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How Al Is
Used Today

Humans provide
explicit instructions

Al: one command =
one action

Al Agent

Humans provide a goal

Al figures out how to
achieve it

Translate Al agent to Chinese

How to translate “Al

"ANLEREEER"

(Solve a research problem) ]

Hypothesis ... Experiment ...
Analysis

Requires multiple steps and
flexible plan adjustment



Al Agent

Action



Al Agent (AlphaGo)

Observation < —————

115_5”
Action

This sounds familiar, doesn’t it?
It’s a common opening when introducing Reinforcement Learning (RL).



(RL: Reinforcement Learning)

How do we build an Al Agent? RL?

Observation < —————

. )
oa\

Win the
game
Reward
RL: Learn to .
Maximize Reward )
Action

Limitation: A separate RL model must be trained for each task.



How do we build an Al Agent? Just use an LLM!

Observat|on C——
Describe in text
(option) | |
Goal Y e .
| will play at 5-5 | Translate into action
Action

S
“win the game.”

LLMs directly realize the long-standing aspiration
for autonomous agents.
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https://arxiv.org/abs/2206.04615

Can LLMs play chess?

BIG-bench

find a checkmate-in—-one move.

In the following chess position,

Nd5

Nc3 Ncée 4. Bb5 Nge7 5. 0-0 g6t 6.

Nf3 e5 3.

ed cb 2.

1.
aoc 7.



Can LLMs play chess?

https://youtu.be/JHq4EKMg7fl ?si=izKsH-GCVnZkooq

Chess Games
ChatGPT vs DeepSeek

DEEPSEEK

11
-Q- n i ' @) cHATGPT

o Bl ¢ 1285/2005 | uo B 9 [« OO ..

ChatGPT vs DeepSeek: CRAZY Chess



How do we build an Al Agent? Just use an LLM!

Observat|on C——
Describe in text
(option) | |

Goal
\

“win the game.”

| will play at 5-5 Translate into action
Action

LLMs directly realize the long-standing aspiration =~ How are are we from that?
for autonomous agents. What more can we do?



From the LLM’s perspective: the problem an Agent
needs to solve

7\ /N

goal I obsi | action1 | obs2 | action2 | obs3 | action 3:

N/ N/

word chaining An Al Agent relies on the existing capabilities of the
language model



Note: No models were trained
during this class



Al Agents Aren’t New
They already went viral once in Spring 2023

AutoGPT, AgentGPT,

BabyAGI, Godmode ... _
Not working very well

https://youtu.be/eQNADIROjSs ?si=4y
GZEIluAUzKK2VDO



Advantages of Using LLMs to Build Al Agents

, Predefined, limited
-_— Typical | action space
Agent
Can only place moves

AlphaGo on the 19x19 board

LLM Nearly unlimited
— . ele. o
Agent possibilities
Can use tools




Advantages of Using LLMs to Build Al Agents

Compile Error

Typical Agent

Reward =-1
Al programmer Why -1777
LLM Agent Compile Error
Al programmer @ @
More

iInformation



https://youtu.be/G44Lkj7XDsA?si=cMbKG3tqPblgnnBq
https://arxiv.org/abs/2304.03442

Al Agent Example: A Virtual Village of Al Villagers

Joining for coffee at a cafe

Taking a walk

in the park b e
P [Abigail]: Hey Klaus, mind if

- I join you for coffee?
[Klaus]: Not at all, Abigail.

How are you?

Finishing a ]
morning routine a{H! 15 ; sl ! [John]: Hey, have you heard
: A k " e ) £ = - L ‘ . | ! -~ o anything new about the
] o Y | e B “HAs Ak 1= : upcoming mayoral election?
" . : D24 [Tom]: No, not really. Do you
know who is running?

>0 P98

A




[node 749] 2023-02-13 15:33:20: Eddy Lin is studying music theory
[node 748] 2023-02-13 15:33:20: cooking area is idle

[node 747] 2023-02-13 15:33:20: kitchen sink is idle

[node 746] 2023-02-13 15:33:20: behind the cafe counter is idle

[node_743] 2023-02-13 15:32:10: Isabella Rodriguez is gathering decorations

Observation <

Goal

Hosting a Valentine’s
Day party, preparing
for exams...

"getting ready for bed“ |
Action



Al Agent Example: Al NPC in Minecraft

7

™.an autonomqus Al Agent

=== LA mervEma = —— . T e —

P Pl ¢ o22/235.whatisge > @@ B € (= O 3

1000 Al NPCs simulate a CIVILIZATION in Minecraft
https://www.youtube.com/watch?v=2tbaCn0KI90



Al Agent Example: Using Al to Train Models

Sl o

Sl o

Strong | e 2| ea=
Baseline — = ‘;%_ BhGE= [ ‘;%_ BGE=)
goal ]  obsi | action1 | obs 2 action2 | obs3 | action 3:

AIDE: The Machine Learning Engineer Agent https://arxiv.org/abs/2502.13138

AutoKaggle: A Multi-Agent Framework for Autonomous Data Science Competitions

https://arxiv.org/abs/2410.20424



Al Agent Example: Using Al to do research

|
Research overview

. . Researchgoal — Configuration —— Supervisor Agent = with
Scientist detailed hypotheses
l Assign agents to workers
Additional Worker
feedback Generation Agent -— Proximity Agent Worker
\‘ | \ | Worker
Reflection Agent .- Meta-review Agent Worker
Al
l >< l — Context
Ranking Agent g Evolution Agent -—— Memory

Al co-scientist
Al co-scientist specialized agents

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



Toward More Realistic Interaction Scenarios

Turn-based interaction

| goal | obsi ]| action1 | obs2 ]| action2 | obs3 | action:

Real-time interaction

| obs1 | | obs 2 ]

| goal ] For example:

[ action1 ]1[ action2 | voice conversation

Immediately convert to action




Toward More Realistic Interaction Scenarios

obs 1 | [ obs2 | | obs 3
tell me a story ok stop | don’t like the story

Once upon atime in a small village Sorry ......

