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Agentic Al

 Slides extracted from the wonderful Agentic Al course taught by Andrew Ng on the
DeepLearning.Al platform.

Module 1: Introduction to Agentic Workflows v
Module 2: Reflection Design Pattern v
Module 3: Tool use v
Module 4: Practical Tips for Building Agentic Al v
Module 5: Patterns for Highly Autonomous Agents v

 In this lecture, we focus mostly on material from Module 1 and Module 5.



https://www.deeplearning.ai/courses/agentic-ai/
https://www.deeplearning.ai/

What is Agentic Al

Agentic Al

Non-agentic workflow (zero-shot): Agentic workflow:
Please type out an essay on topic X from Write an essay outline on topic X
start to finish in one go, without using
backspace. Do you need any web research?
Write a first draft.
Start

Consider what parts need revision or more
research.

Revise your draft.

Thinking
/research

Revise

Finish




Agentic Al Workflows

Agentic Al workflows

An agentic Al workflow is a process where an
executes multiple steps to complete a task.

Essay-writing example:

LLM-based app

web search }

request
human review

Write an essay outline on topic X LLM

Do you need any web research? LLM + [
Write a first draft. LLM

Consider what parts need revision or more TTE—
research. LLM + [
Revise your draft. LLM

@ DeepLearning.Al

Andrew Ng




Degrees of Autonomy

- Andrew Ng &
‘&Y @AndrewYNg

Rather than arguing over which work to include or
exclude as being a true agent, we can

acknowledge that there are different degrees to

Al Fund

Sequoia Ascent, March 2024

@ DeepLearning.Al

which systems can be agentic.

X (twitter) post, June 2024

Andrew Ng




Degrees of Autonomy

Degrees of autonomy

Less autonomous

Write an [\
essay about LLM il Lk LLM
black holes search fetch

|

Write web Write
search queries essay
More autonomous
;' Tools [ Tools \'
[ web ) | ' web dfto ||
| [ search J [ [N ) [ i J | : [ fetch ] [ ptext ]:
_____________ T____________I ‘\_______l________/
Write an N
essay about LLM AR LLM Sl LLM LLM
black holes search fetch
Search Fetch 5 Write Reflect and
web best essay  improve
@ DeeplLearning.Al SoLces araft drqfkndrew Ng




Degrees of Autonomy

Degrees of autonomy |

Agentic Al can be less or more autonomous

Less Semi- Highly
autonomous autonomous autonomous
e —
+ All steps predetermined + Agent can make + Agent makes many
« All tool use hard coded some decisions, decisions
« Autonomy is in text choose tools autonomously
generation » All tools predefined + Can create new tools
on the fly

®@DeeplLearning.Al Andrew Ng




Agentic Al Improves Coding Performance

Coding benchmark (HumanEval)

~

© Non-agentic
@ Reflection

@ Tool Use
© Planning
@ Multiagent
. 4
Non—ogentlc . R
o‘ OQ -.\50
{ : \ 3 S5 & &
< Q
\&'0 véz ™ \’ov.(be)QG%e‘ \QQ?X '\&Qp
GPT-3.5 o @O o o qe,«\‘
Non- . Cbov. 6&
agentic 3 Sl
N O ON D o)
0, 0 O
48%) o°b\x é»:éz» ‘?Qtoo:o\cé; &
GPT-4 ) 000 P .‘o.?'
Non- \ Y
agentic P
(67%) Agentic systems
% % % % | |
40% 50% 60% 70% 80% 90% 100%

@DeepLearning.Al
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Agentic Al 1s Parallelizable
1 I 9 parallel web
Parallelization for speed e 16
3 parallel ( N\ web ]
searches \ LLM J| fetch | . @
web - s B\ [ web N
- ]{search] I || fetch @
Fetch ( [ web |
top 3 L ke )| fetch @
results ( \(web
L LM J| fetch @
Write an
web @ N b ) \ |
essay about —»[ LLM ]{ J - we !
[ black holes } search § LEM J| fetch | D ) e
( [ web | :
LLM s j Write an
\ J! fetch | |© essay
(& B\ Web )
/ \ L ) \fetch) @
web — [ web
LM ][search} \ L LM )| fetch | @
@DeepLearning.Al ﬁLLM | ffvevtect:; —_ @ Andrew Ng




