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Percepts

Actions

Sensors
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Agent
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Actuators

An agent is anything that can be viewed as
perceiving its environment through sensors
and acting upon that environment through
actuators.

— Russell & Norvig, Al: A Modern Approach



Two Views of Agent

LLM-first view

Idea: 1EF JIELLMZS g Agent
K WOELLMBYESE E—H D F 2K, MChatbotF!|Reasonerf3EAgent ?

Agent-first view

Idea: LE B BIELLMA ElAgentZ244) 0P
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Evolution of Al Agents: Agent-First View

Symbolic Agent
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Evolution of Al Agents: Agent-First View

Symbolic Agent Neural & RL Agent
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Evolution of Al Agents: Agent-First View

Symbolic Agent Neural & RL Agent LLM Agent
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Is LLM All We Need?
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Neuro-Symbolic Agent

Neuro-Symbolic Agent@7E LLM-AgentiEZ2 P, RIS IVBEHIE. QIEEVAS/EELAIR. T3
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Percepts
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M | Where Symbolic Helps
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LLM + Symbolic = Powerful Planning, Reliable Execution



Outline

Neuro-Symbolic Agent

// N

for Travel Planning for Embodied Planning

Symbolic helps planning Symbolic helps execute action



Neuro-Symbolic Agent

for Travel Planning
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I am in Shanghai now and would like to go to
Beijing for 2 days, visit some museums, and
taste some local cuisine. My budget is 5,000
yuan and I hope to visit as many attractions
as possible. Please give me a travel plan.

GPT DeepSeek Qwen GLM Mistral

Tool Use L 3 Information

; " Sandbox

& FlightSearch() g TrainSearch()
AttractionSearch() U RestaurantSearch()

) RSN

=
==

HOTEL

AccommodationSearch() 5}~ RouteSearch()

Travel Planning Tasks

273

~

Planning

0

-'Ejﬁ‘ —_—t \-Ual

e

¥

/> Visit some museums... \\
There are some museums in Beijing:
- The Palace Museum
- National Museum of China

N Beijing Capital Museum. .. y
(> Taste some local cuisine... )
There are some restaurants:
- Dadong Duck
- Siji Minfu
o ° Xiaodiao Litang. .. )
/> 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... Yy
~ . Sy

> visit as many attractions as possible

- select adjacent attractions

- choose convenient transportation

Itinerary Plan }ﬁ

Train, G104
Shanghai Honggiao Railway Station
— Beijingnan Railway Station
06:27 - 13:12, cost: 693
%9 Metro 13:15 - 13:50
cost: 3, walking: 1.5km
[ The Palace Museum J
14:00 = 17:30, cost: 40
%9 Walking 17:30 - 17:45
@& cost 0, walking: 0.8km
[f[j] Siji Minfu b

17:45 — 18:45, cost: 180

Wangfujing Street
19:15 - 20:15, cost: 0

%o Taxi )

s N

-

ik

J

%9 Taxi
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g
e
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HOTEL

. KRNI, 295K

P

# Templated Synthetic Data in Previous Work

Our budget is set at $1,400 for this trip and we require our
accommodations to be visitor-friendly. We would like to
have options to dine at Indian, American, Chinese, and
Italian restaurants. We also prefer not to self-drive.

Our budget is set at $3,100. We require accommodations
that are pet-friendly and we would prefer to have entire

rooms to ourselves. We do not plan on self-driving for trip.

Authentic Data with Open-Ended Requirements

S 2/

Wangfujing Street
& room: 1, cost: 580

4 The budget of dining is ¥1000. )
The budget excluding flights is ¥3000. Compositional
Arriving Beijing before 13PM. NSt
Visit the Great Wall at the second day.

e Enjoy the local cuisine Implicit
Visit the best museum at Nanjing Expression
Interested in historical stories
Traveling with children who cannot eat spicy food D

g T

_,V'Q\_ChinaTravel poses challenges in constraint

generalization and contextual reasoning, highlighting
the requirements for real-world applications.



