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ABSTRACT

Large Language Models (LLMs) have achieved breakthrough progress in the field of
Natural Language Processing (NLP), demonstrating significant potential in vertical domains
such as healthcare. However, since clinical decision-making demands extreme accuracy
and logical rigor, the inherent “hallucination” of LLMs has become a critical bottleneck for
their practical application. Retrieval-Augmented Generation (RAG) technology effectively
mitigates this issue by introducing external factual knowledge bases. Nevertheless, when
faced with intricate real-world medical scenarios, existing RAG systems still encounter se-
vere challenges: first, traditional vector retrieval relies excessively on surface-level semantic
matching, which easily leads to “reasoning drift” in complex long-tail pathological reason-
ing; second, in the face of massive and heterogeneous medical evidence, systems lack mech-
anisms to effectively discriminate between multi-source evidence conflicts and redundant
noise; finally, many advanced multi-agent reasoning algorithms proposed in academia often
lack system-level engineering integration and transparent, visualized interaction platforms.
Addressing these pain points, this thesis focuses on optimizing medical RAG methods and
conducts in-depth research from three dimensions: underlying causal logic alignment, ad-
versarial cross-examination of multi-source evidence, and the engineering implementation
of the system platform. The main research work and innovations are as follows:

(1) To address the problem that traditional medical retrieval is limited by surface-
level semantic matching and is prone to introducing noise, a medical retrieval-
augmented generation (RAG) method based on causal-aware pseudo-question genera-
tion and adaptive retrieval iteration is proposed. This method introduces structural causal
models into the preprocessing stage of unstructured medical literature to generate causal-
aware pseudo-questions with clear logical directions, thereby transforming simple semantic
similarity matching into forward probing based on pathological logic. Furthermore, the sys-
tem deeply integrates authoritative medical knowledge graphs such as SNOMED-CT and

UMLS to extract standard pathological logic chains, and innovatively designs an adaptive

I



R LA A S

iterative retrieval mechanism guided by causal graphs. This mechanism can detect gaps
between unstructured text and structured graph logic and dynamically trigger supplemen-
tary queries, upgrading the single static recall of traditional RAG into a rigorous, dynamic
evidence-based completion process. Experimental results show that this method enhances
the model’s logical consistency in complex long-tail medical reasoning tasks.

(2) To address the conflict and redundancy among multi-source medical evidence
and the difficulty for LL.Ms to identify core differential information, an optimized med-
ical QA-RAG method based on contrastive hypotheses and multi-agent flow is pro-
posed. This method first constructs competitive candidate hypotheses and initial evidence
sets to expand the reasoning boundaries for complex clinical manifestations and recall mas-
sive multi-source evidence. Second, it introduces evidence semantic decoupling and can-
didate scoring mechanisms to perform fine-grained feature-level filtering of the evidence
space, effectively stripping away common confounding noise that lacks clinical discrimi-
native power. Subsequently, a dynamic adaptive routing module based on feature density
and semantic overlap is designed to rank candidate answers based on processed medical ev-
idence features and dispatch them to the corresponding cross-examination paths. Finally, a
multi-agent targeted cross-examination and consensus adjudication workflow is constructed,
driving agents with opposing stances to engage in rigorous adversarial debates regarding can-
didate disease hypotheses. Experimental results show that this method effectively overcomes
the reasoning drift caused by redundant evidence and significantly improves the system’s ac-
curacy and specificity in differentiating complex and difficult pathologies.

(3) To address the engineering pain points where existing medical multi-agent
algorithms lack system-level integration and transparent visualized interaction, an
Al-driven medical research platform (DeepMed Search) that integrates multiple re-
trieval methods is designed and developed. The platform adopts a high-availability, high-
concurrency microservices architecture and seamlessly integrates local vector knowledge
bases (Milvus), authoritative PubMed literature interfaces, and Internet search interfaces,
completely breaking down “information silos” in medical data. The upper layer integrates an
asynchronous multi-modal complex document parsing engine along with the aforementioned

causal retrieval and multi-agent debate mechanisms. This platform transforms previously in-
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visible black-box reasoning into an end-to-end white-box workflow comprising intelligent
routing scheduling, evidence contrastive weighting, and streaming adversarial debate, pro-
viding a highly transparent and trustworthy intelligent infrastructure for real-world clinical
auxiliary decision-making research.

In summary, this thesis conducts a comprehensive and systematic exploration of RAG
technology in complex medical scenarios, from underlying algorithm optimization to full-
stack engineering practice. The proposed causal-aware and multi-agent verification methods
have achieved excellent performance on several authoritative medical benchmark datasets,
surpassing mainstream RAG architectures. The research results of this thesis not only enrich
the reasoning enhancement theory of LLMs in vertical domains but also provide a more
valuable implementation paradigm for the construction of safe, transparent, and trustworthy

medical artificial intelligence auxiliary decision-making systems.

Keywords: Large Language Models; Retrieval-Augmented Generation (RAG); Causal In-

ference; Multi-Agent System; Computer-Aided Medical Diagnosis
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S 2255 M. ASAHT R RBEBARTE T BATE SR T — T RIE F R
I SCRITIAL BT, SEBUAH ARSI AL R 22 SCAR TR 2 2 R A A 5 D ) RAE 1 BB
N T —EIREGNZERA (S5 RRIEIE KG HAEa5 i) mERRL,
ROy R R IR AR ARG, oot T B@ MR RIS . S G2
MR ZRITA, LA PSRRI S oAb, NsE IR, A p kR
B BRILZAN, TAPRFZRGAEZ DU 7 A B EUEAT Pl SCaRgh
UERH T AR 0T AR R0 i S5 TR R (6 SR R AR O e, AT S TH AR 2R
XA AR B RIR A BEAR 5 HE R B

(2) $& Hh BT UEE s  rE Rs AR S 2 B A PUARE IR, KRR
XTI A R P SR BB T IR i 5 RG]
PRI e = e B AR AL A 108, AR R B BORTE T B, S 2RI R
EIEETE PR R S ], 5 L AUESRE U SRAE S IE P . X p)ih
A [ USRS RS PR RAE AT SR B T R B R i e s . HaR, i)
TR T URIRRAE 2 B A B G W % AR, KREALPRS BY BR oA UE S i 2 A 1 7y
KEE O R . B, M T 2R BEMO PR TARR, IKsh R axisrards
AR RE VR B S BURR RURBIT IR 5 & Uik . il BT XM TAR, REURE
BN P AR 5 PR UEYR A 1 22 AL, AR T B R RS TR B
WP i A AR . SEIR R, SR T TR AR B e o
P R BES AT 55 N2 4 5 PN ) 3R B

() B LI T Rl ARG TS B B TR IR R SE, $TT TR
FESE R B TR B B B PO 2 N TSR R n i3 T, ER
e PN AR S Z R IR R, SRS WA EY] . Ak, AOTAT
DeepMed EES P IS-F-65. %FGET RS 2, LI oMk R THAK
JERBR G . HARO TAER R G G T SO R IR 7 A DA L
ZRBEMANE SFRIRMPITIERE, R nim iU BRI, TR PR R . XA
RGBT AINE T892 TR AR, tWOAMHEEN ., nER 7 A TE
AEm B R Gehe it 7 — b EA S E R TAR SR BT %
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1.5 RXRIHLAZRK

ASCE R IR BRSPS WL 55 R S AR A PR EEAS S5 UL A b 5 1) R TT W
ARICE Fe BT R SR R G50 A AT SR AR S, MEE AR TR RAG
DR, TR TR B IR B A S IR M DA B S A PR R AR B Y B . ARSI
T HETF BRSSP O 17 AU AR o B Z2 PR LA, DA SR ik e Ry
SZBERAHEH KRB RIEEIIE, BOTHFEI T BRI RGE S HREN I
WEESTRIBNZ W RS, BE BEE T AU LA T B

F—BEERAR N SCERIT R, EES K R e e E A KR S A
R R B A AR BIF TS SR B B . AR ARIA AT RAG MU AL PRAZ 25
S v e P S P B 22 Bk AT B BT SR BR P, BT 5 [ R AR SE B AE R DR R RS
FHEBERS S UL FEGR R S5 A, RN A A SCRIBIT IS N A5 85T AL

o R IR A SOM R RIS S A0 ¢ A, He gl T RIE SRS
R R I s A BRI R SRR s B M TR SR AR 5 A B P R R 5 &R
FIITF IR LA AR Feda, N4 T EMACRHR EREE A K& 2 B e oM
HUERIAH RN, IS SEE T I IA B S IR SE i BHE S04

FE, WPSCRERE TR R Oy A I AR AR Z R R TR &
BRF R R AL GURG 2R By 520 SO RS TP D, PR ANt o AR A Ak B AR A i
PR EA AR R O . Bt S S4B iR i (KG) S5IR45Haf
Bierdimg, SRl — R AR AR ILE], B ARG REAE R 1 1 n] A 2
%0 BT 7 IR -

o U BRI TR T U S PEHR Y -5 2 3 R A MM S U A S R BTy
o SRR AL B SEUESR I AN 2 7 R 2 R < vt HLk = F SR B BE ) i T, A
B SR A B e PR s, e TR S-S R e e B AL A )
SCPETPENERS . AESCEEA b, BRI 2R R AE S R TARR SO 5 5%
Blo AREMBFE A R BEETI, i pane 5 SR, TR
H R AEERE T, MRS 2 BE ARG PR A 250 AT S 2058, S THHERREE SR A HETf
REGZHEBHTE.

BT AR R IR SRR, BT I SE I — T 1) B U ) el
W SR ARG . AR R GRS, JRos R 2R
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R AL ShE R R |8 1 DA e 2 R RE R IR EEWT ST B b AT TARALER I, AN
M — B R L B H B AR R 55 .

SRNEREN A ST RS, FERAROR BRI ST e AT R R o AN R[] Jo5T i ok
TR BB TR, H RGeS AP IS TAEAESE BRI H i) JRy R R A ok
e AT HEDT ). A REE, ASSCE AN R AR B T ROE SRR P LA B R —
R 33030 RAG RGERIH TR AUR BB A A T AR AL R B

1.6 ZARE/Z

REAEELER, GEER TR TR SEX, il T BB
S b A R L08R« SR IR R S H R B A S IRk iR . BRI B 12
GO JRRIE , A SCREMR R RIS HER R . ph O IETR Il e R G T AR e — %
OMERR, FEXFRFR I T B PR O ) R A AR AR 22 PR M R KA R
PLHI” R UESR R 5 2 B B AR UARE R IR UETE " DA K i i R 5 B2
S E SIS (DeepMed)” = RIZUDWFTENAE S AR &5, AERL
TAXWETHLNKE, HGLEERBEIE N 5% 0T R IERE T IH W HESE
B
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EF_E HXERSWMRAZE

21 KESERESKRIEELER (RAG) HA
211 KESEAAEETEEMSRMNNBAS BIR

IEAEkE, DA Transformer ! A4 Sy BEth 1) KB S AR BUAE H AR 7 A B ATUS IS T
MR . 3 TR IGEIE S TACH BN SEHA, PA GPT-411 | Gem-
ini 'OV &5 R AR H OTE SRR I T s BRSO . 2RISR HLA K
A TREE ST o X AR T 4530 H AR TE S AR PRAT 55 1) SE DSk, hRaE
H N TR REM B —AE 55 1 B Be 38 AR BB s T ) — 2. k&8 A
KABALEE ST H 2 i, W98 N T IR AR AR AR 2% LA = S B I g, By ke
JRE AU (8 2 b g Bk 2 (i HAR PR R P i st — U218 i R AR
LB AHR_F R, 2R AS TAV ATk B T % 1 14T By skt AT i)
SRR BT R S AL U BT R SR A 3 RO T BN SR B R A 7 B A
@R, BN, Alsentzer 25 A3 H Y ClinicalBERT B4 19 | 53 537 MIMIC-TIT 5 i
FORE IR BT RSN, R AR T TR AL B A 1 b S i R AR S5 A4
AR fE

