Java im Neuland von
GenAl und Vector Search
Wie kann man mit Vektordatenbanken

die Ergebnisse von GenAl Prompts
verbessern ?

Serge Ndong
Christian Dedekr

Serge Ndong

Seine Schwerpunkte im beruflichen Alltag
liegen in der Softwareentwicklung mit Java
und JavaScript. Das dabei erworbene Know-
how gibt er gerne als Berater und Trainer
weiter. Neben Softwaretechnik inspiriert ihn
die Arbeit mit anderen Enwicklern, Anwendern
und Stakeholdern

Christian Dedek

Seit zwei Jahrzehnten in der Umsetzung,
Realisierung, Modernisierung bzw.
Migration unternehmenskritischer
Systeme tatig.
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GenAl fir

Java Devs

100% Local, open source, Java, no ML,
no cloud, no fees, no membership, ...
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Live Demo Hello RAG

- Laden eines Dokumentes, das wir flir das RAG benutzen wollen

» LangChain4j bietet integrierte Unterstlitzung fiir das Laden von Dokumenten aus
verschiedenen Quellen:

- Dateisystem, URL, Amazon S3, Azure Blob Storage, GitHub, Tencent COS

» LangChain4j das Parsen mehrerer Dokumenttypen:
- Text, pdf, doc, xls, ppt.

VektorDBs

Next GenDB ?




Vector Databases - Architekturmittel

+ Use Cases

et
[ . Structured Data _ _
~— Relational Adhoo Querios Long-term memory for LLMs
- Semantic search
+ search based on the meaning or context
. Scale out - Similarity search
NOSQL Document based . Text
Key Value
- Images
+ Audio
Complex Relationships . Video
I\’Vy G ra p h Networks . .
Hierarchical - Recommendation engines
V t Unstructured Data
ector Semantic Search
> Copyright @ 2024 Accenture. All rights reserved.
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Vector Databases - new Tool Market

- Pinecone + PostgreSQL
- COTS (founded 2019) ex AWS/Yahoo - Extension
- Gartner Cool Vendor (2021) + Redis

« Weaviate - Extension
- 0S « Qdrant
- Mature - OS/Rust
- Viele Integrationen . Vespa

« Chroma - OS/ex Yahoo Division (2017)
- OS/Python .

- easy API
« JS Support

+ Milvus

- 0OS/Python

« scale out (10exp9-Vectoren ?)

> Copyright ® 2024 Accenture. All rights reserved
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VektorDBs - Warum nicht relational speichern ?

« Unstrukturierte Daten > 80%
- Images

- Social media posts

» Suchfunktionalitat
- Kategorisierung ?
- Klassifizierung ?
- Automatische Metadaten ?
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Datenrepresentation als n-Dimensionaler Raum =
Embeddings

Unstructured Data Vector

Bassirou Diomaye Faye, running in

place of Ousmane Sonko, was

elected president with 54% of the

vote, while Amadou Ba, the [01' 02'09'04'07']
candidate of the ruling United in

Hope (BBY) coalition, peacefully

conceded defeat.

>
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Text als Vektor prasentieren

Naive Embedding function
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Copyright ® 2021 Accenture. All rights reserved. 15
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Datenrepresentation als n-Dimensionaler Raum =

Embeddings

Unstructured Data

Bassirou Diomaye Faye, running in
place of Ousmane Sonko, was
elected president with 54% of the
vote, while Amadou Ba, the
candidate of the ruling United in
Hope (BBY) coalition, peacefully
conceded defeat.

>

Vector

[11.1,17.2,100.9,11.4,0.9,...]

16
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Embedding Models

Text in moglichst kurzem Vektor abbilden und trotzdem die korrekte Distanzrelation von Vektoren erhalten

Word to 2D-Vector
25
20 vice; 4; 19
presidential; 3; 17
presigerny «,-1o
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)
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Copyright ® 2021 Accenture. All rights reserved.
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Embedding Modelle

Pretrained Models

« Text

- BERT,DistilBERT,word2vec,DialoGPT
 Vision

- Resnet,alexnet,vgg,squeezenet,densenet
+ Audio
- Wav2vec,mxnet-audio
SourceCode
- code2vec

Copyright @ 2021 Accenture. All rights reserved
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Beispiel ,,President”-Word Embedding

200 Dimensionen auf 3D-Projektion

Isolate 11 Clear

S ] Points: 71291 | Dimension: 200 | Selected 11 points
points ‘selection

@ president ~ /R word_~

word presicent

> Copyright @ 2021 Accenture. All rights reserved.
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Similarity Search

+ Approximate Nearest Neighbour-Search (ANN-Search)
- Basieren auf einer Abstandsfunktion
» semantisch
» Kontextuell
. ??
» Verschiedene Rechenverfahren
- Euklidisch
- Cosinus
- Jaccard
- Hamming
- Inneres Produkt

20
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VectorDB Indexing

Unstructured
Data

-\

>
o
D
X

Vectors
/[11.1, 17.2,100.91,...]