Failure Case
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ChinaTravel: An Open-Ended Travel Planning Benchmark
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Real Travel Requirements
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ChinaTravel: Domain-Specific Language (DSL)

LLMAZ Y., BI¢HS. BILSiE

2 python i8i%: T HESNEFAS (FE. Bal.

AN, ZR8.....)

TERR(CISIE: AT A BIBLUR A U HER

AHEHGZE: IURTBRDEERESESTIN

aJf REitE: %’&Eﬂl/&*ﬁa&’]ﬁi A2y 20
MRAE

FIRTEIRFIE RS 2131000

= 11ng expenses <= 1000 CNY.
d1n1ng cost = 0
for act_i in allactivities(plan):
typ = activity_type(act_1i)
if typ=="breakfast” or typ=="lunch” or
typ=="dinner”: dining_cost =
dining_cost + activity_cost(act_1)
return dining_cost <= 1000

FIFrZM R RISEE

# Arriving in Shanghai should be before
6 PM on the second day.

return_time = 0

for act_i in day_activities(plan, 2):

typ = activity_type(act_1i)

dest = transport_destination(act_1i)
if (typ=="train” or typ=="airplane”)
and des=="Shanghai”: return_time

== activity_endtime(act_1i)
return return_time < "18:00"




Baseline Neuro-Symbolic Method

. { Natural Language -> DSL} :> { LLM (?wded } :> { DSL Verl.fV } .

Symbolic Search LLM Revise

I am in Shanghai now and would like to go to
Beijing for 2 days, visit some museums, and

taste some local cuisine. My budget is 5,000
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Rate (%)

Results of LLM Agent

Bl Delivery Rate B Final Pass Rate
100 A 9% 0% 96%
e Structured output # valid plan: High DR
80
masks low FPR
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4 4

0. * DeepSeek-V3 (ReAct): 5% on Easy, ~“0%
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Final Pass Rate (FPR) on Human-Val

40% -

30% 1

20% 1

10% -

0%

Results of Neuro-Symbolic Agent

37.0%

10X improvyement

2.6% > 37.0%

14.0%
° Pure LLM - NeSy Planning
BERTSHAEBS15BMERER T
2.6%
0.0%
Purel LLM 'I'II'G LLM-Modqu NeSy Planning
(ReAct) (MILP) (Oracle refine) (Ours)
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74.0

Easy

Challenge

EEE NeSy Planning (learned translation)
I Oracle DSL translation (upper bound)

Human-Val

Human-Test

)

REIRFH

LLMEBFEHRRBR,ERFRE

_:ﬁ%B,SlDSL'La =N &DJK_J

BT S1BS LD Rk
Bl LS EFRENDSLES, &S

BRRVEADRTIREY

3E100%,



Compositional Generalization
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Unmatched Unseen Syntax
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Neuro-Symbolic Agent
for Embodied Planning



Challenges of Embodied Planning

Embodied Planning: {#&RIARNERS

EANS

LT

AR, AT

W ENFRT S I

BIROEh{ERIYE. TIAME. affordance. ZEAIRH

AR,

B ~ )
State check
oo ~ G
LIlM Lli,M
Invalid plan ©% Executable plan
C = >
Pick apple (Q >)
@ from fridge | — - l N
'Q- 0:: [] j fridge_closed X
@ apple_inside +/
9 SR 7 W

_______

- o - - - - - - - - - - e e e e s e o - s o - - - -




M/ ERES ) . MRRTDS KBV 5P,
MARLLMINIEZERE, TS

i

Rule/Skill Induction

4 )
Failed trace
N
@ & Lﬂ -5 /IR X = Rule induction
LLM 77 ! i
A . A B> ' X =
I
L el T G y VZZ)
LLM tries to pick apple
[ from closed fridge — failure J o > @ \/ =]
\S J I