Agentic Al 1s Modular

Modular: Add/swap out components

3 parallel ( 0 “web )
searches L M | fetch | >

new ( A [ 2

web

"M web UM fetch

Fetch f |[ web |

top 3 L ke J| fetch |

results ( N web |

/\ - / \fetCh/

Write an p % 4
essay about LLM | news LLM web —_
black holes \ | J| fetch |

(@ A Web i,
LM )| fetch |
( [ web
/ ~ b J \fetCh J
web ( [ web
LLM search \ Rl fetch |
(2 B\ N\
@ DeeplLearning.Al U | D -
fetch |

&7 &7 &5 (&7 187 & &7 |87 &7

L

)

N
LM —>

Write an
essay

Andrew Ng




Key Benefits of Agentic Al

Key benefits of agentic workflows

Coding benchmark (Humankval )
g
* Much better performance ==

* Faster than humans because of g
parallelization . i;g}@
Sk

Modular: can add or update tools, swap out
models

@ DeeplLearning.Al Andrew Ng




Agentic Al Design Patterns

Agentic Design Patterns

1. Reflection
2. Tool use
3. Planning

4. Multi-agent collaboration

@ DeeplLearning.Al Andrew Ng




Reflection

Reflection Design Pattern

Here's code intended for {task}:

def do_task (x):

e N A[Pleqse write code for {tGSkﬂ Check the code carefully for correctness, style and efficiency,

)

1
<

)

-

and give constructive criticism for how to improve it.

.

def do_task(x): ... ll:

% There'’s a bug on line 5. Fix it by .. J

def do_task_v2(x): L

_{l_l It failed Unit Test 3. Try changing ... J

[def do_task_v3(x): ":

Agent
(LLm)




Reflection Design Pattern

Here’s code intended for {task}:

RefleCthn def do_task (x):

N AEPIeose write code for {tGSk}] Check the code carefully for correctness, style and efficiency,
and give constructive criticism for how to improve it.
def do_task(x): ... #

def do_task_v2(x): ll:
[def do_task_v3(x): L

M
)

Ul

>
IS

There's a bug on line 5. Fix it by ... ::

It failed Unit Test 3. Try changing ... I_l\_

Coder Critic
Agent Agent
(LLm) (LLm)




Tool use

Web search tool

& You

What is the best coffee maker according to reviewers?

» Copilot

.
-
-
[
-
-
) Searching for best coffee maker according to reviewers
v

Analysis Information gathering
« Code Execution * Web search
* Wolfram Alpha * Wikipedia

« Bearly Code Interpreter * Database
access

Tool Use Design Pattern

Code execution tool

© You
If linvest $100 at compound 7% interest for 12 years, what do | have at the end?

principal =100 .
interest_rate = 0.07 .
years =12 .
value = principal*(1 + interest_rate)**years .
Productivity Images

* Email * Image generation

* Calendar * Image captioning

* Messaging * OCR



Planning Design Pattern

Planning

Request: Please generate an image where a girl is reading a book, and her pose is

the same as the boy in the image example.jpg, then please describe the new
image with your voice.

examplé.jpg

[Example adapted from HuggingGPT
paper]




Planning Design Pattern

Planning

Request: Please generate an image where a girl is reading a book, and her pose is

the same as the boy in the image example.jpg, then please describe the new

image with your voice.

- : N
R

“A girl is sitting

on a bed
reading a I')))

3 book.”
— 8
example.jpg
A '--..----.. S A A T I e ®# " = = = ®m ®m ®m ®m ®m ®
. Pose Determination ., " Pose-to-lmage = = Image-to-text ] " Text-to-Speech P
* openpose model  ° 1 . ' - E ] :
._F: .p. I :google/wt model = = Vit-gpt2 modle 1 " fastspeech model 1

[Example adapted from HuggingGPT
paper]




Multi-Agentic Design Pattern

Multi-agentic workflows

Multiagent Debate

Task Single agent  Multi-agent
Biographies 66.0% 73.8%
MMLU 63.9% 71.1%
Chess move  29.3% 45.2%

(Du et al., 2023)

Multiple agents collaborate on a complex software development task.