Bt o A2 R F R A R, BIANTE By £ U A I RE 7 SE B TR Tk

90 4 Prompting GPT-4 Medprompf WE \icrosof ft Med-Gemini (50 gle
n Pre-training ©0penAl
Fine-tuning GPT4beR Med-paLm2 GO 3¢ W
Human
s04 ™ (expert) GPT-4 Simpleprompt @OpenAI MedLlama3-v20
OpenBioLLM

{, saama

=
S
L

MEDITRON (AN

MedQA (USMLE-style) Accuracy

;00gle
Mea-pa AL 08
0O Meta
Llama-2 finctune Meda2 (G2
60 Codex (5 shot) GPT35 @OpenAI  Clinical Camel
¥ TORONTO
. TP
STANFORD ;,\
01 o $ BioMedLM &/
PMC-Llama
h 1 STANFORD
DRAGON
STANFORD
BioLinkBERT
T T T T T T
A o5 S S ) S D T
Vi 3\ % \2 i 3 3\ Y’
3 W » » > 3 3 »

B 2.1 BERIE F RAUTE MedQA (USMLE-style) 2 r it 1 3 Bl 1] A2 fh e 95 210
9
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BRo AN 2.1 i, Bk 5 84 E MedQA ) (USMLE JUt% ) 26 W w6 21
SRR - 2022 YT R BIAOERR HR 2 50%, AR S
(1) 2024 4R THASRASTAY A I 8 i 4 2 B T N8 % R R e . A
I F AR B LR T DAVE T ), AT OO AR, SiRig e (Fine-
tuning) L#¢ R0 TR (Prompting) ORI RIE SR EREMZ. 0T Be . —
J5T , DA Medprompt!?3) U MR TR ¥, @il 5 AShSPHEAR R S B
AR AERE S IR R BOR . TESE A TR HUOREURZ SR T, o
WOR T R BRI R ) R B T A R ST, EITP R R
PO TS5 BUE T S BB a5 & B0 (B h &t =M s ) 224w
Lolb BE2p KA ) — 2% im A HLBCARY BRB 2R . (940 Google %71 ) Med-PalLM %
F121 . MEDITRON"™* DL J MedLlama3 5 SEA550 | 35 /2 38 b FE g 8 ) o 2 s 2 el
TR S SECE R, R H LS W ReHE R AT RTH . X Se g R
BEHDUE R T A2 iR By 7 R TR A 5 VR 2 AR 7 T ) B T

TEH SCBRYT RBEAL RS 7 T, R IR SRR ) Je, IR AN T 2
PR T Ot B N )% 5 2 R RSB R BR W B i . 4n, Wang 55 A2 1Y
#e5% (Huatuo) EHYPOT A v A S BEAA R s A T B0, $2F T#E
RS A i Lolk s Li 4 AT A1 ChatDoctor 75 AT B9 - Al R A 12
PARG IR TI2 S 5 TR, XS B R0, T8 e e R
A, RIESHEBCREBIEEST5. DSERhIBS Bl B2 2 R S5 A 55

SR, Bl AR CBIFFE TR A B, 2 R FLgR M e I A W W 52 246 RS
W7 5K S MG 191 P A M DA I . AE BT I T S L0 KU T, K S
R G TR N 2R b A 1A & 5 A OG22 L, A2 S LA R 2 1 s
LM BITLIW NP o XN IRAE BT P OTN Efy, TS W i w22
HAF S R FE P E A i Ay Bl T A R G Z BT 0 SR 5 I2 20 4
B, e AR BT R RIS AE A T S R AL A e P . TR, VR E T
BRI E I BB EIN G, OB T E A AN AR AR A B ] 1 oA P
By ST B B o NS A A e SR A AT T T . T O TE ) 2 R SR
171 AT KABE A vy 1) vy A= G e 22 2S00 P g o (R o AL S 4 B, DAL
By7 Ll NG AE HA ) e s Bk A . TR, RSB IE S B IR S B R R
SIS PR UESEH S n By 7 R A2 2T, Bk T 24 H 75 SRR DA% o 10

10
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User @  Prompt BiF—ZHAREW, FEML, MEXHHLRE, FElEN
- 7. RHARE?

Step 1: {RFTBEIKANHY

EEHE RS TSN Al S, B
@ =rEEomRESER, BRINSE ERE

- AT, AIHISRRREIL. ..
\_Q RUBMSBRER LT BN (EEHE. R
Retriever @) i) . MuERhEME RS, HITHE.
(Vector/Graph) FREAKDZE......
© (FEWR: ) -[BTF]-> (GBI IFREGER)
(A ) (R T-> (<51 BENARSIER)

Step 2: FRXIRBLH{TOE
Prompt + o o e

- IR RER, NI TS M SR
§§E§ 1. IFIGERE: JFARE R R RSy, SEFAaNEESSES. BRRNSS
RS A T AR EL I,
'”’%?ﬁﬁﬁﬂ:¥%~ﬁ%@%&?ﬁ%ﬁi,E?@WE@%&&ME&EME*Hﬁ,#ﬁﬁ%ﬁ
1B HR7KEH,
LM EAEN: SHBIABRNERES RN SESRAHNE. BIEMAE, BNORESTERET
B, RASMIEEE, SRERSHE.

22 FRfERFRIGERAE N (RAG) yRERb T AR SE Bl

21.2 KFEBEM (RAG) HEFRTER

1N B SR A A T B Uk I AR LT 5E R RNREEZ DAL AT i
REMESRCSF IR PRI, A RIS A AR — iR R B st ) TR e AR i A
RAG %0 AR L Lewis S8 NPTRGEMEAR Y, AU R KRB N B A 2
B G SN R AR S RAE IS & . BB BRI 2 1T, 5IA—A
RIAPIMRARR R B, RAG RERSKF I 230 -5 S A8 ST (0 TR TR 28 B4 7 52 I
PO E-INITE: S IPNTER=Y iR S ) NHIRE D D R  oMie i R TR

MHERHE RS , RAG FFRCREIN SO = MR R . SEMAZIN «,
RAG #AUA ARSI AR S EUICAZ (B ERE py(2]7)) SS8UkCtZ (B
& po(ylw, 2)) FEFEPME. HE Lewis 55 NAE L, HERBEARTFA y IARA 1] A
E Wk

prac(ylz) = > ple)pe(yle, 2) 2.1

z€top—k(py(‘|z))

Horb, py(2lz) Spe IR ARG R S @ et KA kAT, 1l pe(yla, 2)
WA SEAELS R AR A AIAGR R SCR IGO0 T AR 5 XA L VPR A E AN
BNGS R0 WTEOL, W AN G RS AR A

PRUERY RAG 280 GEFHFR NANER RAG, Naive RAG) J&— LI 2 ML BRI

11
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WAL WA 2.2 Frs, PA—I S RpgenZiif . SR APl ST A48 ik 2548
BTSRRI, FR G0 SR A A 1) 58 P sl R R B % PG R Hh T AT oG
SRR B, CUAEIPIGE R . SOV A MR T R A SAEIR IS IS5 5 Bl IS FF
JEUhG A RS A R G R I R DR s R i), 2 i TR S R IR T 25 A 5 Tl
A AR IL T RAG A TAED 3, R SNSRI RAG 2 o A s 2 e {1 |
IO, (ERCA RS B 52 e PR 4 2 ] 2

(1) BedliK51BrB: (Indexing): HEAESBLMBE

ZMRTRIEF BN ETCE N, REFHE SR ZER IR (B 7 30)
PATRVES 2. BEJE, R BN SCARIRARZRL (1 BGER? B OpenAl ji A
AU ) 5 B RIOCOR Py i E AR 1) i, I ) TSR R A = 1] O
(4 FAISSPY 5 Milvus) . i JGSEMDURERG R AR I BLA:

(2) HRKEEFBE (Retrieval): & Tif CRFAER I H I

RGN ARG, R R A AR LR H A S Aty o . B35, AE 1)
BEPESITESREE (NRZAME) TR, HEiE SR X
i Top-K A SCAH . AR RS ZALHI S T L Geiml e ie (40 TF-IDF!, BM255¢)
7 RIFR,  RERS A I A 5 SO a] Y B SOk .

(3) R kBB (Generation): T SCHSRAIZ RO K

F YR P R A -5 A [ Y Top- K SUARSUE A S m itk i, 4 B S0
PRI KT AR AR T R AN S S o P S PR S M A 0, Sl T
ZENTRS BB, AT A HERf . DT H R A 35 SB I BE 7 i [l 2 .

JUERE RAG Zeff 1 HIRZISE, (HHAR R - B - A il BR A K AR I 0
R ELUECE O M I R ER T ORI BT, SRR A R, TR
o 2 BRI, BRGE SCUE L S S B A BT A4 205 LA TC 2 48 R SO . LI,
e Z APULIEHLR, Top-K 4 M1 45 R I 2 I PF R AERIUAR 5y 2 M s T 9, ARk 2k
1EEF3CH (Lostin the Middle) BGP, ff5, HREREIMAGH ¢4, &
S8 FCIRAE UL AS R FERUEE A 35 . L, AR TR s AU 55 1y &
PR, SEARFEIES) RAG SR A S EINES . EHEY LR E R S B = 5k

12
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213 KREEERANELE

Bl BLIR A R AT S AR R BT 55 B R BRI H ™ i, 2R AT
ARG R IG5 AR B AR AT IR B AL AR S i AR T AL, (2 (i RAG HOAR ) 5 i
A (Advanced RAG) SEHLEA (Modular RAG) J#HERS . mlik R IgaR AR
TRy BT 18] B SCAS A ] S5 R, 0 R R U0 A T o [ 6 2R R 6 1 T i DA S R ABE 2R )
ZHALHIEA, FEMWERANAA . BREAIDA L F LR R =0 K
&7 1) ¢

(1) BZEhifttk: HiEGS S5EE*FF (Pre-retrieval Optimization)

TR R m PR ), R A A A A o SCABOR Bl 5C SR S Bk 2 1) I A
I, MREAI D HR@R P AR E T EN S5, DREiRA
MIAHERRE . YEI BRI ARUFEE RS SR A A .