[ action 1 ] [ action 2




Al Agent: Key Capabilities

Experience-Driven Behavioral Adaptation

How Al uses tools

Planning Capabilities
=

+



Adjust behavior based on experience

Feedback Update

engineer.. Writea ..

000 000
You are a py;y— py;y—
software E’:‘:E ERROR =

__goal [ obs1 | actioni J obs2 ] action2

NS N/

cnns S
LLM @& e

Al
Parameters

(Not Today)



Adjust behavior based on experience

Feedback  Update

000

000
o=

__goal | obst | actioni | obs2 [ action2 J e

!9u2| !9u2|

LLM @& Al

You are a
software
engineer.. Writea ..




Adjust behavior based on experience

[ goal ] obsi1 [ action1 | e [ obs10000 | 7?7?77

NS

@

- _/
h'd

Keep recalling the agent's whole life over
and over ... :(

Highly Superior Autobiographical
Memory (HSAM)

Hyperthymesia



Adjust behavior based on experience

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

o RElEVANT Experience 1 obs 10000 J
é \
Retrieval Read G
o . - y Query
This is basically RAG.
(your own experience Vvs.
others’ experience) Database
[ [ goal | obs1 ] action1 ] .. |l obs9999 | action 9999 ]]

Agent’s Memory



°_0

Adjust behavior based on ex nce

Al
v Relevant Experience | { obs 10000 J action 10000)_ obs 10001

[ goal | obsi1 | action1 ] .. [ obs9999 | action 9999 |

Agent’s Memory  (clogged up by trivial details)



Should this be written to
memory?

[ goal | obsi1 | action1 ] ..

Agent’s Memory




Adjust behavior based

on experience =
e Relevant Experience | { obs 10000 obs 10001
[ Read ] Reorganize the[ Write ]
% information in
memory

-
| thought 1 I thought 2 ] -
\[ thought3 || thought4 ] [ Refleftlon ]

[ | goal |  obs1 I actionl | - | obs9999 | action 9999 ]]




1 GraphRAG l
Read ] https://arxiv.org/abs/2404.16130 [ Writ ]
[ HippoRAG e
T https://arxiv.org/abs/2405.14831

\ / Knowledge
- Graph 4—[ Reflection ]

A T

[ | goal I obs 1 I actionl | - | obs9999 | action 9999 ]]




ChatGPT with memory

ChatGPT 5.4 Thinking >

| have a course on "Advanced Machine Learning" every Friday

afternoon.

Thought for a couple of seconds

Got it.
@ (l;) ooc




ChatGPT with memory

= Settings
Your nickname

Account
Name

Email

Subscription Your occupation

< Saved memories

Personalization )
Engineer, student, etc.

Notifications

Apps
PP More about you

Has an Advanced Machine Learning course every Friday afternoon.

Data controls
Interests, values, or preferences to
Archived chats

Security M
emory

Manage memories

App |
Pp language ChatGPT may use Memory to perso

Show in Menu Bar

Accent color

Reference saved memories




ChatGPT with memory

Please make a plan for me for hanging out for next Friday
afternoon?

Q 7

Read module activated

Thought for 16s >

Since you usually have Advanced Machine Learning on Friday afternoons, | planned this as a post-
class hangout for Friday, March 27 in the Forest Hill / Casa Loma area so it stays easy and low-
stress.

Friday afternoon hangout plan

4:30 pm — decompress with coffee
Start at Café Landwer Spadina at 383 Spadina Rd. It's open daily 8 AM to 10 PM, so it works well as

a first stop after class. landwer.ca




LLM Finite Context Window (e.g. 8k tokens)

A
-

Prompt Tokens

Completion Tokens

TO le a r n m O re System Instructions
o 00
Read-Only (static) Read-Write Read-Write
MemGPT System Prompt Write via Functions

Write via Quene Manager

T 1

Queue Manager

——
Function Executor
MemGPT

Read via Functions
Write via Functions

Recall Storage

Read via Functions
Write via Queue Manager

https://arxiv.org/abs/2310.08560 Wi oo
p g | | [cﬂrt:ler1if(]l'3[17'l \\/O\

Environment - Step 3. Induce Workflows

integrafe info | # Workflow Description d

" ey This workflow aims to find an
achon customer order with specified ID.
h <:| # Workflow Trajectory

Gta f.'e S A [env desc] The r_'un-ent page f.hm\f. -
Agent Workflow Memory BN By |

| [actmu'ulcll.ck{ order-link-id" ]
M

Backbone |

observation b [eny desc| Drd.er||d| i.;.-shown_
[reason] Order [id] is found, Twill
Po4| now terminate the task.

https://arxiv.org/abs/2409.07429

= = [action] stopd)

Step 1. Obtain Actions (annotate/generate/...) -

# 1 need to click the “Orders” link to see all orders. Step 2

clicki*126" # id of the button i . -
) ) Trajectory Evaluation m

# I need to find order 0130 in the current page. w

scroll{(, 200)

Query solved correctly?
# The current page shows order 0130.

send_msg to_user("Emma Lopez”) -
stopi) pass

ON

A-MEM: Agentic Memory for LLM Agents

https://arxiv.org/abs/2502.12110 Wnte
Interactlon
Read

Environment  LLM Agents Agentic Memory







Tools: you only need to know

Common tools for language models  howto use them, not how they

work internally.

ar

\

L g

Search Engine Python Other Al

(Different capabilities,
stronger but costly)

« Atool can be seen as a function; using a tool means calling that function.

