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ChatGPT: % -> f B ##18 -> RLHF
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SFT vs RLFT

o XtFH XALIEIE/ES, 1#demath. code, £ & % 1% itrule-based reward

 SFT vs RL
o AEA FISFTE % & LA F dypattern, X VAF 3] B F G 69 HLEE
o RLW|AZi# T A A & & Kfbreward®y 342 52 2] 2|2 F 5 92, 5%

s A E R R LR P 5
o SFTHLTEAE A A& X, #4556 L 09RL™ AFKRIF £ S0 [1]
o JAERARLAZES & ILong CoT [2]

[1] SFT Memorizes, RL Generalizes: A Comparative Study of Foundation Model Post-training. https://arxiv.org/pdf/2501.17161
[2] Demystifying Long Chain-of-Thought Reasoning in LLMs. https://arxiv.org/pdf/2502.03373
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Does Reinforcement Learning Really Incentivize Reasoning Capacity in LLMs Beyond the Base Model? https://arxiv.org/pdf/2504.13837
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GSM-NoOp

Oliver picks 44 kiwis on Friday. Then he picks 58 kiwis on Saturday. On Sunday, he picks double
the number of kiwis he did on Friday, but five of them were a bit smaller than average. How many
kiwis does Oliver have?

ol-mini: O0Oliver picks kiwis over three days as follows:

- Friday: 44 kiwis

- Saturday: 58 kiwis

- Sunday: Double the number he picked on Friday, which is 2 X 44 = 88 kiwis

However, on Sunday, 5 of these kiwis were smaller than average. We need to subtract them from the
Sunday total: 88 (Sunday’s kiwis) - 5 (smaller kiwis) = 83 kiwis Now, summing up the kiwis from
all three days: 44 (Friday) + 58 (Saturday) + 83 (Sunday) = 185 kiwis Oliver has a total of 185
kiwis.

Llama3-8B: Let’s break it down step by step:

Oliver picks 44 kiwis on Friday. He picks 58 kiwis on Saturday. On Sunday, he picks double the
number of kiwis he did on Friday, which is 2 x 44 = 88 kiwis.

Five of the kiwis picked on Sunday are a bit smaller than average, so we subtract 5 from the total
number of kiwis picked on Sunday: 88 - 5 = 83 kiwis. Now, let’s add up the total number of kiwis
Oliver has:

44 (Friday) + 58 (Saturday) + 83 (Sunday) = 185 kiwis

So, Oliver has 185 kiwis in total.

[1] GSM-Symbolic: Understanding the Limitations of Mathematical Reasoning in Large Language Models. ICLR 2024.
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‘ “An agent is anything that can be viewed
%” as perceiving its environment through
. § sensors and acting upon that environment
2 through actuators.”
‘ o -- Russell & Norvig Al: A Modern Approach
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Knowledge
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Reasoning
o T—HEALAFRM?

Learning
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Communicate with each other

Think like human Act like human




EFALZ LS 5 ZHAN

KE L)

St3K: Shakey the Robot (1969)
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THE INTERMATIONAL WEEKLY JOWRNAL OF SCIENCE
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LLM-first view: ik&A1FELLMZ s Agent

o K4E. dfTALLMEGYE s F—F F 2%, Mchatbot®|reasoner
# % Agent

Agent-first view: itk &AIIELLMA 2| Agent A+
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Human + Tool Use

As humans, we have limited time and memory,
feel tired, and have emotions.
Human + tool use

* Enhanced scalability

* Improved consistency

* Greater interpretability
* Higher capacity and productivity




LI.M + Tool Use

e Just like humans, LLMs suffer from the similar
limitations. But in the same way,
* LLMs + tool use
* Enhanced scalability
* Improved consistency
* Greater interpretability
* Higher capacity and productivity

2 B i
matplxtlib

Q, Search Google or type a URL

“~ | Hugging Face @



LLILM + Tool Use

Please recommend
some books on
personal finance

and investing.

Please make a
banana yogurt | _
for me.

.

Please draw a
watercolor style
Eiffel Tower
painting.

Neuro-Symbolic Learning & 22 694K I, ;

*Cook/;,g Robot
e LA R g

5
%

3.
o
5

$

()

&

Search

www.google.com

D Investment Book

u

Plan

1/ Slice the banana.
2/ Blend the banana
slices with yogurt.

Reply

| would recommend:
1. The good Investor
2. Simple Wealth
T

Execute

= = B
f1_l 1_|

s

/4

Use diffusion model Reply

Prompt ( Eiffel Tower, Watcrcolor)

Stable
Diffusion

Here is a watercolor
Eiffel Tower painting
generated by diffusion
model.
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LILM + Tool Use
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LLM + Tool Use: Prompt

¥R A Snih AR T A

tools = [
{
"name": '"get_weather",

"description": "EHIEEWHHNHARSER, BFRE. REWRIEE",

"input_schema":
"type": "object",
"properties": {
“City": {
"type": "string",

"description": "HMEMR, HlEN: L. LR, M

i
"unit": {
"type": "string",
"enum": ["celsius", "fahrenheit"],
"description": "BERfI, RIABEKE"
}
1,

"required": ["city"]

1+ 24 BHE %A R T A

R N
kﬁﬂﬁﬁ:%%%%lﬁ%@WM
%&ﬁ%%iﬁﬁmﬁé
%%%%ﬁﬁﬁh,ﬁ@%%
kﬁﬂ%&%%,%%ﬁﬁﬁiﬁﬁ%@%
MP%$

ReActiEZR : B ->M R >FiEHE

ReAct: Synergizing Reasoning and Acting in Language Models. ICLR 2023. https://arxiv.org/abs/2210.03629
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LLM + Tool Use: Prompt

LRESTR—FER, BEHFMASATES, RUF 2R B L. BHAA,
M B R ALR, hAE 4o TR

\ Planning

I am in Shanghai now and Itinerary Plan

&

User

would like to go to Beijing for

2 days, visit some museums,

and taste some Beijing cuisine.
My budget is 5,000 yuan and

I hope to visit as many

attractions as possible. Please

give me a travel plan.

J

Agent

6 ¥ O -

GPT DeepSeek GLM

Tool Use & 3 Information

g TrainSearch()

[1] visit some museums...