B, Gao 55 AFEH T 3T KiF F ALY O SCRY A e R (40 HyDEM?! | Hypo-
thetical Document Embeddings ) , %77V G 11 AR BUAR R J5 4 17 A A i — i AR5 1 ol
B (EPASCRY) Bl R AR o L2 AR % ) i A R PR TR R . X PP
VI I A I R A [ ) 2 SR S (R B RS, R T TR ORGSR, (E AR
BE S AR ERNY R REY RNE S BAMGREREZ BRI WME. N T
X —J s, Lei S ATESLEAN EAEAT 704, $RHE T —FRh R T IHRES | R A
¥ ¥ (Corpus-Steered Query Expansion, CSQE) B, #iE 2.3 fiff7n, CSQE 7k

Query Biology definition

Top-k
documents

|-=8

AN

Document collection

\

Sy

Query: Biology definition

Retrieved documents: BM25

1. Bl.ol.ogy is the .sclentlﬂc s.mrly Retriever

of living organisms. It is a

compulsory course for junior

high school students f \

2. The sky was painted with

vibrant hues as the sun dipped |

below the horizon. Expanded |

; Query

Instruction Retrieval

? results
Based on the query ''Biology

defi examine
initially retrieved documents.
Here are the relevant documents

> and the Key sentences extracted
from each:

LLM Document 1
“Biology is th ntific study of
Output living organism:

definition", I have mined the

23 ETERUES IR AY R (CSQE) TAEufe P

13
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HE T ALGE I DA K RUBLEN Y B AR BB R v [ A 1 5 1 R A A Ve O

Bro BARIE, %Ik E e RIE S AR R B PTG RE ), Xwriate R
Bl SO AT RGEVEH A, AHORSHESR I 58000 i BEAH KB KB 1. B, &
GERFIX LEJE H BT KB SO, 5 ORALE T B B AR AR S e N A A 4
A, LEEA RN . T AGERHE B SRR TR SO S
&, CSQE FMA R MR MR T Z) 3 2B iR, iR eks 7R Ai 5 H R Soky
Z RN PRI AR, AR TCFR AR R 5 B0 T BV AT S2 BUAS 2R VERE I BRI

sk, BT i (Query Routing) 1 SRIE I3 K TE SRR B2 IR B304
THEER RO, REUABIAE LR . — R BARIRG Tt , REE % Toolformer !
FWX, B NHRE A O RE W A 2RI ERE, TR SR s 2
R TR R S W, W1 Adaptive-RAG™! 5 AR 40 4 FE A5 TN A 1)
SEOREE, PR ICKGHEMR IR 22 = Z Ab PR K - TO AP ER IR S R A 4 el e KA
A, BRI A BRI AR I K, I SR 2 ) A ) e e A R - o - PR R
2R X PSR BE AL AN 03k O T 167 B ) R o BE AR R G | A TG K M s, T
PeT TR IR E BB, TER A PIE RS S TR (40 Token JHFER
Ml S EF R ) 2 [A) SEB T A P4

(2) K& EHEYS I F30ES; (Post-retrieval Processing)

BEX AR B BN PO | B M s SORY DA B RTE S BB T e 1 b7 S BRI
KR E AL B T 3T A BB i ) BB . Hodr, EHEY (Reranking) FoARME™
Z Y DASR YA IE A 1RORS 20 FEAS 2 8. FERTIR RS R R B, S T ARiIbig &=
BRI R, T R DU i ZE A 43 it A b A1 SOREA T S b, X AR
PE AL T BN A AR AR T i = R 2 15 B A2 L

R T IANE GG, EHET Y BOEE T AN A X G i A A A T AR
FEM . PAEELE 3T BERT 224 B HE LAY (40 monoBERT ™ 5 4 FiJF
JE R BGE-Reranker) M7, JHAZ OB JFHUERF R A AR 1) 50025 13 [ i) B s e
PESCR B — B A TS (R4 3E 4 [CLS] Query [SEP] Document [SEP]
FIREEL) TSR IE AR Transformer W25 H . X Fiiay A ZNF T T 30 ST S B 1)
PR, S RIARRIETE T U2, i E YRR L S AR R SO IR
Z IR AR R R AC . e, BiAL@EL T2 [CLS] Anicad % th 2R 1E
PO R — A vk BE R DR C 208k, FF IR AT Top- K A SCRYECHHHERT . X AL BEAS Kt

14
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e L L L L L L L L T N

Search results: D, :
'[1] " Search results: D W m : ity
Retrieved [2] Al . N AN
documents | B Search results: Dg, 1

1 R b

1 -

! [2l: .
1

Input X, Generate a summary about Joe Biden.

Step 1 3‘1' Joe Biden (born November 20, 1942) is the 46th president of the United States. :
s1l Joe Biden (born November 20, 1942) is the 46th president of the United States. :

2: in history and political science.
1

| : qz
Step 2 51 ! Joe Biden attended the University of Pennsylvania, where he earned a law 1
| degree. :
| He graduated from the University of Delaware in 1965 with a Bachelor of Arts : qs
1
1
1

1
Step3 .1 Joe Biden announced his candidacy for the 2020 presidential election on August "
¥
: 18, 2019. |

1
53: Joe Biden announced his candidacy for the 2020 presidential election on April
25, 2019. I

1 '’

24 FLARE (Hifm48iiR) BG4 i n w e )

R E A D UETE IR HERf MO 2= EF SR, AIMA MR T RIE S ALk
KAE B CPHLR
(3) BYAL S RN H. BIHS AERMA H (Modular & Active Re-
trieval )
KT SRR LA R TOIE W R S R ERREE SR AT, RAG ZEM 4G 1a) R A IR S
0 WAL R e SV i S N W i
o AV EIHIG 3 (Tterative & Recursive Retrieval ) : FG 1 Bl B T 715455
I —WMER R 5 AR ST, T TR S A A S R h 3l A3k
BRRERE S . ANl 2.4 iR, DA T./E FLARE (Forward-Looking Active
REtrieval) 1 @, ZBIALE L T —FhEi ) 3k Z LM . FEA K SO EL
BB S A LN, FLARE £ S8 I M 4558 A S50 R — ) 3 rh 3] A AR Al
(RPPNFREAERE ) o 24 FR G4 2 RIREAE 50 A) - i A ST R BB R IR B
JERNE, [ ES R EURIAER: BEE, REELRFXmim i A BEA & 1)
SCANVENTIME R, RIn A i) ik R 2 MBI . ZER IS AH
KAFGHERSL SRS J5 , BB P45 A ik Le k3 B8 A2 i 78 3 IR A EL AR FE )
Ao XAAHERE. MKIE. HFERRWEL TSR, NMUGRGER T X
R AR AL AT, SRR OGS T ALY X 2 Bk (Multi-hop) & Z% M1
SRS SO R U BE

15
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Retrieval-Augmented Generation (RAG) Ours: Self-reflective Retrieval-Augmented Generation (Self-RAG)
Prompt How did US states get their names? Prompt How did US states get their names? Step 1: Retrieve on demand
Step 1: Retrieve K documents % — US states got their names from a variety of sources. LE :'H,lj
o Of the fifty states, eleven are named o o e
after an individual person Step 2: Generate segment in parallel
e Popular names by states. In Texas,
Emma. is a popular baby name. Prompt + o Prompt + e Prompt + e
. California was named after a fictional
Retriever
riover @ \fandma Spanish book. 0 S b Y

5 2: Py LM with K di d te SR 11 of 50 state names Texas is named California's name has its
top 2 Promet ocs and genera come from persons | Supported | after a Native American tribe, Cn9MS N @ 16th-century novel

E 1 tribe.
Prompt How did US states get their names? + oeo Las Sergas de Esplandian. ‘ Partially

L Step 3: Critique outputs and select best segment
US states got their names from a variety of

%_) sources. Eleven states z'sre'fuatme.u'naﬁ?r' o e 61—:75 > @ I > @

ndividual person {e.

LM after Christopher Columbus). Some  states . hﬁ . . US states got their names from a variety of sources. 11 of 50
m ) Retrieve
i ncluf fng Texas s Utah, are named after i—j Repeat.... states names are come from persons 26 states are named
Contradictory }"‘e"i‘lﬂ“l" be| No information in passages | after Native Americans, including Utah
Prompt: Write an essay of your best summer vacation Prompt: Write an essay of your best summer vacation

¥
Q o o e —> % > My best... % = NoRetrieval | My best summer vacation is when my family and | embarked on a road trip along ...
B 25 HERREEA B (Self-RAG) TAEmFERERE!]

* AER SRR E (Adaptive & Agentic RAG): FEE R AER (Agent) FIARHY
K, A F ISR E QAW AL S o T SR T 2 A B AR B IR Y R G
PAA SRR IEGRA B (Self-RAG) 11 S5, ZHERE AT ARFIRITI
JAFRC (Reflection Tokens) #1H FALHAINLE], LB T Mgl B E] 3 Sl 7
TR AL o FEHEPRITBL, Self-RAG KFid Rk 70 A # 5 ArR -4 7 A -4k
JFEACH- SIS MRRS PU AR HAZ D B SRB R AE TR A U B y 2T A
Wy, AR UHERL AR . ARIHESCOE X, e A o AR RS d, B
y WP AN :

y = arg max 5 w, - Softmax (P(r*|x,d,y)) (2.2)
y
reR

Hb, R RFEREIRCES (W IsREL, IsSUP, IsUSE) , r* FR8 MRt i
ARSI BIARAR , w, ANHICEMBESEAE, TP . SR
FESHONE . MR HER TARR T, B et A G MR R, W Lt
A R AR PR H S SEAC AR R TSR s Ak il 2 R E X 3223 il
KON AS AR RCRE AT X B ) A EAG R 1M 5 | AR o x4 [l
(¥ Top-K SCR, R Gekl RIIEAGRLEE A Bl BB By, B S 45 & SR AT A
A B, I RN = AP LE R KB AR ISREL (PPAG SRR ) |
IsSUP (i £ A2 Ji Y SCAS 2 15 58 4 th ANERIE S S 7%, B 4058 ) PAJ ISUSE (9
16
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R BZEERNTT ) « A, RGERMET 5 Btsr B, A bk
P AR IR B AR AT B S HE P S 9 AL, RS HESTLE ) 2 ™ 5 LS
HRIEREF S o PR L TR RS PO 0 BB R A i QB 2
PRI TR N A ) S S HE R M 2 A — Bk

22 EffdugERwmE

W% RAG SRR , G R B AR BARTETFicdek i 25 -t il 2 O g A A1
AL, AH RSP IR SO BA R S etk o HONAAATE G ™ Fi 78 3R] g 1) A )
(A8 DB OB K AR5 L ARTE S OIS Z AR TE R5F ) b &
R E R B R SR KAEM B R AR« T 3 TH LMl PRSCAS 19 47 [l kg JEE
SRR, SRR BRI AU R T RS E R R R R . Y
B E R A BB R AT T AT AL DT PE 2 PR BE T SCRALE , 752 S50 1L I gt
FTEEE , AR RERTIX = A% DI YR S AR T AR T IR AT o

221 ETFEZEXRESBERIESRERKEHITEURER

SR By e SRR 2R R MR T PR R 2 T O D A TR e K BE 2 AR R i
ZYWE, MG E¥EE 2% (UMLS) W1,

WK 2.6 i, PAUMLS SHREN RS E T — MR BEETTA R, B
VERZOARAL V2 B TG R % (41 SNOMED ), A=Wy 24 kAR (4 MeSH)
AT R TR EEEANREE (41 OMIM) 45 AN T4 Sep s ik . Xy
RWIAZ OB E KA TR A S LM 4%, 5IAZ BB T L3 (NLP)

Clinical
repositories

Genetic
knowledge bases

Other SNOMED
subdomains OMIM

Biomedical
MeSH
UMLS literature

NCBI
Taxonomy

Model o
organisms UWDA

Genome
Anatomy annotations

B26 UMLS (S BESie ARG MR PB4 B ey
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TR EAS SRS, XRS5 F AR SR BT 3 ] RS L A o

TR EHE, WERARFERE S 2RI EITEE. PASEHE
AR pEs A (NLM) JF 1) MetaMap™® LK Apache ¢cTAKES (Il PR SCAS 7t
SRPRRARSE) NARMEI TR, R T IR RIIRZ TR B, AR
P A BT BB TR . 430, SRR S EZ AT B, R
BRepfin 4 SRR (NER) BEHORSHERN OB . MRRITRAL . 2S5 SeRRAE; 1
RIS R PRI (R EE ) SRS A RROR, Frix ek
JESARRAT W B AR EA R I Y ME—HE & AR AT (Concept Unique Identifier, CUI).
PEARR OB, FARA T LR e i Al g UMLS (A [ JoER ]
(DAG) i XMk &EH, By X LR ERE SRy [F) 3Gl AR 5 R Az Rk 8
AT .