« Using a toolisalso called a “function call” .



(There are many ways to use tools; this is just a general method.)

How to use tools System Prompt

'|%'y'c§ U encounter a question you cannot answer from your own knowledge, use a tool. :
:5 : How to use :
== Put the tool call between <tool> and </tool>. After using the tool you will get an output, : tools in
== placed between <output> and </output>. - |
D et eenurremarrenatreasaeremaErenssrennSATrenSSrennSEennnrranaErennnrennnrranatrennnrenn s genera
' The tools you can use now are: HOW to use
=+ A function Temperature(location, time) that queries the temperature for a place and time. E a speC|f|c :
¥ Example: Temperature('Taipei', '2025.02.22 14:26") . ! tool .
:  What is the temperature in Toronto at 2:00 PM on March 10, 2025?
....................................................... 1 User Prompt

Language | gpt-40-mini
Model
\

This is only a string of text; it cannot actually

<tool>Temperature(‘Toronto', '2025.03.10 14:00')</tool> .
call a function.



(There are many ways to use tools; this is just a general method.)

How to use tools

Tool usage protocol .. System Prom pt

What is the temperature in Toronto at 2:00 PM on March 10, 20257 User Prom pt

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Language t-40-mini )
No need to show this Model &P No need to show this
to the user to the user
V. 1 oY

*

<tooI>T€mperature('Kaohsiung', '2025.03.10 14}:00')</too|> <output>32°C</output>

|

A workflow )|
preset by the agent | Temperature )
developer v What the user sees

.
“

(Then continue the At 2:00 PM on March 10, 2025, the temperature in Toronto is
continuation ...) 32°C.



Most commonly used tool: search engine
Retrieval Augmented Generation (RAG)

Ask anything

+ @ G 5.4 Thinking




Use other Als as tools

H—HWH»W [Text instruction ] — Lal\r/]lgléaelge — [ Text response ]

-t Whatis this  — Lal\r)lgléa?e ——> Hesays, "Hello
person saying? ode everyone.”

person feeling~ ode in a pretty good
mood.




where she is? Does she seem upset? | am worried about her.

Could you take a look at a voice message we received? O
MWH’»* Is it Sarah? What she said? Any clues in the background about N
Modules
Speech Recognition
Language Identification
Speech Detection
Speech Emotion Recognition
Speech-to-Noise Ratio (SNR) Estimation
Reverberation Detection
Accent Classification
Stress Position Identification

Spoofing Detection
Music Chord Classification e
Sythetic Speech Detection Yes, the speaker verification result confirmed that it is Sarah.
Speaker Verfication Sarah said: "Hi, it's Sarah. I'm calling to let you know I'll be late
Speaker Diarization to the meeting. I'll be there in about 30 minutes. Sorry for the
Sound Classification fnconvenence.
Query LLM @ The background noise includes traffic sounds, suggesting that

Speaker Distance Estimation she might be outdoors near a road or in a vehicle.

The recognized emotion is sad. Combined with the context of her
message (apologizing for being late), it suggests she might be

https://arxiv.org/abs/2407.09886 . feeling a bit upset or stressed about the delay.




What if there are too many tools?

| 1 obs1 ] — ——| actionl |

Hundreds Al Tool Use
of

Tool Descriptions




What if there are too many tools?

selected tools | [ obs1
A
Tool
. <
Selection
A
.
Hundreds

of
Tool Descriptions

https://arxiv.org/abs/2310.03128
https://arxiv.org/abs/2502.11271

action 1 ]

Tool Use

Agent’s Memory



The model builds its own tools

TroVE: https://arxiv.org/pdf/2401.12869
LATM: https://arxiv.org/abs/2305.17126
CREATOR: https://arxiv.org/abs/2305.14318
CRAFT: https://arxiv.org/abs/2309.17428

selected tools | [ obs1 action1 |
A
Make Tools
Tool
. <
Selection
A
Hundreds

of
Tool Descriptions

Agent’s Memory




Making mistakes by trusting tools
too much ...

Making mistakes by trusting tools
too much ...



What if the tool is flawed? Take RAG as an
example.

Q. cheese not sticking to pizza

B fucksmith - 11y ago
All Images Videos Forums Shopping News Wk

To get the cheese to stick | recommend
4 AlOverview Learn more mixing about 1/8 cup of EImer's glue in with

Cheese can slide off pizza for a number of the sauce. It'll give the sauce a little extra
reasons, including too much sauce, too much tackiness and your cheese sliding issue will
cheese, or thickened sauce. Here are some go away. It'll also add a little unique flavor. |
things you can try: like Elmer's school glue, but any glue will

o Rl : wor it -toxic.
e Mix in sauce: Mixing cheese into the sauce helps ork as long as it's non-toxic

add maisture tothe-shosss-and-dmssubibe sauce. {} 8 @ D Reply
You can also add about 1/8 cup of non-toxic glue
to the sauce to give it more tackiness. @ More replies

e Let the pizza cool: The cheese will settle and bond

Source of image: https://www.linkedin.com/posts/petergyang_google-ai-overview-suggests-adding-glue-to-activity-
7199246664329551872-9VvdY/



Do not trust tools
completely; use your
own judgment.