There are some museums in Beijing:
- The Palace Museum
- National Museum of China
- Beijing Capital Museum

[2] taste some Beijing cuisine...
There are some restaurants:
- Dadong Duck
- Siji Minfu
- Xiaodiao Litang

[3] budget is S000 yuan...

The cross-city transportation costs

about 1,500, and the accommodation

costs about 500, leaving me with a

budget of about 3,000.

- The budget is sufficient to try
different foods

[Day 1, Activity 1]

Train, G104, 06:27 — 13:12, cost: 693
Shanghai Honggiao Railway Station
— Beijingnan Railway Station

[Day 1, Activity 2] &

The Palace Museum:'f4:00 - 17:30
Transports: Metro, Beijingnan Railway
Station— The Palace Museum, cost 3,
13:15 — 13:50, walking: 1.5km
[Day 1, Activity 3]

Siji Minfu, 17:45 — 18:45, cost 180,
Transports: Walking, The Palace
Museum — Siji Minfu, cost 0,

17:30 — 17:45, walking: 0.8km

[Day 1, Activity 4] =

Wangfujing Street, 17:45 — 18:45,
Transports: Taxi, The Palace Museum
— Wangfujing Street, cost 16,

17:30 - 17:45,

[Day 2, Activity 1]

Chenji century-old Luzhu, 08:10 -
08:40, cost: 32

Transports: Walking, Beijing XX hotel
— Chenji century-old Luzhu, 0.4km _ﬁ
08:00 — 08:06 %

[Day 2, Activity 2] ==

National Museum of China, 09:15 =

11:45, cost: 0 @
Transports: Metro, Chenji century-old

Luzhu — National Museum of China,
cost 3, 08:40 — 09:15, walking: 1.2km

[Day 2, Activity 4] =
Beijing Capital Museum

[Day 2, Activity 5] |
Train, G153, 16:30 — 22:27, cost: 576
Beijingnan Railway Station—>Shanghai

Honggiao Railway Station

Transports: Metro, Beijing Capital
Museum — Beijingnan Railway Station,
cost: 4, 15:30 — 16:02, walking: 0.8km

[Day 1, Activity 6] (o,
Beijing XX hotel, room: 1, cost: 580
Transports: ...

[4] visit as many attractions as possible

AttractionSearch() U RestaurantSearch() - select adjacent attractions

FlightSearch()
-
=

Ly - choose convenient transportation
HOTEL

AccommodationSearch() Y; RouteSearch()

[1] ChinaTravel: An Open-Ended Benchmark for Language Agents in Chinese Travel Planning. Shao et al., 2025.
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LLM + Tool Use: Prompt
BB —AERGTRHARAT, REKHEL N, FEFE, TAAHK

[ Planner #y & )

I ReAct v.s. Plan & Solve

- BagH: AR

Bk SR ReAct (hA8nfH): Plan & Execute (518G

-mdF: ¥ AL

-fHE PE BRE — Planner £B#M& —

| TANA v BEIERBARE Taskl Task2 Task3...
e s | '

A R PATH R v ENEEERE v

Task 1: &8 F /A T4 R A5 s AR75 0T & EENE Executor IZEHAT

Task 2: & F#M £ LA X 7F & v AIFH4T. ATE.

Task 3: ﬁ#ﬂ?#ﬁi/ﬁﬁxfﬁ(ﬂﬁ%wﬁﬂiﬁf“?iJ . EEIEIE =Tz T EEA

Task 4: 14 b K — % #R4E BB Z A
Task 5: ARIE= S HILZ F | %)u&'lsji/\istzzﬁ BT 2%,
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Plan-and-Solve Prompting: Improving Zero-Shot Chain-of-Thought Reasoning by Large Language Models. https://arxiv.org/abs/2305.04091
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LLILM + Tool Use: SFT

BRAE Asia R TR, A ARz H T A7

Pl &/
Flp: "EBEARKXA?"
R {
"tool": "get weather",
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LILM + Tool Use: SFT

The New England Journal of Medicine is a registered
trademark of [QA(“Who is the publisher of The New
England Journal of Medicine?”) — Massachusetts
Medical Society] the MMS.

Out of 1400 participants, 400 (or [Calculator(400 / 1400)
— 0.29] 29%) passed the test.

The name derives from “la tortuga”, the Spanish word for
[MT(“tortuga”) — turtle] turtle.

The Brown Act is California’s law [WikiSearch(“Brown
Act”) — The Ralph M. Brown Act is an act of the
California State Legislature that guarantees the public's
right to attend and participate in meetings of local
legislative bodies.| that requires legislative bodies, like
city councils, to hold their meetings open to the public.

Your task is to add calls to a Question Answering APl to a
piece of text. The questions should help you get
information required to complete the text. You can call the
API by writing "[QA(question)]" where "question” is the
question you want to ask. Here are some examples of API
calls:

Input: Joe Biden was born in Scranton, Pennsylvania.

Output: Joe Biden was born in [QA("Where was Joe
Biden born?")] Scranton, [QA("In which state is
Scranton?")] Pennsylvania.

Input: Coca-Cola, or Coke, is a carbonated soft drink
manufactured by the Coca-Cola Company.

Output: Coca-Cola, or [QA("What other name is
Coca-Cola known by?")] Coke, is a carbonated soft drink
manufactured by [QA("Who manufactures Coca-Cola?")]
the Coca-Cola Company.

Input: x

Output:

[1] Toolformer: Language Models Can Teach Themselves to Use Tools. Schick et al., NeurlPS 2023.
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LLILM + Tool Use: RL
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Agentic RL

The Landscape of Agentic Reinforcement Learning for LLMs: A Survey
https://www.alphaxiv.org/abs/2509.02547

______
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Agentic RL

VERL: https://github.com/verl-project/verl

¥ Hi, everyone! verl is a RL training library initiated by ByteDance Seed team and maintained by the verl
community.