Input: PubMed Abstract
PMID: 10077614

[E

[@ Process text: Sentence segmentation ]

l abstract text

l sentences

P
(c.')/‘, Step 1: Locate disease mentions — BANNER

| ... DDS is a rare childhood disease characterized by a
| nephropathy involving mesangial sclerosis, XY
| pseudohermaphroditism, and/or Wilms tumor (WT) ...

l mentions

E Process mentions: Abbreviation resolution

"

e DDS -> Denys-Drash syndrome
¢ WT - Wilms tumor

l mentions

e
@ Step 2: Normalize — Pairwise learning to rank

Mention text MEDIC Name & Concept
Denys-Drash syndrome Denys-Drash Syndrome; D030321

Kidney Diseases; D007674
nephropathy Kidney Diseases; D007674
mesangial sclerosis Mesangial sclerosis, diffuse; 537346
pseudohermaphroditism Pseudohermaphroditism; D012734
Wilms tumor Wilms tumor; D009396

l concepts

@ Output: Set of MEDIC concepts
D007674, D009396, D012734, D030321, C537346

B 2.7 DNorm FGEACIH S 2 SCA 1 i 3] S MR AL LK 2 Ay 1)

N T SR RS WAL ARG A T VAR TAEDLE], 4k 2.7 B, DA Lea-
man 55 A2 1) 28 DNorm 2481 Sl 1% 5 G0 R ML AL i H A T i Btk 2 48
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M B —WrB, ARG SEAH BANNERPY SE R E ay 4 SO T, AR
PubMed fiij 215 (i -4t DDS., nephropathy (¥) S- Bt [, H- AT SIE
TES K Br, DNorm QIF MG A T k2 HEFPFE 52 BUh B AERRHE OB
HEWLS 2 MEDICP! Jal it O bR S ME—FRiRAF (40 D030321) b XAl dses
ARIERITIA, ARG AR T Hh RS F AR R R i 7 TN VS o . R, Jd
2.7 B TARREA TR AT A B A 30, TR AR TR . SE iR 5 B A
B R T AAE = R 9 5 50—, iR AN oy R R AR G ——
UNSRAE Step 1 HHTEL NER B2 gl it &) 1S 5, Step 2 BUMTEALTARFIC A
iR, BFRSPCE IO AL 8 E R AR REIR T B, AR SRR
TR B AR A R s S =, PR A, sz s e
L RR B Y R K R DL AT, AR R B R S, IRATCIR NS
X6 FE T AN E PR EL SR PR3 57

222 BENETIIEBNAZERE

WG R ZRE SR (PLMs) (MR, BP9 B Lo 4 T o T o) B 7 07
MERREAR. SEARSE (Bi-Encoder) ZUART, BSR4 H R E 7 T
SRR E U PO R B BEATACE AR L, DA R b BE 2l E iR 2 23 A1 5K
AL

FER AR HE I, Lee % NRJeH2H T BioBERTP? | e I F Rt B fili b4k
Zeffi /i) PubMed i 2EHATHIINSE; BEJG, Gu 55 4@y PubMedBERT ™ B2
MRS Tl MR, 58 MKTE PubMed %5 PMC 43¢ EIHTHUNIZ. XA
W (A5 AR R 2 2 Tl it S5 TR O S B 1 5 B2l SCRY R BERS 5%, AR LI
DT BEAAR L AR A D) o B L

ST BRI, BTG ZRAE e 4 ) e 2 ] v ok R H T 0 ) DR ME SRR AR Bk A B
wn, 1RO RS 2 BUREIR . WS e T s A, (HAE AL H SR
Sraa e EANVEUORANTE o O T TR RN X A A Gl PR 22 S I BE 7, NCBI A1 BA
T 2023 AR T FRE R MedCPT (Medical Contrastive Pre-trained Transformer) #5
DA,

el 2.8 frzn, MedCPT BB MG I T RMBN FREHE, FiorT—&
RF XU Gt i 8 N -5 52 S g i LR X 4l B I B B Fe 2 > A . RS — Py
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woaco [vons —(ne ) i —( omne )t (o ) (o } = |

d, .. di .. dg | —
‘ DEnc corpus
4o Y T
DEnc |
| | | : [MIPS ]-—[ QEnc ]-—qi
E(dy) .. E(d) .. E(dp) | Top | results
i l l — ! — il E e
P R T TN I N I T R e o (a]daf{— Crossne
qu,dy qu.d; a.dp 1 I
e > -
e E q2d 1 [ T ]—‘> CrossEnc | a's
G — § FrE(g) | Rl [ | B Rl s g \ 4| % I KT
= q,.d; aud qi.dy 5 é
5/ "
! - E — Rel
a— —rao—fm [ e (e rossne {0

IIIIIIIIII ", ‘
l soﬂlmax l i
[szq L?Zq ngq L i [qg dr }_’ B

(A) Training the MedCPT QEnc and DEnc (B) Training the MedCPT CrossEnc

&l 2.8 MedCPT B B Botf b2 > Y ZRimi A Aiid >

Biongl i (FA), RGNS A gmiSas (QEnc) FISCHI4iA%#s (DEnc)
PEATHREXUE NS, 3l i VSR T 23005 A SORS Ak 22 1] 14 2 S AR (DU
W, e/ MEXIFRAE SR %, AR BEREAE ) e A8 T S ) R AR R A 56 3C
Wko SR, DUEEHER AT BEL SUREASME DA 73 i BEA BRI RS S A o TR A SR —
pric (B B), RGUFHE B Boill et i 0 it e 7E 4 i By iR BT R AR
AR, ORI 1 = B ML bR IS DEBC ) SCRVE S R SAREAS . BlfS, &
GURF IR AR A1 70 BI 5K L8 R AE SRR AS S LS IR REAR AT SOABHE , A RATRETE
BN HREN RS et , il i/ MEBE G Softmax 45155 B &AL T 38T Y 8]
PRSI GR. FERAH TARERH D, G = I i 1 s 48 = 2 1) BB e A AR T
LR EEEE (0 Milves B¢ FAISS) w, Rl 2SS (HNSWB) 25
R BRI T WA Z PO RIS (ANNPO) i), T CrossEnc JUAE A
R RER TIUZ FEHERE R . IXAOBU Y B BT B2 7 G MAS 38 e T B PR SCHR R
HEE ] Bk B 7RI K, (HHA IR BRTA0E Loy, ToikdE AT SO 2
B AT AR

223 MEEHUESMREERNFERER

SUET A R AL VC I EEUG  RF i, (BRI S BEi e 2= 1R X
R IE L, O EIE AR 2 B IR A 5 SR ] B Fh M2 AR G R . TEAL PR R
SR BN, RPN 2 5 | A b i 2= S UL EEWT R . o T X — 2 E X, B

20



R LA A S

TSR SRR BORTE B GUs H 252 2 AL, HAHROFTEaRiE il 5] A
RSS2 BEC R, RERS A IR T 2% A Y B 5 RCR -5 KU ) 2 i
Hy 578

T I] ) PR AS AR AE S T2 B o i S TR A SR o S B AL . T THER R
S I 25 h SE B 2 BB, SR BT TR BT R SR - B4, Yasunaga S5 A
2 1B QA-GNN ZE Ay BT G M b B T SCAS TR SO RIS R M IR A HE R 25 ) o 3%
TARETE SRR 24 1 ) 25 bR SRR R AL — R IR I BRSO R AE R
PR E S, SRR SR L S RS . BS, ARG ENER 1M
% (GAT!) TESyE EEAT 2 R niH R e, ShaSvhaa B i vpag AN R T2
AR R, A ITTAE S B (A #4128 POl #5865 T (07 i o B ) MRSl 8 A o

Wt I AR RE S R AR T, A ST 522 W e AR 14T 0 45 T B A% 2 114
W, B ARBEARUN %00 e AL SRS . SRR, SHR &g H A ik
SARGEMAL SR Z MR fE B, R RS54 (GraphRAG) 1 d T3¢
FEZRZ B, A0 2.9 B, iR AR5 SERMN B ER5I0E, &%
JE I A YIS 2 R fE B @R R S, FF45 G Leiden K R BIAL RE
WAL, BRI AT R KRR B KRR B ARE TR, IR
GER AL D HL A TR OB RE TR ERTG; FEABN B, RGUR XL, x4
Ry A il Map-Reduce JATHEAALIXREE, X Je oA o ) 56 T4 IX 45 A 1) T Bl B
TESEA T B PP AT 2 R R . SRR S AL 5 BT U UMLS (48— PRk

—
[=]

=]

([ wem ) ([ 2pE% |
XA RIS 5Bk TH 11 25 40 RO 22

([ A ) ([ mrmx )
AT ] 47 2 T 15 25 40 ) 1 22

([ x#5xz | (| uxmE
IR RE ) 195 22 AU ] 1 22

( mwmw T [ meR )

( #ame ) wmmm ( zawe |

E 2.9 GraphRAG i iA%. Lo 7k £k o1
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o Doc chunking

o Entities Extraction

Name: Remdesivir
Type: Clinical Drug
Context: Remdesivir's
effectiveness is
highlighted.. o

This trial identified an antiviral
therapy as beneficial in the
treatment of Covid-19...

Chunk1

Name: Covid-19
Type: Disease
Context: The
treatment of Covid-

19.. (o)

This trial also suggests that

treatment with remdesivir may Name: Respiratory

disease

Type: Disease
Context: remdesivir
appears to prevent...()

Lunyg Ut
apnjou|

have prevented the progression
to more severe respiratory
disease...

Name: Glucocorticoid
Type: Hormone
Context:
Glucocorticoid was
part of ...

A variety of therapeutic
approaches including novel
antivirals...are needed to
continue to improve outcomes in
patients with Covid-19...

Name: Extracorporeal
Membrane Oxygenation
Type: Therapeutic or
Preventive Procedure

Chunk2

Name: Dexamethasone
Type: Pharmacologic
Substance

Context: Dex's benefits
additive to..

e Triple Linking

Repository

| >
@ Med Books & Papers

Context: ... (@)

°Relationship Linking e Tag the Graphs

Layerl—1 ‘
Layer!
Tags of G,

BODY_FUNCTION: T/, BODY_FUNGTION: Trm; BODY_FUNCTION: T,
Bl uscle

e Response user query through U-Retrieval

Refine (RESPONSE2}
given Graph Tags (T"%}

\@un
Refine {RESPONSE1}
given Graph Tags {T"1}

Dexamethasone

respiratory support,
oxygen use, mechanical
ventilation... oxygen satur: sa .
Preventative for MEDICINE: Remdesivir, MEDICINE: MEDIGINE:
@ —+— 0 o L ur epari

MED_FORM: Intravenous Paracetamol,... emdesivir...
PROCEDURE: MED_FORM: Intravenous MED_FORM: Intravenous
PROCEDURE: chest X-
ray, ECMO, ... Given context Gy,

Remdesivir Respiratory disease

PROCEDURE: Doppler
study, CTscan, ...

Med — MetaGraph G,
B 2.10 MedGraphRAG [ 24 T AE 7 04

HAL) SR AA RIFRER . TR Riss 5 b, A 1515 2
SZIATHB 0, FEEEARG S AL XA R AL MIAERSSF5 5T, GraphRAG
A4 UMLS sERgEseiae, A CUL X et kg7 5%, RrARbrEie R
Gi—T i, MIFETH Y. w3 G TE Leiden BIRAEAS, A BT
IR EEHLRIA G AREAR . B R 2515 ER G B OB SGEIX Y, E T AT
TG UEBS =22 A T A5, O St R LB AR e T S E5H el .

