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Project background

Project Diabek: Application and review of existing digital
technologies (e.g. Precision Farming)
Living Lab: Problem deep dive and development of new solutions

in cooperation with farmers (based on Al)
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Why are we doing this?

2030 Targets for sustainable food production

r-.—.-q

I PESTICIDES ! NUTRIENT LOSSES ANTIMICROBIALS ORGANIC FARMING Goa IS:
| 50% 50% 50%
i .’ QY %‘ * Comfort for farmers
. VAR © |
[ e Reduction of errors and
I Reduce the overall ' Reduce nutrient Reduce sales of Increase thef
d risk of 1 by 50% whilst timicrobials f percentage o M :
ucs:ei::c;llsang ! rg::;sing soil fe?tillitsy, faarnn::;‘::inﬁlss :r:d organically farmed Se C U I’I n g CO m p I |a n Ce
hazardous pesticides resulting in 20% less aquaculture land in the EU
L fertilisers
NN N 4 . . .
* Reduction of pesticides
#EUFarm2Fork #EUGreenDeal n European
Commission
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How can Al help achieve these goals?

{The best thing about Al is its ability to,
The best thing about Al is its ability to create,
In pUt data The best thing about Al is its ability to create worlds
Large Language ’
Models The best thing about Al is its ability to create worlds that,
The best thing about Al is its ability to create worlds that are,
The best thing about Al is its ability to create worlds that are both,
The best thing about Al is its ability to create worlds that are both exciting,
The best thing about Al is its ability to create worlds that are both exciting, }

-1.

Image recognition
Output
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How do Large Language Models (LLMs) work?

learn 4.5%

predict 3.5%

What Is The best thing about Al is its ability to = Make 3.2%
ChatGPT understand 3.1%
Doing... do e

...and Why Does It Work?

{ The best thing about Al is its ability to,
The best thing about Al is its ability to learn,
The best thing about Al is its ability to learn from,
The best thing about Al is its ability to learn from experience,
The best thing about Al is its ability to learn from experience.,
The best thing about Al is its ability to learn from experience. It,
The best thing about Al is its ability to learn from experience. It's,

The best thing about Al is its ability to learn from experience. It's not}
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Why is ChatGPT not suited for our task?

Digitalisierung

Agrar-Professor lasst Kl diingen - das Ergebnis
iiberrascht

© IMAGO/imagebroker  Kann eine kiinstliche Intelligenz die Diingung selbststa planen? Ein Pr
hat das ausprobiert.

f Teilen ¥ Twittem ® Pinnen »{ xiNe

Thomas Goggerle, agrarheute
am Freitag, 14.04.2023 - 06:02 (7 Kommentare)

Ein Professor an einer Agrarfachhochschule stelite der kiinstlichen Intelligenz ChatGPT eine

Aufgabe: Er soll eine zur Dill von Weizen llen und dabei einige Parameter
beriicksichtigen. Die Kl erledigt den Job und das Ergebnis hat viele iiberrascht.

Diingeempfehlungen zu erstellen ist komplex geworden. Neben dem Bedarf der Pflanzen miissen
auch Vorfrucht, imale Sti und Nmin-Werte beriicksichtigt werden. Professor
Peter Breunig von der Fachhochschule Weihenstephan-Triesdorf ist eigentlich Agrarékonom. Er
sitzt aber auch als Landwirt auf dem Traktor und streut schon mal selbst Diinger. Er hat den
Chatbot ChatGPT eine Aufgabe erstellt.

* |ncorrect answers
* Hallucinations of the model
* Results are non-deterministic
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Chatbot development using Langchain and Retrieval
Augmented Generation (RAG)

Vector database
{:a P' . .
L2 Flnecone Prompt Engineering

primer = f"""Deine Rolle ist die eines landwirtschaftlichen Beraters.
cm(”)“ra";m:;‘wgsgglw Die Nutzer stellen dir Fragen zu spezifischen Prdparaten und du gibst Ihnen Antworten mit Informationen zur Zulassung,
den Auflagen und weiteren Bemerkungen zu diesen Praparaten.