- Ask DeepWiki m PO RN S8 Slack verl EuroSys Paper ' documentation O

Ji1/ ByteDance | Seed

verl: Volcano Engine Reinforcement Learning for LLMs


https://github.com/verl-project/verl
https://github.com/verl-project/verl
https://github.com/verl-project/verl

#%]-F : Logical Reasoning

Metals conduct electricity. No giant language model could have bad performance. In an antique car show, there are three vehicles: a tractor,
Insulators do not conduct electricity. If a language model has good performance, it is used by some researchers. a convertible, and a minivan. The tractor is the second-
If something is made of iron, then it is metal. A work used by some researchers should be popular. newest. The minivan is newer than the convertible.
Nails are made of iron. If BERT is a giant language model, then the same for GPT3.
BERT is a giant language model. Which of the following is true?
Convert Natu ral Lang uage X A) The tractor is the oldest.
bihe eline eameniue ale ony Is the following statement true, false, or unknown? GPT3 is popular. B) The convertible is the oldest.
unknown? Nails cannot conduct electricity. 6)The minivaniis the oldest:

into Formal Language, | //

Xt Problem Formulator

then call a symbolic solver, l

Facts: / Domain: Variables:
* —(3x(LanguageModel(x) A Giant(x) A =GoodPerformance(x))) 1: oldest tractor € [1, 2, 3]
 Vx(LanguageModel(x) A GoodPerformance(x) — UsedbySomeReseachers(x)) 3: newest minivan € [1, 2, 3]

Rules:
 Metal(x, True) — ConductElectricity(x, True)
* MadeOflIron(x, True) - Metal(x, True)

such as

Facts: + Vx (UsedbySomeResearchers(x) — Popular(x)) convertible € [1, 2, 3]
F . t L . P « MadeOfIron(Nails, True)  LanguageModel(bert) A Giant(bert) - LanguageModel(gpt3) A Giant(gpt3) Constraints:
) - d + ConductElectricity(Insulator, False) + Language(bert) tractor == 2
I rS O r e r Og I C rove r Query: « Giant(bert) minivan > convertible
+ ConductElectricity(Nail, False) Query: Polular(gpt3) \ AlIDifferentConstraint(tractor, minivan, convertible)
¢ S M T S 0] I ver e — N ———————————————— G e I———/—— ————————— &
a-+b H =] | 2 =D | |
] . . : ¥, Symbolic ‘ f%li@ Logic Programming First-order Logic Prover Constraint Optimization E’é SMT Solver :
* Constraint Optimizer | €@ Reasoner | . |

e e ' s s ' e e e s e s e et | s T ——

\ 4
. r4 Result

ConductElectricity(Nail, True) Entailment {convertible: 1, tractor: 2, minivan: 3}
L@ Interpreter
b R & ____________ l ____________________________________ —
_o " H “”,
Answer The statement. l.\laﬂs. cannat The statemsr?t GET3 A) The convertible is the oldest.
conduct electricity” is false. is popular” is true.

[1] LOGIC-LM: Empowering Large Language Models with Symbolic Solvers for Faithful Logical Reasoning. Pan et al., EMNLP 2023.
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#%]-F : Math Reasoning

Input

Each of five students— Hubert, Lori, Paul, Regina, and Sharon—will visit exactly one of three cities—Montreal, Toronto, or Vancouver, according to the
P a rS e a n n at u ra I following conditions: Sharon visits a different city than Paul. Hubert visits the same city as Regina. Lori visits Montreal or else Toronto. If Paul visits
Vancouver, Hubert visits Vancouver with him. Each student visits one of the cities with at least one of the other four students.
Question: Which one of the following must be true?

I a n g u a g e I n p Ut (A) If any of the students visits Montreal, Lori visits Montreal. (B) [...]

|nto a declaratlve Chain-of-Thought Prompting (imperative specification) Satisfiability-Aided LM (ours; declarative specification)
o ) Specification Specification
taSk SpeCIflcatlon We know each student visits one of the cities with at students = [Hubert, Lori, Paul, Regina, Sharon]
" least one of the other four students. We know there are cities = [Montreal, Toronto, Vancouver]
1 »five students and three cities. So there must be three visits = Function(students, cities)
. i‘ students visiting the one city and two other students # Sharon visits a different city than Paul
(a Set Of |Oglca| ~visiting another city. @visits(Sharon) != visits(Paul)
5 # Lori visits Montreal or else Toronto
. ! Let's consider option (A). @or(visits(Lori) == Montreal, visits(Lori) == Toronto)
COnStraIntS) then Assume someone visits Montreal, but Lori does not visit # Each student visits one of the cities with at least one other student
) Montreal. ©Forall([s1], Exists([s2], And(s2 != s1, visits(sl) == visits(s2))))
".‘ ; We know Lori visits Montreal or else Toronto. So Lori ~  ......
W¥yvisits Toronto. # (A)
use a SAT SOlver . Assume Sharon visits Toronto with Lori. @©solve(Implies(Exists([s], visits(s) == Montreal), visits(L) == Montreal))
:":' We know Sharon visits a different city than Paul. So
i 'aPaul has to visit Montreal. A *
(e ZS) to Solve '-.":“Huber‘t and Regina can visit Montreal with Paul with no The LLM only parses
-g =y “Wconflicts. So Lori does not necessarily visit Montreal. the question to a o- e
This statement is False. problem specification Zg e»: s ----»@ - False

The LLM parses the question, plans the reasoning, and
executes it all in the CoT (shown by dashed arrows)

the pro blem [ % J in this step SATSoer @

[A SAT solver generates and executes a proof plan using automated theorem proving]

[1] SATLM: Satisfiability-Aided Language Models Using Declarative Prompting. Ye et al., NeurlPS 2023.
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#%]-F : Math Reasoning

Problem: Suppose that the sum of the squares of two complex Let’s use *Sympy " to calculate and print all

numbers x and y is 7 and the sum of their cubes is 10. List all possible values for x + y, T

possible values for x + y, separated by commas. 1

(. \ [ from sympy import symbols, Eq, solve, simplify‘

Integrate natural We are given that x2 + | | Import math

y% =7and x3 + y3 = def solution() def possible_values():

- 10. We canfactor x> + e o X, Yy =symbols('x y’
language reasoning y3 toget (x +y)(x2— || = symbols(x),y=symbols(y) e S
. e %y +y%). Xes 3210 eq2 = Eq(x**3 +y**3, 10)

with the utilization of | Y solutions =solve((eq1.eq2), (x,y))