N R R SR S e LG P T B PR BN W, Wu S8 3R T B9 % 8 Y Med-
GraphRAG {501, 118 2.10 fi7R, %07 ¥A7E#E T GraphRAG HLhil_EibAT T 54,
S AR X SRR B R A IR ). BT, MedGraphRAG [
[ PR 7 R SCR A EE LA JAR DR 2 R SR Sk g 1 - AR BT B, R gtiiad 3¢
OIS SEARI, 51 AR S 22 1R L5 SCHR A SRS i s, 58—t 5 KR
R, ARG A D B SRR AR BEAS TR 2 R i R LNp A e
E . 15— EoTE . ERZ5 T E, MedGraphRAG 5| AL 29 LATHR
P, R R AR B2 AR IT A BHANLRE . 259, 25 IB R PR P S5 2 e 1],
HE BRI _ BRI o XA RS R PR IR L5 FE
EREET BE, MedGraphRAG R ] U ZUkG R BL I AN S B3 57 PR B M. REEE %G
AT B T T BB ARIRTE , TE W OB AT R A IR TE 0 32, FeAiE SOk
RS s BEJSTE H AR T NI T BRI ERIER RS, FRIRZ AL, Sei SO R AR

/_\,\
PIAAN)

22



R LA A S

PR e B BTN S AR, % LR IR R RN, ARk
fi 7RI S U I PR P A HE R, I &SR I T a i Ae .l aa M p
UEHE SFF o

SN, RE GraphRAG 5 MedGraphRAG A{IHBAE ARG 0 304 L8 A5 E
TaERPMERE, (AR E RO 1) TSR R S . YRS R A
RENZ RS L S EoRIh R f w5 P P i S e 5 R Ry e Bl
SHAE Ko, B—i A SR RAEE S AN E L, A &1 iy
LA N S ARG B R B S SOARTRIE R & . AR R RGNS A RES AL BE
ISR 1 22 B BE MRS IR AUSBLH], KR M AT & TSR PR R R 4L
AR B R PR R o

2.3 BHETT RAG PRIEREMEIESHIEEN

RGBT HAAER R IGEA N (RAG) BB It 58 R A B AT BL AR 71T
BAEFE ISR ES 5, RAG HH BB E BB R ZIEIES. BT
FRRARAAE [ [ VS A o) i = A SUBRHIE , TR L0 4= 1R SO B AT A R
HEMERRL)HE O N RWAARIRI R FRR, 2ARAZ O BRI H K
SIAT 28 e MEER . e E IS A G, EFEE KR 2B iR
45 HEUS TR (41 ChatDev®® 5 AutoGen!® ) 5 [, [ Y24 Al 4k4R
H T ZRRER B TR S MEPRASHEZR U0 SRh A (040 T8 45 -5 I PR Al ke S5 XE
KERZ RG22 (MDT) HIEEREREGT . Hit, 7EEST RAG REH5IAZ
B REVR G A L FIA B\ H., HoAZ O H A IE XK B3 5 R A [0l v 28 i 3
FIHET UL, XA ER LS, RGBS ABOE VR R M . A AR,
BCHARTFBETT RAG SRR A 3 T B

231 ETERENREREIERDETR

By 72 B RE R R GiAE RAG HEZE R W ], AR IAEXS SN R AR 2
FRERAH Y (MDT) B B, FERXFEAT, RIZHRE S RIIES &1 ) A
BREA AR, BOER B s AR L R HE I & KB REA

PA Tang ¢ A2 Y MedAgents HEZETY Sy RF%, IE R GEAESE AT Y S0 kke:
RIGHA QT HIRENESE, MWE T — 2L ZAEEMEM 4, 585
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A 66-year-old male with a history of heart attack and r nt stomach ulcers is experiencing persistent cough and chest pain
recent CT scans indicate a possible lung tumor. Desugmng a treatment plan that minimizes risk and maximizes outcomes is the
current concern due to his deteriorating health and medical history.

@ Expert Gathering @ Analysis Proposition (3) Report Summarization
Domain: Cardiology Domain: Gastroenterology 2 8 % (o]
0 9 ” ~ - ’)
cR o & Analysis: Analysis: - g
o 9 » < N
------ cR cR ~ ‘ ; u
COQ COB ,,,,,, Domain: Radiology CT Domain: Surgery 1 Key knowledge:
% P n Total Analysis:
(@ Collaborative Consultation (3 Decision Making
) ~ R N
- - O S - O v Unanimous Report
X oy x tr \
Summarized Summarized Summari ized

ANA
A) v

s, s, gyeeg, M

B 2.11 MedAgents HEHUSIZ £ R 22 RO HIME TAER 7!

ST ESMIRR SR (WK 211 BoR) s BORIT S ZAE . Marsdr, xR
B Z UL ) 2 B . S HEAR ORI RS B, KRB G H S %
RO [A]— A 2R R T 2 48 S VIR UE AT R 2 AR 0 b, e th il ORI SR
et XMEET A O S IR U2, AR AR T BB AR AL PR SCARIE
YIRS RS, RERTE T RGN A AL KR A LRE ST -

2.32 AMERSSERAIHEEFHHE 53X XEIE

FER A FE SEAMEEAE N, THI 5 S UL ol R Fe g A IR Z 2 R 5. 4
X REMATRIF I s, T B 2 Bk 5 R EGSTEN. hilt, Y 2 Ak
RARGET I T XRS5 2 SRR AR IR 2 UGB A e 28, HU R o i 5C
LN

DeepRare HEZL™ - 7E LS IS T, IR S A AR AR RE2EER 6 SCAR I | £
HERA (HPO) H& AR HIZ i) B ZH M (VCF) ffi A7 22 SUIIE . B A0 R
SROHBEFERE T E S O S B Sl Y 5 L 12 W R BB 7K B2 48 DeepRare”
Uk 2.12 7R, DeepRare #7770 JZ PMESEM, A5 RTE LA IREN Y e AL
THAER (AnRBYEH B SR ER) AR M EE AR IR . R e R
HIPATRUE EOREE, FFRE R AR R (AR AR Bl) SRR (#
Hr VCF I bAoA, ) Wiseskit, JHLA 2R P IuCIZ B/ gesciint . HA L
TET HRSEZ GRS A4 SR e oy f o BV A A ESISE, lad SN

®  https://raredx.cn
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Input DeepRare Output Traceable Reasoning Reference Sources:
Top-K Rare Diseases En drome (EDS) s group o .. > Online Knowledge banks

> Latest Papers

> Similar Clinical Cases

1. Ehlers-Danlos Syndrome.

2. Marfan Syndrome O K S

a HPO
Items. 3. Cystic Fibrosis | References:
4. Wilson's Disease. [1] Nature: https://www.nature.com/xx
( Genomic [2] Omim: hitps://omim.orglentryfooc
J Testing b ERmE D [3] OrphaNet: https:
phaNet: https:/fwww.orpha.nethocx
Fr ST ST T ST T T T T T T T ST T T TS T TS TS s T s e e 1
-
‘g
-,
Memory Bank
Agent Servers
Aﬁ: Disease Normalizer Case Searcher I;] Phenotype Analyzer
E@ Phenotype Extractor ©\ Knowledge Searcher @ Genotype Analyzer

t

External Data Source

2.12 DeepRare =2 & GEMR LM 5 H [ B2 TAER Y

UEHREAS 3R -5 2 OB e A T il S UE O b 5 ARl e o, 0 [l 9
JER R AR EFEM . 22 RE0, R ibira e ERErs e R, &
—4HEHE 2 AR PubMed SCHREL Orphanet 28 H o IR HIABAEE S, B
WIESRAEIE R Rk 95.4% , FEMEARIL B WT 5 <156 WU i RTINS, $825 1 St B AR pey T
PR o

2.4 IREING

B GEAR SO BIE BRI S A SR EIF . HoE, ot 7 KBS HRATE R 75
T H ) 2 Y R B T ) IR L5855 T AREPE DT, 51 RAG B, FREH A
FANAMERAR R S P A B A . K, A BT SO R, MBS AR LK)
R BT HIE AR R KRG R KRR T R R G OA AT TR . B
Ja, REFED RAG WA MS BRI, tHEZ B GEA T R IR UL H] S HAEAL PR 2
WEPE S PE I o a7 o )5 2 PR R RO P A 2R 5 22 B RE AR R BRI T ¥ 14
st h it T Ee B
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F=FE ETHERBRARSHAFPEEMEABEERNS
R RILETIE

3.1 EfrEZE1ERERKAERESHR I

FEBSY T N TR R, KAUE SRR SRR B AAE S AL BERE Sy, IR WAL

ARG B SR R BB T A SR, B e 0 XU SR . LLMs [EA Y
LIVEWIECN TR R BYR R I, R e g iz 5, sl HE MR
b BE = RIR R EOSCHER A, DA IR SR T B M 2 A R Ik 5 TR . SR, A
BRI W, B . AEIR- S BEZ TR A LS AR fay B 22 1T LB, i
%o B A B BRI BZ . O T B R R X — R, 18] 3.1 X B T B
LLM 5245 RAG ZUTE TR R B 7 M IR RIRTE . PRSI O WURESE B,
H BRI RE OO ZE B AR VT, X BERZAEIRA0TT )5, BeuecE dro DLk
T BOSZ M e 2%ty oM 2 SR 2 R A . IXABI1-3RB, BR7 M R ST
FEAHAE SOAN J2 1 () T SOR R I SR, X ) R ECR SRR R I B R FLIE
A BLEESE , DRI AR BT XM P I R G R Y i R T 3. TR, RSN AE
RAG R 48 H 5 B BLAE R T8 SON 5% ) T2 A PR R 2 AR Sl W TR T 2R IR
ST 55 (14 S B i B 2 B (L

@ [ESER (LLM) BEORKESHIRBR

LN
(Question & Truth)3JE8
: KIESHEE (LLM) Q FAbutht IR
2 EFFiEE ;) PIEBIEERAERL = 9@ ommmmyss |~ @ PR
RS SRR SE TR RSO R FEEIRARR
2258, KB A CRZRR, REEBGRER)
eI AL

Tl e !
FERREMA? = € mOE: BRBESSAED, RGN, SHINARAS, BATEERUITROSL |

@ RAGIZRMEBIR: BMEECHTAR

! e HIER
(CABVER A A 22 e 9&[11, J§/ HRESTAR EERsERZEE =2E]UN AGNE it ”xf= 4:?755'3
ZRE, BHEOIUE i sy A 2 &t ‘

3t (AMI)
% -»@-«Q -@-» r— >
BRES. &m#& 3 EEEEE Y'Y
A\~ 5 RRBERS 1?2%&@(;.@ iﬁl&u;f‘ e
swaas | SRTAR | WskmeE (iR agpﬂmi \

BREXRE HETARKE | | g e

B 3.1 RiEFHA S LGk R 5 A A B 7 2 P i SR BRI L . LM 5 Rk 2 A1
WS A 2 B M i “2098” (1) 248 RAG ZFRTRZ 1 LA, ERRIE
ANBOREVARS T+ TR Y B SE PR RAIE G S 225 | AR TC s TP A I R AE T (R ) .
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T 1] B 7 3 U RS RIS A U S5, T BT DA AR R R R B ks 1)
TR RNES RAG, X AT5 FEMM NS SCA i AR, SR AR s
AR AT A A T B AT R LU DURL s 2) BT BRI Graph RAG, X AT
S5 R AR B RN RS 5 | AR 2R a5 (AN A XA I el 5 DTS ), %A
FH I G540 R 50 R G0 2 B RERR . Horb, A e SRR S R B S
Fe BRI T IR B 5 A SO R BT A

TEEEST RAG 40k, B TAE (W MedCPT J% 452K Vs GraphRAG 28 H)) £ &
4 SCHR A R SE AL AL HIRE Ay TS TR R . SR, HE I A 5 =1 K
BRI ER, A BRI WA R ZEST RAG 24, #HIH
REHRMEIG: 1) RELEBRAERKEESEFARE., HREE) S
SCARHE (B EE 25 EIE A R B etk ) s 2) RIS R G028 43 Inl T
OYIERR BESEEE, T B2 0 o S PR A e , IR e i T A 1Y) TG X M S
RitR 7 15 T KB BL ) Be 0 W 2518 . XRING R T IA TR IZ 8 KOs
AR YT R T AR Z R R S RERE R B HRE AL e
FU T L VCHL, A RESE L EE A R SR B X 5F o 3Kl TR X 5 O T 5 | B
RITARMER, FERGAEGZ SR T SUCEM RN, g & A e B i ™
HIEAY . FEE MR SILELRG T, 5] A B SRAEWALHZ E R 2w L. 58
BURS = O S A s . 1)