Planning Design Pattern

Planning example: Customer service agent

Inventory Database

id name description price | stock

1001 | Aviator | Timeless pilot style for any | 80 12
occasion, metal frame

1002 | Catseye | Glamorous 1950s profile, 60 28
plastic frame

1003 | Moon Oversized[round]style, 120 |15
plastic frame

1004 | Classic | Classic[round]profile, gold |[|60| |9
frame

Customer query:

Do you have any
nglqsses
in stock fhat are

| under $100? |

@ DeepLearning.Al

Yes, we have our Classic
sunglasses, which are a
classic round metal frame
and cost $60

Andrew Ng




Planning with Tools

Planning example: Customer service agent

___________________________________

{description of tools}

system | You have access to the following / Tools )
rompt | tools: |
P P i get_item_ check_ process_
| descriptions inventory item_return
|
1
1

[ get_item_ ] [check_past_J [ process_ ]

Return a step-by-step plan to carry \ price transactions item_sale ’ |
outtheusersrequest |  TTTToTTTooTTmoommmmmommmmmmmommmoT .
( ) (" )
Do you have any R get_item_
round sunglasses W J Step | text | UM = fescriptions ]
in stock that are " \ J N J
under $100?
Step 1 output, i [ heck )
’ . checkK_
l. Use get_item_descriptions | Step 2 text N inventory ||
tool to find round sunglasses < J J
2. Use check_inventory to see
if results are in stock Ste A B .
- d . p2output, | get_item_
3. Useget_item_pricetoseeif ™ Step 3 text » LM price
in-stock results are <$100 - Y




Planning with Tools

Planning example: Customer service agent

system
prompt

fl would like to )
return the gold
frame glasses |
purchased, but not
the metal frame

Kones.

You have access to the following
tools:

{description of tools}

Return a step-by-step plan to carry
out the user’s request.

.

=i LLM '

Use check_past_transactions
to find which glasses they
bought

2. Use get_item_descriptions to
find the gold frame glasses

3. Use process_item_returnto
return the gold-framed glasses

----------------------------------

get_item_
descriptions

J(

check_
inventory

process_
item_return

)

get_item_ check_past_ process_
4 price transactions item_sale |,
( ¢ )
. check_past_
Step 1 text > LM transactions
. \ J
r 4 h
| Step 1output, | LLM get_item_
“| Step 2 text - descriptions
. G Y
4 ( N
| Step 2 output, | LLM process_
| Step 3 text " item _return
& " J




Planning with Tools

Planning example: Email assistant

system
prompt

invitation from
Bob about dinner
in New York and
tell him I'll attend.
Then archive his

\email.

/ Reply to that emoil\

You have access to the following
tools:

{description of tools}

Return a step-by-step plan to carry
out the user’s request.

4

=i LLM \

1. Use search_email to find
emails from “Bob” that
mention “dinner” and “New
York”

2. Use send_email tool to reply
and confirm attendance

3. Use move_email tool to move
email to “archive” folder N

________________

email

search_ ] [ move_

email J

email

delete _ ] [

email

send_ ]

________________

(o ™\ P
Step 1 text > LLM |» search
email
\_ J U
Step loutput, | [ ) ( song
|Step 1output, | send_
“| Step 2 text * UM = omai
\. J U
r N\
_|Step 2 output, | LLM |» Move_
\_ ) \_




Creating and Executing Plans

Formatting plan as JSON

Updated system prompt

You have access to the following tools: {
Ilplanll : [
. {
{description of tools} ——
"description”: "Find round sunglasses",
Create a step-by-step plan in JSON format. “tool": "get_item_descriptions”,
"args": {"query": "round sunglasses"}
Each step should have the following items: %
step number, description, tool name, and "step": 2,
args. "description": "Check available stock”,
"tool": "check_inventory",
"args": {"items": "results from step 1"}
Do you have any }s
round sunglasses _
in stock that are LM - } ]
under $100?