Thus, we can write . sums = [simplify(sol[0] + sol[1]) for sol in

10 = (x+y)(7). It x = (-1 + math.sqrt(17))/ 2 solutions]
external tools (e.g., follows that x + ymust || Y= (1-math.sqrit(17))/2 return sums

divide 10. ; :

. . . # Get all possible values for x+y TIL{[peEsilel 2 VEIRIED)
com pUtatlon | I b rari eS, The only possi.bilities result=[x+vy, -x-y] P >>>[-5,-5,1, 1,4, 4] 01
. z:r; t5h A ’;;' y s X "3 >>> SyntaxError: qannot assignto x Removing duplicates, the possible values for |
symbolic solvers) 2,5 0r 10 \ expression. ) |x+y are \boxed(-5,1, 4. 7,
P:O
— 1 = up ‘ -'
@ Rationale C@ Program ouput | [Rationale] (€) TOOI integ rated
r Reasoning
. ! Format used by ToRA
(a) Rationale-based (b) Program-based c@ ( Y )

[1] ToRA: A Tool-Integrated Reasoning Agent for Mathematical Problem Solving. Gou et al., ICLR 2024.
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il

Question

Raymond and Samantha are
cousins. Raymond was born 6
years before Samantha.
Raymond had a son at the age of
23. If Samantha is now 31, how
many years ago was Raymond's
son born?

Ground Truth

When Raymond's son was
born Samantha was 23 -6 =
17 years old. Thus it has been
31 - 17 = 14 years since
Raymond's son was born.
Answer: 14

-2

—
A

p—

Math Reasoning

v

Chain of Thought

Samantha is 31 - 6 = 25 years old.

Raymond's son was born 25 - 23 = 2 years ago.

Answer: 2

Prolog Generation

:= use_module (library(clpq)) .
age_diff (raymond, samantha, 6).

age (raymond, 23).
age (samantha, 31).

solve(Years_ago) -

age_diff (raymond, samantha, Age_ diff),
age (raymond, Raymond_age),
age (samantha, Samantha_age),

{Raymond_son_age = Raymond age - Age_diff},
{Years_ago = Samantha_age - Raymond_son_age}.

[1] Arithmetic Reasoning with LLM: Prolog Generation & Permutation. Yang et al., ACL 2024.

X

Prolog
Interpreter

JRLA

Answer:
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Program of Thought

Convert the reasoning
process expressed in
natural language into a
programming language
(e.g., Python, etc.), and
then execute the
program interpreter

[1] PAL: Program-aided Language Models. Gao et al., ICML 2023.

Math Reasoning

Question: In Fibonacci sequence, it follows the rule that each number is equal to the sum of the preceding two numbers.
Assuming the first two numbers are 0 and 1, what is the 50th number in Fibonacci sequence?

The first number is 0, the second number is 1, therefore, the
third number is 0+1=1. The fourth number is 1+1=2. The fifth
number is 1+2=38. The sixth number is 2+3=5. The seventh
number is 3+5=8. The eighth number is 5+8=13.
..... (Skip 1000 tokens)
The 50th number is 32,432,268,459.

CoT

length_of_fibonacci_sequence = 50

fibonacci_sequence = np.zeros(length_of )

fibonacci_sequence[0] = 0

fibonacci_sequence[1] = 1

For i in range(3, length_of_fibonacci_sequence):
fibonacci_sequenceli] = fibonacci_sequence[i-1] +
fibonacci_sequenceli-2]

ans = fibonacci_sequencel[-1] PoT

VX

32,432,268,459

) python % V

12,586,269,025

Question: Ketty saves 20000 dollars to the bank. After three years, the sum with compound interest rate is 1000 dollars more
than the sum with simple interest rate. What is the interest rate of the bank?

Assuming the interest rate is x. The sum after two years with
simple interest rate is 20000 + x * 20000 * 3 = 20000 +
60000x. The sum after two years with compoud interest rate
is 20000 * (1 + x) A~ 3 = 200000 + 60000 * x + 60000x"2 +
20000xA3. The difference can be written as 60000x/2 +
20000xA3 = 1000. In order to solve x, we can use the
quadratic formula. x = (-b +- sqrt(b~2 - 4ac)) / 2a, .... , X =

interest_rate = Symbol(‘x’)
sum_in_two_years_with_simple_interest= 20000 +
interest_rate * 20000 * 3
sum_in_two_years_with_compound_interest = 20000 * (1 +
interest_rate)**3

# Since compound interest is 1000 more than simple interest.
ans = solve(sum_after_in_yeras_with_compound_interest -
sum_after_two_years_in_compound_interest - 1000,

(-20000 +- 6160) / 120000, x = -0.051333. B | intorot faic) .
% X & python ‘.@n % Y
-0.051333 Y = 0.24814

[2] Program of Thoughts Prompting: Disentangling Computation from Reasoning for Numerical Reasoning Tasks. Chen et al., TMLR 2023.
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Which is the best-selling shirt made in gpg'3 .
rom
North America and with no chemicals? 0 ek

q
Binder
Details parsing

e 100% cotton
e 220GSM (6.5 02)

Office  Turkey 600 $31.8

e Natural stretch for Sl Shirt Made_in Sales Price I' “““
comfortable fit... S~ Polo UsSs. 500 $29.8 : .: ______

e . Details H

e 90%cotton, | _---" Luckyland US. 900 $19.8 i

10% polyester _ _Timber Bay Mexico 400 $25.9 ¥

.. - - |

| 1

1

: 1

Q: “Is it North
s , ' America?”
o ~— =l d
£ = 3! ®
= M , ~ base

unstructured knowledge structured knowledge base

[1] Binding Language Models in Symbolic Languages. Cheng et al., ICLR 2023.