Making mistakes by trusting tools
too much ...

Making mistakes by trusting tools

Do not trust tools too much ...
completely; use your
own judgment.



Do language models have judgment of their own?

No need to show this

to the user
\ 4 1 oY

{Lal\r)lgl:iae?eJ gpt-4o-mini N need to show this
to the user

<tool>Temperature('Kaohsiung', '2025.03.10 14:00')</tool> <output>100 C</output>

(Then continue the At 2:00 PM on March 10, 2025, the temperature in Toroto
continuation ...) Is 100°C.



Do language models have judgment of their own?

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Language t-4o-mini :
No need to show this { Model } &P No need to show this
to the user to the user

V. 1 R4

<tool>Temperature('Kaohsiung', '2025.03.10 14:00')</tool> <output>10000 C</output>

(Then continue the At 2:00 PM on March 10, 2025, the temperature in Toronto
continuation ...) is 10000°C. This is obviously unreasonable and may be an

incorrect tool output. If you need anything else, let me
know.



When language models do RAG ...

Internal
Knowledge

External
Knowledge

What kind of external knowledge is more likely to persuade Al ...



What kind of external knowledge is more likely
to persuade Al ...

g )
. ame Response w
Question: * Reference Document Modified Documents Madifi[;d RAG / LLM prefers:
What is the Short-acting injection: . )
maximum daily Initial: 5 to 10 mg; may 0.1x: "... maximum: '
dosage of repeat based on response E> 3 mg/day..." E> 20 mg Prior
olanzapine for the and tolerability 2 hours N : ’
treatment of after initial dose and 4 2x: "... maximum:
agitation/aggression E> hours after second dose; E> 60 mg/day..." E> | 60.0 mg RAG
associated with rl;.-l'.-m;:mt';m: 30 ;‘ﬂgfdﬂf . )
psychiatric disorders Inc Uﬂ'ﬂ'{g ora 10x: "... maximum: :
. in adults? y olanzapine) ':> 300 mg/day..." E> | 20 mg Prior
U V
i
Prior Response: Response w/ RAG: .
[ 20 mgp J P;.;. mg / } https://arxiv.org/abs/2404.10198v1
L

* LLMs will increasingly revert to their priors when the original context is
progressively modified with unrealistic values.

* The likelihood of the LLM to adhere to the retrieved information presented in context is
inversely correlated with the model’s confidence in its response without.



What kind of external knowledge is more likely
to persuade Al ...

The

The answer is The answer is answer is

The answer is
A

Tend to trust other Al-
generated statements

https://arxiv.org/abs/2401.11911



Balancing tool use and the model’s own abilities

Using tools is not always more efficient.

For arithmetic, is a calculator always faster than mental math for an
ordinary person?

Question: 3 x 4 -_—

12







Planning

Reactive Response? @ @
»

-/ N\ 7\

____goal obs 1 I actlon 1 | obs 2 I action2 | obs3 ]| action 3:

N/ N
-




Plan-and-Solve Prompting: Improving Zero-Shot Chain-of-
Thought Reasoning by Large Language Models

Planning

https://arxiv.org/abs/2305.04091

There Is no such easy win:

plans are made to be changed.
Q'p' D

-

[ obs1 J(plan]( action1 J[ obs2 [ action2 [ obs3 | action3 ] {3‘/}«

-~

gV




 In a board game: the opponent plays
something unexpected

 Using a computer: a pop-up ad
suddenly appears

Something unexpected happens, so the
original plan no longer works.

Planning

N

[ obs1 ) plan ]| action1 J[ obs2 [plan']{ action 2’ )

Nt
o.ql

plan'

T
[ action2’ J( action3’ | s ﬁi?f}
97 v

.




GPT-3 175B Translated GPT-3 175B

https://arxiv.org/abs/2201.07207 q Task: Throw away paper Task: Throw away paper
uman Step 1: Walk to home office Step 1: Walk to home office
Task: Throw away paper Step 2: "ﬂ:’ﬂlk to wastebasket Step 2: Walk to table
Step 1: Walk to home office Step 3: Find wastebasket Step 3: Find table
. : Step 4: Grab wastebasket ; -
f i Pi Step 2: Walk to desk P Step 4: Turn to table
";‘ask.l-ﬂ?vi B Step 3: Find desk Step 5: Walk to d‘-‘E'L_: Step 5: Find paper
Step Ei qm% ;aznr Step 4: Tum to desk Step 6: Drop paper in wastebasket Step 6: Grab paper
S:&p 3i ﬁlﬁz;ﬂgﬁ‘a};& Step 5: Find chair Step 7: Walk to trashcan
P+ Step 6: 51t on chair Codex 12B Step 8: Open trashcan
Task: Apply lotion Step 7: Find check Task: Brash teeth Step Y: Put paper on trashcan
. / Step 8: Grab check Step 1: Walk to bathroom Step 10: Close trashcan
| Frozen | 5tep9: Squeeze check Step 2: Walk to sink
. Step 10: Stand up Step 3: Find toothbrush .
[ Pre-Trained Causal LLM ] Step 11: Walk to trashcan Cton 4. Piok i toethbruch Translated Codex 12B
Sten 17 Put check s - P P . Task: Brush teeth
l slep 1.2 Pul check on trashcan | 8 Sgep 5: Put toothbrush in mouth S .
. Step 1: Walk to bathroom
Step 6: Move brush around mouth Step 2: Open doar
[ Step 1: Squeeze out a glob of lotion ] GPT-2 1.5B o for two minutes Step 3: Walk to sink
Task: Brush teeth Step 7: ]'::P":_'“ tucnfh;:astc and Step 4: Put pot on sink
Step 1: Go to bathroom P ,_,ms' tnto 5_m ., ; Step 5: Put brush on toothbrush