@DeepLearning.Al Andrew Ng




Limitations of Planning with Tools

The challenge of planning with tools |
‘ Tools .
Which month had [get-,c:;‘,‘(m“-} [get;ﬁ‘e"c‘,ﬁ“”-] [ filter_rows J :
the highest sales of LLM : |
hot chocolate? | |get_column_| |get_column_ :
" [ min ] [ median J { AL ] i
date price coffee_name Size 1. Usethe filt.er_rows tool to extract transactions in
January with coffea_name “Hot Chocolate”
2024-01-28 3.87 HotChocolate M 2. Use the get_column_mean to find the average
amount
2024-03-01 289 Cappuccino S 3. Use the filter_rows tool to extract transactions in
2024-03-04 387 Latte M February with coffee_name “Hot Chocolate” |
4. Use the get_column_mean to find the average (
. e wee amount
2025-03-23 457 Latte L 5. Repeat for March, April, May, .., December
6. Determine the month with highest average using
coffee_sales.csv results of previous steps




Limitations of Planning with Tools

The challenge of planning with tools

___________________________________

Which month had
the highest sales of LLM
hot chocolate?

get_column_ | |g
max

et_column

—] [ filter_rows

get_column_| |g
min

et_column

=

) S

\
~

date price coffee_name Size

s Y
How many unique

2024-01-28 3.87
2024-03-01 2.89
2024-03-04 3.87

2025-03-23 4.57

get_unique_

get_last_N_

transactions last

Hot Chocolate M week?
& Y,
Cappuccino S P 2
PP What were the

Latte M amounts of the last

5 transactions?
. & W,
Latte L

@ DeepLearning.Al

___________________________________

Brittle
Inefficient
Continuously
dealing with
edge cases

Andrew Ng




Planning: From Tools to Code

Planning with code execution

system
prompt

Write code to solve the
user’s query. Return your
answer as python code
delimited with
<execute_python> and
</execute_python> tags.

What were the

amounts of the last LLM

5 transactions?

<execute_python>
import pandas as pd

# Load CSV
df = pd.read_csv("transactions.csv")

# Ensure date column is parsed as datetime
df["date"] = pd.to_datetime(df["date"])

# Sort by date to get most recent transactions
df_sorted = df.sort_values(by="date",
ascending=False)

# Select the last 5 transactions
last_5 = df_sorted.head(5)

# Show just the price column (amounts)
print("Last 5 transaction amounts:")
print(last_5["price"].to_list())

</execute_python>




Planning: From Tools to Code

Planning with code execution

system | Write code to solve the <execute_python>
prompt | user’s query. Return your
answer as python code import pandas as pd
delimited with
<execute_python> and ijeaddCSV an p?r::e the :c't.iate" co}umn as datetime
= pd.reaa_csyv ransactions.csv ,
</execute_python> tags. Tl

# Define time window
How many unique today = pd.Timestamp.today()
transactions last LLM week_ago = today - pd.Timedelta(days=7)
week?

v

# Filter rows where date is within last week
last_week = df[df["date"].between(week_ago, today)]

# Drop duplicate rows and count
print(last_week.drop_duplicates().shape[0])

</execute_python>

Homework: Can we instruct to plan with code that also uses tools?

27




Planning with Code

Planning with code improves performance

gpt-4-1106-preview | P

gpt-4-0613 L
Cl B -2 s U J/
Model gpt-3.5-turbo-0613 [—————— -~
gpt-3.5-turbo-1106 E v )
gemini-pro|  ~ » d Action Mode
. 1 mm Code as Action
text-davinci-003 — w== JSON as Action
Llama-2-70b-chat-hf 4 - Text as Action
0 10 20 30 40 50 60 70

Successful task completion rate (%)

[Adapted from “Executable Code actions Elicit Better LLM Agents”, Wang et al. 2024]

@ DeepLearning.Al Andrew Ng




Multi-agentic Workflows

Some tasks require more than 1 person!

Task Team

Create marketing assets Researcher
Graphic Designer
Writer

Writing a research article Researcher
Statistician
Lead writer
Editor

Preparing a legal case Associate
Paralegal
Investigator

@ DeepLearning.Al Andrew Ng

29




Multi-agentic Example

Example: Marketing team

Researcher Graphic designer

Tasks Tasks
* Analyze market trends « Create data visualizations

« Research competitors  Create artwork

Tools Tools

« Web search « Image generation,
manipulation
« Code execution for chart
generation

esigner

@DeepLearning.Al

Writer

Tasks

« Transform research
into report text and
marketing copy

Tools
« (None)

writer

Andrew Ng




Multi-agentic Example

Example: Marketing team with linear plan

Create a summer
marketing
campaign for
sunglasses

@DeepLearning.Al

= research,
research O?;:ig n'; visualizations,
artworks

Here are current Here are 5 data

sunglasses visualizations
trends and and 5 artwork
competitor options for the
offerings... report..

