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Agentic System

‘Leverages an Al model to interact with its
environment in order to solve a user-defined task”

Combines Planning & Actions to fulfill the tasks

Brain (LLM) Body (Tools)
Handles reasoning and planning What Agent is equipped to do
Decides which Actions to take Interact with its environment



Agentic System

Reasoning,
Planning

Agentic
Interacts with
its environment




Reasoning,
Planning

S

Interacts with
its environment

Agentic
Loop




LLM as a System

Creative

Instruction Driven

‘ III
4

Prompt Completion

Generative Al

Limited I/O Unstructured Output Limited I/O

Stateless / Frozen

Hallucination



Prompt ~ Model Context

Al Models are only as good as the Model Context provided to them

Prompt ~ Model Context

System User Additional Mermor Tools
Instructions f Instructions Data Y Metadata

fixed size




Prompt ~ Model Context

Al Models are only as good as the Model Context provided to them




(LLM) Advisors

ChatClientRequest ChatClientResponse
+ prompt: Prompt + response : ChatResponse
+ context: Map<S, O> + context: Map<s, O>

ChatClientRequest .
ChatClientResponse

. A
CallAdvisor (1)
CallAdvisor (2)
ChatClientRequest ChatClientResponse
\ > (internal)

CallAdvisor

-

Prompt ChatResponse

Chat Model



Prompt ~ Model Context

Al Models are only as good as the Model Context provided to them

Additional
Data



LLM) Prompt Stuffing & RAG

Documents Ingestion - ETL Data flow
Data
documents Spring Al
utilities
<<Read>> <<Split>> chunks <<Write>>
Data Document Document @ @ @ Document
—_— —_—  ——
Source Reader

Transformer T @ E’ @ [ Writer
BEE

L] ] G

Offline Yector
Strore
Runtime Embedding

Retrieval Augmented Generation - RAG
[—’ Model —‘
<<Retrieve>> El @ @ Prompt

retrieved docs

User Query <<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 Q uery user comment. If the answer is not in the context,
inform the user that you can't answer the
T question.




(LLM) Prompt Stuffing & Modular RAG

& MODULAR RAG
ARCHITECTURES WITH

& JAVA AND SPRING Al

https://2025.springio.net/sessions/modular-rag-architectures-with-java-
nar @Nd-spring-ai/ =

T ey

(Ham Pron ,q:j ( soft Prompt ) ‘ ‘
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https://2025.springio.net/sessions/modular-rag-architectures-with-java-and-spring-ai/
https://2025.springio.net/sessions/modular-rag-architectures-with-java-and-spring-ai/
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Prompt ~ Model Context

Al Models are only as good as the Model Context provided to them

Tools
Metadata



Tool Calling

Prompt

Conversation
History

=

Generative Al

=

=

Al

Completion

Internal Output

Completion

Final Output




Tool Calling - Spring Al

Chat Request

Tool Definition

Em

me
description
input schema

3 4
Spring Al

Dispatch Tool

6

-

Call Requests

>

Chat Response



ML and LLM Observability

THENEWSTACK

Observability and Monitoring Is the Biggest Challenge to Moving
ML Models Into Production

Select the top 3 biggest challenges that you face when productionizing your machine learning models.

Machine learning monitoring and observability 45%

Gaps in tooling and support for model =
L 33%

productionization

Access to relevant data for training

Building production-grade machine learning

and data pipelines 22k

Inconsistency of training and experimentation

3 1%
environments Sl

Showcasing business impact and business
value

29%
Lack of specialized engineers 27%
Governance and domain risks 17%

Lack of specialized data scientists 11%

w
N
®

Machine learning security 7%



Spring Al Observability

Micrometer

v ai-observability-demo spring_ai chat_client (3.78s)

al-observability-demo
spring_ai chat_client

O —

v chat_client_advisor question_answer_advisor_before (350.86ms)

& S 50.561

v pg_vector query (347.93ms)

¢ S 3/7.93n

v embedding text-embedding-ada-002 (330.97ms)

& S 330.97m

http post (330.54ms)

¢ === 330.54m
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v chat_client_advisor safe_guard_around_advisor_arou (3.42s)

v chat_client_advisor stream_around_advisor_around (3.42s)

v chat gpt-40-mini (3.39s)

http post (596.43ms)

chat_client_advisor question_answer_advisor_after (1.79ms)

chat_client_advisor prompt_chat_memory_advisor_aft (533ps)
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Wouldn't it be nice. ...

e To be able to use Tools written in other languages?

e To have Spring Al Tools used in non-Java envs?