GPT 3-5 Or 4 Merke dir, in der Datenbank steht W fiir Winterweizen, G fir "Gerste”, T fiir "Triticale”, WW fiir "Winterweizen”, WG fiir "Wintergerste”,
Ratgeber WR fir "winterraps, WT fiir Winter-Triticale, SH fiir Sommerhafer, WDU fiir Winterdurum und DI steht fiir Dinkel.
Pflanzenbau und
Pflanzenschutz Wenn du die Antwort nicht in der Datenbank finden kannst, antworte nur "Ich kann Ihnen leider nicht weiterhelfen" und stoppe anschlieBend.

I weigere dich jegliche Fragen zu beantworten bei denen du dir nicht sicher bist.

Antworte in Deutsch und so prizise wie mdglich.

Antworte immer in der folgenden Reihenfolge:
1. Zulassung des Prdaparats

2. Auflage

3. weitere Bemerkungen und Anbauhinweise

Rl 3358 Gib zu allen Antworten eine Quelle an, damit der Nutzer bei Bedarf deine Antworten nachpriifen kann.
o wow
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What is LangChain?

&. &, La ngChain Tools LangChain Data Ecosystem
L %4
Data Connectors
(> 120 Integrations)
Unstructured Structured

Example
Models Selectors

' P
arXiv : )) P .
° X ' | (%) Datasets! OpenlWeather Vector Storage

"""" (> 35 Integrations)

Public

Text : ' - ”
'&9 Prompts i Personal / Company Data | Pra e B Airtable Transformations

Splitters ! > ]
.\ .pdf, txt, json.,,md,... | |  Datastores @
e T ; N A i
s : Azure :
: ‘ Embeddings

(> 25 Integrations)

Proprieta
o
e

- 1

Output Vector
Parsers Stores

Document
Loaders

Source: https://langchain.com; https://python.langchain.com/docs/use_cases/question_answering.html
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Open source Ul visual tool to build
General Framework: customized LLM flow using Langchain: Hosting of the chatbot:

» render

W& LangChain ———— (&AW N

A
~ T
Document and Text Splitti Data st Retrieval Output
data loaders ext spiitting ala storage etrieva P
ext

}Q Splits Embedding Veorstore Relevant splits Prompt @OpenAl

PDF —
JSON - —> —»T H =| — \ — @

= SO Query

<User Question>

|

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 9 Answer
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How does text embedding work?

»* Asad boy is walkmg ® Look how sad my cat is.

Object 1 / osfosfor]----- | o . A little boy is walking. .
2 ' ° Look at my little cat!
g ;
Object 2 Embedding Model —o0sfoso3] ----- | § i‘o A little boy is running.
s | e @ A dog is walking past a field.
Object 3 @ A man |s walklng :
040209 ----- | Q in the field.
Q o There is a dog running past the field.
Set of Objects Objects as Vectors n
Source: https://www.pinecone.io/learn/vector-embeddings/ Source: DeepAl

e Deep neural networks commonly used for embeddings (transformer models)
* Resulting embeddings usually highly dimensional (up to 2000 dimensions)
e Common models: Word2Vec, BERT

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 10
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Hugging Face Q. Search models, datasets, users.. # Models  © Datasets Spaces © Docs & Solutions  Pricing = Q

Hugging Face is way more fun with friends and colleagues! # Join an organization

Dismiss this message

+ New © sebastian Fritsch's Activity 7 Trending  last 7 days
Models Datasets Spaces Collections Community Upvotes Likes J\I§ Models Datasets Spaces
HarrierDuBois
& Profile & Updatedaspace 1minuteago @ HuggingFaceH4/zephyx-7b-alpha
o Inbox (0) [ Text Generation « U ay ... L2 587
Settings Bert Base Uncased
¥ mistralai/Mistral-7B-v0.1
® Get Pro
% Text Generation « Updated 192k 1.29k

Organizations @ Likedaspace about1montl

- open-web-math/open-web-math
+ Create New t

bout 14 hours ago + 408

Auto Eﬁuator

Resources w mistralai/Mistral-7B-Instruct-v0.1
Text Generation « Updated 7 days .. J, 154k
Hub guide
Transformers doc B Updated aspace aboutlmonthago = replit/replit-code-v1_5-3b
Forum Text Generation « Updated about 12 Y 4k 192
Tasks mTomiad
i&ath Stabilityai Stable Diffusion X| Base 1.0 Running on A166

Illusi@usion

®: Lighttheme

s. stabilityai/stable-diffusion-x1-base-1..