Final report

Andrew Ng




Non-Linear Planning with Multiple Agents

Example: Planning with multiple agents

-----------------------------------

system | You have access to the following :' Tools

prompt tools: ]]
{description of tools} | ] :
Return a step-by-step plan to carry \ ] ],"

outtheusersrequest. | TTTTTTTTTTTTTTTTTTToommm oo oo et

Create a summer w

marketing R
campaign for 'I LLM \
sunglasses

@ DeeplLearning.Al Andrew Ng




Non-Linear Planning with Multiple Agents

____________________________________

system | You have access to the following : Agents
prompt tools: : :
i { } [ graphic ] [ . ] L
i researcher : writer
sy I designer !
{description of tools} W '
Ly

Return a step-by-step plan to carry
out the user’s request.

Create a summer W

marketing R
campaign for 'i LLM \
sunglasses

@DeepLearning.Al Andrew Ng




Non-Linear Planning with Multiple Agents

------------------------------------

system | You are a marketing manager and ! Agents ‘:

prompt | have the following team of agents to | | : :
work with: | [ researcher ] [ gégiFg,r:\tr ] [ writer } !
{description ofagents} | 7 S

Return a step-by-step plan to carry
out the user’s request.

Create a summer W

marketing N
campaign for 'i LLM \
sunglasses

@ DeepLearning.Al Andrew Ng




Non-Linear Planning with Multiple Agents

Example: Planning with multiple agents

------------------------------------

graphic ’
[ researcher ] [ designer ] [ writer ]

____________________________________

system | You are a marketing manager and
prompt | have the following team of agents to
work with:

p———————
- -

{description of agents}

Return a step-by-step plan to carry

out the user’s request.
Create a summer W Step 1 text
J >i LLM \

marketing
campaign for
sunglasses

| Step 1 output, graphic  |_
1. Askresearcher to research Step 2 text
current sunglasses trends
2. Ask graphic designerto

create ad images
3. Ask writer to create report - gzep g ?uttput,
4. Review report o
.

@ DeepLearning.Al Andrew Ng




Hierarchical Planning

Example: Planning with multiple agents

system | You are a marketing manager and

, ! Agents i
prompt | have the following team of agents to | | : :
work with: i [ researcher ] [ (?égiFg)r::r ] [ writer ] E

____________________________________

{description of agents}

Return a step-by-step plan to carry

out the user’s request.
Create a summer W Step 1 text

marketin R marketing
; 1 um |

campaign for
sunglasses Step 1 output
R utput, graphic  |___
1. Askresearcher to research Step 2 text
current sunglasses trends

2. Ask graphic designerto
create ad images

3. Ask writer to create report - ggep g OUttPUt,
4. Review report ep 3 tex

@ DeeplLearning.Al Andrew Ng




Linear Plan

Example: Marketing team with linear plan

Communication Pattern

researcher gra.phlc writer
designer
4

@ DeeplLearning.Al Andrew Ng




Hierarchical Plan

Example: Planning with multiple agents

Communication Pattern

marketing
manager

graphic
designer

researcher

@ DeepLearning.Al

Andrew Ng




Deep Hierarchy and All-to-All

Other communication patterns

Deeper hierarchy All-to-all
marketing marketing researcher
manager manager
v
[ researcher J [ gra_phlc J gra.phlc writer
designer designer

o,

ol fact checker style writer citation
researcher o

@ DeepLearning.Al Andrew Ng




Tasks Suitable for Agentic Al

What tasks is agentic Al suited to?

Easier Harder

< >
Clear, step-by-step process Steps not known ahead of time
Standard procedures to follow Plan/solve as you go
Text assets only Multimodal (sound, vision)

@ DeepLearning.Al Andrew Ng




Clear Steps, One LLM Call

Example: Invoice processing workflow

TechFlow Solutions LLC

890 Juniper Drive

San Mateo, CA 94401

Phone: (415) 555-7890

Email: billing@techflowsol.com

Due Date: August 20, 2025

Invoice Date: August 6, 2025

4 required fields: Steps:

Description Q Xt e

ipti

P v Price Total

Consulting - Systems

S, 20 $150.00 $3,000.00
Total Due: $3,000.00

@DeepLearning.