BT BRI R, ARSI B — AR T R AR 2 S P At
) AE B BRI T AR RIS IE SR, BRI AME Guk 3y U By A R R, B
PR A B 2 SCAS o R R AR e B A B R SR G . O SEBX — H AR, ARSI
SER AL AR LA B AT, BT T PR R S HEUS R —JE, R R R
O R R A AL, R 2R R R IR N SR IR T &R, TEESS SO
TR A s ST, T RE AWK, TR B R R bR
e TR fEERL B, ACGIAT BN R R RIH . Rl oA
[ (e 5 RS o AR B AR A, TR R A e e i b )T A (BB R
JZ) . EIRHXSEEURERTT, R4 R BTN AR TR, Rise
SEUEPRGE, B3 SRS RS 7 25 R PR 1 R R B AR SR B iR R R 8. E it
BOFp R ERER SR G | SR AR S, A B AR BT R FR A BRI i LT
FCEEAL BN AS IR IE RN AR, AT B T AR 52 il R4 B e S P i v e 5
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ATEEE

3.2 ZMERYRIGFIGRER EAFIER

AERE RGN GA SR B BT R R AR 2R 5 P i) O A A 2 S A
RISRIT IR . BITIRVA LR B RERZ RN 577 O H AR, @ AL P B
IS AR FELAG R O BOTE S AR 57, DAR R AR B AR 20 R B
NI, AR AL GRS R I IAAE R r A TR A B SR ) AL, AT 5 B
BRAFR AR 5¢ . A T IEE SR BRI RGO AN 3.2 s ASCRR AR
SEBEHE SR T2 2 AL DATR PO oA

L BEORDY RS AL BRE e 135 R R STk, TE BB BT | A BE 2 S b

M (An—PH 2 2R PUREEA S I THERIASX ), S U020 5 B SOk Fr B 2B IR A B

B IZ R A 1) R e PR R D8 [P A 2R DA S P a2 i i 1) SRR R B [, A

JIRJZ B Z R b B ARTE A 5 RaBE 2 R G 2R Z [ 2R 874

2. SORAES IR IR RSB TR EH B, ECR ARG ML IR B E T F

A Z AR T AR, R U FE AL PR Bk i R R O e s 1]

a5, A2 R SR G EEEILE], 3505 [ PR R R A A 0] 54

e ( SR TRAb IR/ A Joomm e -
B 5.4 = | |
BTEE mengs | SESH
EHRLE
+
NH) >
T
UMLS/SNOMED . ] | mERRA
%g //:::::::::::::::::::f::::::,:::::::::::f:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::‘\\
“"”"'mﬂm """""""
Path1 P\az\é Pth
a ""o'i ...................... Score 0.2/
.. A p

B 3.2 BTS2 Oy U i 2 e R R s ik B . ARG S Bk
PR OGIREEFALBE . Sl i SIR G RR . S5 B A REEZE, ASR SRR 2R B
T AR P RAZ DR
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TR TR PR SRR BE oAk 3 -

3. iR P i e RSB . 0 5 SO F A TINAT AL A [T B A, 1
BEHARFEIM B2 H B RE (41 UMLS 5 SNOMED-CT) , #8722 35 A ify i1y
ol B2 S, HARBURFRIAH AR 11 o A 32540 S A% 18] A e s A R 2R
BAE, N RS R S AT A ) S S

4. Pel il DR B AR LR G R AR B e 2R A S0 5 B R 2R I 45 2R -
AR GERESCA A [ H RS F B IR T v SR By PR R AR A A T 5 45 4 Xt
R SCAE S B R S AAAE R MW . — BRI SRR AR IR, RGURET
Wz BB e, TR EMER R R, HEARG L
UEHERENS S BB W A% D R PLZ R 5%

3.21 HIERERMEATIE

TEESEI G R B e st B — R SCAR DL R A Te v R P A 27 0 2R
JEALE . R, ASCESCHE T Bl G RS AL SO S5 AL PR er P ) 2 PR AR
FRPE, NS R 2R AEHZ IS 2 B BRI ARE IR ML R SR BRI . S T ARIIE
PR A ) )32 78 i P DA Bl PR 2 0 ok R AL FE AR SCR G 1 T A B AL p ) =
SRR TRLE :

« Gi—BRFIEEARS (UMLS): UMLS 2 H AR ME RO f BE 2o 2

ARSI T He rp e T SR 2874 SR PRl B, AR IR R G A4

AL PERR STz IR Sl (UNEE DB . MRIEtl) . 2B ) YRk

* REGBERIEM Y (SNOMED-CT): %7 UMLS B XBRECN M, A SCit—

A5IA T SNOMED-CT fE i R JZ Z K BRI AN T BT SR AE A AR

ARl R 2 2, R FERIEIR . RS BB Z [ A D s 2471

Ko

TEM ST AN RR PR R R v, AR B AR S i B 1A, SR 2 0
IR Al 5515 ) — 2. 414 UMLS 5 SNOMED-CT [y 5 ti 5, ASCH
Jeil X = Ie4l (e, rye) MEATERAE, RS A GPT-5.1 VR4 & KitfT/5
KeH, B S B 5l R R AR T R YIS AR BN, i i g g A
has_subject_of_information <5 Mt @I TTARKER , M IAL L A g FL sy & (9 PRy 7
fBik =R

29



R LA A S

N T BE— RN R R DR 1 [l — SR AN [l i 44 10 AT, R 7 618 SCAR B
FER B & SR SE BT RH— k. BARIE AR ARZY BGE-M3 XA 7 1
PEATIE At , AR A ZS B PR R v 5 ong BISRIZHMUE sim(ni, ny). WRE
HRMENE SR s sim(ng,my) > Trep, FHBUE 7rep BEEN 0.88, Z{EZET 100
N TR ) B2 2 SN R AT SR 0 A JE 1 0 1P, B R DR SO FERTHETE
AT, A 250D DR RR TU AR S B 2058 KUK o

322 ERyEFTALIBIELR

BERTBEST SUS A ) TP RS R AR K, RS A R T IR AR R A
TR TR SCRMULEE I 200 T = M2 4 oGk, P EU R AR5 SR I R PRS2
T AEFCSEAYImRERE , BEAR AR A ey BEAR T - g i s——1)
MRIEAI IR LR A I Ao W RS, Ut — 2 M FU0) A4 11 PR 2 B AR 7 58 SUBRAIE

N T R B SR B B R A IR, A SCHIAT Judea Pearl Y45
PR (SCM). Pearl FEHBNE G, RGN TFoR 2 R R I A4 b
SUEBETESE 2, BIREE (Pyle)) JZH. X275 R BB SCA 7 41 i L B e B
FME MM, ZDTCIE R R BAN G S SR . SR, LSRRI R R SR A
TORRGHEAE ZTH (Pyldo(z))) HES . SCM @5 AHIHE (DAG)
SRS, BIFAZIE T B 7SRRI AR (B0 v, = fi(pas, wi), H pa; o
BRI, i HAMEMEE ) . SRR RSk Z X AR MERBE T, W) 2B BEST 3C
AL B E T BB IR AR IR AR T, 51 5™ B i SRS .

N T AR RIEZ IR FF ERIRASGREE , A 302 FR BB R JE A5 20, X
DhockisgsRAn: (HyDE) BEAT2cE, $20 T —FPSRIEGA Y R k. ZALHA
PRI TS S R Jo 2 AGE SO, 12 R SCM BA [0 ¥ -5 “Ri-H2E" /Y
S EAERIRL &, R AR BT HERL A GO B 5 A5 [ SR . X4l &
TERG TR CVCHC R [, 38 AR 2R I AR AR AR A PRERALER I T2 50t 57 1
I

N T RGACHZ) By T2, A SCEST SCM W BER M 2, s ST A LG
RS P = { Py, P, Py, Py}, BAERGIHERE I R TEBE A S B3N F A5 -

o P (BHEAR) ¢ X SCM R EIRIREE (X — Y) o BN THid

T g 25 RIE 45 EE R E VR FR RS R, BRI AT I 15 5L ) AR T R
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SF, TGRS BRI T SRR

« Py (BANZR): XMIGR 2" Hr B L (X — (Y1, Yz, ..
XA IR G R 2 RGER IR GIEERE, PR R ARG RENS 41 [l B

TR A B T AR R

o Py (ZIHER) © XMIEKR “Bix” Brec R L SCM 138 [ 4544

({X1, Xa, .. T8 T8 K 2 TR R RS 2 05 Wy, ddad

LXa = Y) .

FHWHRZR AR, A RERTT R R R MR R AR

o Py (PERKHE) - WY SCMAMER TRy P AR (X — M = YV),
LHTEUAA RN FEE (M) WEZREEREE IR, NEkETR

SCAH Y 22 BRHEBRSR AL 1 G B2 AR A

N T EMRE R AGERE, 3R 3.1 5128 1 DU R RASE O S B R 7 S04 B

HR AR K Oy A S

* 3.1

FF DR SR P 190 A JSE 12 A s 91

BEX

PR SCA

PR Dyl

P

D2

b3

P4

Uncontrolled hypertension can rupture
intracerebral vessels and cause hemor-

rhage.

Hyperthyroidism increases metabolic

activity and causes palpitations,
tremor, heat intolerance, and weight

loss.

Macrocytic anemia may result from
vitamin B12 deficiency or hypothy-

roidism.

Diabetes-related neuropathy and foot

ulcers may progress to osteomyelitis.

Can hypertension directly cause intrac-
erebral hemorrhage?

Can hyperthyroidism explain these co-

occurring symptoms?

Do vitamin B12 deficiency and hy-
pothyroidism cause macrocytic ane-

mia?

Do neuropathy and foot ulcers from di-

abetes progress to osteomyelitis?

TERS L TAL BB B, AR SCET X4 — AN SR SCREBRBEF T IR FE AR, 5l ) AR
I U AR A B B A ZE R A O DR o X — T e A ) R S A SCAR T

A FA ARG PR 2 AR 0, O ORI A [0 B T R

31
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323 EZXEFHNHESREEERSIER

TERESE RSP strf, B I IRl A S S R AR . RS S
BIEBH . MR BRGSO AR LG R e+, W 808 CE
DWW, A BRI MRS . O T SE AR AL R 22 SO R, A A [l
ABEERAE N5 RR B R I AT AL 3, LTS B IR R = 2l 2 JE45
ACUESR BT, A Lo R oA i HE B RO . DRER AL AR SE AL A S Z AL AR 5 0
BORLHE o

TS AR R AR ¢, RGEE S5 ABZESE (Chain-of-Thought, CoTV®!) 5K,
FEHARA R — RSV B W B T i b e e B AR e i 1
EREEGE SO

S(Q) - {817827"'a8k} (31)

Forbr, A s ARBIRIE RAEPLEE A — D RaB IR G 8 (Flan: “BE AR
JBCH R A A5 D LR ML 12?7 ) o IXFRAIRLEE Y 7 A 0GR 8 T B2 R I TR R
B MRS R R PR T AT S

N TR BARES S RENENLH Z WA 2R IS, RGN
—A TR s; WL AR ETSCE LR PURRELA PR P = {P1, Py, Py, Py} o Gl K
B RS T A 1 v, XRS5 A R I DR R 30 4 A5 IR D I
X EIRER ¢, HRALHIERIZ A NITELES Qq) IR A:

k

Qq) = (J(s;,P) (3.2)

j=1
173 W] i R 107 S S S 7 P g ae N TN P S 7 N B 7 A N T R ey
B FEAT 4 o LR AR ) SCASUE S

TEARBZ A LR S Q(q) I, RGEIEAFT FRB PLELAY RS ST
ZUARRITE. N T REFRIZTCERRRR, ARBORA B 5%
XEFEHLH . X TR R E PR MSIC I D § € Q(g), RGE LM E
WD Q b T AR S, HFAR SRR n(q) . FATR A LA
PIFRIEGE XN

L(g) ={n(@) | ¢ € Qa)} (3.3)
32



R LA A S

XEFARIE SR ¢, FA14 Z(c) FARTERS L(g) PR ZIRHII RS E RS
o AR, 4 ri(e) Ml si(e) 70 BIFAN SR c FERERINFR @ € Z(c) FIIHEZ MR I
(S

