KONV3ATO

passion for technology




Text, Images & Audio
with Spring Al

KONV3ATO Las



About me

Peter Unterthurner

Konverto Lab - Full Stack Software Engineer

Email: peter.unterthurner@konverto.eu
Homepage: aboutme.thurnaround.de
Github: github.com/Jjemus
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Agenda

* Spring Al

* Features

« Text

Structured Output
Images

Audio

Data Enrichment
Tool Calling
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* Reliability
- Observability
- Evaluation Testing

* Benefits & Caveats
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Spring Al
What is it?

- Extension for Spring Ecosystem
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« Seamless integration into Spring Boot

* Provides Spring-typical access to LLM's and generative Al




Spring Al

Model comparison

Provider

Anthropic Claude

Azure OpenA

DeepSeck (Openhl-proxy)

Google VertexAl Gemini

Grog (OpenAl-proxy)
HuggingFace

Mistral Al

Minitax

Moonshot Al

NVIDIA (OpenAl-proxy)
QOCI| GenAl/Cohere
Ollama

OpenAl

Perplexity (OpenAl-proxy)
QianFan
ZhiPu Al

Amazon Bedrock Converse

Multimodality
text, pdf, image
text, image
text

text, pdf, image, audio,
video

text, image

text

text, image, audio
text

text

text, image

text

text, image

In: text, image, audio Qut:

text, audio

text

text

text, image, docs

text, image, video, docs
(pdf, html, md, docx ...)

Tools/Functions

L4

Streaming

«

'

Retry

Observability

L4

«

Built-in JSON

Local

OpenAl APl Compatible
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Text
Text Generation - Blocking

-~
=

355 RecipeController {
te final ChatClient
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ller(ChatClient.Builder chatClientBuilder) {
1t = chatClientBuilder.build():

1atClient.prompt()
.user( 1
.call()
.content():




Text
Text Generation - Stream

@RestController@
ublic class RecipeController {
rivate final ChatClilent

1troller(ChatClient.Builder chatClientBuilder) {

1@tClient = chatClientBuilder.buwild();
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@GetMapping (& 1

ubllic Flux<String=>

— - — — o B E L ===

.prompt()
.user(
.stream()
.content();
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Text
Text Generation — System Instructions

-~y
=
e

355 RecipeController {
1vate final ChatClient cha
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1troller(ChatClient.Builder chatClientBuilder) {
1atClient = chatClientBvilder
.defaultSystem(
.build();

.prompt()
.user(
.call()
.content():
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Text
Text Generation - Memory

ClientBuilder) {
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)sitory(new InMemoryChatMemoryRepository())

PromptChatMemo s0r . builder(memory).build();




Structured Output

KONV3ATO Las



Structured Output
What is it?

- Plain text responses often not useful
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- Structured Output generates Java objects




Structured Output
Principle

Before

Raw Input

|

Structured Output Converter

Provide format
instructions

Y

» +

Y

Convert text to
structured output

Input + format :
instructions

<— Dataflow

e Sp.rllr.1g Al
utilities

Raw Output
(text)

..

Generic LLM

After

Structured
Output
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Structured Output
Code Example
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[Client.prompt()
.user(

.Cda -l_ -l_ L I

.entity(Recipe.class);
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Images
Image to Text
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.media(MimeTypeUtils.IMAGE_JPEG, image))

.content();




Images
Text to Image

@RestController &
lic class RecipeController {
yrivate final ImageModel 1mage
troller(ImageModel imageModel) {
odel = 1mageModel,;
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@GetMapping (&
Jublic Image
ImageResponse response =
imageModel.call(
1ew ImagePrompt(

= 5 L = 5 = 5 = = 5 '

ImageOptionsBuilder.builder().N( ) .height( ) .width( ).build()));

1 response.getResult().getOutput();
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Audio
Audio to Text

io-text"™)
: ioTextController {
e final ChatModel chat

‘oller(ChatModel chatModel) {
chatModel ;
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@GetMapping @
yublic String getAuvdioText() {
var avdlioResource = new ClassPathResource(
var userMessage = UserMessage.buvilder().text( C 15 thi] ing t?")
.media(List.of(new Media(MimeTypeUtils.parseMimeType( ] 3"), avdioResource)))
.build();

ChatResponse response = chatModel.call(new Prompt(List.of(vserMessage),
OpenAiChatOptions.buvilder().model(OpenAlApl.ChatModel.GPT_4_0_AUDIO_

response.getResult().getOutput().getText();
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Audio
Text to Audio
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Data Enrichment
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Data Enrichment
Adding additional information