A

Biller 1. Identify required fields

Biller address
Amount due
Due date

__________

1 \
1 1
] 1
| update ||
: database |

\____I _____

2. Record in database

R

= update
—{PDF to textH LLM Hdatobose

Record
created!

Andrew Ng




Clear Steps, Multiple LLM Calls

Example: Responding to customer email | |

From: Susan Jones Steps: |
Subject: Wrong item 1. Extract key information |
shipped 2. Find relevant customer records

| ordered a blue KitchenPro 3. Draft response for human review

blender (Order #8847) but | ... \ |

received a red toaster Tools Tools ‘

instead.

A ]
| | i
|
orders i : request !
database query| ! { review )

o 0

________________

| need the blender for my . request o ‘
daughter's birthday party database query review _’m |

this weekend. Can you

help? Verlfy order Draft
details response,
request
Susan review

@ DeepLearning.Al AndrewNg |




Query-Dependent Steps |

More challenging: Customer service agent

1. Check inventory for black jeans
Do you have any black . )
[ jeans or blue jeans? } 2. Check inventory for blue jeans
3. Respond to customer
Required steps
not known ahead
Fdllkciorenming 1. Verify customer purchase of time
[beach towel | bought] 2. Check return policies
3. If return allowed = “yes”, then:

|
l

a. Issue return packing slip |
b. Set database record to “return pending” |
1

@ DeeplLearning.Al Andrew Ng |




Complex Steps

Difficult: Visual computer use

1 urited.com | ChatGPT Agent Mode
(OpenAl)

Traveler Info

o comply with the TSA Secure Fiight program, the traveler
government-issued photo ID that each traveler presents at the arport

I © 5an in to your MileagePlus* account for even faster checkout

& Traveler1: ONEWAY (1 TRAVELER)

First name Middie name/Initial

0
1 \ ‘ ] | (it shown on 1D) | 2431+ 123 pm 10.9:27 pm + Nonstop
) Show details.

Date of birth (required) Gender (required) @ Suffix

]'Monm vH;”m\ ( v | v fare $440.47

1 aduit 18+ $449 47/person

F fiyer n 1 ) Taxesand fees $49 01
Frequent flyer o $408.48
= s » | am waiting for the content to load on the x

We use cookies for site functionality, user experience. 10 ¢ 1§} Costie prefarences

more mformaton, refe 1o our Py ok, United website. Once it's fully loaded, | can
—3 proceed with the next steps based on what

£ +i

Ar antinne ara

@ DeepLearning.Al Andrew Ng




Towards an Al co-scientist

* A multi-agent system intended to help uncover new knowledge and to formulate
demonstrably novel research hypotheses and proposals.

— Building upon prior evidence and aligned to scientist-provided research objectives and guidance.
* Design incorporates a generate, debate, and evolve approach to hypothesis
generation, inspired by the scientific method.

— (1) Multi-agent architecture with an asynchronous task execution framework for flexible
compute scaling;

— (2) A tournament evolution process for self-improving hypotheses generation.
* Development and validation in three biomedical areas:

— drug repurposing.

— novel target discovery.

— explaining mechanisms of bacterial evolution and anti-microbial resistance.

https://research.google/blog/accelerating-scientific-breakthroughs-with-an-ai-co-scientist

45
T
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The AI Co-Scientist System Design

Scientist

The scientist interacts
with the system by
specifying a research

goal in natural language.

They can also suggest
their own ideas and
proposals, provide
feedback and reviews,
and interact via a chat
interface to guide the
co-scientist system.

Discuss via
chat interface

S

Scientist inputs

Research goal

Scientist describes a
research goal along with
preferences, experiment

constraints, and other
attributes.

.............. Add |dea
Review idea :

Research proposals and
overview

Top-ranked research
hypotheses and proposals
are summarized into a
research overview and
shared with the scientist.

The Al co-scientist multi-agent system

Research plan

i B Slmulatlon re wew ............
comparison and ranking LR
with scientific debate in
tournaments. Limitations
and top win-loss patterns
are summarized and
provided as feedback to
other agents. This enables
iterative improvement in
quality of research
hypothesis generation
creating a
self-improving loop.

