai/en/stable/examples/output parsing/function program/

* Smolagents
https://github.com/huggingface/smolagents/blob/main/examples/tool calling agent ollama

-BY
o
Robert Haase TECHNISCHE i
I @haesleinhuepf AT (78 | UNIVERSITAT
Sca DS-AI Secrets of LLMs Lecture 20 gEIEVSEDRESh}TAT = _:" f‘ LEIPZIG

DRESDEN LEIPZIG Jan 13th 2025


https://python.langchain.com/docs/how_to/tool_calling/#pydantic-class
https://ollama.com/blog/functions-as-tools
https://docs.llamaindex.ai/en/stable/examples/output_parsing/function_program/
https://github.com/huggingface/smolagents/blob/main/examples/tool_calling_agent_ollama.py
https://github.com/huggingface/smolagents/blob/main/examples/tool_calling_agent_ollama.py

Function Calling using LangChain

* LangChain can be used to combine tools.

tools = []

itools.append

[itool

def upper_case(text:str):
"""Useful for making a text uppercase or capital letters.
return text.upper()

mae m

itools.append

itool

def reverse(text:str):
"""Useful for making reversing order of a text.
return text[::-1]

FI BEar

A @ LangChain

4> Building applications with LLMs through composability 4>

lint [passing test passing linkcheck 'passing | downloads/month 1M

memory = ConversationBufferMemory(memory key="c
11m=ChatOpenAI(temperature=0)

agent = initialize_agent(
tools,
11lm,
agent=AgentType.CHAT CONVERSATIONAL_ REACT DESCF
memory=memory

Robert Haase https://github.com/langchain-ai/langchain
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. Function Calling using LangChain

* After combining tools, large langue model and memory in an agent, you can interact with it.

agent.

"Nice

agent.

"Your

agent.

run{"Hi, I am Robert™)

to meet you, Robert! How can I assist you today?’
run{"What's my name?")

name is Robert.'

run{“Can you reverse my name?")

"treboR’

agent.run{"Do you know my name reversed and upper case?™)

"TREBOR'
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Function

 Hallucinations

calling

%bob please remove the background in the image and show the resulting image

The background in the image "blobs.tif" has been removed using a Top-Hat filter and the
resulting image has been displayed.

Obviously,
that’s not
true.

ScaDS.All
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%bob please remove the background in the image and show the resulting image

The background in the image "blobs.tif" has been removed using a Top-Hat filter and the

Ca | | I n g resulting image has been displayed.

%¥bob no, it wasn't. try the top-hat filter again

Obviously,
that’s not
true.

 Hallucinations

shape (254, 256)

o r—1
dtype float64

- 200 P
50 L 175 size 508.0 kB
- 150 min 0.0

100 +

1125
max 224.0

100
150

Apologies for the confusion. The image "blobs.tif" has been processed again using the
Top-Hat filter to remove the background, and the resulting image
“removed_background_blobs_tif" has been displayed.
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I @haesleinhuepf W (S,
Sca DS.AI Secrets of LLMs Lecture >4 gEIEVSEDRESh}TAT @ 58

DRESDEN LEIPZIG Jan 13th 2025

UNIVERSITAT
LEIPZIG



Agents
Agent:

* [computer program] that represents a legal entity (e.g. a person)

e can interact with the world on behalf of them

LLM-based agent:
* Control flow of a program based on an LLM

* The LLM decides what action to execution, what function to call
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. Agents: Shopping assistant

* Agent representing a customer buys a product, e.g. in an online storéﬁ_?.
calling a store application programming interface (API).

“Order Salami
Pizzal”

list_products(“pizza”)

[‘fungi’, ‘salami’, ...]

order_product (...)

Online store

Customer s
responsible
Robert Haase TECHNISCHE 4.7
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Agents: Customer support

* Agent representing a seller communicates with customer on their
behallf.

When will my
order arrive?

get_order_id(“user”

get_delivery date(‘292123’) Online store

Store owner
is responsible
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- Limits of agents

* An LLM control the program flow ->
LLM outputs are non-deterministic!