Model Context Protocol (MCP)

(1) LLM | (2)LLM + Tool Calling (3) LLM + MCP

Generative Al Generative Al

Tool #1
Tool #2

Al Application

Al Application

Tool #N

Generative Al
Handles reasoning
and planning.

‘ Al Application \
Decides which

Text-l N / Actions to take
Text-Out Agent

Unified way to connect Al
applications to different data

Equipment to
Interact with the sou rces’ tOOlS,

environment




MCP Client & Server Ecosystem

My @ § &=

Model Context Protocol

Model Context Protocol

Personal MCP Server

Al-assisted personal health tracking server

Dify MCP Server (TypeScript)

A TypeScript MCP server for Dify workflows.

Universal Standard

Secure Connection

313

YouTube Watch Later MCP Server

Access YouTube Watch Later playlist via MCP

COLUMBIA-MCP-SERVERS

Deployment infrastructure for Columbia's MCP
servers

Semantic Understanding

A protocol for extending Al capabilities through local servers

Context Aware

MCP Knowledge Graph

A server enabling persistent memory for Claude.

MCP Tool Builder

A server for dynamically creating tools



MCP Official Java SDK

c 25 modelcontextprotocol.io/sdk/java/mcp-overview

Documentation =~ SDKs
@ Model Context Protocol

Features

Q Search... 8K

e MCP Client and MCP Server implementations supporting:

@ Python SDK e Protocol] = O modelcontextprotocol / java-sdk Ql|l&s|~
I TypeScript SDK * Tool disg <> Code ( Issues 22 11 Pullrequests 12 3 Zenhub G Discussions () Actions
Java SDK e Resourci
. Y java-sdk ' public < EditPins v+  ®Watch 19 ~ % Fork 144 -
[@ Kotlin SDK ¢ Roots lis
@ c#sDK

[ Specification

Java
Overview
MCP Client
MCP Server
Christian Tzolov Dariqsz Jedrzejczyk
Cliet] T
= B mcp-test
B mep

‘ailed to start process with... @

79ec5bb - 4 days ago @

Add CI GitHub Action and rename s...

initial

Next development version

feat(webflux): Add configurable SS...

refactor: remove deprecated 0.7.0 c...

fix(tests): Failed to start process wit...

2 weeks ago

4 months ago

2 weeks ago

last week

last week

4 days ago

+- on @

@ Security ee

Starred 750 v

About e

The official Java SDK for Model
Context Protocol servers and
clients. Maintained in
collaboration with Spring Al

& modelcontextprotocol.io/sdkf/j...

Readme

MIT license
Code of conduct
Security policy

Activity

OB

Custom properties




MCP Components

Generative Al

Al Application

MCP
Client #1
MCP
Client #M

Host

Al App & Agent

MCP
Protocol

_Coi
O

Oi

builder responsibility

MCP API External
Server #1 Services #1

API

MCP External

Server #2 Services #2

API

MCP External

Server #N Services #N

Service Provider
responsibility



MCP Cardinalities

1.*
@ Al Application

1
0.*

[ MCP Client H MCP Server }




Spring Al MCP Server - Demo

MCP MCP Server

Protocol

<dependency>
<groupId>org.springframework.ai</groupId>
<artifactId>spring—ai-starter—mcp—-server</artifactId>
</dependency>

@ | MCP Client

longitu

'mcpServers": {
"spring-ai-mcp-weather”: {
‘command": "java’,
"args”: [
“jar",
"/spring-ai-mcp-server-00.1-SNAPSHOT jar"

e nv': {}



MCP Transports

Ve

Single Process

[ MCP Client } - { MCP Server ]

STDIO

( ) (

Client Process Server Process
[ MCP Client ]—4©—~[ MCP Server ]

. J .




