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Agentic RAG FFEHI

February 2,2025 Release

Introducing deep research

An agent that uses reasoning to synthesize large amounts of online information and

complete multi-step research tasks for you. Available to Pro users today, Plus and Team next.

7 Compile a research report on how the retail industry has changed in
the past 3 years. Use bullets and tables where necessary for clarity.

& Could you specify which aspects of the retail industry you're most interested in? For example:

a

E-commerce vs. brick-and-mortar trends
Consumer behavior shifts

Supply chain challenges

Emerging technologies (Al, automation, etc.)
Impact of inflation and economic changes

Sustainability and ethical retailing Also, do you need a global perspective, or should the focus
be on a specific region?

6 PPy

Is this conversation helpful sofar? & @ >4
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Conditional Flow Pattern
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A Survey of Graph Retrieval-Augmented Generation for Customized Large Language Models, 2025.
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chat. Process

Microsoft GraphRAG 5B

o EIAER: 0.8M (L300 %E )
o ZZS|SHEE: 16 M token (2000%+ EIAER])
o Hrh: AL (35%) WE (10%) #HXBE (50%) ~7°

chat. create_community_report

chat. summar ize

A== < . embedding. Process £
« Hittp i53K: 10,840+ -

== chat. extract-continuation-0
= chat. summar ize

BN enbedding. Process

MOMEERENR . BESMAIGraphRAG?
PathRAG: EFREFRIZIR

Path-based prompting for answer generation
The question is: What organic methods have been effective in

{ : . 3 What forganic - iti
| Retriever Generation i (;meimm??e—sﬁ extract (organic methods _ spider ! m reducing pest populations?

KET: RfE#Z OB

A ey effective in reducing (pest populations) feed ‘ The retrieved path information is: ------
o oo prmmy | [pest populations)? est popuiations competition (oed < (ladybugs) , deseription > is connected to < [parasitic wasp) ,
) Query: ‘ — - 4 sttt ot i Keywords Node Path description > through the edge < competition , description >and |,
' | “Who kills Polonius?” / I | — feed  feed < , description > is connected to < .
! X K ot i e d . feed live X aphids | == . === |description > through the edge < feed , description >.
1l LLM @ ! Retrieval he (o) live Retrieval < , description > is connected to <[@phids) , e
i e e ™™ oke: —_— plant produce description > through the edge < feed , description >.
3 Length Limit A N S live et , description > is connected to <(aphids| , descripfion >,
|| [ ———————— - ) Final Answer: i need attract through the edge < feed , description >.
i Reuieval Ratio 3 ; “Hamlet.” | Database Indexing graph th /\ Please answer the question based on the retrieved path information.
| Retrieval and generation | 5 gt
3 —*E / Top paths 3 Top paths \
{ N\ avgR=0.175 \
| [ KGSkeleton — Text-Keyword Graph (_aphigs ] agR0175:01652-0170 aphids
‘ ) g 5 Juliet Bomeo ) -.:{ Hamlet (_aphids ) [ ladybugs } Lephids ] ewr-0:7si0081.0185-01 P esh_ aphids
! R ladybugs spider }»| aphids | SO paaTin
1 23 ["ladybugs | [_spider ] = arasitic | _—
3 28 [ plant_}>{_aphios | worrmompars | (]|Co2uas +{ Pizene }>Caghis )
§ =2 y - . (Cspider )
3 § — 0.043<0.05 Candidate paths (ladybugs & aphids) wasp
i Lo ) Ce )~ ) Ceoii ) —— [\ .. )
! Semantic similarity b IEemmme—M—m—m—l N\ e A e
! wasp aphids _| J
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 N - 4 )
Node pairs Candidate paths (other node pairs Candidate path pool
Input text set 7 P ( pairs) paih p 29

KET-RAG: A Cost-Efficient Multi-Granular Indexing Framework for Graph-RAG, 2025. PathRAG: Pruning Graph-based Retrieval Augmented Generation with Relational Paths, 2025.
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Ranked Tr1ples Filtered triples

From RAG to Memory: Non-Parametric Continual Learning for Large Language Models, 2025.
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0 Synonym detection by embedding
9 Dense-sparse integration
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AIREICTZE: ZREIREM, BB E. 1BI2FX
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IZIRFRRER, AERNEREBIEER, %1%18'?2»&?%)‘3*5

e ~N Insert Delete Replace Lol B bl il RSO S
O Phrase Node Mj: The reserved seat for || Mg: A $20 hotel voucher will | 1o* The EK349fiight has: | § (b) Selectability with RAG via a MDP
o B Nod the EK349 flight is 32D. pire on May 14, 2024. :t O?A;%sz:e&:'yef;";:;f" :
assage Node 3 3 : =)
©® SeedNode o _ i
a) Editability on Editable Memory Graphs
(a) Editability on Editable M Graph =N