Parse Stage: LLM maps input to Python/SQL algorithm

Binder program: SQL/Python binding LM API calls

Binder-Python

N

df = df.sort_values('Sales’, =False)
df = df[f(“North America?”; Made_in) == ‘yes’]
Binder-SQL \

SELECT Shirt FROM T
WHERE- f(“No chemicals?”; Shirt) =‘yes’
- - AND- f(“North America?”; Made_in) =‘yes’

ORDER BY Sales DESC LIMIT 1

Made_in GPT—3 North_America
US. prompt Codex predict o
u.S. —_— — yes

Mexico yes

Turkey E no
T s

Utilize GPT-3 Codex’s knowledge/abilities

S

execute

Execution Stage: A program interpreter executes the program to derive the answer

Program
- Interpreter > Polo
Q@

ek

SELECT Shirt FROM T

WHERE No_Chemicals =‘yes’
AND North_America =‘yes’
ORDER BY Sales DESC LIMIT 1
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Multi-Modal Reasoning

LLMs generate code to manipulate
images for visual reasoning

[1] Thyme: Think Beyond Images. Zhang et al., Arxiv 2025.

A
8 R
C
H
S
T
o}
N
=
B
E
L
5
7
o)
w
N

-2

AN

# Define the cropping coordinates (x1, y1, x2, y2)
x1, y1, x2, y2 = 1750, 1950, 1850, 2600

# Crop the image
cropped_image = imagelyl:y2, x1:x2]

# Apply zoom (resize the cropped image to enhance details)
zoom_factor = 2

zoomed_image = cv2.resize(cropped_image, None,
fx=zoom_factor, fy=zoom_factor,
interpolation=cv2.INTER_CUBIC)

# Save the processed image with a random suffix
random_suffix = random.randint(1000, 9999)
processed_filename = f"224_{random_suffix}. jpg"
processed_path = "/mnt/data/temp_processed_images/" +
processed_filename

cv2.imwrite(processed_path, zoomed_image)
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¥ ZESHERE

LLMs generate a program to compose a diverse set of modules for visual reasoning

LLM BOX0=Loc(image=IMAGE, object="ties’)
> ANSWERO=Count(box=BOX0)

BOX1=Loc(image=IMAGE,

objects=‘glasses’)
Answer1=Count(box=BOX1)
ANSWER2=Eval(“yes’ if {ANSWER > 0) and
{ANSWER1)>0 else ‘no’™)

wimene ﬁ M % RESUL=ANSWER2
Model Zoo

Question: Are there wi
both ties and glasses
in the picture?

[1] Visual Programming: Compositional visual reasoning without training. Gupta et al., CVPR 2023 Best Paper.
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¥ ZESHERE

“In which year did the person in P Code Execution g‘ Text Search

the second position from the left in C&V Image Crop [::{ Numerical Analysis O‘

the first row of this photo receive . %
the Nobel Prize?” g Image Mark %@ Other Operations E‘Q Image Search

Adaptive %  Tool
Selection : CaII

Answer:
|:> During the
r 1918.
Deep EyeSVZ Interactlon i

Environment

(rowcers [ BV oo (B rorrs [ BN [roreoms [ ©)

Code Execution Text Search

"' python .
img = Image.open ! e Lo
cropped = img.crop -

[1] DeepEyesV2: Toward Agentic Multimodal Model. https://www.alphaxiv.org/abs/2511.05271

Image Search

Max Planck
Max Planck ® :
L I Nobel Prize »_ §

Timeline

—————— -

Environmental
Feedback
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Embodied Planning

For planning tasks, first generate the PDDL descriptions, then use a PDDL
Planner (e.g., FastDownward) to produce the plan

A Failure Example of GPT-4 in Planning

Problem (P1): You have 5 blocks. One cannot place
more than one block on another block. b5 is on top
of b3. b4 is on top of b2. b2 is on top of bl. b3 is on
top of b4. bl is on the table. b5 is clear. Your arm
is empty.

Your goal is to move the blocks. 2

bl should be on top of b2. : .

b3 should be on top of bS. -

b4 should be on top of bl. l I .m

Initial State Goal State

GPT-4:

1. Move Dbb
. Move b3
. Move b4
. Move b2
. Move Dbl
. Move b4

b3 to the table.
b4 to b5.
b2 to the table.
bl to b5.
the table to b2.
the table to bl.

from
from
from
from
from
from

o O b W N

Module Generated Text

Provided Text

e

Context Ex. P & Ex. Sol

4 v
Problem (P) Problem (P)
Domain TILM Domain TN
\ J 1\
LLM-As-Planner LLM-As-Planner (In-context Learning)
-
Context  Ex. P & Ex. PDDL Domain PDDL
Problem (P) —» % C@D —> % — Plan
LLM Planner LLM
Problem PDDL PDDL Plan ——
\_

[1] LLM+P: Empowering Large Language Models with Optimal Planning Proficiency. Arxiv 2023.
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Code as Policy

Robots can use LLMs to
translate natural language
commands into robot policy
code which process perception
outputs, parameterize control
primitives, recursively generate
code for undefined functions,
and generalize to new tasks

Embodied Planning

User

Large <+—--- Stack the blocks on the empty bowl. @
Language

Model -\
Control APIs

l Policy Code

block_names = detect_objects("blocks")
bowl_names = detect_objects("bowls")
for bowl_name in bowl_names:
if is_empty(bowl_name):

empty_bowl = bowl_name

break
objs_to_stack = [empty_bowl]|+ block_names
stack_objects(objs_to_stack)

l’ def is_empty(name):

def stack_objects(obj_names):
n_objs = len(obj_names)
for i in range(n_objs - 1): >
objo = obj_names[i + 1] |
obj1 = obj_names[i] i
(objo, obj1) T

[1] Code as Policies: Language Model Programs for Embodied Control. J. Liang et al. CoRL 2022.
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#%]-F : Embodied Planning

[1] Gemini Robotics: Bringing Al into the Physical World. https://arxiv.org/abs/2503.20020
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Agentic Reasoning

Agentic Reasoning for Large Language Models
https://www.alphaxiv.org/abs/2601.12538
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M # — Agent | Multi-Agent

&

(

Human Input

Idea: Develop a trading
bot for the stock market

Human User

Role Assignment:

Al Assistant:
Python Programmer

Al User:
Stock Trader

B

(

=

&

Task Specifier

}

Specified Task: Develop
a trading bot with a
sentiment analysis tool
that can monitor

social media platforms
for positive or negative
comments about a
particular stock, and
execute trades based on
sentiment analysis
results

Role Playing Session

@
|
IMI

Al Assistant

Instruction: Install the necessary Python libraries for
sentiment analysis and stock trading.
Input: None

Solution: To install the necessary Python libraries for
sentiment analysis and stock trading, we can use pip,

the package installer for Python. Here are the libraries
we need to install:

1. tweepy - for accessing the Twitter API
2. textblob - for sentiment analysis
3. yfinance - for accessing Yahoo Finance API

To install these libraries, open the command prompt or
terminal and enter the following commands:

pip install tweepy
pip install textblob
pip install yfinance

Next request.