MCP Capabilities

MCP Protocol

[ MCP Client ]——-@—{ MCP Server ]

! !

has has
| l
4 N 4 )
Capabilities Capabilities




Spring Al + JavaScript WebSearch & Filesystem Tools

Application.java

Your Computer

® Al Models
Spring Al @ OpenAl A\ Azure
Application ANTHROP\C %%rﬁilgi
oroq Il e

.content();

0

Spring Al ®

McpClient

mcp-servers-config.json

MCP Client

é MCP Protocol

MCP Server 2

@
S e 4 Brave Search API
(Brave)




MCP Authorization

e New Protocol (2025-03-26) Authorization Feature
o Authorization capabilities at the transport level
o OAuth 2.1 compliant
o Enabling MCP clients to make requests to restricted MCP
servers on behalf of resource owners
o For HTTP-based transports



Spring Al MCP & Spring Security OAuth

Authorization Server

example: Keycloak, Okta,

1. Request token custom Spring Authorization Server, ...

( A
N 4
/ MCP Server (Sprmg Boo‘t)
MCP Client
(Spring Boot) 2. Make MCP request
using token(s) Spring Security Resource Server
GET /sse | POST /mcp/message L vahocl:tek‘"wmmg ;eEuCSts
Authorization: Bearer <...> eck access Token
3. Authorized
MCP request
[ Spring Al MCP Server ]
\ 2z
N\ J

Blog: https://spring.io/blog/2025/05/19/spring-ai-mcp-client-ocauth?



https://spring.io/blog/2025/05/19/spring-ai-mcp-client-oauth2

Agentic Systems




Agentic Systems - Prescriptive vs Autonomous

e Workflows - LLMs and Tools are |
orchestrated through predefined B spring Al

paths, e.g. prescriptive

N A E

e Autonomous Agents - LLMs |
Call/Response
autonomously plans and executes Query/Result Read/Write

the processing steps toward . - 4

accomplishing the tasks - e.g Retrieval

{ Tools ] [Memory

autonomous



Agentic Workflows

Chain Workflow

Break complex tasks down into simpler, more manageable steps

Pass
LLM Call 2 LLM Call 3 Out

Output 2

In LLM Call1 Gate
Output 1

Exit
Fail

Routing Workflow
Complex tasks with different input types, handled by
specialized processes. An LLM analyzes the input content and

routes it to the specialized handler.

LLM Call1

In e LLM Call 2 out

Router

LLMCall 3

Parallelization Workflow
Work simultaneously on tasks and aggregate outputs

LLM Call1

In LLM Call 2 Aggregator out

Orchestration - Worker Workflow
Central LLM orchestrates task decomposition. Specialized
workers handle specific subtasks

LLM Call1

In Orchestrator LLM Call 2 Synthesizer Out

LLM Call 3

Evaluator - Optimizer Workflow
Dual-LLM process - one LLM generates responses while
another provides evaluation and feedback in an iterative

loop

Solution

LLM Call LLM Call

Generator Evaluator Accepted

Rejected +
Feedback

Building effective agents: https://www.anthropic.com/enqineering/building-effective-agents
S Building Effective Agents with Spring Al (Part 1): https://spring.io/blog/2025/01/21/spring-ai-agentic-patterns
GitHub Repo: https://qithub.com/spring-projects/spring-ai-examples/tree/main/agentic-patterns



https://www.anthropic.com/engineering/building-effective-agents
https://spring.io/blog/2025/01/21/spring-ai-agentic-patterns
https://github.com/spring-projects/spring-ai-examples/tree/main/agentic-patterns
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Agentic Workflows

TR
GEELY

Build effective agents with Model Context Protocol using simple, composable patterns.

Examples | Building Effective Agents | MCP

pypi |v0.0.14 [ open issues |31l chat |42 online § pypi | downloads |12k [ license [Apache-2.0




Orchestration - Worker Workflow

Central LLM orchestrates task decomposition. Specialized workers
handle specific subtasks

LLM Call 1

> Plan Iteration: 1, isComplete: false
> Step: 1/3: Research Spring AI and MCP Java SDK advancements
> Task: 1/2 (searcher): Search for and gather information about Spring AI's recent developments, features, and use cases
> Task: 2/2 (searcher): Search for and gather information about MCP Java SDK advancements, features, and integration capabilities Out
> Step: 2/3: Verify information and check facts
> Task: 1/1 (fact_checker): Verify the gathered information about Spring AI and MCP Java SDK for accuracy, consistency, and completeness
> Step: 3/3: Create comprehensive summary report
> Task: 1/1 (writer): Write a well-structured. comnrehensive summarv_ahout _Snrina AT _and MCP _lava Q‘Q‘K advancements. includinag their featur

LLM Call 3
When to Use;

e Complex tasks - subtasks can't be predicted upfront
e Jasks requiring different approaches or perspectives
e [For adaptive problem-solving
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Thank You

Christian Tzolov
Spring Al & MCP Java SDK
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