—— Relation Edge

n Joey

==== Synonym Edge | | : | |

\ — ContextEdge /

Answer

o Retrieving passages and triples

O Nodes activated by Questions :
@ O Nodes activated by MDPs :

]\43 » Retrieval Paths

[Relationship] [Preference] [ Event J [Attribute]

A: Your boss flight EK349
departs at 01:30 on 2024-05-12

(c) Downstream Applications

—o
Singapore—Amsterdam
2024 05-12 01:30

Passenger 1 Adult
Contact Jam
Nationality ~ Singapore

—o

1 '} | What time is my boss's flight to .
Joey, your boss flights to Amst.

today, Please remind him.
Travel

@ Recognition memory (triple filtering)
6 Assigning seed node weights

+ /|| Your boss flight EK349 departs

) Navigate to my hotel
11| at 01:30 on 2034-05-12

Passport  S1234567E _ Planning a route to the Crowne
o PPR graph search Mobile No.  +65-12345678 Plaza hotel for you.

User Services

Autofill Forms

@ QA reading with selected passages

Question Answering

Crafting Personalized Agents through Retrieval-Augmented Generation on Editable Memory Graphs, 2024.
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%
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MMREFW: BXEBEAENERFIIRETT

5]

ZESMAERS: EEAE. EAMIREMRN= EESM

SMES DR

MRRMESH#E: EETRMRMNSERFER, EAMK

IR, BRSIERII®,

ZERENY: BUSUHHEE, IMELELISHEDRE,

Domain-specific documents Industrial Applications

= =\ N = {'8‘}% Automatically Conditional
BN T EEEE ey o

File Parsing Knowledge Extraction Kr;t:wledge Knowledge Retrieval
orage

Pdf Converter Enhanced Text-based
Chunking Retrieval

Domain- Document
specific QA Writing
Query 1 TAnswer

Task Decompostion
& Coordination
Rule-based
Decompositon

FM based
Decompostion

Multi-Agent
Planning

—_— : —_— —_— .
OCR on Scan Files Tagging Emedding-based
Identification Text Retrieval
e Distilled Knowledge . Retrieval over
Doc Layout Anal)
28 AL aVER Generation EbedLig Distilled Knowledge-
Image/table
h Knowledge
Heterogeneous Graph Gl
Knowledge Organization
Information source layer
=
‘ \ Knowledge
=) -® 2- Reranking
® Epnlins Knowledge
P ® LY Aggregation
® Refine
5 - @ ® Collect Knowledge
Structuring
Distilled Knowledge layer
Knowledge
Induction

Knowledge-centric
Reasoning

Multihop
Reasoning

Comparative
Reasoning

Summarizing

PIKE-RAG: sPeclalized KnowledgE and Rationale Augmented Generation, 2025.

Graph RAG-Tool Fus

B

IE\-'IE .

mERR+EEH, HmRKT
BREREKRBIXER

SRR REE
THENOUMXR (EX
. EERKR . S8E
R SEERKE) |

A7 EES.

PARAMETER
DIRECTLY
DEPENDS ON

Get Current
Stock Price

DIRECTLY.
DEPENDS

Get Cellular
TOOL Status

DIRECTLY
DEPENDS

Unit Converter

[from_unit,

Set Cellular
Status

TOOL

ON

args:

to_unit]

Set Wifi

args:
[on]

Get Stock Ticker TOOL Status
args: DIRECTLY. args:
. DEPENDS )
[company_name] DEPENDS ON [on]
\/ -
(] User Query:
(] Make a restaurant reservation in Midtown NYC, italian food, 6 hours from now.

|

P

)

-{ Vector Retrieval (k = 3) ] ~{  Format Tools in List (d=10)

O ["A. restaurant_reservation",

Optional Advanced RAG "1.get_current_datetime","2.set wifi"]

(Reranking, Self-RAG,
L Indexing) ["R","8","8"."8"]
[, "6, "1
TraveGr::g: drll‘;:t‘:;\s/:lEach [ Concatenate to 1 ordered unique list.
Tool's Full Dependencies Truncate list to d=10 unique tools.