Tournament review
Deep verification

Inspiration from other ideas

Simplification
Research extension
Proximity agent

Meta-review agent

- Research overview formulation

4
J/

- Generation agent 4

____________ configuration i T
______________________________________________ Literature exploration
™ Simulated scientific debate
Ranking agent Reflection agent —
tournaments

Al

Al co-scientist

The Al co-scientist
continuously generates,
reviews, debates, and
improves research
hypotheses and
proposals toward the
research goal provided
by the scientist.




Agentic Workflow

Al co-scientist

Al co-scientist specialized agents




Application

Basic research

<

>

Basic Research and Applications

......................... FOUUSSEUS SIS USSsSs——. Suggested drug
- Suggest an existing drug that couldbe ; 2
‘repurposed for acute myeloid leukemia (AML) : ; With preclinical evidence 3 Suggested novel drug
' treatment and provide experimentally : 5 Binimetinib, Pacritinib, ... o PO NN
testable concentrations for an IC50 assay. : Completely novel repurposing <§(
The drug should inhibit the proliferation of - g KIRAG, Leflunomide, ...
_________ il el Lies perEilany Lol | Drug concentration
Scientist provide research goal to identify possible drug The Al co-scientist generates predictions for AML drug In vitro experiments show that the proposed co-scientist drug
repurposing candidates for acute myeloid leukemia (AML). repurposing. Scientists review and selects candidates for repurposing candidates inhibit tumor activity in AML cell lines.

in vitro experiments.

Drug repurposing for acute myeloid leukemia (AML)

g) T Disease )
& progresswon
2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5 J:':L
: s 1 D - =_=—=--z=s==c-q----- Untreated
Propose a novel hypothesis about specific e e .o : o e — —
pe . VP out sp The Al co-scientist identifies . = (E—
epigenetic alterations contributing to - o : 3
fibroblast f ion in liver fibrosi three novel epigenetic targets ES
L erosnlEsieine Lo DesUies s A S Fibrosis  Fibrosis Suggested Suggested ,— FDA-approved
""""""""""""""" TP; VA‘I o .t"t o .I' o 't: ) i inducer  inhibitor drug1 drug 2
il i i i i i i e CO-scientist proposes several € enetic
Scientist specify rtzigaeg}groliilet?f]i%?g:g novel epigenetic target car:did:atez fopr in vitro\;xperirs:gnts. : In vitro experiments show that the drugs based on co-scientist suggested

epigenetic targets reduce the fibrogenesis in human hepatic organoids.

Identifying novel treatment targets for liver fibrosis

Hypothesis generation — >  Experimental validation — New insights submitted to a top journal

2015-2024: Scientists create novel

. : hypothesis, and validat i tall . .
Why are cf-PICls found in - et < 10 yours of iterative researcn . Independently propose the same hypothesis Recapitulate result

many bacterial species?

The Al co-scientist hypothesis
Conserved regions on capsids and tails

2024: The Al co-scientist generated 5 Capsid interaction with bacterial membranes
research hypothesis recapitulates the :

empirical findings in 2 days

Scientists start exploring the cf-PICI
mechanisms in 2015.

Parallel in-silico discovery of bacterial gene transfer mechanism relevant to antimicrobial resistance (AMR)




Supplemental Materials

« The Agentic Al course taught by Andrew Ng on the DeeplLearning.Al platform.
— Video lectures.
— Jupyter notebooks.

* Google’s Agent Development Kit:

— Agents in ADK.
— Multi-Agent Systems in ADK.
— Using MCP with ADK:

* https://google.github.io/adk-docs/mcep

» https://google.github.io/adk-docs/tools/mcp-tools

 OpenAl’s AgentKit.



https://www.deeplearning.ai/courses/agentic-ai/
https://www.deeplearning.ai/
https://google.github.io/adk-docs/
https://google.github.io/adk-docs/agents/
https://google.github.io/adk-docs/agents/
https://google.github.io/adk-docs/agents/multi-agents/
https://google.github.io/adk-docs/agents/multi-agents/
https://google.github.io/adk-docs/agents/multi-agents/
https://google.github.io/adk-docs/agents/multi-agents/
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://google.github.io/adk-docs/tools/mcp-tools
https://platform.openai.com/docs/guides/agents