Instruction: Import the necessary libraries in Python.
Input: None

Solution: Here's the code to import these libraries:

import tweepy

from textblob import TextBlob
import pandas as pd

import numpy as np

import yfinance as yf

Next request.

\

CAMEL: Communicative Agents for “Mind” Exploration of Large Language Model Society. https://www.alphaxiv.org/abs/2509.25586
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M # — Agent | Multi-Agent

Query 0 from March 18-22, 2022. Our budget is $2500. | am bringing my kid under 10, and prefer private rooms. |
Search Plan
. 4 R
4 . N 4 Plan o
Tool Calling jrezmemnomoe- P e
(1] - @ ' Ineed to find values forx,, x,, x,
< . Day 1 Day 2
Search Observation 0 Transportation: o(x) Transportation: o(x,) !
¢ Notepad D Planner ; Breakfast: o(x,) Breakfast: o(x,) =
(T e : Recomaote) o '
f)\ccommodations in Madison] Domain D(x6) . a ( ) < K interactions N
i ...Room rule: No pets & No children under 10, Minimum nights: -1 T\
! 2, maximum occupancy: 3, i . .
; : Verdict V' unsat :
[Restaurants in Madison] Feedback thm
\_ |V — R Yy, Checker ! It is unsatisfiable because no -
5 & i accommodation satisfying both “children !
4 c traints C I i under 10” and “private rooms”. :
onstraints : !
a Explicit C 1. Room rule: allow children under 10 N\ v/
; E 2. Room type: prefer private rooms | N\
‘31 Accommodations’ min night stay n FeedbaCkF seorck
: . see : [ :
; L — i Suggested: Accommodation[Green Bay] .
P o 1. Return to the origin city on the ; i :
Constraint i ImpI|C|t CI last day g 4 : @ i It seems hard to find accommodation in the :
Manager ; 2. No missing accommodations S h currently chosen cities to satisfy all |
: 3. Agarc i constraints. Try another city in Wisconsin. ;
-------------------------------------------------------------- VISOI N
\. . /
\_ \_ /

B L interleaved search

ATLAS: Constraints-Aware Multi-Agent Collaboration for Real-World Travel Planning. https://www.alphaxiv.org/abs/2509.25586
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g werewolf ? villager witch guard w seer

B . 3
| Good morning
everyone. It see-

4 Well, | agree with Player 1, 3 and Player 4. Based on my observation 3 Hi, | agree with Player 1 and Player 4 that we should ex_ |

and analysis, | also think Player 5 is a little suspicious. But we might not change informations actively. Based on my observation,
ms like we had a vote to kill him casually. | think Player 5 is a little suspicious. )
peaceful night. |
(g B
was wondering if ~ Good mornin
g ' Player 2 2 g
anyone has any everyone. As a
suspicions or villager, | dont have
observations they ) . a any clear suspici-
: 6 | observed that Player 5 was killed last night. As a witch, | used my _
would like to ) ) R ons yet, but 'min-
ey antidote to save him. Therefore, Player 5 may not be a werewolf, but ‘ : .
share? | think its kiled by th i last night ‘ terested in hearing
2 was Kille e werewolf last night.
important for us to y 9 what others have
start discussing e - to say. Did anyone
and sharing our notice anything
thoughts to find suspicious or have
outwho the any thoughts on
werewolves are. who the were—
(. J
wolves might be?
\. J
7 | agree with Player1,2 and 6. | think we have to actively gather infor— 5 | have to defend myself bacause | am innocent. | think we should ga-
mation and seriously speculate about who the werewolves are. We ther imformation and have a full discussion now, we can’t kill a potenti-
should protect ourselves as much as possible and avoid being killed

al teammate in a hurry. On the contrary, | think Player 3 is a bit aggre-

by the werewolves. | will use my special ability wisely at night. ssive, and | suspect he is one of the werewolf.

Exploring Large Language Models for Communication Games: An Empirical Study on Werewolf. https://www.alphaxiv.org/abs/2309.04658
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Memory

Memory is everything. Without it

we are nothing.

— — Eric Kandel




think
about

Memory

o )
G

Acti
CIOH’
-

Observation



Read and write
Stores experience,
knowledge, skills, ...
Persist over new

experience

WHAT WAS I
THINKING ABOUT?

=

SPUDCOMICS.COM

THE TRAGEDY OF A THREE SECOND MEMORY

© 2010 LONNIE EASTERLING



Memory
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Type by content Definition
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Skill

Automatic Curriculum Iterative Prompting Mechanism

async function combatZombie(bot) {
// Equip a weapon
const sword = bot.inventory.findInventoryItem(
mcData.itemsByName["stone_sword"].id);
if (sword) {
await bot.equip(sword, "hand");}
else {

- DX DD

Skill Library

Mine Wood Log
Make Crafting Table
Craft Stone Sword
Make Furnace

Craft Shield

Cook Steak

Combat Zombie

await craftStoneSword(bot);} .eccaa-a-. f Skill
Combat // Craft and equip a shield Retrieval
; await craftShield(bot);  ceceeeccccccnan.. —
Zombie .
i
1 Env Feedback Code as Refine Program
Execution Errors Actions 8
Mine Diamond Update
Exploration
Progress

Environment Self-Verification

Voyager: An Open-Ended Embodied Agent with Large Language Models. https://arxiv.org/abs/2305.16291
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Coding Agent
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Research Agent
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Agent Skills

‘Skjll Represenlation‘ (———
m "} Code-Backed

Retrieval &

Skill

— Evolution
i

Skill Acquisition
(

B Selection ( i

—1Text-Based — Generative Agents E,
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m Context—Aware

—(AutoGuide (751, Memskill (81], Memento-Skills (82], ToolMem (87, PlugMem

I Skill Composition —[SkﬂlWeaver , AWM , ASI , AgentSkillOS , CUA-Skill , HuggingGPT [5 l Self-Discover [35