[11.14,17.7,99.9,0.9,...]
[19.4,12.7,91.9,5.9,...]

[101.2,16.2,100.4,...]

21

VectorDB Ingestion
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Demo1 Parser

TextSegment { text = ”009w0-+V0\°L@C°JN96;°00¢°DW‘Loba
FoTUoxoyo000' Z10L0PO06" 0Y00X0X0\ 00000 [0025n0000 00000002 {00 (00A0jo-EO\ne(
0'0=00<-000'00

00k/qUg{00004R; 030000YGI000
00X0SkEO<+7000F || BotymeooTROAXNI0® =~ eHOODVuke' To0>561qq0eTo1ORPYONAISXITZE\~9&0=Und10990KF9A00Q0" metadata = {absolute_directory_path=/mnt/c/Schulung/Ja

vaMagazin/JavallGenAL/JavaForunStuttgart/target/classes, file_name=202U_Senegalese_presidential_election.pdf, index=15} }

23

emo2 Parser Ingest Text Segment and Vector

egmen extoegment i = "Faye's vic an opposition candidate won an election in
[Senegal's independence in 1960.[93] Faye was officially inaugurated as president on 2 April.[100]" metadata = {absolute_directory_path=/mnt/c/Schulung/JavaM
lagazin/JavalGenAI/JavaForumStuttgart/target/classes, file_name=202U_Senegalese_presidential_election.pdf, index=1u1} }

[##### Segment: TextSegment { text = "The annual Independence Day parade in Dakar on 4 April was cancelled, with authorities citing the

uncertainty caused by the election campaign.[181] adata = {absolute_directory_path=/mnt/c/Schulung/JavaMagazin/JavaliGenAI/JavaForumStuttgart/target/clas

ses, file_name=2024_Senegalese_presidential_election.pdf, index=142} }

177354, -0.021 51 54485 01942
02054764, ©.0810555 > .825366649, @.0
38, - s eaiia

2

4
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Demo3 Parser Result

—> Result TextSegment 97. "Senegal's little-known opposition leader Bassirou Diomaye Faye is named the next
president” (https://apnews.com/article/senegal-election-polls-1a9ab8ceablecde9b9ccell27
17dce31). AP. 25 March 2024. Archived (https://web.archive.org/web/20240327003841/http Score --> 0.8829769857986U69

--> Result TextSegment Bassirou Diomaye Faye, running in place of

[Ousmane Sonko, was elected president with 54% of

[the vote, while Amadou Ba, the candidate of the

ruling United in Hope (BBY) coalition, peacefully

lconceded defeat.[8] Faye's victory was later confirmed

by Senegal's Supreme Court.[9] He was inaugurated Score --> 8.8771153704060703
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Demo RAG 2

—> Result TextSegment 97. "Senega e—known opposition leader Bassirou Diomaye Faye 1s named the next
president” (https://apnews.com/article/senegal-election-polls-la9ab8ceabldecde9b9cceldl2?

17dce31). AP. 25 March 2024. Archived Chttps://web.archive.org/web/20240327003841/http Score --> 0.8829769857986U69
-> Result TextSegment Bassirou Diomaye Faye, running in place of

Pusmane Sonko, was elected president with 5U4% of

he vote, while Amadou Ba, the candidate of the

ruling United in Hope (BBY) coalition, peacefully
onceded defeat.[8] Faye's victory was later confirmed

26
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Demo1Segments

19:07:35.011 [main] DEBUG d.l.s.e.EmbeddingStoreIngestor - Starting to embed #4629 text segments
Exception in thread "main" java.lang.IndexOutOfBoundsException: Index © out of bounds for length @
at java.base/jdk.internal.util.Preconditions.outOfBounds(Preconditions.jav. 4
at java.base/jdk.internal.util.Preconditions.outOfBoundsCheckIndex(Preconditions.java:
at java.base/jdk.internal.util.Preconditions.checkIndex(Preconditions.java:248)
at java.base/java.util.Objects.checkIndex(Objects.java:374)
at java.base/java.util.Arraylist.get(ArraylList.java:U59)

at dev.langchaindj.model.embedding.OnnxBertBiEncoder.weightedAverage(OnnxBertBiEncoder. java:180)

at .langchaintj.model.embedding.OnnxBertBiEncoder.embed (OnnxBertBiEncoder. java:76)

at .langchaindj.model.embedding.AbstractInProcessEmbeddingModel.embedAll(AbstractInProcessEmbeddingModel. java:50)
at . langchainlj.store. embedding.EmbeddingStoreIngestor. ingest(EmbeddingStoreIngestor va:193)

at .langchainij.store.embedding.EmbeddingStoreIngestor. ingest(EmbeddingStoreIngestor.java:150)

at de.accententure.javaforumstuttgart.vectordatabase.InMemoryEnbeddingParserSpringSecurity.main(InMemoryEnbeddingParserSpringSecurity.java:49)
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Demo2 SegmentSize Ingest