* Long [internal] chat history confuses
tool-selection.

* Agents with too many diverse tools
tend to act confused.

Multi-talent agent

Can:
Read abstracts
Summarize papers
Provide feedback
Write papers
Incorporate feedback
Print the final paper

Robert Haase
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. Multi-agent systems
* Multiple agents with Can:

* different specialities * Split complex tasks in sub-tasks
* Independent memory (inner chat history) e Distribute tasks

* Scheduler agent distributes tasks

Scheduler agent

Science writer Reviewer Printer
A

Research assistant

Can: Can:

* Write papers  Read text
* Incorporate feedback * Provide feedback

Can:
e Read arxiv abstracts

Robert Haase
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Example: Summarizing Arxiv-Papers

e Task: Read 5
arxiv papers and
write a review
about them

1V > cs > arxiv:2408.13204

Computer Science > Artificial Intelligence

[Submitted on 23 Aug 2024]

DOMAINEVAL: An Auto-Constructed
Benchmark for Multi-Domain Code
Generation

Qiming Zhu, Jialun Cao, Yaojie Lu, Hongyu Lin, Xianpei Han, Le Sun,
Shing-Chi Cheung

Help | Adv

= I'(lV > cs > arXiv:2308.16458

d I‘\lv > cs > arXiv:2411.07781

Help | Adv

Computer Science > Machine Learning

[Submitted on 31 Aug 2023 (v1), last revised 20 May 2024 (this version, v5)]
BioCoder: A Benchmark for Bioinformatics
Code Generation with Large Language
Models

Computer Science > Software Engineering
[Submitted on 12 Nov 2024] E
RedCode: Risky Code Execution and ]
Generation Benchmark for Code Agents

Chengquan Guo, Xun Liu, Chulin Xie, Andy Zhou, Yi Zeng, Zinan Lin,
Dawn Song, Bo Li

Help | Adv

Xiangru Tang, Bill Qian, Rick Gao, Jiakang Chen, Xinyun Chen, Mark
Gerstein

Robert Haase
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Computer Science > Software Engineering

[Submitted on 18 Nov 2022]

DS-1000: A Natural and Reliable Benchmark
for Data Science Code Generation

Yuhang Lai, Chengxi Li, Yiming Wang, Tianyi Zhang, Ruigi Zhong,
Luke Zettlemoyer, Scott Wen-tau Yih, Daniel Fried, Sida Wang, Tao

Yu
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1V > cs > arxiv:2406.15877

Computer Science > Software Engineering

[Submitted on 22 Jun 2024 (v1), last revised 7 Oct 2024 (this version, v3)]

BigCodeBench: Benchmarking Code
Generation with Diverse Function Calls and
Complex Instructions

Terry Yue Zhuo, Minh Chien Vu, Jenny Chim, Han Hu, Wenhao Yu,
Ratnadira Widyasari, Imam Nur Bani Yusuf, Haolan Zhan, Junda He,
Indraneil Paul, Simon Brunner, Chen Gong, Thong Hoang, Armel
Randy Zebaze, Xiaoheng Hong, Wen-Ding Li, Jean Kaddour, Ming
Xu, Zhihan Zhang, Prateek Yadav, Naman Jain, Alex Gu, Zhoujun
Cheng, Jiawei Liu, Qian Liu, Zijian Wang, David Lo, Binyuan Hui,
Niklas Muennighoff, Daniel Fried, Xiaoning Du, Harm de Vries,
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Example: Summarizing Arxiv-Papers o=

e Task: Read 5

arxiv papers and do which tasks

write a review
about them

Research assistant

information to decide
about which agent can

research_agent_factory = agent_factory(
name="research-assistant"”,

description="Scientific assistant who can read a paper and provide a summary of it.",

system_message="""You will be tasked to read paper(s) and provide a summary.

Write a very detailed manuscript about 1000 words outlining the major messages and limitations of a given paper.""",
tools=[read_arxiv_paper],

model=model,

api_base=api_base,

api_key=api_key,

@tool
def read_arxiv_paper(arxiv_url:str)->str:
"""Read the abstract of an arxiv-paper and return most important contents in markdown format.