- Cost&Utility-Aware —[MemSkill (81], Memento-Skills (82], SkillOrchestra (89], SkillsBench (90}

Ll Feedback-Driven —{SkillRL (84], CUA-SKill (46], ToolExpNet (86], ExpeL. [23], SMART

)
|
)
)
)
)
-
)
)

Skill Revision }—(Evosm 92], Memento-Skills (82], AutoSkill (80}, Xskill [93]

Skill Validation }—{smuwﬁm (561, ASI [45], TroVE (94], PSN (53], Audited Skill-Graph [95], CoEvoSkills [96]

Policy Coupling }—(SkillRL , ARISE ‘E

Repository Evoluzion}—(Uni-Skiu (98], SKillX (99], SkillNet (63], SkillClaw

Runtime Governance }—(SkillRouter , PoisonedSkills
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A Comprehensive Survey on Agent Skills: Taxonomy,
Techniques, and Applications
https://www.alphaxiv.org/abs/2605.07358?utm source
=chatgpt.com
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Evolution of Al Agents: LLM-First View

Chain-of-Thought Prompting

{ Model Input Agent
Q: Roger has 5 tennis balls. He buys 2 more cans of —
tennis balls. Each can has 3 tennis balls. How many 71819 n Perception 4
tennis balls does he have now? 1516 AN
. . . 321 ulyy .
A: Roger started with 5 balls. 2 cans of 3 tennis balls g
gach is 6 tennis balls. 5 + 6 = 11. The answer is 11. o [ 4 Plannlng

Q: The cafeteria had 23 apples. If they used 20 to « ” A
make lunch and bought 6 more, how many apples The Augmented Environment
do they have? 5 . LLM

S e

 Model Output L
A: The cafeteria had 23 apples originally. They used

20 to make lunch. So they had 23 - 20 = 3. They NX/IKIPEDIA v
bought 6 more apples, so they have 3 + 6 =9. The ACﬁOh

answer is 9.

Chatbot Reasoner Tool User Agent
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Evolution of Al Agents: Agent-First View
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Evolution of Al Agents: Agent-First View
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Evolution of Al Agents: Agent-First View
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Applications

* Digital World

* Coding Agents

* Mobile Agents

* Web/App Agents

* Computer Agents
* Physical World

* Gaming Agents

* Robotics Agents



Coding Agents

IR 3% (Environments): Project code repo, file systems, IDEs, ......
M, 4L (Observation): Code files, outputs, docs, errors, commit history,......

) VE (Action Space): Coding edits, File search/view, test updates,......

Q© lssue E4 ( w Language Model ) [l Unit Tests

data leak in GBDT due to warm P
start (This is about the non- Pre PR PostPR Tests

histogram-based version of... 11 Generated PR

join_struct_col
+20-12 HHEN
vstack_struct_col

() Codebase 8B sklearn
B sklearn/ D regs.txt (Y gradient_boosting.py
BB examples/ [ setup.cfg O helper.py
O READMErst [ setup.py BB utils =

9

dstack_struct_col

matrix_transform

CLC LA

euclidean_diff




Web/Tool-Use Agents

Web/App Use
* Environment: web browsers/apps
* Observation space: screenshots, DOM trees, HTML, historical actions...

* Action space: browser/app controls (e.g., click, type, scroll, drag, hover...)

/
( I am in Shanghai now and
would like to go to Beijing for
2 days, visit some museums,
and taste some Beijing cuisine.

My budget is 5,000 yuan and
(J I hope to visit as many
attractions as possible. Please
User \give me a travel plan. /
4

Agent

GPT DeepSeek GLM

Tool Use & 3 Information

& FlightSearch() g TrainSearch()
P
[ g

AttractionSearch() U RestaurantSearch()

woret) AccommodationSearch() 5 RouteSearch()

Planning

[1] visit some museums...
There are some museums in Beijing:
- The Palace Museum
- National Museum of China
- Beijing Capital Museum

[2] taste some Beijing cuisine...
There are some restaurants:
- Dadong Duck
- Siji Minfu
- Xiaodiao Litang

[3] budget is 5000 yuan...

The cross-city transportation costs

about 1,500, and the accommodation

costs about 500, leaving me with a

budget of about 3,000.

- The budget is sufficient to try
different foods

[4] visit as many attractions as possible

- select adjacent attractions
- choose convenient transportation

ChinaTravel: An Open-Ended Benchmark for Language Agents in Chinese Travel Planning

Itinerary Plan

[Day 1, Activity 1]

Train, G104, 06:27 = 13:12, cost: 693
Shanghai Honggiao Railway Station
- Beijingnan Railway Station

[Day 1, Activity 2] &

The Palace Museumj4:00 - 17:30
Transports: Metro, Beijingnan Railway
Station— The Palace Museum, cost 3,
13:15 - 13:50, walking: 1.5km
[Day 1, Activity 3] {7

Siji Minfu, 17:45 — 18:45, cost 180,
Transports: Walking, The Palace
Museum — Siji Minfu, cost 0,

17:30 > 17:45, walking: 0.8km §
[Day 1, Activity 4] é

Wangfujing Street, 17:45 — 18:45,
Transports: Taxi, The Palace Museum
- Wangfujing Street, cost 16,

17:30 — 17:45,

[Day 1, Activity 6] mor
Beijing XX hotel, room: 1, cost: 580
Transports: ...

[Day 2, Activity 1]

Chenyji century-old Luzhu, 08:10 =
08:40, cost: 32

Transports: Walking, Beijing XX hotel
~ Chenji century-old Luzhu, 0.4km @
08:00 — 08:06 &

[Day 2, Activity 2] =

National Museum of China, 09:15
11:45, cost: 0
Transports: Metro, Chenji century-old
Luzhu — National Museum of China,
cost 3, 08:40 — 09:15, walking: 1.2km

[Day 2, Activity 4] =
Beijing Capital Museum

[Day 2, Activity 5] &

Train, G153, 16:30 = 22:27, cost: 576
Beijingnan Railway Station—Shanghai
Honggiao Railway Station

Tranigorts: Metro),, Beijing Capital
Museum — Beijingnan Railway Station,
cost: 4, 15:30 = 16:02, walking: 0.8km



Mobile Use Agents

Mobile Use
* Environment: mobile device systems
* Observation space: screenshots, ally trees, HTML, historical actions...
e Action space: mobile controls (e.g., tap, type, swipe...)