Equip d Tools to Agent

1. restaurant_reservation()

2. get_datetime_now()

3. set_wifi()

4. tool(B)

5. tool(3)

6. tool(4)

7. tool(5)

8. tool(C)

9. tool(6)

10. tool(7)

D<)

o

{'Q‘ Agent Executes Multi-
Step Dependency Tools

.Q- (

set_wifi(on=True)

B

Wi-Fi is on.

|g| (

get_current_datetime()

B

Time is 13:00 EST.

)
]
]
]

e Er
'G' restaurant_reservation(

cuisine="Ttalian",
location="Midtown NYC",
date="02/23/2025",

time="19:00:00 EST")

@ ((201. Reservation created. |

Okay! I made a reservation
for an Italian restaurant in

Midtown NYC at 19:00:00.
R —

Thanks agent!

)

\.‘. [

Graph RAG-Tool Fusion, 2025.
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RAG+Reasoning B

TEICP?

OpenAl O1 F1DeepSeek-R1IFIEBZRE EBRE TBANE RIS LIERES, WRAGHEMAELEMTA?
HEIRIEEY (DeepSeek-R1) ERAGH = _ERIFRINAN{T ?

QAnything;U3zt

. N LN LY

RIEBTEEE Fprompt LiZ,
Efﬁﬁﬂﬁﬁ =KBNA, BNA]
BEETHK

RBRIRAFEXLSE, 8L
"FXZIE%&F*D?’EIE BENER, X
BRETHRRAT,

R1 as Embedding

Rl EARREERINAE,
AUNEIHEmbedding &Y

ErEESAEINFEETEZ
HEE , NMERB XS Z
BX=Ed,

ANSERSHERMERIEST
fR ETCKBERAOEEREZ

Break a lease

Accuracy Scores of Different Models

8

26.6%

7
14.7%
6 0%
5
v
sS4
3
2
1
0

deepsseek-r1-671b-api

Small Claim Court

Results by Qwen

Leasing Agent saying i have to stay another
month because of 30 days of notice?

Moving into new apartments and one of my room
mates can't be on the lease because she's on
another lease with her ex boyfriend for a couple
more months.

Landlord Asking to Sign New Lease

AZ Landlord requiring us to vacate for house
showings.

[MO] both of our names are on the lease - what's

the best course of action if | want to kick my
boyfriend out?

deepsseek-r1-32b-local gpt-40
Models

Query: I want to break my lease. My landlord doesn't allow me to do that.

Results by DeepSeek-R1
100% At Fault for Car Accident, now Insurance
Company has my case moving to "litigation

department"

Landlord telling tenants we must pay for her
chimney to be swept, must use a sweep of her
choice

Ex Girlfriend stole my car

1/5 roommates did not pay rent

| got into a car crash, and after | was kind of
assaulted.

memTM%ﬁ#KWE&E%M,

U-NIAHM 3zt

T_ K155t (Needle-In-A-Haystack, NIAH) HUE Z*RAG17
(FEKMNETX., E2HNFIHLI. E0BBNXEER)

ERZZE T,

RAG vs LC Performance Comparison Across Context Lengths
(Averaged over Document Depths)

./‘o\‘_/./o
=N /
,a“ o/. “ o

deepseek-cha

0s .\

: = / ot

10 @ / \ \/
Context Length

°
-2 .\o\__;/ - o % F 3
P g B : . é /\
-~ e, N o
a 4 = / v
i o/—\.\/o S
; ntext Leny
®
1 Oz ’\.o/ \ % — Trendl
'\/‘/ ® Reald

[1] QAnything 5/ EHREEAREE : DeepSeek-R1EEIZLE SRR ILIE. QAnything BT 4R E

[2] U-NIAH: Unified RAG and LLM Evaluation for Long Context Needle-In-A-Haystack, 2025. 26

[3] Using DeepSeck R1 for RAG: Do's and Don'ts. https.//blog.skypilot.co/deepseek-rag/



WM HEEEE I FEARAG

=NERR: 1) ERHITEE?  2) #EEMAA? 3) DMt ARV THEIE?
r N

| KEEEE | -V

. BB
| mEAEER | RS

| REAE | fEFEES |
| EBA% RS |

| BteET | ERER
| EEAEE G

- xE | EEEm
| BSR% | =

\ J




h—— KEE SRR

%
i

CoRAG: LLM & ZsEF %! Search O1: LRM & ZR5ER X 5 55 1k

A =T 52 o HIAERRYLG!
LRMB F#ASMIHIRIC R, SiSHFTEIRRO, X
- EERRERFHTHEE; SIREREE,
. e, « Reason-in-Documents 1R 55 RIE R
IRIEREEAHEE; R GMBR R TRR, REERERTESER
- BEREREZVPROESE ByErh, BREETIARBMESHNIEEFIZERZ
um Q retriever @ answer ([ chosenstate (] discarded state J