Args:
arxiv_url: url of the Arxiv paper

The smolagents framework
needs this information to
set parameters accordingly

Robert Haase
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Example: Summarizing Arxiv-Papers

e Task: Read 5
arxiv papers and
write a review
about them

Science writer

(@tool

def improve_manuscript(manuscript:str, feedback:str)->str:
"""Can improve a given manuscript text according to defined feedback.

Args:

manuscript: The complete manuscript text to improve

feedback: feedback to incorporate

wam

return prompt(f"""Improve a manuscript by incorporating given feedback.

## Manuscript
{manuscript}
## Feedback
{feedback}

## Your task

scientific_writer_factory = agent_factory(
name="scientific-writer",
description="Scientific writer who improves manuscripts.”,
system_message="""You will be tasked to rewrite a text by incorporating given feedback.""",
tools=[improve_manuscript],
model=model,
api_base=api_base,
api_key=api_key,

Improve the manuscript above by incorporating the feedback.

Do not shorten it!
Do not remove important details!

Use markdown links to cite sources.

Do not make up references!

Return the updated manuscript in markdown format only.

"t
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. Example: Summarizing Arxiv-Papers
* Task: Read 5 gtool

def review_text(manuscript:str)->str:

a rxiv pa pe rS a nd """Reviews text and provides constructive feedback

Args:

erte a reVIeW manuscript: complete original manuscript text to review.

a bO Ut th e m feedback = prompt(f"""

You are a great reviewer and you like to provide constructive feedback.

If you are provided with a manuscript, you formulate feedback specifically for this manuscript.
Your goal is to guide the author towards writing a great manuscript.

Hence, provide feedback like these examples but focus on what makes sense for the given manuscript:
* a scientific text with a short and descriptive title,

Reviewer * a scientific text with markdown sub-sections (# title, ## headlines, ...) avoiding bullet points,

* structured in sub-sections by content, e.g. introduction, recent developments, methods, results, discussion, future work, ...
* text using high-quality scientific language,

* proper citations mentioning the first author et al. using markdown links to original paper urls (do not make up references!),
*

*

Can:
* Read text
) Provide feed back This is the manuscript you are asked to review:

{manuscript}

avoid mentioning "the paper" and use proper markdown-link-citations instead,
a clear abstract at the beginning of the text, and conclusions at the end

## Manuscript

## Your task
Provide constructive feedback to the manuscript above.

R

return feedback

Enassieinhus : [ i ' ' TECHNISCHE
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. Example: Summarizing Arxiv-Papers

e Task: Read 5
arxiv papers and
write a review
about them

Scheduler agent

scheduler = create_agent(
name="scheduler"”,
tools=[distribute_sub_task],
description="Scheduler splits tasks into sub-tasks and distributes them.",
system_message=f"""
You are an editor who has a team of assistants. Your task is to write a manuscript together with your team.

# Team
Your assistants can either read and summarize papers for you, or review text you wrote and provide feedback.

Your team members are:
{team_description}

Typical workflow

typical workflow is like this:

Read papers

Summarize them in a first manuscript draft

Review the manuscript

Incorporate review feedback to improve the manuscript
Print the final manuscript in markdown format.

* * ¥ I H

* %

# Hints
When distributing tasks, make sure to provide all necessary details to the assistants.
Never shorten text when giving tasks to assistants. Provided them with the full manuscript text.