How can you equip the AI model with information on which it has
not been trained?
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Tailoring and fine tuning the model -> Very Challenging

Tool Calling

Prompt Stuffing




Data Enrichment
Tool Calling
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Data Enrichment
Tool Calling

* Provides the model with callable functions
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 Model decides which functions to call




Data Enrichment
Tool Calling

Chat Request 1

Tool Definition

name
description

input schema

Jool
Y
A
3 4
Spring Al
Y
6
Dispatch Tool
Call Requests
A
2 5
I A

» (Chat Response
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Data Enrichment
Tool Calling
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Data Enrichment
Tool Calling
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Data Enrichment
Prompt Stuffing
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Data Enrichment
Prompt Stuffing

« Adding information to the prompt
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 Information can be stored into a vector database




Data Enrichment
Vector Databases

swaziland - Ve
Vectors Store * Qe &
maldives 00 Sa ﬁ- 5
bhutan & B8 o y
Input human text, images, nepal
audio ... bangladesh
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Vectors / Embeddings ——

Text 1 — — [0.6,0.8,0.1...09] ——-/

locations
households
Text 2 i~ r—) [0.12,0.34,0.23...0.51] -

—>»  Embedding Model ~ — i
span
autumn

— [0.31,0.14,0.68 ... 0.27 ]
Image 1 —
suggestion

calling




Data Enrichment
Prompt Stuffing
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Prompt Stuffing ~ ovaton
xxx | Data
Spring Al
Prompt (SthfEd) Prom pt XX utilities
User Query | User Query
Context information is below:
<<Augment / Append / Embed>> @ @ @ — Chat Model
Given the context and not prior knowledge, reply
to the user comment. If the answer is not in the
|_17| U I_;J context, inform the user that you can't answer the

question.
context data




Data Enrichment
Vector Database

@RestController
@RequestMapping (& tor-init")
ass VectorInitController {
ivate final VectorStore vectorStore;
1troller(VectorStore vectorStore) {
e = vectorStore;

@GetMapping &
yublic String initvector() {
List<Document> documents = List.of(
1ew Document( ing AL
new Document( Past
1ew Document(

e, add(documents) ;

+ docunentﬂ.ﬂize[Jj
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Data Enrichment
Retrieving documents

s VectorTopKController {
private final VectorStore vectorSto
orivate final ChatClient chatClient;
ontroller (VectorStore vectorStore, ChatClient.Builder builder) {
"e = vectorStore;

buvilder.build();

@GetMapping &
jublic String getTopK(@RequestParam(name = , defaultValue = 2C1
VectorStoreDocumentRetriever retriever = VectorStoreDocumentRetriever.builder()
.vectorStore(vectorStore)
.topK(1)
Lbuild();

List<Document> retrievedDocs = retriever.retrieve(new Query(userQuery));

String formattedDocuments = retrievedDocs.stream()
.map(Document: :getText)
.reduce( A

atClient. prompt()
.user( ing thi
.call()

.content();

) String userQuery) {
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+ userQuery + "\n\nC =nt:\n" + formattedDocuments)
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Data Enrichment
Retrieval Augmented Generation

Document Ingestion - ETL ~— Dataflow
XXX Data
documents Spring Al
utilities
<<Read>> — <<Split>> chunks <<Write>>
— FEE
Data X
—T > Reader —> — —> Transformer — — Writer
i FEE

|V

|V

Offline L
Runtime Vector
(—b Strore ﬁ
<<Retrieve>> @ @ @ Prompt
query chunks ——— <<Generate>>
Prompt l Context information is below:
Chat Request — <<Augment>> | 4 ———> @ @ @ — Chat Model — Chat Response
User Query * Given the context and provided history
information and not prior knowledge, reply to the
User Query user comment. If the answer is not in the context,
inform the user that you can't answer the
T question.

Retrieval Augmented Generation - RAG
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Data Enrichment
Document Ingestion

:
O
=
R
m
>
o
X

r splitter = new TokenTextSplitter():

List<Document> documents = splitter.apply(reader.get());

“e.add(documents);

+ documents.size() +




Data Enrichment
Retrieval Augmented Generation

: : )
ss VectorQueryController {
vate final ChatClient chatClient;
c VectorQueryController(VectorStore vectorStore, ChatClient.Builder chatClientBuilder) {
Advisor retrievalAugmentationAdvisor = RetrievalAugmentationAdvisor.builder()
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.documentRetriever(VectorStoreDocumentRetriever.builder()
.similarityThreshold( )
.vectorStore(vectorStore)

.build())
.build();
1atClient = chatClientBuilder
.defavltAdvisors(retrievalAugmentationAdvisor)
Lbuild();

agQuery (@RequestParam(name =
atClient.prompt()
.user(userQuery)
.call()
.content();

defavltValuve = ] ) String userQuery) {

r

38
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Observability
What is it?

