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LLM Agents

Agentic Al Frameworks & AutoGen
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Agenda

= Agentic Al Frameworks
= AutoGen

What are future Al How do we empower every
applications like? developer to build them?




What are future Al applications like?

= Generative = Agentic
= Generate content like mmp = Execute complex tasks
text & image on behalf of human
E
= g M
a

Zaharia et al. 2024. The Shift from Models to Compound Al Systems



Examples of Agentic Al

P e rS O n a I a SS I St a n t S Creative Writing Coach Laundry Buddy
) ‘ I'm excited to rea.d your work and. give Ask'me any’(r?ing about st
A ut O n O m O u S ro b Ot S \i you feedback to improve your skills. T:::g?; sorting and ever

Gami ts
Tech Advisor
From setting up a printer to b F
troubleshooting a device, I'm here to |\ i
help you step-by-step.

The Negotiator

Game Time

| can quickly explain board games or
card games to players of any skill
level. Let the games begin!

Science agents
Web agents
Software agents

Sticker Whiz

I'll help you advocate for y
get better outcomes. Bec
negotiator.

I'll help turn your wildest dreams into
die-cut stickers, shipped to your door.







Key Benefits of Agentic Al

Useful Interface

Natural interaction with human agency
Strong Capability

Operate with minimal human intervention
Useful Architecture

Intuitive programming paradigm



What if we prohibit shipping
from supplier 1 to roastery
27?

]
& User

Commander r—===--- B Repeat until
answering the

users

1 1

I - |

1 1 guestion or
I 1 timeout

1 1

Safeguard




What if we prohibit shipping

" Ytedll from supplier 1to roastery 2?

(Writer nested in Commander, Triggered by User) i/r

Gj (Safeguard nested in Commander, Triggered by Writer)
Whoat i we pr‘ohib?‘t shipp‘.v\f, from Supphar 1 to roo\s'tery ar
| < Is the code safe?

hon

Writer Commander model.addConstrOGL(suppliert’, 'roastery2)] ==

olumns and 36 nonzeros

Here are the execution regu!‘t&l Optim}za‘tion Pr\oblem
_solved. The objective value is: 2470.0

Solution count 3:



writer = Writer("writer", Ilm_config=llm_config)

safeguard = autogen.AssistantAgent("safeguard", Im_config=llm_config)
commander = Commander("commander", IIm_config=llm_config)

user = autogen.UserProxyAgent("user"

writer_chat_queue = [{"recipient": writer, "message": writer_init_messsage, "summary_method": writer_success_summary}]
safeguard chat_queue = [{"recipient": safeguard, "message": safeguard_init_message, "max_turns": 1, "summary_method":
safeguard_summary}]

commander.register_nested_chats(safeguard _chat_queue, trigger="writer")
commander.register_nested chats(writer_chat_queue, trigger="user"

chat_res = user.initiate_chat(commander, message="What if we prohibit shipping from supplier 1 to roastery 2?")



Agentic Programming

= Handle more complex o= Single-GPT4
1004 96.00% 98.00%  mmm Multi-GPT3.5
tasks / Improve response 83.00% W Single-GPT3.5
. ;\3 80 \M’ 78.00%
quality = 72.00%
(@)}
O Improve over natural *Ec; 15000
iteration g % 15 005
o Divide & conquer \ §
o Grounding & validation 0 QR \\ AN\

F1 Recall
Metrics




Agentic Programming

= Easy to understand, Commander
maintain, extend ()
O Modular composition / @ \
o Natural human - -
participation
Writer Safeguard

O Fast & creative
experimentation



Agentic Al Framework Desiderata

Intuitive unified agentic abstraction

Flexible multi-agent orchestration

Effective implementation of agentic design patterns
Support diverse application needs



Agentic Abstraction

Unify models, tools, human for compound Al systems

TiY




Multi-Agent Orchestration

StatiC/dynamiC Commander
NL/PL PRICIHN
Context sharing/isolation
Cooperation/competition
Centralized/decentralized @) Manager
Broadcast \é Speak