Task: Get Glass of Milk

Walk to Kitchen Open Fridge Grab Milk Close Fridge




https://arxiv.org/abs/2206.10498
Pl-an BenCh https://arxiv.org/abs/2305.15771

Available actions:

1. Pick up ablock from the table

2. Pick up ablock from another block

3. Puta block on the table

4. Stack one block on top of another block Remove the blue block from the orange
block

Put the blue block on the table

Pick up the orange block from the table

Initial state: the blue block is on top of the
orange block, the red block is on the table,
the orange block is on the table, and the
yellow block is also on the table.

. Stack the ora nge block on top of the blue
block

Goal: place the orange block on top of the
blue block.

Could the LLM have already seen similar
problems?



Mystery Blocksworld Domain Description (Deceptive Disguising)

St

I am playing with a set of objects. Here are the actions I can do

Attack object Attack
Feast object from another object Devour

Ibmit Succumb object A mysterious
Overcome object from anothar object Conque bIOCk W0r|d

I have tha following restrictions on mgﬂactians:
To parform Attack action, the following facts need to be true: Province object, Planat object,
3 Harmony.

Oncea Attack action is performed the following facts will ba true: Pain object.

Once Attack action is performed the following facts will be false: Province object, Planet

+ object, Harmony.

To parform Succumb action, the following facts need to be true: Pain object.

Onca Succumb action is performed the following facts will be true: Province object, Planet

+ object, Harmony.

Onca Succumb action is performad the following facts will be false: Pain object.

To perform Overcome action, tha following needs to be true: Province other object, Pain

3 object.

Oncea Overcome action is parformed the following will be true: Harmony, Provinca ebject, Object
3 Craves othar objact.

Oncea Overcome action is parformed the following will be false: Province other object, Pain

3 object.

To parform Feast action, the following neads to be true: Object Craves other object, Province
+ object, Harmony.

Oncea Feast action is performed the following will be true: Pain object, Province othear eobject.
Oncea Feast action is performed the following will be false:, Object Craves other object,

3 Province object, Harmony.




Zero-shot prompt with GPT-4 plan (Deceptive Disguising)

[STATEMENT]
As initial conditions I have that, object a craves object b, object d craves object c, harmony,
3 planet object b, planet object c, province object a and province object d.

My goal is to have that object c craves object a. (Make objectc desire object a)

What is the plan to achieve my goal? Just give the actions in the plan.
--------- GPT-4 response ---------

1. Feast object a from object b

2. Attack object a

3. Succumb cbject a

4. Overcome object a from object c

6. Feast object ¢ from object a

--------- Extracted plan --==-----

(feast a b)
(attack a)

{succumb a)
{overcome a c)
(feast c a)

-------- Ground truth plan ---===---
(feast d c)

(succumb d)

(attack c)

{overcome c a)

===ssssssssss===F AILUURE=s=ss=ss=ss=s==s===




Domain Method Instances correct
GPT-4 GPT-3.5 I-GPT3.5 I-GPT3 GPT-3
54/600  41/600  6/600
. 3 1%
Blocksworld  One-shot  206/600 (34.3%)  37/600 (6.1%) e, 68% (1)
(BW) Zero-shot  210/600 (34.6%)  8/600 (1.3%) i i i
COT  214/600 (35.6%) - i i i
. 3/200
Logistics One-shot 28200 (14%) 1200 (05%)  62003%)  'se) i
Domain -
Zero-shot  15/200 (7.5%)  1/200 (0.5%) i i ]
Mystery BW  One-shot  26/600 (4.3%)  0/600 (0%) 4/600 14/600  0/600
. (0.6%) (23%) (%)
(Deceptive)
Zero-shot  1/600 (0.16%)  0/600 (0%) i i ]
COT 54/600 (9%) - i i ]
Mystery BW  Oneshot 121600 %) 0/600(0%) oo vl
(Randomized) 8%) (0.8%) L
Zero-shot  0/600 (0%) 0/600 (0%) i i ]

https://arxiv.org/abs/2305.15771



Plan Length vs Correct Predictions for all Models on
Mystery Blocksworld - Plan Generation Zero Shot

Model Nome
80 Ol Proview
— Fast Downwoard
-~ LLAMA 3,1 4058
w— O] Mini
w— GPT~-40 Mini
—— GPT-40
GPT-4 Turbo
GPT-4
Claude 3.5 Sonnet
Claude 3 Opus

% correct

i e 8 10 12 14 16
https://arxiv.org/abs/2409.13373 Plan Length



TravelPlanner

|'fl-‘m going from Seattle ™
to California from
November 6 to 10,

< 2023. | have a budget of
$6,000. For lodging, |
User prefer an entire room
and the accommodations

I~‘n'lus:‘[ be pet-friendly.