A AR A AL R RE A [0 E B i SO B, AR T —Ahai S HEP SRS
RHER AL, B2 RMIEER AN R EG IR i, KRGt
%SO BRA FR LRI -

1

Koy + 140 34

AggRank(c) =
1€Z(c)

HR, O T 3l 58 A HORUATDNTHIE P 1 25 SRR i) 225 [ ) 24 X0 o SCRH A JEE
A GE AU AR 2 B A A A ST

, 1
AggSim(c) = ] ezz(:) si(c) (3.5)

R, SURB e MR ARG E SOR
Fuse(c) = AggRank(c) - (1 + o - AggSim(c)) (3.6)

Hodr, Ky RS, o P 2 (RARA AW, ASCRE P Ky =
60 H o =0.1). SCRYZERHKEE Fuse(c) HEATIEFHES, Give th e A Y IESTL . X AP
LRGSR T O LA T IR L EC A R LR RS, PREA T RERS SIS 4 PR
JHEPE ) I R PR U

3.24 BIZEHEIZSHER

VEN S ARSI SR R AT ST AL A [l A, AT AN A R Y Byt
FIR R (ARG 2050 UMLS 5 SNOMED-CT) , B1E AR 2R Kl IR 3728
B2 B AR A PR AR 2%

FEXTE IR B E FF ¢, RGE AN Bl 5l T RS BOE A ify i %O
MG By = {er,ea,. o em}e ATTERM T —FET SRR HIELEE B S
RGO B LA e; S BIET AL ny BYJRTRIE SCHIURE, i85 )
SR RHIE ] & v 19 BRSO BT S . TR U AR R SR e, RGE
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BILRAFAT AL AR, TR A PG P i dme L DU 8

n; = arg ma)g( [sim(vei, an) . Sil’Il(Vq, an)} (3-7)
n;e

XA AFEIR A FOCHLHE 2] 1 AR B A S 1R e 9 20K H AR b 07 e e
TR A RTESL EFA R R G .l ax BrA il B A S A A TS A
A G0 H G N AT BT SR G Vieea = Uil {2}

N TR RIR T, R TR Vieed MR, TEEREESTHIR KR
G AT R R XY R S TC AR R G | A b S SRS, AR SCRIA
TRARLR: WeE SO R B AT S B B SZ R R R IR Raiag, WY EHAZ
PEATENS IR BT, Zid b BRI RS T Gouw ELE N

Gous = { (Wis7,05) € G | 01,07 € NuVoeed) AT € Rt} (3.8)

Horp, N (Vicea) T35 SUARTERFMAACT k& BRGNS S (R
SCEEE P ERIN B E BRI RIRIE k= 2)5 1 € Raiag W7 S B L5008 T 5
MRS R AR, i XMy, RS A SR KIS 2R (Is-A) 5
TSGR T, A MERGEUE Y Gouw BEERE TR0 ORI B FPES
y, AT SRS A2 I R P

TEARBURIAR T8 Goup 5, ARG HAR MR R AR BUT SRR [ P14 5 A B
AR PERARER S Pa). N T HIARX MR R BRI AR R, RE
FIARE SRR R AR et . FARME, AR ET BEor SB I MR x4 5%
fBkisAE p € Plg) FEL I ¢ 15 NG BRI TPl A2t ead i IR Ik
B P A -

Leana = {p € P(@) | Lurar(p, @) = 1} (3.9)
S, Lo (p ) € 0, 1} Skl BRI AP Al i B 24K

BUBFAI AR p HA AR R B AR LSRRI, R ERE R 15 A5 HEH 0.
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325 HERBEARNEIEMNERKEFIER

A B AR R IE SOl W AR D AR, 2 Uk AR e 2, 5
PRI S WSR-S SRR IRRS . St A SCHR I RERBEAR 2R Y B 2 Wk AU =L
i, R PRz A bR BB AT B AR R, A0 SCAR RS v () 12 R W2 I 3h 25
KGE AN, SEBLA BRI (1] 1] Zh SO Uk A 5

FERRE SO Z RSB RS, W ¢ AR SURIERE ) CO (risik
SR CO) o W TAE— R BRI IEE p € Loana, HAFILH E(p) = {er,.. . e}, H
Hei = (Unead,is Tir Vraiti) o NGB B SO AR SRS B SCHERE ), RGBT TR G
JRrHRiE SO 7 5 4 R 2 R AR S AR BILA o $EX032 €5, HERAUEIE SCRFIE Ssupport
F PR 20 DR E -

B3 AT SCA AL 1 SRS SSHRAAY semn, FHTHUEITAL CO
AL S PEZ AR R A . RGBT B e 540 B SC CO
PEATARAE ) AT, P VT SR P 1) A 52 A BLBE R A SCARIE SR Y JRyfoAH S -

Semp(ei, C')) = CosineSim (Embed(e;), Embed(C (t))) (3.10)

R N EETOE SR TR Z AT spoy, B R PPASR R T A
KRIRBIIATERA R RHIE, ATZHE SO Ay R E R R

srrar(ei, C") = LLM_Evaluator(Prompt(e;, C")) (3.11)

T AR 1 A BRI semp 5 RTEH R S H 2 BAC IR AT spomr
TERUE A EATAEZ S, RGAEIAT ARG AT, SIAH— LB R 2L o () KFmisE
x5 2 [0, 1) AR XA o e 28 085 25 [ R SRR R R H0E SO P I A AL :

Ssupport<6iac(t)) = Q- ¢emb (Semb(eia C(t))) + (]- - Oé) : ¢LLM (SLLM<ei7 C(t))) (312)

Hr, o € [0, 1] P s S8 (ARLRBE o = 05) . H—fLeR%L
¢ () MRIGIRIZIT 2 FF R ) Min-Max GBI, B0R 1 S A93T A2 58 E
HFIE R AT HE . RGERE B AR BUE Tiogic = 0.625 DAV A B A ST
A e 24 Ssupport < Tiogic B, FIE MBI SRR AEA ROEILRHMETIATY, o3RG ¢
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BIERMZ N EE A
A(t)<p) = {ei € E(p) ‘ Ssupport<eiac(t)) < 7—logic} (313)

i AO(p) # 0, FREE— KD emiss € AV (p), RGIFHSFIETIF ¢ Bl A,
FIH R 228 R SUBGIRE JTAN T ) qparen . BEIG, B HHISCHAESS 10
SR BERENT Qpaten, HEATE MG E], FRBAME SRS B BEEE S Doew, RSFERS R
o

¢ttt = cW yD,.., (3.14)

B RREIET, B2 AV (p) = 0 (SKBPERXFF) SGA R R RIEFE Do o
B IR BR SC Ul T Hgg RS T RS, ST T SCHRIG A0 E
#ie

3.3 SCI&
331 FKiFE

FiFAG SEES S ERC 4% 8 £t NVIDIA RTX3090 GPU (455 .77 24 GB ). CUDA i 4
12.4 (G525 L34 P T PVE R AR AL R K S50 (U GPT-5.1, DeepSeek-
v3.2 85), ASCEAE APTE S8 UL S VAL s X IFERBEY (41 Qwen3-8B, Qwen3-
32B-30A), ASCAEAHIR S ARG iR T FATRA SO E SN A TES )
P HEEL AT R 5 A R L AT T

o« AR AL (1 MIRAGET) : fUdEffmifn Rar BM25. 3 F e
#EK: % A5 Contriever 5 SPECTER. &Yy 3E B 4 % ki & 4% MedCPT, DA R fifi
FEIEORR Al A SRS 1 SR TR AR R L 2k RRF-4.

* Bt el Agk (1)1 GraphRAG-Bench®) : 404 H B BT #4544 1k RAG
G, WMETHEEME R RAPTOR™ | B4 IX &L I GraphRAG ({057
Global 5 Local JiFPR=) . SUZFZRIEM LightRAGP, PLK ST SC IR EEHZ Y
HippoRAG2B1,

TERA LI AR, A S REFEACEMATA L. AR S AR

BIEAESS, DAGRIESEIRXT LU 2P
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o JEEERAER R E : R A bge-m3® B RBUCCA A B B A AR . 165
LA B, SR SOREAE S N = 4 ANPRER Oy T, R, 240
ARk RS RE A BB A (RRF) #E7RE (PSR K, = 60), %
B A HEA T K =5 U Bt A2 R B 3.

o AWEMEVALE : RERABERBMEFHEA (NLD) B8R 2 R Ik
PSR, HBRE R AV BIE Tiogic = 0.625. 24 FREFARTZ NS, ik
T B A SRR . AP THERR S B 1R TCBR AR, soRak
RIEBEBEEN Trnaz = 25

FESER AR, FATEE T A AR

« MIRAGE jilifdls: RAARER MRS (Accuracy) /7.

* GraphRAG JlliAdls: RAZ4EWMIER R Hh, ZEMERFE (Answer Accuracy,
Acc) & SCRRARA S92 3111553 (Fact Check, FC) 5 ] & i SUM{LLEE (Semantic
Similarity, SS) HJMMELELE : Acc = o FC+ (1 —a)-SS, ARS e P
Ha =05, Mo, fiEGSR (Coverage, Cov) A WA FEAZ LA bRk
G G L, Hat ROUGE-L AL A SO AN & 5 AR .

3.32 INHHESEIAA

R T AT PP A SCRR AR A A R B T HE B S A R R A R, FRATHERD
RO B2 7 55 1 ) 2 R v 2T 1 P -

* MIRAGE JEHEMIA ®: X2 — DALY RAG WHEM:, 18 7,663 A1)
Wi 7B MedQA ., MedMCQA ., PubMedQA . BioASQ #1 MMLU-Med 7.2 4
TR BE2E RS . TRATIEHARHEIL A = AN IR R B TR B2t 4
(Textbooks ). FHHLRAFER] 50 J1 fs PubMed fj5 %% (PubMed 500K ), DA StatPearls
e R IR

* GraphRAG-Bench®: STl ZEE ) 25 M 10 IR BE 07, FRATR A T1% 45 &)
HEMWEST T8, ERN=ALEREIATRE S PEAL : #9245 FK (Fact Retrieval, FR).,
F 4R (Complex Reasoning, CR) F1 | F3C#i#%E (Contextual Summarization,
Ccs).

https://www.modelscope.cn/models/BAAl/bge-m3
https://github.com/gzxiong/MIRAGE/tree/main
https://github.com/GraphRAG-Bench/GraphRAG-Benchmark

® e 6
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3.33 FHIFMULXEHRREE EWESLRER

R 3.2 it ey EAE MIRAGE-benchmark |5 i RS R R 4SO PERE R BIXT L, AL
F Qwen3-8B. H A S M FBUEAF B, N RILEHE hF I EE .

R wBEI MMLU MedQA MedMCQA PubMedQA BioASQ Avg.
BM25 82.26 76.59 61.06 31.20 52.40 60.70
Contriever 86.10 76.83 63.10 27.00 53.40 61.29
MedCPT 86.08 75.45 62.20 34.80 59.06 63.52
Textbooks
SPECTER 84.50 75.49 62.72 29.20 52.43 60.87
RRF-4 84.98 77.12 62.18 33.20 55.02 62.50
Our Method  86.32 78.00 63.30 35.20 72.17 67.00
BM25 82.87 73.52 66.24 30.20 58.74 62.31
Contriever 85.35 77.45 62.53 29.60 58.90 62.77
MedCPT 84.21 75.88 63.95 31.60 63.40 63.81
StatPearls
SPECTER 85.99 75.73 61.75 26.80 54.53 60.96
RRF-4 85.94 76.71 62.50 33.60 63.59 64.47
Our Method  85.95 76.20 65.29 33.80 74.11 67.07
BM25 85.28 76.73 59.58 31.80 64.40 63.56
Contriever 83.79 75.41 60.11 27.80 60.19 61.46
MedCPT 84.00 76.59 64.68 32.00 65.86 64.63
PubMed(500K)
SPECTER 85.52 75.40 61.77 31.40 55.02 61.82
RRF-4 85.33 76.44 61.25 31.20 66.18 64.09
Our Method 85.86 77.22 65.29 33.20 68.45 68.35

TEXT MIRAGE B I G 4= 1 PRI o, AR SCHR R J7 YATE Textbooks ., StatPearls
PA S PubMed(500K) =Fifkl FEH 5 NI B T W PERE L . 4 3.2 PIms,
AT AR PubMed(S00K) #HKHAE T 5% NS T 68.35% 15wy AL F- 1591553 (Ave.),
FREE TAZ R 2 ) L MERI T MedCPT S2EL T 3.72 AN 4 A 4a Xt 42 7+ .
i Textbooks FHRHE N, A S VA FIFE R ER BT MedCPT 25 F i BRyr i R . iX
ol 25 TEASH IR 1) 450 5 ML 7843 B I T A S S AL B S g P 2R R 174 A i
77, BEREA RN K F AR AR it B bR SO .