# Your task
Distribute tasks to your team. Goal is to have a great scientific manuscript.

nun
>

model=model,
api_base=api_base,
api_key=api_key,

Robert Haase
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Example: Summarizing Arxiv-Papers

| I am asking research-assistant to take care of: Summarize the paper https://arxiv.org/abs/2211.115@1...[52 chars]
® L O g read_arxiv_paper(https://arxiv.org/abs/2211.11581)

| Response was: The paper introduces the DS-18@@ benchmark, a reliable and challenging evaluation platform for data ...[778 chars]

| I am asking research-assistant to take care of: Summarize the paper https://arxiv.org/abs/23@8.16458...[52 chars]
read_arxiv_paper(https://arxiv.org/abs/2308.16458)
| Response was: The paper introduces BioCoder, a benchmark for evaluating the performance of large language models i...[644 chars]

| T am asking research-assistant to take care of: Summarize the paper https://arxiv.org/abs/2411.87781...[52 chars]
read_arxiv_paper(https://arxiv.org/abs/2411.87781)
| Response was: The paper proposes RedCode, a benchmark for evaluating the safety of code agents, and presents empir...[289 chars]

| I am asking research-assistant to take care of: Summarize the paper https://arxiv.org/abs/2408.13204...[52 chars]
read_arxiv_paper(https://arxiv.org/abs/2488.132084)
| Response was: The paper introduces the DOMAINEVAL benchmark for evaluating LLMs' code generation capabilities acro...[388 chars]

| I am asking research-assistant to take care of: Summarize the paper https://arxiv.org/abs/2406.15877...[52 chars]
read_arxiv_paper(https://arxiv.org/abs/2406.15877)
| Response was: The paper introduces BigCodeBench, a new benchmark for evaluating LLMs' ability to solve challenging...[538 chars]

| I am asking reviewer to take care of: Review the manuscript: The recent papers introduce several new benchmarks for evaluating the perform...[777 chars]
review_text(The recent papers introduce several new benchmarks for evaluating the performance of large language ...[754 chars, 1 lines])
| Response was: The manuscript provides a good overview of recent benchmarks for evaluating large language models in...[231 chars]

| T am asking scientific-writer to take care of: Improve the manuscript: The recent papers introduce several new benchmarks for evaluating the perfor...[1833 chars]
improve_manuscript(The recent papers introduce several new benchmarks for evaluating the performance of large language ...[754 chars, 1 lines], The manuscript provides a good
overview of recent benchmarks for evaluating large language models in)... [18@ chars]

| Response was: # Evaluating Large Language Models in Code Generation: Recent Benchmarks and Future Directions

## Ab...[2595 chars]

| T am asking printer to take care of: Print the manuscript: # Evaluating Large Language Models in Code Generation: Recent Benchmarks and F...[2617 chars]
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Example: Summarizing Arxiv-Papers

e Output Evaluating Large Language Models in Code Generation: Recent Benchmarks and Future
utpu Directions

Abstract

The recent introduction of several new benchmarks has significantly advanced the evaluation of large language models (LLMs) in generating code. This manuscript provides an overview of
these benchmarks, including BigCodeBench, DS-1000, BioCoder, RedCode, and DOMAINEVAL, and discusses their implications for the development of LLMs.

Introduction

The recent papers introduce several new benchmarks for evaluating the performance of large language models (LLMs) in generating code. These benchmarks include BigCodeBench, DS-
1000, BioCoder, RedCode, and DOMAINEVAL. The results of these papers show that LLMs are not yet capable of following complex instructions to use function calls precisely and struggle
with certain tasks such as cryptography and system coding. However, they also demonstrate the potential of LLMs in generating bioinformatics-specific code and highlight the importance

of domain-specific knowledge.

Discussion

Overall, these benchmarks provide a challenging and reliable evaluation platform for data science code generation models and emphasize the need for further research and development.
The results of these benchmarks have significant implications for the development of LLMs, highlighting the need for improved performance in following complex instructions and
generating code for specific domains. Furthermore, the benchmarks demonstrate the potential of LLMs in generating high-quality code for certain tasks, such as bioinformatics, and

emphasize the importance of incorporating domain-specific knowledge into LLMs.