« Means to check what happends behind the scenes
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« Metrics to measure model usage




Observability

Application Properties
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"names": [
"application.ready.time”,
"application.started.time”,
"diszk.free",
"disk.total",
L B "executor.active”,
Observability
"executor.pool.core”,
"executor.pool.max”,
Actuato r'S "executor.pool.size",

"executor.queue.remaining”,

scutor ocusuedt
=t ¥

"gen_ai.client.operation”,
"gen_ai.client.operation.active”
"gen_ai.client.token.usage",
“http.client.requests™,
"http.client.requests.active”,
"http.server.requests.active”,
"Jvm.buffer.count™,
"Jvm.buffer.memory.used”,
"Jvm.buffer.total.capacity”,
"jvm.classes.loaded”,
"jvm.classes.unloaded”,
"jvm.compilation.time",
"jvm.gc.live.data.size™,
"jvm.gc.max.data.size”,
"jvm.gc.memory.allocated”,
"jvm.gc.memory . promoted”,
"jvm.gc.overhead”,
"jvm.gc.pause”,
"jvm.info",
"jvm.memory . committed”,
"Jvm.memory .max",
"Jvm.memory .usage.after.gc”,
"Jum.memory .used”,
"jvm.threads.daemon”,
"jvm.threads.live",
"jvm.threads.peak”,
"jvm.threads.started”,
"jvm.threads.states",
"logback.events”,
"process.cpu.time”,
"process.cpu.usage”,
"process.start.time",
“process. yptime”
"spring.ai.advisor.active”,
"spring.ai.chat.client.active™,
"spring.ai.tool”,
"spring.ai.tool.active”,
"system.cpu.count™,
"system.cpu.usage”,
"tomcat.sessions.active.current”,
"tomcat.sessions.active.max”,
"tomcat.sessions.alive.max",
"tomcat.sessions.created”,
"tomcat.sessions.expired”,
"tomcat.sessions.rejected”

:
O
=
R
m
>
o
X




Observability
Console Output
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Evaluation Testing
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Evaluation Testing
What is it?

- Traditional Tests often not enough
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* Provides means to test generated results




Evaluation Testing
Relevancy Evaluator
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Evaluation Testing
Fact Checking Evaluator

@GetMapping (& ipe-fact
ublic FactCheckEvaluation recipeFact
@RequestParam(defavltValue = C is t in ing ient i ?") string question) {

String aiResponse =
.prompt()
.user(question)
.call()
.content();
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List<Document> supportingFacts = List.oj
new Document(
new Document(
new Document(

UE

FactCheckingEvaluator evaluator = new FactCheckingEvalwator(chatClien

EvalvationRequest evaluationRequest = new EvaluvationRequest(
question,
supportingFacts,
aiResponse

UE

EvaluationResponse evaluationResponse = evaluator.evaluvate(evaluationRequest);

new FactCheckEvaluation(
question,

aiResponse,
evaluvationResponse.getScore()
evalvationResponse.isPass()

]
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Benefits & Caveats
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Benefits & Caveats
Benefits

Easy access to Al features in traditional Spring Applications
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Provider Agnostic

Type safety for generated content

New possibilities for better UX:
« Voice controlled Applications with single point of entry
Content generation on demand
Dynamic UI arrangement
Moderation for user content
- Ecc.




Benefits & Caveats
Caveats

- Higher maintenance than out-of-the-box solutions
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« Some model / provider dependency remains

« Testing is still a work in progress




” Just because we can build it
doesn't mean we should
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Resources
Examples & Documentation

 https://github.com/Jjemus/spring-ai-examples
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« https://spring.io/projects/spring-ai



https://github.com/Jjemus/spring-ai-examples
https://github.com/Jjemus/spring-ai-examples
https://github.com/Jjemus/spring-ai-examples
https://github.com/Jjemus/spring-ai-examples
https://github.com/Jjemus/spring-ai-examples
https://github.com/Jjemus/spring-ai-examples
https://spring.io/projects/spring-ai
https://spring.io/projects/spring-ai
https://spring.io/projects/spring-ai
https://spring.io/projects/spring-ai
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