(a) Vanilla Reasoning Pattern (b) Reason with Agentic RAG (Ours) (c) The Search-o1 Framework (Ours)

Training

Original Question: Search Instruction: Search Instruction: r Demilns:
i Step 1: trans-Cinnamaldehyde + When you encounter unfamiliar knowledge, When you encounter unfamiliar knowledge,
Current State | — | 4 LLM —3 | NextAction Methylmagnesium Bromide — Product 1 you can perform web searches to help you ... you can perform web searches to help you ... B5 Physics
< Step 2: Product 1 + ... — Product 2 @ Chemistry
Step 3: Product 2 + (Dimethyl(oxo)-16- Original Question: Original Question: )
sub-queryt | | sub-gueyls | ... sulfaneylidene)methane ... — Product 3 Step 1: ... Step 2: ... Step 3: ... Step 1: ... Step 2: ... Step 3: ... < %} Biology
q f Q @] @ @ @ Question: carbon atoms count of Product 3 Question: carbon atoms count of Product 3 Question: carbon atoms count of Product 3 \J Math
' ' ' Code
sub-answer 1 ] [ sub-answer1° ] an i i i ODQA
— ge Reasoning o g Large Reasoning — é] Large Reasoning
. . - . Start thinking. @ Model (e.g. o1) Start thinking. Model (e.g. o1) Start thinking. Model (.. 01) A
l l l l l Step n * Stepn ‘ Step n ‘
@] [@] Sie Ges wum mEm aak bis wsd Res D D D D Enfcou.nl.ier | need the structure of ﬁ:la;:j?:;; Structure of trans- ﬁeelarf‘::;of; Structure of trans- Retrieved
l l l l tmiamliar trans-Cinnamaldehyde. Sk Cinnamaldehyde I Cinnamaldehyde Documents
b . l l I l ‘‘‘‘‘‘ knowiedge. on-demand. on-demand.
sub-query n sub-query n l l l l Step n+1 ‘ Step n+1 * iterable {_} Step n+1 ‘ iterable {_* *
Q . D D Make a guess  Perhaps the structure of Retum long (E)-ci ' Get concise Trans-Cinnamaldehyde @[a
'] innamaldehyde is the : 5 Y
O\ @ 'I a. 0o and continue trans-Cinnamaldehyde is and redundant E(trans) stereoisomer of ... 'nformal'fm has the structure -
e ltﬂ t: rul.luuts I'easﬁning. CEHECH=CH-CO-CH3. (x) d()(‘:l.lme-nts, and continue c5H5CH=CHCHO' ('/, Reason-in-
sub-answern sub-answern” ratlour stapn+2 | which disrupt — coherent Documents
R reasoning. ep n * reasoning. Stepirt2 *
@ @ @ Integrate helpful
3 " - " h Final Step * Final Step * Final Step { information into
? ; Greedy Best-of-N ree Searc the previous
P(Ans | Chain 1) P(Ans | Chain2) P(Ans | Chain 3) Provide final Product 3 contains 10 Provide final Product 3 contains 14 Provide final Product 3 contains 11 reasoning chain.
answer. carbon atoms. (X) answer. carbon atoms. ( X) answer. carbon atoms. (v')
Rejection Sampling Inference

Chain-of-Retrieval Augmented Generation, 2025.

Search-o1: Agentic Search-Enhanced Large Reasoning Models, 2025.
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SmartRAG: SREE N2 HETE

ARM: SRR RS HETE

« REMKZiGUH: REMRER. £ERAKER. B - IXSRER: BERRERAA
TRREREGRENER, RO%IRE, SEM—IRIEREFE

o 4t NP =] . NSRS ] _ ]
. BEAMIERT: SETPPOBEA ML RAG FESE AL 1—\/[11‘1?)5(1; |_1‘ij§;% §'|7\\9|‘;|33?ﬁ¢6§ ( Mixed-Integer Programming,
(FmRE. BWES. ERER) BHHE  AISERTEESREIR (WRE . )
- BRIESERE: LM RIEFMENROTEME, BdREEHM
« MERIRIKEFS]: REIRBESERME (BT RENFIGESRIEER,
EE*D F1 ﬁj\&) *D *‘ﬁgﬁizlg (?‘&E\ﬁﬁg*ﬁ%ﬁ) y Ei Q: What is the highest eligible free rate for K-12 students in the schools in the most populous county in California?
MAFRERVRETERLOES, it Gy Bosapostio

Step 1: Query Decomposition:

NERERE, REKFMELE

Agentic RAG
(e.g., ReAct)

Alignment-Oriented LLM-based Approach with unified
(ARM) | representations for |

tables & texts

Step 1: Round 1

- Thought: | need to find most populous county...
- Act: Search Text [most populus county in California]
- Observation: ... ®

Step 2: Round 2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, constrained
decoding

“The relevant keywords are|highest eligible free rate
based on the

» linformation! The relev‘ant N-grams are|(Percent, Eligible Free)|..., 4-=--=-======-=-- el
(population), ...