TextSegment { text = "The first thing you need to do is add the following filter declaration to your web.xml file:

<filter>
<filter-name>springSecurityFilterChain</filter-name>

<filter-mapping>
<filter-name>springSecurityFilterChain</filter-name>
<url-pattern>/#*</url-pattern>

</filter-mapping>* metadata
eference.pdf, index=1392} }
TextSegment { text
Framework class which delegates to a filter implementation which is defined

{absolute_directory_path=/mnt/c/Schulung/JavaMagazin/JavatGenAl/JavaForunStuttgart/target/classes, file_name=spring-securi

"This provides a hook into the Spring Security web infrastructure. DelegatingFilterProxy is a Spring

a Spring bean in

your application context. In this case, the bean is named "springSecurityFilterChain", which is an
internal infrastructure bean created by the namespace to handle web security

Note that you should

not use this bean name yourself. Once you've added this to your web.

ml, you're ready to start

editing your application context file. Web security services are configured using the <http> element." metadata = {absolute_directory_path=/mnt/c/Schulung/J
avaMagazin/JavaliGenAI/JavaForumStuttgart/target/classes, file_name=spring-security-reference.pdf, index=1393} }
TextSegment { text = "18.2.2. A Minimal <http> Configuration

JALL you need to enable web security to begin with

<http>

<intercept-url pattern="/**" access="hasRole('USER')" />
<form-Llogin />

<logout />

</http>" metadata = {absolute_directory_path=/mnt/c/Schulung/JavaMag.
df, index=1394} }

in/JavallGenAI/JavaForumStuttgart/target/classes, file_name=spring-security-reference.p

28
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Demo3 SegmentSize Result

uthentication token from a certificate provided by a client.

elow is an example of a reactive x509 security configuration:

pbublic SecurityWebFilterChain sec tyWebFilterChain(ServerHttpSecurity http) {
http

.x509(withDefaults())
.authorizeExchange(exchanges —> exchanges
.anyExchange() . permitAll1()

J;
return http.build();
} Score --> 0.9359036156226233

29

Demo RAG3

stant — Assistant: The reactive x589 authentication configuration in spring security uses the WebClien
. Here's an example of configuring the security web filter chain using the WebClient library:

@Bean

public SecurityWebFilterChain securityWebFilterChain(ServerHttpSecurity http) {

WebClient webClient = WebClient CEACIOH

webClient.http().client(new HttpMethodBuilder() {

public HttpMethod buildGet() {

return get("/path");

1
;

X509Autho ionStrategy strategy = n 09AuthorizationStrategy();
strategy.setCertificate /to/certificate");
SecurityWebFilterChain chain webClient.filter(Chttp)
.authorizeExchange(new AuthorizeExchange<>(strategy))

.build()
eturn http.build
}

perform a GET request to the root URL of the application. The X509Author tionStrategy i
and then the security web filter chain is built using this information.

30
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RAG Flow

Content Aggregator
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Antworten auf die Frage hdngen
Fragen nach der Zukunft vo
MenschMaschine-Schnittstellen
Allgemeinen zusammen. Kommt es hie
einem Paradigmenwechsel, werden wir kei
klassischen Anwendungen mehr bauen,
dann wird sich die Frage nach
Anwendungsprogrammierern nicht mehr

Wra p u p stellen. Fiir den nicht weniger

wahrscheinlichen Fall, dass wir auch 2030
noch Applikationen warten und betreiben,
dirfte es interessant sein, ob wir z. B. Kl-
Anwendungsentwicklungssprache® wie Kom‘pone‘nten mit Java Uber Eython oder
2 direkt in unsere Java-Architekturen

Java bei GenAl zum Einsatz kommen? integrieren werden.

Warum sollte eine so alte




Bewaffnet mit klugen
Voriiberlegungen wagen wir uns
ins GenAl-Land. Es wird Zeit, sich

die Hinde schmutzig und die Fii3e
nass zu machen.

Thank You

31.07.2024