Intervention/automation |

I = 11 = 1{l I
@& @
L@ o ERy @




Agentic Design Patterns

Talk Can Change Y

: Convers.ation | CﬂNVEHSATmN

= Prompting & reasoning

= Tool use *’ N
= Planning o
= Integrating multiple o
models, modalities and >
' THEODORE
memories
ZELDIN



Examples of Agentic Al Frameworks

* AutoGen » Langchain-based
o Multi-agent conversation
programming
" Comprehensive &

O Langraph
= Graph-based control

flexible flow

" |ntegrable with other O CrewAl
frameworks like OpenAl " High-level static agent-
Assistant, Llamalndex, task workflow
LangChain



Agenda

= Agentic Al Frameworks
= AutoGen

What are future Al How do we empower every
applications like? developer to build them?




AutoGen: A programming framework
for agentic Al

e o o e e - - - B o o oo e - e -

Initially developed in FLAML (Nov 2022)
Spined off to a standalone repo (October 2023)
Standalone GitHub organization AutoGen-Al (August 2024)




AutoGen: Enabling \m Gen LLM Applications
a Mul Framework
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08.2023:

03.2023: Initial Prototype

- Flexible multi-agent
conversation framework

- Code/function execution

10.2023: Top
trending on
GitHub

12.2023:

5 favorite Al
papers by The
Sequence

achieven Q

BETTERFUTURELABS

@ Khall

Top 100

Open sourr

Muts Agernt & Enaoie tanergertt
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AR Forbes, The ., -~
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20 0 K WIRED...
Downloads
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LLM Agents = g i N o Wit

Wiartent have it 20

Workshop




Define agents: Get them to talk:
Conversable & Customizable  Conversation Programming

Conversable agent mmm - - oo S
1 (&) : : G :
Fooomoomoes . iy
D | @ 7 @
i . :
| .
I ! Multi-Agent Conversations
G ARl
|
|
L oo oo o oo o o o o o o
// ) ) (on] < E (B 3 ()
e 8lle®m a"®m 8|
[ R | | (.) - | --> B
: - : - i $ _______ I i @ D /i\ _____
() () - - - () ) [ ]
(ea) immimm (8 1 i 5 = o
"""" Sequential Chat  Nested Chat  Group Chat Hierarchical Chat
Agent Customization Flexible Conversation Patterns
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Two-Agent Reflection

Blogpost Writing with Reflection

wWrite o concise but e_naasﬁnﬂ

writer = autogen.AssistantAgent( blo. pos‘t about AT Aqents
bl 7

name="Writer",

system_message="You are a writer...", l — ‘ ® '
1lm_config=11lm_config, -
) critic DiscoYer the power of AT with writer
agentic workflow! ...
critic = autogen.AssistantAgent(
name="Critic",
is_termination_msg=lambda x: x.get('"content", "").find("TERMINATE") >= @,
1lm_config=1lm_config, The Elogpos't con be imf)r‘ovgci El/ incfuo{}nﬁ,
system_message="You are a critic...", some SP&C?P?C &GMPIE’.S Of USE CASES...
) ——
critic.initiate_chat(
recipient=writer, E':xplor‘e the transformative power of
message=task, AL wodels with agentic workflow

max_turns=2,
summary_method="1ast_msg"

)

with the Po“ow]v\g use coes.
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Blogpost Writing with Advanced

Reflection

ritic.register_nested_chats(
review_chats,
trigger=writer,

critic.initiate_chat(
recipient=writer,
message=task,
max_turns=2,
summary_method="1last_msg"

Write o concise but en?aalnﬂ
E‘ogpos‘t about AL Age,'\'ts

4 >
-
register_nested_chat critic Discover the power of AL with writer
agentic workflow! ...

a sequential chat among a list of of reviewers nested in the critic

I OVer‘a“, the SEO Reviewer Suﬁ,?e_sts
the ieﬁo\! reviewer 5u3335t5
In r.:or\r:!ui-,ionJI it is essential to ...