@ most populous county in California

(@ highest eligible free rate K-12 students California list of N-grams as query to Iookup ~-» @@ ----------

- Thought: I need to find schools in Los Angeles... Here are the objects that can be relevant:

S‘@u;::;()ls with highest eligible free rate k-12 - Act: Search Text [schools in Los Angeles, free rate] Alignment Passage name: California Counties..., Content: ... ® 0 <. \ @ .
- Observation: ... Table name: List of School Districts ..., Content: ... ® <--- | © Reasoning
[Answer] JOhn Adams - Retrieving f h . 5 © Table name: School and District Data, Content: ... © & R solver
. ‘ : Step 2: Retrieving for each Query: Step 3: Round 3 » Structure b
[Question] Who was the first president Q . | Table name: Free or Reduced .., Content:... @
Q 2 Thought: | need to find schools in Los Angeles > : :
Here are the potential connections between these objects:

Act: Search Table [schools in Los Angeles, free rate]
- Observation: | did not find schools’ county
information.

Table List of School Districts ... includes column county which connects with ...

X X
who lived in the white house? o&o Action Reward ©
|

[Observation] None / [Searched Text]

. Search First resid ent ) Here | summarize the relevant information to answer the user question
P0|lcy Tl.'g i [ & ] p @ @ L Step4,5,6,7,8, Self-Verification <P95599e> California Counties ... </passage> lists the county populations in California,
st ate ilved In the Wh]te ho L which covers keyword “populous”, <table> List of School Districts ... </table> extends
on this by providing counties in California, which covers keywords -
Rewa ld Using a beam-style search across ® Top-K objects
u pdate ) the two alignment stages, Vote count 001 005 with the
Aggregation  mitiple self-verification outputs score : = * highest
are generated. We combine these  Vote weight 002 003 weighted
outputs using weighted voting. (logits) ’ : votes
[Searched] John Adams became the first (——] i
. . . @ < i
president to move into the White House ... " = T @ Gold Reasoning Process
! ext Databases g
| —~-0] retrieve | L i
. ]
Observation Database ! > ><1
i

SmartRAG: Jointly Learn RAG-Related Tasks From the Environment Feedback, 2025. Can we Retrieve Everything All at Once? ARM: An Alignment-Oriented LLM-based Retrieval Method, 2025.
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i

LevelRAG: X KO RET R OmniThink: X AR ESEE

Are director of film Move (1970 Film) and director of film Méditerranée (1963 Film)

5 ;L:\me(y ﬂ] 1 \#1% 'ﬂft V\] 'EI‘B 'LA%” *E* , EEE&%” 1% \Jﬂ% FR I_l:EU o

\ \}'L N
ﬁj E 41T |
[1] Who direct the film Move (1970 Film)?

° %_ E j:% g %g : Jﬁ\ ?h\z g ﬂyE ig Eﬁ /10 [21 Who e e (1963 Film)?

Contexts Retrieved by Low-Level Searchers
[1] Move is a 1970 American comedy film starring Elliott Gould, Paula Prentiss and — :|:
hS \ j-LJ \ \ 73 AY Geneviéve Waite, and directed by Stuart Rosenberg. The screenplay was written ... é A L]
| I N [2] Méditerranée is a 1963 French experimental film directed by Jean-Daniel Pollet with /L,\ —JZa .
, ZIN -L ¢ VA RN assistance from Volker Schiéndorff. It was written by Philippe Sollers and ...
. — =] \ \ D :l: \ \
- A=  aEw: mo e =% AL P
E\@ J8i swmarizs 1I:l TN . AL =IN Ao e y A -lj m
[1] Move (1970 Film) was directed by Stuart Rosenberg.
2 -If [2] Méditerranée (1963 Film) was directed by Jean-Daniel Pollet. ) Q& F-.— 1—&- é *\A. %
’ 0 \ Ao\ ZR o

e | ERAXERSHERE: BEEAY RS RENG, BEESIMER

EE Verify

Seeeeenen S BEREREEROROER, FRTEAERTL

( -'-:E Supplement

. 1&5);}@2 § E«g @ = *FE Ib . QFE « ;E;}m::::::z:::‘zx::f;::rsﬁ:izﬁ"pzﬁ.;% | lAﬂ:I %1 ;E =] Fg;ﬁj:}* @En