"Let me help! To solve h

this problem, | need to
(1) analyze certain e
constraints,
(2} collect information Agent
through reasonable use ( )_

of necessary tools. |

Toolbox
. CicySearch -}

. AttractionSearchi -}
. FlightSearchi -}
. DistanceMatris{ -}

. Restauvrantiearchi -}
JAccommodationSearch{ -]

o & Lo Ba

Interaction with Environment

The plan must adhere to

certain constraints, e.g., user
needs and commonsense. It's

also vital to ...
User Needs (Hard Constraints)
1. Budget: $6000 of
2. Room Type: Entire Roam E';gf]'
3. Room Rule: Pet-friendly
Commonsense Constraints

1. Reasonable City Route Q5
2. Diverse Restauranis ) oy |

3. Diversa Altractions
4. Non-conflicting Transportation
5. Accommodation meats Minimurm Night

Delivery Plan

2023-11-06

Seattle -> Los Angeles

- # Flight: F123, {12:40-16:12), Coat: 5120
"= Accommodation: Lumury building sbedio
* Dinner: The Attraction

Information Collection

[Tool] Cll'yEa-arch[Callfurnla]
[HnsuItJ ncisco, Los

af b i =i f'-.:. Diege "1:];.

[T-n-nl] FlightSearch[Seattle, San Francisco,
2023-11-086]

[Result] 1o =

[Teol] FlightSearch[Seattle, Los Angeles,
2023-11-08]

[HHE-UH] Flight Humber: Fl:23,
14:=4dil=16:12, Cast: S12U

[Tool] DistanceMatrix[Los Angeles,
aan Diego, taxi]
[HﬂE-LIIt] Duration: 1 hour °©

s km, Cost: 5200

[Teol] TransportationSearch[San
Diego, Eaattla 21]13 11-1107]

r “-
T @<[Hnmm Number: F789, Q
" [Tool] Amummndahunﬂaamh[l_us AngaIEEJ

[Hasult]

night, -:-f.:. Lum night: 1, EnCire ‘
ﬂ'n-nl] F‘.estaumntEearch[Luﬁ Angales]
[Rasult] The Attraction,Cuilsine:French

https://arxiv.org/abs/2402.01622




Query: Please create a travel plan for a 3-day trip from Missoula to
Dallas scheduled from March 23rd to March 25th, 2022. The budget for
this trip is set at $1,900.

Plan: https://osu-nlp-group.github.io/TravelPlanner/

"day": 1,

"current_city": "from Missoula to Dallas”,
"transportation”: "Flight Number: F3604254, from Missoula to Dallas,
Departure Time: 14:27, Arrival Time: 18:26",

"breakfast”: "-",

"attraction”: "-",

lllun':hﬂ: 1!_Fr'l

"dinner": "Coconuts Fish Cafe, Dallas",

"accommodation”: "1BR, elevator, kitchen, doorman!, Dallas"

"day": 2,



Commonsense Hard Constraint

Validation (#1=201)

Commonsense Hard Constraint

Test (#1,000))

Delivery . e Final  Delivery I N Final
Rate Pass Rate Pass Rate Pass Rate  Rate Pass Rate Pass Rate Puss Rate
Micro Macro Micro Macro Micro Macro Micro Macro
Greedy Search 100 T4.4 )] G608 37.8 ] 1000} 72.0 ] 52.4 al.8 1]
Two-stage
Mistral-TB-32K (Jiang et al., 2023) R0 n.9 ] () () ] 7.0 4.8 ] { { 1]
Mixtral-8x7B-MoE (lang et al., 2024}  49.4 300 ] 1.2 (.6 ] nl.2 32.2 (0.2 0.7 (0.4 1]
Gemini Pro (G Team et al., 2023) 28.9 18.9 ] (.5 (.6 ] J9.1 24.9 ] (.G (.1 1]
GPT-3.5-Turbo {OpenAl, 2022) RG.T hd.() ] () () ] a1.8 ar.9 ] (0.5 (.6 1]
GPT-4-Turbo (OpenAl, 2023) 89.4 nl.1 2.8 15.2 10.6 0.6 093.1 633 2.0 1.5 8.5 0.6
Sole-planning
DirectepT—3 85— Turbo 100 G602 4.4 11.0 2.8 ] 1000} a9.5h 2.7 9.5 4.4 (0.6
CoTopT 25— Turko 1000 66.3 3.3 11.9 .00 ] 1000} Gd.4 2.3 0.8 a8 (.4
ReActopT—9. 5— Turbe R2.2 47.6 3.9 11.4 6.7 (.6 81.6 45.9 2.5 10.7 3.1 0.7
Reflexiongpr—3 5 Turbo 93.9 a8 2.8 11.0 2.8 ] 02.1 22.1 2.2 9.9 a8 (0.6
Directs fict ral— 4x7E — MoE 1000 681 4.0 3.9 1.1 ] 09.3 67.0 3.7 3.9 1.6 0.7
Directs emini Pro 03.9 65.0 2.3 9.3 4.4 (0.6 093.7 64.7 7.9 10.6 4.7 2.1
Directcpr—a4— Turbo 100 80.4 17.2 47.1 22.2 4.4 10:) 80.6 152 443 23.1 4.4

https://arxiv.org/abs/2402.01622



Query: Please curate a 3-day travel plan for a solo
traveler from Tulsa to Houston from March 23rd to
March 25th, 2022, with a total travel budget of
$1,000.