As o SEO reviewer,
SEO Reviewer here are my suggestions; ...

Legal Reviewer

Explor‘e the transformative power of
AL wodels with axaen‘tic workflow
with AutoGen on the Po“ow\’ng use Cases

J

Ethics Reviewer

| Nested Chat

Meta Reviewer
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Chess Board

i Human/Al Chess Player B

a/idale Move --- .
- I

Developing my knight to a | @

good square. Your move. L _S————— )

Challenging your pawn in
the center. Your move.

Conversational Chess

I — ‘ ' from autogen import register_function
-

v
Nested Chat 1,’ - for call_.er in [pla;_ter_white. player_black]:
register_function(

get_legal_moves,
(.) caller=caller,
. executor=board_proxy,

= name="get_legal_moves",
@ x + Tool Using : description="Get legal moves.",

register_function(
make_move,
caller=caller,
executor=board_proxy,
name="make_move",
description="Call this tool to make a move.",
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Complex Task Planning and
Solving with Group Chat

Manager

Alice  User Proxy

Bob Manager

3. Broadcast
2. Ask the Speaker to Respond

24




def state_transition(last_speaker, groupchat):
messages = groupchat.messages

Complex Task Planning and
Solving with Group Chat

if last_speaker is initializer:

return coder
elif last_speaker is coder:

StateFlow - Build State-Driven

Workflows with Customized | return executor
. . elif last_speaker is executor:
Speaker Selection in if messages[-1]["content"] == "exitcode: 1":
GroupChat
return coder

February 29, 2024 - 7 min read else:

Yiran Wu
PhD student at Pennsylvania State University

TL;DR: Introduce Stateflow, a task-solving paradigm that conceptualizes complex task-solving
processes backed by LLMs as state machines. Introduce how to use GroupChat to realize such

return scientist
elif last_speaker == "Scientist":
an idea with a customized speaker selection function.

return None

Error

groupchat = autogen.GroupChat(
> Re(:nzve - Res:amh > agents=[initializer, coder, executor, scientist],
->|
messages=[],

max_round=20,

C: Coder Ispea ker_selection_method=state_transition,

E: Code Executor )
R: Research 2 5




Student Assistant

: > x e~ > =
(&2 Ask

A1. Math Problem Solving

Commander

/'EJ]\

Writer Safeguard
A4. Supply-Chain Optimization

Assistant

A2. Retrieval-augmented Q&A

AS. Dynamic Task Solving with Group Chat

=

-

Human/Al Chess

Retrieval-augmented Retrieval-augmented i (.)
User Proxy Assistant — : -
L e . ="
G .} L
! = « i - ALFWorld
:: | G Executor
Assistant Grounding
Agent

A3. Decision Making in Embodied Agents

Chess Board

. :/\ )
Gal) 6a

Human/Al Chess

Player A Player B

AB. Conversational Chess

For more examples: https://autogen-ai.github.io/autogen/docs/notebooks



https://autogen-ai.github.io/autogen/docs/notebooks

Area

software development
agent platform
consulting

research

data processing
gaming and simulation
content creation

web browsing

finance

operating system automation
healthcare

information security
marketing

education

sales

legal

mobile




SCIAGENTS: AUTOMATING SCIENTIFIC DISCOVERY THROUGH
MULTI-AGENT INTELLIGENT GRAPH REASONING

Alireza Gl ahi
Laboratory for Atomistic and Molecular Mechanics (LAMM)
Massachusetts Institute of Technology
77 Massachusetts Ave.
Cambnidge. MA 02139, USA

Markus J. Buchler
Laboratory for Atomistic and Molecular Mechanics (LAMM)
Center for Computational Science and Engineering
Schwarzman College of Computin,
Massachusetts Institute of Technology
77 Massachusetts Ave.
Cambridge, MA 02139, USA