Contexts Retrieved by Low-Level Searchers

[1] Stuart Rosenberg (August 11, 1927 - March 15, 2007) was an American film and

E JAY =) N =1 & =) E;;ej‘:as;org:r‘]::ﬁ?;lI‘:P&srz:c‘to\:ti[?;@l’:;;‘%?éi;l)ﬁi;saFrench fim director and % ; l Section 1: Information Acquisition
x _\L 5 y \ a _\L 0 screenwriter who was most active in the 1960s and 1970s. He was associated with ... Expand the Boundary z —Ir—‘p—u—t:r;;i;: ————————————————————————————————————————— N
s/l ‘ e e || g Euesphuatredt Woematntrea T | ThePresidens ofheUntiel s Overcheeas L o
1j— E | ppesessaaase 0 (K4 | e s R e e e e e e e e S s s e TS S 8 S
IJ 1% 1@ [2]Je::—Da:iSeel e pa ) ] = I :
— o N g a .E Conceptual Pool o
S (et Reflect Search Expand 0! :
No additional information is required. ) . 1
) @ ' : 1
B : DG JIAN | | i
Overall Plpellne High-Level Searcher .E Conceptual Pool Ly
e e == N @ Decompose /, Expansion ! :
= = ) e P "2 00000
! '. O 0 ! @ @ Search Lppe @ Multi-Reflect , Multi-Search, Multi-Expand i !
| ~ - ; VY a0 Reflection | '
. : Low-Level Searchers  Atomic Queries User Query ! i A 'k | .
i Sparse Retriever Sparse Searcher  Documents ! User Query ® Summarize i 2] "4 £ Conceptual P°°I g
- & & Feedback ] S '
W E ® Decompose ¢ é : I'm curious ... : :
il X 7 supplement [ [N I Iterative Multi-hop i Q o
° | P - - ‘ b Question Decomposition Documents I E @ I
2 . - R 1 I
f ® Summarize ) | | ! . D |
Dense Retriever Dense Searcher ~ Documents | g yerify / Low-Level Searcher i Multi-Perspective, Multi-Search i
; : High-Level Searcher — @ Rewrite R T oY pep e e ;|‘, 4
: : ® Search : . i Expand New Information . 3 - " " N T o
; | Information | - - o BRI =5 | {———— . ¢ Section 2: Outline Structuring Section 3: Article Composition
, - - : Aggregation Specialized Quer . : : : Q : Based on the information| : !
: ! p y Atomic Query |11 i s gathered I think .. i = )
| webss h ; W s— 5 : Local Database i i °°D. " i Q i #Early Presidents of the Us O
! Web Search Engine eb Searcher ocuments ! U irectly [ 1 i i
, ? ; N e HEOR § e micu a0 | S Maidon i bt o
L Heterogeneous Low-Level Searchers : G % H ' I ! Early 20th Century OO abiake sy - A [:] )
""""""""""""""""""""""""""""""""""" enerator Iterative Atom:c 1] === e e ————— Multi-Search : Post-War and Modern OO ﬂ::::V\IVe;; :nl:iql\‘jleor:iesr’:\eg €2
Hierarchical Retrieval Workflow Query Rewriting Documents '\::_'_'_'_'_'_'_'_'_'_— _______ e —————c writer model :

LevelRAG: Enhancing Retrieval-Augmented Generation with Multi-hop Logic Planning over Rewriting Augmented Searchers, 2025. OmniThink: Expanding Knowledge Boundaries in Machine Writing through Thinking, 2025.
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KBQA-O1: KG_ER&E FiL! ToG 2.0: KG_ERYENIR (SCfR/& ) IR

« ReAct-based B2 : BEZEL ZEBEMREIESNAKRER:
£ ZEFRAHS KB i FFrecbase r[ It sk e b e, | BEKGEZEXEIE, FAIAXERBSIEASIER LT, @R
E, BRI KB SN [ M || 2 RIREE AR RN,

KB [ Taylor Lautner ] [60]

ﬂ] ﬁg o Environment

Compare
[LESS THAN | tv.tv_program.
pisode_running_time

Merge
[ expression1 | expression ]