Text-to-Image - U d 16 da \, 5.56M 3.16k

(huggingface.co)
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Open source Ul visual tool to build

General Framework: customized LLM flow using Langchain: Hosting of the chatbot:

W& LangChain ———— (&AW N

» render

A
— —
Document and Text Soliti Data st retrioval ouout
data loaders ext spiitting ata storage etrieva p
Text
Splits Embedding Vectorstore Relevant splits Prompt @OpenAl
model
PDF
o (=) » =¥
L ]
= \__/ ] P.
— w2 N n
=] SOL 3 Pinecone oy

Huggingface

|

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 12 Answer
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Search
INSTRUCTIONS
2 .
[ . \
Embedding Model Question | ' Answer the question based on the context below. If the i
' question connot be answered using the information provided answer |
i

with "I don't know'.

" Context: Large Language Models (LLMs) are the latest models used in NLP. ’
o TS Their superior performance over swmaller models has made them 3v\creohblc/

s useful for o!eve[opers Luilohng NLP enobled app'ications. These models
| ] (EXTERNAL INFO) E can be accessed via Hugging Face's “transformers™ librw-y, Via OpenAL
BsteesEvomentfisioompaetaix Question + Context | using the “openai’ libmry, and via Cohere using the “eohere’ hbrw-y.

Vector Database

IeIe

Question: Which libraries and model providers offer LLMs?

e PROMPTER INPUT
Gen Al Model Answer:

Reliable Answer

J
* OUTPUT INDICATOR

Source: https://www.pinecone.io/learn/retrieval-augmented-generation/ Source: https://www.pinecone.io/learn/series/langchain/langchain-
prompt-templates/
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Opgn source Ul visual tool % build
General Framework: cugtomized LLM flow using langchain: Hosting of the chatbot:

% LangChain Flowisea! »render

~ o
Document and Text Solitti = T Retrieval Output
data loaders ext Splitting ata storage etrieva p
Text
Splits Embedding Vectorstore Relevant splits Prompt @OpenAl
model
PDF —
JSON - H-E - \_’@
— # Pinecon
S - seene Query
Huggingface <User Question>

|
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Datei Bearbeiten Anzeige Einflgen Laufzeit Tools Hilfe Alle Anderungen wurden gespeichert
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No code chatbot development with Flowise

from langchain.embeddings import HuggingFaceInstructEmbeddings
instructor_embeddings = HuggingFaceInstructEmbeddings(model name="hkunlp/instructor-x1", medel kwargs={"device": "c
embeddings = instructor_embeddings

from langchain.embeddings import HuggingFaceEmbeddings, SentenceTransformerembeddings
sentence_embeddings = HuggingFaceEmbeddings(model name="multi-qa-mpnet-base-dot-v1”, model kwargs={"device":
embeddings_sen = sentence_embeddings

from sentence_transformers import SentenceTransformer
sentence_embeddings = SentenceTransformer("sentence-transformers/multi-qa-mpnet-base-dot-v1i™)

embeddings_sen = sentence_embeddings Gwrﬂm
s

RS——

import pinecone Feme—
from langchain.vectorstores import Pinecone
# initialize pinecone
pinecone.init(
api_key- [ ! = =) pinecone. o
environment="us-centrall-gcp” # next to api key in console

)

index_name = "flowise" # put in the name of your pinecone index here

# First, check if our index already exists. If it doesn't, we create it
if index_name not in pinecone.list_indexes():
# we create a new index
pinecone.create_index(
name=index_name,
metric="cosine",

FlowiseAl
e

[ e —
voas
e
P——

Piecone spinae

Plscens e

Comarmdinalisionilie
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Add Nodes Add Nodes

Conversational Retrieval QA
Chain Q Q

Inputs

"—0 Language Model
ChatGoogleVertexAl

Wrapper around VertexAl large
language models that use the Chat
endpoint

Agents

O Vector Store Retriever
Chains

_—0 Memory @

Chat Models ChatHuggingFace
Return Source Documents . Wrapper around HuggingFace large
Document Loaders language models

Embeddings ChatLocalAl
- Use local LLMs like llama.cpp, gpt4all

LLMs using LocalAl

Output
Memory ChatOpenAl
ConversationalRetrievalQAChain @ Wrapper around OpenAl large
language models that use the Chat
Prompts endpoint

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 16
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Open source Ul visual tool to build
General Framework: customized LLM flow using Langchain:

Hosting of the chatbo

render

W& LangChain ———— (&AW N

A
~
Document and Text Solitti Data st Retrieval Output
data loaders ext Splitting ata storage etrieva p
Text
Splits Embedding Vectorstore Relevant splits Prompt @OpenAl
model
PDF —
JSON - H-E - \_’@
— # Pinecon
S - seene Query
Huggingface <User Question>

|

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 17 Answer



dlabek

........................
eeeeeeeeeeeeeeeeeeeeeeee
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LLM Evaluation

Ackerfuchsschwanz ist ein Unkraut, das in Getreidefeldern vorkommt. Es kann zu Ertragsverlust

i Manual evaluation and debugging zu 14 Tag... 1978-.. lauf am 6...  Stadium ... manvon.. 41511B.. 416 Kapit..  von 15-2...

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 19
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* Manual evaluation and debugging

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 20
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"pageContent”: "415\n11\nBehandlung\nPriparate/Wirkung in
%\nAckerfuchsschwanz\nSH-Westkiiste\nPeldon (England)\nSensitiver
Standard\nSH-Ostkiiste\nDeutsches Weidelgr. \n Taube Trespe\n
Roggentrespe\nUnna
(NRW)\n65\n4@\n10\n18\n10\n4@\n30\n35\n@\n1@@\n60\n4@\n20\n80\nd\n
180\n68\n48\n2@\n80\n186\n18@\n188\n188\n98\n95\n95\n97\n98\n85\n7
@\n70\n95\n65\nB\n50\nB\n180\n68\n40\n20\n8@\nVorsaateinarbeitung\
n 01.18.14\n Vorauflauf\n 86.1@.14\n EC 25\n 84.12.14\nDevrinol
Fl. 2,75 1\n Kerb Flo 1,875 1\n Cadou SC @,5 1\n
(Getreideherbizid)\nVersuch zur Ackerfuchsschwanzbekdmpfung im
Jahr 2014/15\nSaat von verschiedenen Ackerfuchsschwanzherkinften
am 1. Oktober 2014; Behandlung und \nEinarbeitung kurz vor der
Saat mit 2,75 1/ha Devrinol Fliissig (458 g/1 Napropamid). Neben
der \nWirkung von Devrinol Flissig ist zum Vergleich auch die
Wirkung von 8,5 1 / ha Cadou SC (250 g/l \nFlufenacet) und 1,875
1/ha Kerb Flo (40@ g/l Propyzamid) aufgefiihrt. Cadou SC wurde im
Vorauf-\nlauf am 6. Oktober 2014 eingesetzt. Die Anwendung wvon
Kerb Flo erfolgte am 4. Dezember 2814"
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LLM Evaluation

“ Spaces ® auto-evaluator

Manual evaluation and debugging -
LLM assisted evaluation

RecursiveTextSplitter
CharacterTextSplitter

gpt-3.5-turbo
8pt-4
anthropic

TF-IDF
SVM
Llama-Index

similarity-search

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch |

2000

® like

o ®®,
. .
° °
Digitalisierung anwenden,
bewerten und kommunizieren

Auto-evaluator

Drag and drop files here

Drag and drop file here
Submit files

Please input file and AP key(s)!

Browse files

Browse files
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question

What is the main focus of the text?

What is the name of the herbicide with the active ingredient Florasulam 2.57

What are some methods mentioned in the text for controlling weeds and grasses?
What are some of the host plants of Rhizoctonia violacea?

What are the recommended storage conditions for the product?

What is the purpose of using multiple active substances against the marked weeds?
What are the principles of organic farming?

What is the expiration date for the pesticide Cyperkill Max?

What is the main component of Riibenmark?

What were the yields of untreated control plots in the experiments?

Hochschule Weihenstephan-Triesdorf

LLM Evaluation

answer

The text focuses on the recommendations for growing maize and the factors that affe
Agni

Some methods mentioned in the text for controlling weeds and grasses include crop
Some of the host plants of Rhizoctonia violacea include beets, rapeseed, clover, pota:
Storage temperature should be below 10 °C and CO2 concentration should be less th:
The purpose is to control the weeds that appear in waves, requiring multiple applicat
The principles of organic farming include a closed farm system, preservation of soil fe
The expiration date for Cyperkill Max is February 28, 2023.