Plan:

{

"day": 3,
"current_city": "from Houston to Tulsa”,
"transportation”: "Flight Number: F4013298, from
Houston to Tulsa, Departure Time: 08:20, Arrival
Time: 09:43",

"breakfast”: "Earthen Spices, Houston”,
“attraction”: "The Museum of Fine Arts,
Houston; Hermann Park, Houston;",

"lunch”: "Chawla, Houston",

"dinner": "-",
"accommodation”:

LU 1]

¥

https://osu-nlp-group.github.io/TravelPlanner/

Query:Please assist in crafting a travel plan for a solo traveller,
journeying from Detroit to San Diego for 3 days, from March 5th to
March 7th, 2022. The travel plan should accommodate a total budget of
$3,000.

Trajectory:

Thought 4: The cost for the third day is $1114, which includes the return
flight and activities in San Diego before departure. The total cost for all
three days is now $3247, which exceeds the budget of $3000. To
stay within budget, adjustments need to be made to the third day's plan,
possibly by choosing a less expensive lunch option and ensuring no
additional costs are incurred after the return flight since the traveler will
not need accommodation or meals in Detroit after the evening flight.
Action 4: CostEnquiry[{"people_number": 1, "day": 3,...}]

Observation 4: Cost: The cost of your plan is 1105 dollars.

Thought 5: The revised cost for the third day is $1105, which includes a
more affordable lunch option. The total cost for all three days is now
$3238, which is still slightly over the budget of $3000. To further
reduce costs, I can look for a less expensive breakfast option on the third
day...

Action 5: CostEnquiry[{"people_number": 1, "day": 3,..}]

Observation 5: Cost: The cost of your plan is 1083 dollars.

Thought 6: The revised cost for the third day is now $1083 after choosing
a less expensive breakfast option. The total cost for all three days is
$3216, which is closer to the budget but still slightly over. Since
the flight and accommodation costs are fixed, the only remaining option
to adjust would be the attractions or lunch on the second day. However,
given the small amount by which the budget is exceeded, it may be
acceptable to slightly exceed the budget due to the variability of
daily expenses and the possibility of finding deals on-site. The
traveler should be prepared for a small buffer in their budget.

Action 6: Finish




Please help me plan a tnp from St.
Petersburg to Rockford spanning 3 days
frovmn Bdarch 16eh tn Wlarch 1Eth, 2000772
The travel should be planned for a single
erson with a budget of %1.700.

?

—a -

optional feedback

Codes update

The previous codes are: <. .=
Mow we want to <change
destination city to Chicago =

.

"’r 1) Query to Steps

% Initialize Z3 solver s |
 # Set city to be a list contains Rockford ;
+ # Assert first transportation happens at first day .
{ # Run FlightSearch{) to get fhight info

# Set budget lmat variable to be 1700

L Ll S

: 5 = Solven()

: citics = [Rockfiord']
: s.add{departure_dates[0] == 0)
| __y i FlightSearch.run {...)

 budget limit = RealVal(1700)

Iy

N
% LLM

I/rl..-lm:lt reason: invalid flight for transportation O 1\-,

1} Info collection FlightCheck( 5t Petersburg, Rockford)
-= no flight avallable

2} Analvsis No flight available between St Petersburg
and Rockford. Meed to change the destination city.

3) Info collection FlightSearch{5t. Petersburg)
- flight available from 51, Petersburg to Chicago,
Elmira, Niagara Falls, Grand Rapids ...

e

4) Suggestion Your query is not satisfiable, we suggest
youl to <change destinatwon city to Chicago™

J

l

0
SMT solver

https://arxiv.org/abs/2404.11891

1

ﬁar. 16, 2002 _‘\\,

- 5t Petersburg -> Rocktord
- Flight F123 ({#:30 — 12:00)
- attraction: Aldeen Park

- lunch: Coco Bambu

- dinner: Flying Mango

- accommodation: Lower
East Diream Room!

Mar. 17, 2022:

Mar. 18, 2022:

/




Delivery Commonsense Hard Constraint Final

Method Rate Pass Rate Pass Rate Pass Rate
Micro Macro Micro Macro
Validation (#180)
Greedy Search 100 74.4 0 60.8 37.8 0
TwoStage (GPT-4) 20.4 61.1 2.8 15.2 10.6 0.6
Direct (GPT-4) 100 820.4 17.2 47.1 22.2 4.4
Direct (o l-preview) 100 79.6 15.0 41.9 37.8 10.0
Ours (Mistral-Large) T2.2 72.0 710.6 63.3 66.7 66.7
Ours (Claude-3) 96.1 96.0 95.6 04 .8 03.3 93.3
Ours (GPT-4) 95.0 95.0 05.0 95.7 08.9 0933
Test (#1000)

Greedy Search 100 72.0 0 52.4 31.8 0
TwoStage (GPT-4) 93.1 63.3 2.0 10.5 5.5 0.6
Direct (GPT-4) 100 80.6 15.2 44.3 23.1 4.4
Ours (Mistral-Large) 69.9 69.8 69.4 63.0 67.8 67.8
Ours (Claude-3) 05.4 095.2 94.3 93.5 03.9 93.9
Ours (GPT-4) 91.5 91.4 01.1 01.3 90.2 00.2

https://arxiv.org/abs/2404.11891



Strengthening the planning ability of Al agents

Try it in practice? . qlaction2-1-1] obs2-1-1 |

[ action 1-1 || obs 2-1 |=> \
Al action 2-1-2| obs 2-1-2 |

5.0 5.2
obs1 |—» (action 1-2 )( obs 2-2 )= |\ —>(action 2-2-1] obs 2-2-1 |

Al Al Q'p' D
DT 9

@ L /[ action 2-3-11 obs 2&§f19
=\J =
Ty e I )

Al

\[ action 2-3-2 | obs 2-3-2 ]

What if the path is too long?