Logical (AND (It tv.tv_program.episode_running_time 60)
Fgrm (JOIN (R film.performance.film)
o (JOIN (R film.actor.film) Taylor Lautner)))

Find_relation

« KB—Based¥I: FUl T— oo () o - [rlmdi%ﬂm ]
LSE{E, SIERKG LER#1T E e

[ film.performance.film ] %1—% :_Et ;E %u iﬂi %
Agent - BRR: ET KCHXRAISHER, I RIRIESLALE
(PIENER . RS, H -~ - LTXRER: fmEsEXE lir'cwr)%ﬁ?jﬂ'ﬂo
N ~~ ’
Eﬂ ) ’ E}ﬁﬂiﬁﬁ%?é [ ][@][c] L SPARQL Query He'saBully,charlieBrown][m.ozsaswi] ° ﬁ%ﬁ{%gi”ﬁ%@ﬂg%% ’ E}QA?‘Q@&}EEJ\QE‘:‘E o

hy [ What movie with a television running time of less than 60 minutes features Taylor Lautner? ] | LEGENDS o
e ¥ ['—@5 Query: Where was one of the runners born who almost broke _‘s lIlinois Boys Cross Country record’?]
%" — _—
57 Thought1: At this step, we should identify a topic entity Selection !
h ’ from the question to start a new expression. | | A L
! 7 Action1: Extract_entity [ Taylor Lautner ] <= = =~~~ 1K Topic prune Reasonin
I Output
L’ Observation1: expression = START('m.07Idhs') KB Environment : ans'oAn - R
- = X| 1 - 2 . . . L i
g% e -- B llinois B Craig Virgin J¢— YNO--
_ ki T Q:26.97- | e I ] ) 4 : Contexts Contexts o 4[@ Relation D|Scovery J ¥ Clues
ThoughtZ At this step, we should find the one-hop relation _ - - 7 ~ ~ Thought2: At this step, we should find the one-hop relation Simulation located in the 1 Rtm! | I o )
h that is connected to the current expression. that is connected to the current expression. : administrative | lith educatedal| participant in = .
2 Action2: Find_relation [ film.. actorﬂm] Action2: Find_relation [ Tl ree—— > This territorial entity. — —' - Relation Prune
Observation2: expression = JOIN('(R film.actor.film)', expression) Observation2: expression = JOIN('(R tv.tv_actor.starring_roles)', expression) Back- Iteration A — H
pESE propagation - &[22 Entit Discove )
. - %\.\ _____ > CarI Sandburg @van Jager) C_ebanon ngh) ( 1984 Summer 0 y b Next
Thought3: At this step, we should identify a topic entity /[ Thought3: At this step, we should find the one-hop relation KB igh School School Olymplcs Entlty-gwded lteration
hy from the question to start a new expression. | | that is connected to the current expression. Environment L.x | [ ! @
Action3: Extract_entity [ 60 ] i | Action3: Find_relation [ film.performance.film ] : ‘ ! L : Context Retrieval
Observation3: expressionl = START('60") ' | Observation3: expression = JOIN('(R film.performance.film)', expression) . H i % |
\ T Policy Madel = @ Context-based
1 T
N - ! Policy Model [llinois - locatedin .. - C. S (1l Entity Prune
T~ {09999 J<---V¥---_ D € ‘ : e e - : |teration #1
Thought5: At this step, we conclude that it is appropriate to end and Thought7: At this step, we conclude that it is approprlate to end and 75.82 | aduéatad; —————— Hanba o ; i J i ”"-U" SOTTFL '!
b output the expression. output the expression. ~. Reward Model Next - i v v v | A 4 [e]
Action5: Finish [ 1 Action?: Finish [ expression ] > i f R 3 ( .
Observation5: expressionl = STOP(expression1) Observation7: expression = STOP(expression) e Reration Lukas Verzbicas ) IHSA g Reasonmg YE OUtpUt
i (AND (It tv.tv_program.episode_running_time 60) an * ann nas Lok
Fu, SEAERll Gt tviv_propram.episode. runping time Go) W (JOIN (R film.performance.film) Q-value or max dept
Form Form (JOIN (R film.actor.film) Taylor Lautner)))

32
KBQA-ol: Agentic Knowledge Base Question Answering with Monte Carlo Tree Search, 2025. Think-on-Graph 2.0: Deep and Faithful Large Language Model Reasoning with Knowledge-guided Retrieval Augmented Generation, 2024.
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HEHFI—NEER

zs)J,u\ CZRARK: BRAGEEAD/RAIKRKITE (MDP) |, &
RSB ENTRESERRINEPEIHR IR FRAZE I EPETIR o

Question: What is the total runtime of all movies in The Lord of the Rings?