Successful trace

09418

...................... -d

[

LLM opens fridge, observes apple,
then picks —> success

J

-
Rule: open first

J-[

(=

IS s

HOIS

Skill induction

Oy
NV X4
e

r

N\

Skill: Open - Observe - Pick

_&TMUmMM

(

Improved planner

SRS

LLM

Rule library
Rule: open first

J>@

S
[% J
\=
G .
Skill library

{;- Skill: Open > Observe - Pick

%Hﬂiﬁ
NS

Executable plan

OOP n fridge @ \/

S —————————— ——— e — - — - - - - - - - - - - - - - -



Embodied Agent Skill
BEBSkillBE N AAREIN, "RERNNSEHWRIEREN
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' CLA 77 k18 % 12 3 BT R 45 ARSI VR i A State-Blind Skill

i Script: get_apple_from_fridge

)

o HR R XFEMFIBT: T 4eia AT open / skip

: 0

: T — g - e R AAERIE: B LA S ATRA

: oto(fridge) open(fridge) ick(apple) o BImAI KD KK, KAALEHFEIRE R

: g 9 P 9 P PP

i 3. Apple in other place 4. Need other action first i
: 777 ? i
| | \o |
a | ﬁ\ i ﬁ a
i Script tries to Script tries to Seript still Script cannot handle i
| open(fridge) again pick(apple) open(*Fnolge) / pick(apple) missing preconditions :
| X Fail X Fail X Fail X Fail |
: (unnecessary action) (object not found) (wrong location) (missing dependency) ,:



Neuro-Symbolic Skill

Neuro-Symbolic Skill:

“RBIFEA+EHRAR+ ST ELGE” THATHE

Example Task:

Get apple sy
from fridge

Rl
0 goto(fridge)  open(fridge) pick(apple)

Fixed action sequence

~

=

7

goto(fridge)

\

State-aware logic with control flow & binding

Yes
—> < closed(fridge)?

—> open(fridge) >

lNo

]

lNo

search
elsewhere

\

: Yes
find(apple) —) pick(apple)
in fridge

Neuro-Symbolic Skill Learns When, Why, and How to act

|
|
|

| Example Failure ]
|
|

!

W

" (Apple not in fridge) J_

‘ goto(fridge) — open(fridge) —> pick(apple) |

| i ? - X Fail (object not found)

|
|

Sl

*0

v/ Succeeds

search
elsewhere




Offline Skill Induction from Successful Trajectories

1. Collect Successful

Trajectories

( Trajectory 1 l
% - | : —>§+é

go’co({"ridge) open(fridge)

Pick(apple)

.

=
Trajectory 2

2+ B

3oto(Frid9e)

> @

pick(apple)

.

( Trajectory 3

R -

goto(cabinet)

E’—)@+é

open(cabinet)

Pick(apple)

All trajectories are successful

(task completed).

2. Segment into
Sub-goal Trajectories

Sub-goal:
Get apple from receptacle

( Sub-traj 1
(fridge closed)

L%»@»@é

—_—

3. Logic Discovery &

Generalization

Discover Conditions

Sometimes the receptacle

is closed, sometimes open.

[ if closed(receptacle) ]

Sub-traj 2
('Fridge already open)

A-0-

Sub-traj 3

(another receptacle)

Q Discover Variable Binding

Apple instance varies.
Need to find it in the
current state.

target = select_one(x,
is_’cype(x, apple) A
contains(receptacle, x))

\ 3

X-BEH-o &

L]
.

Q Discover Abstraction

Receptacle can be fridge,

cabinet, drawer, etc.

{

PARAM: RECEPTACLE
PARAM: OBJECT_TYPE

4. Build Skill Graph
(Consolidated Program)

| goto(RECEPTACLE) |

closed(RECEPTACLE)?
Yes

| open(ReCEPTACLE) |

N

target = select_one(x,
is_type(x, OBJECT_TYPE) A
contains(RECEPTACLE, x))

target exists?

Yes No

[ Pick(target) ]

IIHI!!!II

Failure:
object not found

|

5. Add to
Skill Libro.ry
" Reusable skill |

[ get_object_from_receptacle ]

Parameters:
e OBJECT_TYPE
o RECEPTACLE

Description:
Find and pick an object of
given type from the given
receptacle.

Preconditions:
e RECEPTACLE is reachable
e OBJECT_TYPE is pickable

Postconditions:
* The object is picked
by the agent.