Any chance?

Laction 1-1 J(_obs 2-1 ® Reduce unnecessary

search

/[ action 2-2-1| obs 2-2-1 |

\[ action 2-2-2 [ obs 2-2-2 ]

Tree Search for Language Model Agents
https://arxiv.org/abs/2407.01476



Tree Search for Language Model Agents ntips://arxiv.org/abs/2407.01476

Task Instruction ([): “Can you add this and Legend
the other canned fruit (of the same brand) that v =10
m looks like this, but red instead of brown to the o Step sequence Sl State values
comparison page?" -+ Backtracking
GPT-40 Agent
F‘ - B - =] E B M- = Failure
GPT-40 Agent + Search
- - \ k
F_ L v=05 = - v=045 == H.p v=04
Starting State » -
— - -'ul - - £ E Y
v= 045 e ve 6 e v = (56 _‘_-';-4-"'# vu 03

_= =
----l'-__.'-‘--
e, Em =

-
= o | W= Success




Drawback: some actions cannot be undone

l |
Once you have ordered, HHE
there is no taking it back

54
Order pizza = I
[ action 1-1 || obs 2-1 |=>

/[ action 2-1-1I obs 2-1-1 |

\[ action 2-1-2| obs 2-1-2 |

—>| action 2-2-1| obs 2-2-1 |

9\ rD

D‘S; '0
@ S+ /[ action 2-3-1] obs 2¢3-1v
[ action 1-3 -

Order \[ action 2-3-2 [ obs 2-3-2 ]
lunch
boxes







We need a world model

Can Al itself serve as the world model?

Reduce unnecessary
search




Is Your LLM Secretly a World Model of the Internet? Model-Based
Planning for Web Agents

https://arxiv.org/abs/2411.06559

Stage I: Eimulatinn

Please navigate to the "Data Storage’ category and purchase
the least expensive disk with 512GE of storage. o tiu The 'Office Products’ category will Click "OHice ' J']-_g webpage will display ‘Office

display three sub-cabegores: ‘Office i | Electronics’  sub-category results
| Electronics’, ‘Office & School Supplies’, h EEEE lh" with products, and the sub-menu

m———  and 'Office Furniture & Lighting'. s will shosy Printerséc Acoesoes’ and
| other cabegories.
]

e

l-

—— Ottt e | 8

o i S i+ Wi o »
_ o o k Uy m——————— ey ————
S e S ,

. E'}CI"“I‘ iTies Prulncl : ”::3- : The "Electronics” category will display ek 'Computer + The webpage will display "Computer
O "33":'!" varket @Lll:k “Elexcronics’ =- R *' three sub-cabeporioes: L-::mpuhr-; & % Acom al ArTessories Hub-l.'ul:uﬁl.lr_g.' resulis,
u | Acvessiries, Aocessories &“mpp—]lm - L 'h‘ includingy  Data Storage’,  Tablet
L] 1 and "Car & Viehicle Electromics'. Arvessories, and others.
n 1
. i
™ 1
. ]
och
|
1‘

: II""'I “"b'F'i’HJ will ldL“P:J_"'.‘-" "J""‘"'h Click "El ctromics | The ‘Electronics’ category will display
Y SpULLy, MOl A 1t (8 Prodiict], e three sub-catepories: ‘Computers & 1
b‘ each of which 'n"']”d""_“ the P""“!”"‘_ I Accesiories’, | Accesories & Supplies',
“H" price, and an ‘Add to Cart : and ‘Car & Vehicle Electronics’.
: button. :
i i
L K

Stage II: Execution
Electronics




Reasoning ability from an Al-agent perspective

We need a world model

Can Al itself serve as the world model?

action 1-1 || obs 2-1 ® Reduce unnecessary

search

action 2-2-1 | ===

action 1-2

action 2-2-2 |......

Inner simulation Y ismssssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
Output (Action)



Available actions:

1. Pick up a block from the table

2. Pick up a block from another block
3. Put a block on the table

4. Stack one block on top of another
block

Current state: the blue block is on top of the
orange block, the red block is on the table,

the orange block is on the table, and the yellow
block is also on the table.

Goal: place the orange block on top of the blue block. Deepsee k_R]_

Tell me your next step

The Danger of Overthinking: Examining the
Reasoning-Action Dilemma in Agentic Tasks
https://arxiv.org/abs/2502.08235

[about 1,500 more words omitted]

Is there a faster sequence of steps? For example, after Step 1, can we
orange block and place it on top of the blue block? But at that mome
hand, so this may not be possible. This is because Operation 4 may r
already be on the table, while the blue block is still being held and the
the base. So we must first place the blue block on the table, and only
block onto the blue block.

Therefore, the correct steps should be:

1. Pick up the blue block from on top of the orange block (Operation
2. Put the blue block on the table (Operation 3)

3. Pick up the orange block from the table (Operation 1)

4. Stack the orange block on top of the blue block (Operation 4)

This completes the goal. So the next step should be the first one, na
the blue block from the orange block.

Next step: use action 2 to pick up the blue block
from the orange block.



Key capabilities of Al agents

Experience-Driven Behavioral Adaptation

How Al uses tools

Planning Capabilities
v

+
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