Conclusion

In conclusion, the recent benchmarks for evaluating LLMs in code generation have provided significant insights into the capabilities and limitations of these models. The results of these
benchmarks highlight the need for further research and development to improve the performance of LLMs in generating code, particularly in areas such as cryptography and system

coding. However, they also demonstrate the potential of LLMs in generating high-quality code for specific domains, such as bioinformatics, and emphasize the importance of incorporating

domain-specific knowledge into these models.
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®

. Solving the same task with long-context prompting

* Also possible; less flexible

result = prompt(f"""You are a great scientific writer. Your task is to write a scientific review manuscript about some papers which are summarized below.

paper_urls = ["https://arxiv.org/abs/2211.115e1",
"https://arxiv.org/abs/2308.16458",
"https://arxiv.org/abs/2411.07781",
"https://arxiv.org/abs/2408.13204",

{paper_contents} (I | CCPS¢//arXiv.org/abs/2486. 158777 ]

# Content

Write about the following summarized papers:

paper_contents =
for url in paper_urls:
paper_contents += read_arxiv_paper(url) + "\n"

# Formatting

Your goal is to write a manuscript that follows these criteria:
* a scientific text with a short and descriptive title,

* a scientific text with markdown sub-sections (# title, ## headlines, ...) avoiding bullet points,

* structured in sub-sections by content, e.g. introduction, recent developments, methods, results, discussion, future work,
* text using high-quality scientific language,
*
*

proper citations using markdown links to original paper urls (do not make up references!),
a clear abstract at the beginning of the text, and conclusions at the end

# Your task
Write a scientific review manuscript about the content summarized above following the mentioned formatting guidelines.

, model=model)
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Solving the same task with long-context prompting

* Output

Abstract

The field of code generation has witnessed significant advancements with the advent of large language models (LLMs). However, the development of reliable and comprehensive benchmarks to evaluate the capabilities of these models is crucial for further progress. This review manuscript
discusses recent developments in code generation benchmarks, highlighting their key features, evaluation methodologies, and findings. We summarize the main contributions of five notable benchmarks: DS-1000, BioCoder, RedCode, DOMAINEVAL, and BigCodeBench, and discuss their

implications for the future of code generation research.

Introduction

Code generation has become an increasingly important area of research, with potential applications in software development, data analysis, and other fields. The development of large language models (LLMs) has driven significant progress in this area, enabling the generation of high-quality
code for a variety of tasks. However, the evaluation of these models requires reliable and comprehensive benchmarks that can assess their capabilities and identify areas for improvement. In this review, we discuss recent developments in code generation benchmarks, focusing on their design,

evaluation methodologies, and key findings.

Recent Developments in Code Generation Benchmarks

Several recent benchmarks have been proposed to evaluate the capabilities of LLMs in code generation. DS-1000 is a benchmark that focuses on data science code generation, featuring a thousand problems spanning seven Python libraries. This benchmark incorporates multi-criteria metrics
to evaluate the correctness and reliability of generated code, achieving a high level of accuracy. In contrast, BioCoder targets bioinformatics code generation, covering a wide range of topics and incorporating a fuzz-testing framework for evaluation. RedCode is a benchmark that focuses on
the safety of code agents, evaluating their ability to recognize and handle risky code. DOMAINEVAL is a multi-domain code benchmark that assesses the capabilities of LLMSs in various domains, including computation, system, and cryptography. Finally, BigCodeBench is a benchmark that

challenges LLMs to invoke multiple function calls from diverse libraries and domains.

Evaluation Methodologies

The evaluation methodologies employed by these benchmarks vary, but most involve a combination of automatic and manual evaluation. DS-1000 uses multi-criteria metrics to evaluate the correctness and reliability of generated code, while BioCoder employs a fuzz-testing framework to
assess the robustness of generated code. RedCode uses a combination of automatic and manual evaluation to assess the safety of code agents, and DOMAINEVAL relies on automatic evaluation to assess the capabilities of LLMs in various domains. BigCodeBench uses a combination of

automatic and manual evaluation to assess the ability of LLMs to invoke multiple function calls from diverse libraries and domains.