Online Skill Evolution

1. Task & P lanning 2. Execute Skill 3. Failure Diagnosis
[ High-level task | T ——— [ IF skill fails |

[Get i applej)L @ = = Eailire’ =

objecf not found

Planner selects skill and >/ \\ C‘j [_—_‘t] (in fridge)

fills in parameters.

\%
Call: get_object_?rom_receptacle ( |

X

4. Reflective Planning

Maybe the apple
is on the table?

. Analyze failure reason

|
|
| o Consider alternative Places :
|

(OBJECT_TYPE=a;‘>ple, f’{‘ Trteractiwith-environmant Return symbolic diagnosis I p
R idyo) using neural grounding. with context. I\ ._ _l:n_rf:o_ve:y_sie P_s R ——.
r 5. Recovery Execution

. . . s T ——— — ———— ————

goto (table) { find (apple) pick (apple) —> > %
-_) > search fable)

—

find & pick l

S SIRR  EAh AR B -

- e

P ——

I
|
-
I
!

Newly added
branch to handle

the failure case.

The skill graph grows
and becomes more

robust over time.

)




Neuro-Symbolic Skill

RE BRI R BT MRS ENNERA, RANBSHEREAGrounding,
TSEEME. ENZERIRAKBIBENHIENEEN I ER
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New knowledge is added back to the skill library,

enabling continuous self-evolution.



Experimental Results
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stained(fridge)

next_to(rag, sink)

Task: use the rag to clean the refrigerator

toggled_on(sink)

Subgoal Decomposition

soaked(rag)

not_stained(fridge)

N - i @rresenation) 2SO0 | gtk fridge
= Modeling
L /% sink _ next_to rag be
: _ not_
?' toggled_on *¢,N0ldINg soaked stained
GRASP(rag) PLACE_NEXTTO(sink) TOGGLE_ON(sink) = SOAK(rag) =" Action Sequencing Goal Interpretation
Average Perf. Goal Interpretation Action Sequencing Subgoal Decomposition Transition Modeling
Model Overall Perf. Module SR 1 Task SR Execution SR Task SR Execution SR Planner SR
Vv B Vv B Vv B Vv B Vv B Vv B Vv B Vv B
GPT-40 52:25 4941 55.09 249 77.4 683 40.0 836 500 68.1 450 851 510 431 629 29.6 53.0
GPT-03 64.43 61.75 67.10 353 79.1 689 646 832 708 743 520 871 573 446 524 924 930
GPT-5 68.32 68.09 68.55 363 79.2 723 710 849 740 732 540 872 60.0 364 430 863 970
Re' Prompt 74.54 71.58 77.50 49.0 84.9 712 730 849 780 747 80.0 88.0 86.6 548 430 914 970
Re* Agent 81.36 76.36 86.35 57.9 85.0 73.5 81.0 849 910 747 80.0 866 88.0 988 998 999 99.0




FALFWorld, WebShop. TextCraftC

Experimental Results
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ALFWorld WebShop TextCraft
Method Success Rate (%) | Score(%) Success Rate (%) | Success Rate (%)
ReAct (Yao et al., 2022b) 85.8 44.0 20.0 62.0
Reflexion (Shinn et al., 2023) 84.3 40.8 23.0 59.0
ADaPT (Prasad et al., 2024) 67.9 45.8 29.0 72.5
StateAct (Rozanov & Rei, 2025) 84.3 40.6 8.00 83.0
AWMosine (Wang et al., 2025¢) 88.6+t1.1 51.841.7 32.2+1.3 66.3+2.0
AWM (Wang et al., 2025c¢) 91.34+0.8 49.2+1.9 30.04+2.0 92.51+3.6
ASI (Wang et al., 2025b) 70.6+1.9 7.7+£1.7 7.50+3.0 77.8+1.8
NSI w.o. online honing 93.5+1.9 58.8+1.8 30.5£1.5 78.512.5
NSI (Ours) 98.0+1.2 76.5+1.2 44.5+1.5 95.2+0.8




Summary
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