“In the clock app set an alarm for every Saturday at 6 am and called it time to walk”

v 5opa . oD . v vopa v "o a v

high-level instruction ‘

screenshot + accessibility tree I

===y
1Package_name: "com.google.android.deskclock"

fview_id_resource_name: "com.google.android..."
\bounds_in_screen {

left: 782

top: 1762

right: 950

| bottom: 1888

Take Backup

'
Restore tom Bk, 1}
\class_name: "android.widget.Button"
text: “OK"
\content_description: ""

thint_text: ""

“Click on the add button”
open_app <deskclock> click <108,2232> click <540,1959> click <541,1621> click <840,759>

“Set hour to 6" “Click on the am”

“Open Clock app” “Go to the alarm section” “Click on OK option”.

click <866,1825>

low-level instruction

QO B = s w
QWERTY U I'OP gwertyudi'op
ASDFGHUJKL asdfghijki
* 2 CVBNM®@ vbnma@
o ¥
“Click on OK option” “Click on Saturday” “Go to the label section” “Name it time to walk” “Click the OK button”
wait click <855,820> click <488,388> input_text <”time click <842,918>

o walk”s

On the Effects of Data Scale on Computer Control Agents, (Li et al., 2024)
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Research Agents

https://github.com/wanshuiyin/Auto-claude-code-research-in-sleep

)
(base) yangruofeng@yangruoengdeAir ~ % aris

A R I S
Auto Research in Sleep

Claude x GPT-5.4 xhigh

Anthropic - claude-opus—-4-6
A

danger-full-access
/Users/yangruofeng
session-17"_ s =" o

Type /help for commands - or to switch
) IRFRB2 MR AFH4A

{R3F! IR Claude Opus 4.6 (model ID: ‘claude-opus—4-6') , H Anthropic FR. FEIEZ{THE ARIS
(Auto Research in Sleep) WHREHHELH.

BEMHt4a? & BAERESDL
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https://github.com/wanshuiyin/Auto-claude-code-research-in-sleep
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Financial Agents

TradingAgents: Multi-Agents LLLM Financial Trading Framework
https://github.com/tauricresearch/tradingagents

- «
yahoo/ Mwmm |-..!~'!e,5! L

Mo finance is.‘ﬂ;m — mﬁ Buy Evidence Aggressive @
o Bullish ,L@ News {
X @reddit m i?a'.’sHD ) Conservative M
- anager
i \ s .
DiscussiorD T
& - | EEJ Transaction
2 Vv Proposal
= Bloomberg = reddit Trader Decision
News Y. Hub ¢ REUTERS m W T @ OpenAl o1 Deep Thinking
Bearish J Sell Evidence $
3 C an Analyst: Gathers market key points |
dl D = _ Eo I .
Funda-  Comeeny P s O ey ©) Execution
mentals Profile History Transactions - er Team : : g P :

Overview Manager: Authorizes transactions



https://github.com/tauricresearch/tradingagents

Generative Agents

Generative Agents: Interactive Simulacra of Human Behavior
https://arxiv.org/pdf/2304.03442

|

Taking a walk

in the park f
| [Abigail] : Hey Klaus, mind if

s o S I join you for coffee?

[Klaus]: Not at all, Abigail.

How are you?

[John]: Hey, have you heard
anything new about the
upcoming mayoral election?
[Tom] : No, not really. Do you
know who is running?



https://arxiv.org/pdf/2304.03442

Generative Agents

https://www.bilibili.com/video/BV1xamOQBuUkEgS?t=0.7
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https://www.bilibili.com/video/BV1xamQBuEgS?t=0.7

Generative Agents

https://github.com/666ghj/MiroFish
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https://github.com/666ghj/MiroFish

Game Agents

Digital Games
* Environment: game worlds/levels...
* QObservation space: screenshots of game states, inventory, location...

» Action space: game controls (e.g., drop, move, attack, resource management...)

A

"8 ¥
Vi
u

FINECRAY:

Building Open-Ended Embodied Agents with Internet-Scale Knowledge

"+ NeurlPS 2022 Outstanding Paper Award ‘+

MineDojo: Building Open-Ended Embodied Agents with Internet-Scale Knowledge, (Fan et al., 2022)



Robotics Agents

Robotics for physical interaction
* Environment: physical world spaces
* Observation space: visual input, sensor readings, physical states, proprioception...
* Action space: motor controls (e.g., move, grasp, manipulate...)

Hierarchical Action Representation ) Vision-Driven Embodied Agents

. [{"action": "find a HandTowel"}, = -
High-level: & " " W "u ; . (/ [T | \“A AAAAAAAA .
{"action": "pick up the HandTowel"},..] FW\ ,.;i > e
2dBench AN, @ Gemini §7) Qw
. | en
E S R®

Low-level: [X, Y, Z, Roll, Pitch, Yaw, Gripper]

Tasks with various action levels Capability-oriented fine-grained evaluation
i 3 - H .
High-level Household @5 Base Capability A, Spatial Awareness
EB-ALFRED EB-Habitat
q = Place a plate with a ‘:;‘;;Zgr’igig;
e, Spoonona counter. Of e left .
;r Common Sense A. Visual Appearance
Instruction: Put the Instruction: Find an
books on the desk. orange on the TV stand I'm feeling thirsty and )
and move it to the sink. need a small container Obtain a round red
to hold water ... Please fruit and put it in
Low-level Navigation Low-level Manipulation navigate to that object the right counter.
P . . and stay near it. (cu,
EB-Navigation EB-Manipulation X ()
»
¥e» Complex Instruction Long Horizon

While you're tidying up, 5 7
flnztiha ip(';t o: the back plocea ol
of the toilet to put two — apple slice

L @

Instruction: Navigate Instruction: Pick up the

; 8
rolls ofttolllet paper. It's 8 17 on the table.
a great place for
to the laptop and star and place it into g .p ¢ f
stay close. the silver container. G D

EMBODIEDBENCH: Comprehensive Benchmarking Multi-modal Large Language Models for Vision-Driven Embodied Agent.