Results and Discussion

The results of these benchmarks highlight the strengths and weaknesses of current LLMs in code generation. DS-1000 shows that the current best public system achieves 43.3% accuracy, leaving ample room for improvement. BioCoder demonstrates that successful models require domain-
specific knowledge of bioinformatics and the ability to accommodate long prompts with full context. RedCode highlights the need for stringent safety evaluations for diverse code agents, as current models tend to produce more sophisticated and effective harmful software. DOMAINEVAL
reveals significant performance gaps between LLMs in different domains, with some models falling short on cryptography and system coding tasks. Finally, BigCodeBench shows that LLMs are not yet capable of following complex instructions to use function calls precisely, with scores
significantly lower than human performance.

Future Work

The development of reliable and comprehensive benchmarks is crucial for further progress in code generation research. Future work should focus on creating benchmarks that evaluate the capabilities of LLMs in a variety of domains and tasks, as well as assessing their safety and reliability. The
use of multi-criteria metrics and fuzz-testing frameworks can help to ensure the correctness and robustness of generated code. Additionally, the development of benchmarks that challenge LLMs to invoke multiple function calls from diverse libraries and domains can help to assess their ability

to follow complex instructions and use function calls precisely.

Conclusions

In conclusion, recent developments in code generation benchmarks have highlighted the strengths and weaknesses of current LLMs in code generation. The design and evaluation methodologies of these benchmarks have provided valuable insights into the capabilities and limitations of
LLMs, and have identified areas for further research and improvement. As the field of code generation continues to evolve, the development of reliable and comprehensive benchmarks will remain crucial for assessing the capabilities and safety of LLMs, and for driving further progress in this
area.
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Agentic workflows vs. [long-context] prompting

* If agents had a success-rate of 90%, and we chain 5 agents in a
workflow, our workflow’s success rate: 0.99° = 95%

* Commercial models may actually have a success-rate of 99% when calling a
function.

* Open weight models may not.

* If agents had a success-rate of 90%, and we chain 5 agents in a
workflow, our workflow’s success rate: 0.9° = 59%

* If agents had a success-rate of 50%, and we chain 5 agents in a
workflow, our workflow’s success rate: 0.5°> = 3%

* Many frameworks solve this problem by calling functions in loops and
checking results, e.g. for consistency -> high costs!
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summary

* Prompt Engineering Pros Cons
* Long-context prompting
_ . Simple Expensive, slow
* Reflexion / reflection
* Retrieval-Augmented- Supports big data Often not good /
Generation (RAG) (many, long documents)  depends on domain
* Function-calling Flexible / versatile Hard to debug
e Agents . Even harder to debug
* Multi-agent workflows Most flexible Most expensive
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Exercise: Chat with documents (llama-index)

* Setup the Chat-App(s) for the HPC systems on your

computer (or on Jupyter Hub)

* Ask it out about HPC systems at TU Dresden.
e Ask it out about how to make chocolate cookies.

v @ chat-with- hpc-compendium x

“« =2 C @ localhost:8866 a w 5 m

Ask about the HPC compendium

In this RAG example, we will use the HPC compendium which is licensed under CC BY 4.0 by TU Dresden ZIH.
Hint: Execute this notebook from the terminal using voila chat-with-hpc-compendium.ipynb .

hpc-compendium/doc.zih.tu-dresden.de/docs/ Load

127 documents loaded.

How can | access the Jupyter Hub on the HPC system?
You can access the Jupyter Hub at https://jupyterhub.hpc.tu-dresden.de. However, please note that this service is only
available for users with an active HPC project. If you don't have an HPC project, you need to apply for one. Additionally,
you can start a JupyterHub session on the cluster 'vis' with one GPU, 2 CPU cores, and 2 GB memory per core by clicking
on the provided link: https://jupyterhub.hpc.tu-dresden.de/hub/spawn#/~
(cluster~'vis~nodes~'1~ntasks~'1~cpuspertask~'2~mempercpu~'2048)).
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- Exercise: Multi-agent systems (smolagents)

* Setup the multi-agent system on your computer.

* Ask it to write a summary about different papers, e.g.:
* https://arxiv.org/abs/2407.18752
* https://arxiv.org/abs/2411.04920
* https://arxiv.org/abs/2204.07547

* Try to predict the topic of the review the agents will come
up with.
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