Correspondence: mbuehler@MIT. EDU

ABSTRACT

6vl [cs.Al] 9 Sep 2024

A key challenge in artificial intelligence is the creation of systems capable of autonomously advancing
1
) scientific understanding by exploring novel domains, identifying complex patterns, and uncovering

:; previously unseen connections in vast scientific data. In this work, we present SciAgents, an approach
—~ that lev s three core concepts: (1) the use of large-scale ontological knowledge graphs to
B organize and interconnect diverse scientific concepts, (2) a suite of lar, ge models (LLMs)
2 and data retrieval tools, and (3) multi-agent systems with in-situ learnin ilities. Applied 10
— biologically inspired materials, SciAgents reveals hidden interdisciplinary relationships that were
< previously considered unrelated, achieving a scale, precision, and exploratory power that surpasses
(" ] traditional human-driven research methods. The framework autonomously generates and refines
> research hypotheses, elucidating underlying mechanisms, design principles, and unexpected material
A properties. By integrating these capabilities in a modular fashion, the intelligent system yields material
( discoveries, critique and improve existing hypotheses, retrieve up-to-date data about existing research,

; and highlights their strengths and limitations. Our case studies demonstrate scalable capabilities to

eling. harnessing a “swarm
ues for materials discovery and

of intelligence” similar to biological systems. This provides new :
accelerates the development of advanced materials by unlocking Nature’s design principles

Keywords Scientific Al - Multi-agent system model - Natural language processing - Materials

design - Bio-inspired materials - Knowled;

Large |




[FR) M cme CommadicaiClinic i X+

= M Gmail Q search mail = @ ® [ <]
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emergence

LE.4@:3 * 00
| Puhblication Task success rates on websites Publication Task success rates on websites
Allcecipe  Amazon  Apple  Arxiv  Github  Booking ESPN  Coursera Dictionary BBC  Flights Maps Search HugFace Wolfram Overall
He et al. 2024 (text) 57.8 43.1 36.4 50.4 63.4 2.3 28.6 24.6 He et al. 2024 (text) 66.7 45.2 7.1 G2.6 75.2 3L.0 60.2 44.3
He et al. 2024 (multi) 51.1 529 62.8 52.0 59.3 326 47.0 57.9 He et al. 2024 (multi) 713 0.3  51.8 64.3 7.5 55.8 60.9 57.1
| Lutz et al. 2024 (text) 60 43.9 60.5 51.2 22.0 38.6 59.1 51.1 Lutz et al. 2024 (text) 86.0 81.0 0.0 39.0 674 53.5 65.2 52.6
| Apgent-E (text) T1.1 T0.T T4.4 62.8 82.9 273 7.3 85.T Agent-E (text) 814 738 35.7 87.8  00.7 81.0 95.7 731

a I‘\"j}(\lv > ¢s > arXiv:2407.13032
174

Computer Science > Artificial Intelligence

[Submitted on 17 Jul 2024]

Agent-E: From Autonomous Web Navigation to Foundational Design Principles in Agentic Systems

Tamer Abuelsaad. Deepak Akkil. Praseniit Dev. Ashish Jaamohan, Aditva Vempatyv. Ravi Kokku |



AutoGen is simply the gold-standard when it comes
to applied enterprise agentic orchestration. It allows
us to easily and rapidly explore multiple agentic
configurations, conducting experiments at scale.
Without this specific capability, you'll never realize

the full potential of multi-agent systems. Thank you
AutoGen!

Medo Eldin, Cofounder and CEO @
Terrascape Al

30



Enterprise Customer Interest:

Accounting, Airlines, Biotech, Consulting, Construction,
Consumer Packaged Goods, Electronics, Energy,
(Q Entertainment, Finance, Fintech, Government, Healthcare,
g) Manufacturer, Metals, Motion & Control, Pharmacy,
Research, Retailer, Social Media, Software, Supply Chain,
Technology, Telecom...