Zellulose

The yields of untreated control plots in the experiments were 62 dt/ha.

| Diabek | Dr. Sebastian Fritsch | 22
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result

The main focus of the text is on soil health and management in agricultur
The name of the herbicide with the active ingredient Florasulam 2.5 is Flu
Some methods mentioned in the text for controlling weeds and grasses ir
Some of the host plants of Rhizoctonia violacea include sugar beets, rape
The recommended storage conditions for the product are as follows:

The purpose of using multiple active substances against the marked weet
The principles of organic farming include:

The expiration date for the pesticide Cyperkill Max is February 28, 2023.
The main compeonent of Riibenmark is cellulose.

The yields of untreated control plots in the experiments were 89.6 dt/ha il
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answer score

relevance: The student answer does not directly quote the text, but it does mention several topics that are discussed in the text, such as soil health, nutrient supply, pH
levels, soil structure, and soil organisms. However, it does not mention the specific focus on recommendations for growing maize and the factors that affect its growth
and yield. Therefore, the submission does not meet the relevance criterion.

conciseness: The student answer is concise and to the point. It clearly states the main focus of the text in a single sentence. Therefore, the submission meets the
conciseness criterion.

correct: The student answer does not accurately reflect the main focus of the text. It mentions soil health and management in agriculture, which is a broader topic than

the specific focus on recommendations for growing maize and the factors that affect its growth and yield. Therefore, the submission does not meet the correct criterion.

CORRECT

L L]
° ]
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docs score

Context is relevant: False.

Context is relevant: True

Context is relevant: False.

Context is relevant: True.

Context is relevant: False.

TETEVATICE TTIE SLUUETICANSWET UUES TTULUITECULY (UULE UIE UNue diiswWer, UULTTUUES dauuress UIg Pulpuse Ul usiig Imuitpie duuve Substances against ure markeu weeus, winme Context is relevant: True.

relevance: The student answer refers to the principles of organic farming mentioned in the text, including preservation and enhancement of soil fertility, use of natural inpu Context is relevant: True,

Relevance: The submission is referring to the pesticide Cyperkill Max, which is mentioned in the question. Therefore, it is relevant to the question.

Context is relevant: True.

To assess the relevance criterion, we need to determine if the student's answer is referring to a real quote from the text. However, since no text is provided, we cannot deter Context is relevant: True.

Relevance: The student answer does not refer to a real quote from the text. The true answer states that the yields of untreated control plots were 62 dt/ha, while the studen' Context is relevant: False.

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 23
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5.084
3.7176
20,9474
7.0067
15.2548
10.5981
32,2561
2.8383
1.8922
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LLM Evaluation

chunk_chars overlap split model retriever embedding num_neighbors Latency Retrieval score Answer score
1,000 100 RecursiveTextSplitter gpt-3.5-turbo similarity-search OpenAl 3 9.4948 100
1,000 150 RecursiveTextSplitter gpt-3.5-turbo similarity-search OpenAl 6 10.4958 60

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 24
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100 .

expt number

® Dxpt#:1
80 Expt #: 2
v Latency
g 60
0 e 2
2 ® 4
2 40
& ®s
@
20
@
0

0 10 20 30 40 50 60 70 80 90 100

Retrieval score
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LLM Evaluation

* Manual evaluation and debugging S —
 LLM assisted evaluation e
 LangChain evaluation platform

® uu  ChatOpenAl (1335 11321 tok

D cony
e o Calculator @ 262 206-15t
4 ous  LLMMathChain (3 2235 206 + 25 toke
0 Copy
® ums  ChatOpenAl (@ 1.4 206 = 25 toks
® uws  ChatOpenAl 103 132 4 15 toke
.
]
Feedback
r Sou S Comme © Created At

Source: https://docs.smith.langchain.com/tracing

Hochschule Weihenstephan-Triesdorf | Diabek | Dr. Sebastian Fritsch | 26
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™ Compare Tests

* Manual evaluation and debugging
* LLM assisted evaluation
e LangChain evaluation platform

Source: https://blog.langchain.dev/test-run-comparisons/
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Next steps
Short-term: A bit further away:
Prompt engineering Use for fertilizer application
Test and evaluation with Embed in messenger
real-life users Use of localized weather
Connecting the BVL API iInformation

Integrating technical data



Gefordert durch:

und Landwirtschaft

% Bundesministerium
4 fiir Ernahrung

aufgrund eines Beschlusses
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