BEEY: iLERE

=1 inki ) @ DeepRAG
JI\ \jo Human Thinking -
Ei J 'f% T‘_L % }ﬁz:p \( uu IA&E ) 1 know The Lord of the Rings trilogy W“;at are the titles of the movies in
4%‘ g ;j_l;, | Dj ILﬁ ﬁj\ ﬁt': jg ? E 1@ consists of three films: The The Lord of the Rings?

Fellowship of the Ring, The Two The Fellowship of the Ring, The Two @
Towers, and The Return of the King. Towers, The Return of the King

Step2,3,4 ¥
of their exact What is the runtime of The
L Fellowship of the Ring?

( C h a 1 n o f L 178m1':1utas

Step 5
\ \, M 3
] % ld- ﬁ t;%ﬂ searching... What is the total runtime of the

=271

B §E
Calibration )

However, I am unsure
runtimes.

To find out, I first need to determine
the runtime of each film individually.

The Lord of the Rings?
? 1j; 143 \ Vv ax = *4+ fter retr: this information, I - %
E |J J/i\ i / % y i can compute the total mntime as: 178+ 179 +201 = 558 minutes
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IXT-]- a % %D -l'/ \L% Eg -I'A%D le) Final answer: 558 minutes Ao
Retrieval narrative decisioiis
Retrieved Parametric Subquery T 7} Trajectory with least retrieval g{ Optimization Preference pairs

Binary Tree Search Stage I: Imitation Learning

Question

NifF

;lt—’ <

- L > et &E
_____________________ - %
Question —_)______:t)_____._.f)___--:—> Ans - Calibrated
RALM
H=l <

-

DeepRAG: Thinking to Retrieval Step by Step for Large Language Models, 2025.
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MCTS-KBQA: Monte Carlo Tree Search for Knowledge Base Question Answering, 2025.
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S . f i ing... ¢ . | @ Rule-|
product availability for its top—selling items fieasoning Query: US Q4 2024 l . L O Execution observation o: Rationale, Query, Doc _# Action ful:‘:ﬁl:,ansed
during the upcoming holiday quarter. how can Inflation and CCI Training Data Collection via MCTS

I need to identify Relevant
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[Web-Search]
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[ 11 e @Le]
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Agentic Reasoning: Reasoning LLMs with Tools for the Deep Research, 2025.

Can We Further Elicit Reasoning in LLMs? Critic-Guided Planning with Retrieval-Augmentation for Solving Challenging Tasks, 2024.
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Figure 3: Post-Training Scaling of ReARTeR, which includes Warm-Up and Step-Level Offline Reinforcement Stages.

ReARTeR: Retrieval-Augmented Reasoning with Trustworthy Process Rewarding, 2025.
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RAG-Gym: Optimizing Reasoning and Search Agents with Process Supervision, 2025.
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T Accuracy (%) Time (s/answer)
GPT-40 Llama3.1-405B Claude3.5-Sonnet Deepseek  Gemini-1.5-Flash | GPT-40  Llama3.1-405B Claude3.5-Sonnet Deepseek  Gemini-1.5-Flash
Baseline 36.13 £1.22 38.13 +1.27 38.60 £1.28 34.07 +£1.21 3547 £1.22 3.87 fo0.15 4.96 £0.25 6.66 +0.21 14.50 +o0.27 5.04 +o0.16
SearchAgent [46.33 +1.30 43.80 £1.24 41.87 £1.29 44.27 £1.26 42.33 £1.28 1.58 £0.06 1.61 +o.07 1.54 £0.06 1.32 +0.01 1.58 £0.04
MindSearch |52.40 4+1.33 53.07 £1.34 53.60 £1.28 49.73 £1.32 51.53 4-1.29 19.09 £0.39  14.82 +0.45 17.93 f-0.39 27.01 H-0.58 20.14 $0.43
Perplexity Pro| 60.27 £1.26 61.47 +1.28 56.67 £1.24 - - 6.12 +0.26 3.94 +0.15 5.85 +0.22 - -
Ours 76.20 £1.12  75.53 £1.08 78.27 1.07 7233 L£1.15 74.87 £1.08 16.03 £0.43  14.55 £0.47 18.15 40.35 29.31 f0.70 17.74 £0.53
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An Agent Framework for Real-Time Financial Information Searching with Large Language Models, 2024.
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Citrus: Leveraging Expert Cognitive Pathways in a Medical Language Model for Advanced Medical Decision Support, 2025.
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