Used/Contributed by:

AgentCloud, AgentCoin, AgentlLabs, AgentOps, AT&T,
BetterFuturelLabs, Emergence Al, FastAgency, Google, Meta,

Metropolis, Microsoft, MIT, MongoDB, Nexla, Nordstrom,
Novo Nordisk, PingCap, Princeton, Qdrant, Rutgers,
Santander, Terrascape, Trilogy Education, Tufts University,
UC Berkeley, UCL, U Washington, Weaviate, X-force, XGPT...




Evaluation

Agent-based
evaluation tools

Examples:

AgentEval,
AutoDefense,

Observability

Interface

Lower the barrier
of programming

Examples:
AutoBuild,
Composable Actor
Platform

Learning/
Teaching/
Optimization

Agents made
smarter

Examples:
AgentOptimizer,
EcoAssistant,
Learn to Cooperate



https://autogen-ai.github.io/autogen/blog/2023/11/26/Agent-AutoBuild
https://github.com/autogen-ai/autogen/tree/main/samples/apps/cap
https://github.com/autogen-ai/autogen/tree/main/samples/apps/cap
https://autogen-ai.github.io/autogen/blog/2023/12/23/AgentOptimizer
https://autogen-ai.github.io/autogen/blog/2023/11/09/EcoAssistant
https://arxiv.org/abs/2403.12482
https://autogen-ai.github.io/autogen/blog/2023/11/20/AgentEval
https://autogen-ai.github.io/autogen/blog/2024/03/11/AutoDefense/Defending%20LLMs%20Against%20Jailbreak%20Attacks%20with%20AutoDefense
https://autogen-ai.github.io/autogen/docs/topics/llm-observability

AutoBuild Multi-Agent Systems

Linxin Song ™ JieyuZhang
MS student at Waseda University & PhD student at University of Washington

Agent AutoBuild

O

User

v
Building Task Execution Task

Agent Name .)
~Data Scientist (] -
*Software Engineer 2 0N

R sist Data Sdientist =

B <— )
.} . -
Software Engineer
Group Chat
=)
- 1 If coding
Research Analysist

I
AgentBuilder I @

- —_———

Code Executor

Execution




AutoBuild Multi-Agent Systems

Adaptive Build

u,

Task Instruction

&

Adaptive Builder

lTask Decomposition
Instruct E
Subtask

= .6
o e

LLM Agent Team




AutoBuild Multi-Agent Systems

Method Mathematics Programming Data Analysis (Sci) Chemistry (Sci) Physics Avg.
Vanilla LLM 51.53 84.76 6.61 39.02 31.25 40.98
Meta-prompting 68.88 19.51 39.69 41.46 43.75 43.47
AutoAgents 56.12 84.76 57.98 60.98 50.00 63.58
AutoGen: Assistant + Executor 74.49 93.90 82.88 60.98 43.75 79.89

Captain Agent 77.55 96.95 88.32 65.85 53.12 84.25




How to design optimal
multi-agent topology?

Quality
Monetary Cost
Latency
Manual Effort

How to create
highly capable agents?

Reasoning
Planning
Modality

Learning

How to enable scale,
safety and human
agency?
Parallelization
Resilience

Intent

Teaching




@ AutoGen OSS contributors @

Discord: o 26800023 @
: SRR 0N+ v00-0
@ 19,732 Members wa“ a ,? WG‘@% t;’
N & da @@0@@“90
e nine @ éﬁ i
W
® 1€
| | ITH20%
https://github.com/autogen-ai P EDG
2 @Chi_Wang_ QD¢
¢) @sonichi @ .0
o Tl
Acknowledgment to Qingyun Wu, Qq. %
Markus Buehler, Tamer Abuelsaad & i Qw
Khoi Nguyen for helping develop the QG s G
course material .’f"@" "
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https://github.com/autogen-ai
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