B2 T A BRI R IR DUR I, A SO VAR AL B 52 2R 11 By Y
RS I AR A B . R 7R BioASQ iX —R Ak Mt i BE 22 AR E 55
ARSI AR StatPearls 352 FBUS T 74.11% FYSBME ST, AHBE TH E A7 3 55 17
TER 50%—-60% PEREMATE B & T X RIS | AZ BIERR S B RALH, A
SOV BEAS SRS THE AT B A MR () A IR 20 SO0 5%, TITIRAR 1A% SE i AR T
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*& 3.3 FrithryJr A MIRAGE-benchmark i FI A ] R S AL G M RER L HL R

kA PN e MMLU MedQA MedMCQA PubMedQA BioASQ Avg.
Qwen3-8B 87.05 78.31 64.31 36.40 72.33 67.68
Qwen3-32B-30A 89.07 82.40 70.48 51.00 80.42 74.67
Textbooks
DeepSeek-v3.2 92.75 91.20 74.51 56.00 82.52 79.40
GPT-5.1 93.57 94.18 78.70 54.80 87.21 81.69
Qwen3-8B 86.40 79.50 66.98 35.20 76.21 68.86
Qwen3-32B-30A 88.71 84.13 71.12 50.00 81.07 75.01
PubMed(500K)
DeepSeek-v3.2 93.57 90.10 76.19 57.20 83.29 80.07
GPT-5.1 94.03 93.87 83.60 55.40 88.52 83.08
Qwen3-8B 86.04 76.36 65.48 34.60 74.27 67.35
Qwen3-32B-30A 88.52 82.25 72.13 50.40 79.77 74.61
StatPearls
DeepSeek-v3.2 92.38 91.44 75.20 56.80 82.04 79.57
GPT-5.1 93.94 94.03 78.99 55.60 87.22 81.96

AbBR LV AT B S B IR N A o ITTTER R LR ) MedMCQA idlidk b, A S07
VIR TRt k. AT R RS (1 BM25) TR FIERE TR
RIZAPERE I SN, A SO VEAE =M R IR SR T SRR 4E R B /Ko XM AR E MR
B AR SCHE SR RES i 1d 2 AR IR R A, A A G R A X B — 1 R A A i o
JERCHT, MIMTAETR R, 4R B U H i), WA BERR AL = ot & ) Tk 4fs
S

3 33 R T A S i RAG HEZETEE FCAS [F] S EORARL I ZEA 11 5L JRE AR
R PERER L. SLIREIR IR, BEE BB PE T AIE R BE T g, RGETE
FRATEALLERE IR T B ERE S o . fE=MiERE ST, GPT-5.1 /A
JEAE AL I S WA T IR & RT3 73, dermii gl 83.08% ., X F A SCHE ) 2
PRARKG R -5 AL B A R AE IV, BBE S 0 290 TR 1 5 AR AU A R 2
SRR AHE 7 VT 9 T

EHAREERNZ, RE GPT-5.1 fE RZEdE s FORFROISE, (H DeepSeek-v3.2 7
PubMedQA 4L I T 5Llin) L l@E Atk . 75 Textbooks, PubMed #l StatPearls
SRR R, DeepSeek-v3.2 7E PubMedQA i I {54 (43514 56.00% . 57.20%
1 56.80%) I T GPT-5.1. iX—H 457K DeepSeek FRANGALLE AP PTT % Il 474
TR IBUE S I, T RERAT SRR T SO 55 BE T Bl AT X AR i a5 . BEAb,
M Qwen3-8B | Qwen3-32B-30A I REFS L (CFIHETHEZ 7%) #E— 25 HIHIE TRIZURL
BT ZR B2 F) B A 55 1Y KB SE )
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intisyN o o A TR = AT

LREORA , AR R B AR =R R Z [ PR 1 BERY— 2, X K
UERH 7430 RAG MEZR I ASUEYE o Toie Bl T Al R 2, R G4y i 1 A
BN SCEAH RERTH I E A HERR L o X A RS ARSI 2R St A 1 D 5 o B2 370 S5 £
BRI T 2%, BIESCIRA IRARGOLT , (1 S Az (40 Qwen3-32B)
FC G ARSI IR SR, KON RERE RIS R it RAG BB A fL e RE -

3.34 TEEWMEEHEIEEME FRIXIIE LA R

EAh, FATHE GraphRAG-Bench EibAT |2 4E X HLSCH . AR F1E, BTl
FEMERIS S Qwen2.5-14B N BE BRI, H2R il GPT-40-mini {5 % WL
flids e QA 3.3 J, AP I IR TR D fabn BRI TR i Pk AE

TERFAMERER R (CR_ACC) J7H, FATMINEAILE] T 68.4%, MR T HRIM
SR ) EEEAS Y HippoRAG2 (64.0%) $2T1T 4.4%., X— W42 Thh 7 BRER P 1) 8
R RS PR G20 2 (A PR, (R AEAS BT IR UL At A THE R, TR
DU AER 2 AT TR

TESSRRIERZE (FR_ACC) JrH, FAIHIEIIT T 68.5% Wy, A
%15 T HippoRAG2 (64.5%), B2 RIEGSE T 5 T 45 (LR B MEDr %, 41 GraphRAG
(global) (40.0%) F1 RAPTOR (50.5%). XA Jyb¥ ik T A SO B T 53T 58
KA OB, IR R IR R R R BB 5 RIS A, e #IH AL X
RlIEE RS vivl ik YISE SN

TE W25 BT T, A7 TR ZHERE ROUGE (CR_ROUGE ) #5817 1A T 39.3%,
BFH{LT HippoRAG2 (33.0%) . X—45RKN], Wi WERREE, RGBS AE

GraphRAG (local) -“ - 20 2.4

GraphRAG (global) - 51.1

100

39.3

29.4 80

33.0

=2}
o

Score (%)

I
s
o

|
[¥]
[=]

8.7 40.0 17.0 21.1

|
(=

CR_ACC CS_ACC CS_COoV FRACC FR_ROUGE CR_ROUGE

3.3 T H )7 EAE GraphRAG-Bench |38
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FIETUE . 2 HH A RS0 SOCE AR

3.35 HRIEIE St

RGNS UEAS SCHE ) PR S | i B i Bk s BRI A R, FFRT
AR R A T B R, FRATTET G 2 A B BT R T R )T SR . 4n
R 3APIR, BAER TR LTER (Textbooks) 560 & iff M R Y AR L5 AL TERL
(PubMed 500K) |, % T PUFhRE : (i) BM25 + Dense: {F R AL {UH iR
HERBUER TR AR R (BM25 + i), AL E R EERT 5+ 5% ALH (i) Our
Method: 5| AZASCHEH A BRI B2 M AR, (HAFEHER LM (BP0
step); (iii) Our Method (1 step): 7ERAEAEH_ BB A 1 #2020 5 B (iv)
Our Method (2 step): FRVF RV TR 2 TR AURL R ol 25 TRl -5 52D 0
STEG, FRATTRENS I8 FAGHA PP AL 45 A4% U 21 2 B 326 A0 SR M Xof e ¢ 1) 2 R ) T ik

LIRS IR E, FEAERE TR, AU BM25+Dense £k 1 i 1 GE
Wb F AR 245 AAR SCAYEL AL R SR X FF A (Our Method) )5, Textbooks Fl
PubMed(500K) _I i V-3 i 243 Sl T+ & 65.08% FlI 64.25% . X — i B3 26 3
LRI BT B IEEALE], EAR RGN T B R UM B (H G = R 2
SR TR B, 1T TR ESE R Al

BIATH— LT IAERALELR (1step 55 2step) Ji, RGMEREREILN T HF
B2, BAERFSARERE 2B 225 1556, 7 Textbooks
R, BEEEAPERE M, R MER R LI EIHES (M 65.08% 72
FFZE 1 step [ 66.10%, FH i ZAE 2 step L FIEAL 66.65%) . T BEZFHRH M AR

R34 AFEHERET MR DEECE R PEREXT LI BhsL i

ERHE ik MMLU MedQA PubMedQA Avg.
BM25+Dense 84.96 76.90 31.40 64.42
Our Method 85.86 76.98 32.40 65.08

Textbooks
Our Method (1 step) 86.04 77.45 34.80 66.10
Our Method (2 step) 86.59 78.16 35.20 66.65
BM25+Dense 84.06 76.04 31.00 63.70

PubMed(500K) Our Method 84.75 76.20 31.80 64.25
Our Method (1 step) 85.40 78.31 32.80 65.50
Our Method (2 step) 85.77 77.14 33.00 65.30

41



R LA A S

JERFE . ZiE i B>, ZRBRES 4. TS RIS 24k
gt ) R AUl . AINTHREE 535 2 BB iRtk sk, RIRFETT 7R E S Jii Pl
155 Ly EFR.

HAR, AE PubMed(S00K) TERHA H , P AETH AR 2 3L HH W 2 A AL ARAIE - S 1 320k
G, RGCFIHERIRIBE] T e 65.50% (4552 MedQA T{L5573k83] 1 78.31%),
WERA T BAG BRAE LS SCIRAR R P BRI Ty o SR, e i DEATA0 2 Feak AU,
PERBFF RARSERG IS, SOl 2 65.30% o FRATTRE YA PR 4 2 Sk v [ 1) v
WA SENE R FEME RS, SRR UES TR A RZE AN, F
BORBATE AR U B R B A (B AR RIS ), ANTTHRIE T IEPE kb 4
AR AU AR o

SIS, 2 3.4 MEER—2eRN], BATRAESLEA 5 AL R B 2
AR, AROVR T RBESBES TR UL EERTRT . TR SCIR RS T
ABHAETIRE LRI T (ERBHERTHILIRAERE , ARG TR R e L) .«

N T Bk 2 AR D A A E BT R R 58 (RAG) AR, 4
SCAE Qwen3-8B A BN R Y IR A2 AR AR CHEA T IR SE g . W3R 3.5 i, &
BAE A Rg (ALl FERTA B SMEMNS S BUS TR, JCHAEA G )
MMLU-Med (85.86%) Al MedMCQA (62.97%) fiidk LR B2, X e/ Uk I 5L H)
PRI r B NS SR BT 30, B PR AR AR A UTC TR R PO AL 3R
oK TRAST A — A A R R BUE 55 T R BT A B, 0 T 52 2 IR A
BALSS (40 MedQA-US 1 BioASQ-Y/N) . [RREERIA (P4) KILHARGRAY TS
71, HEBRR BIEE] 74.16% 1 54.69% , X2 Kk P4 BEAS A RUGHY i A —ik BEAL
IR R IL 192 DA AR, ATTAE R SCAS B ol i 5 TR 2 RIS « 50k

R3S A RO AT BT RIS R A R BT L

Bt PSR MMLU-Med MedQA-US MedMCQA PubMedQA BioASQ-Y/N

Pl 82.19 72.66 59.53 28.40 52.27
Qwen3 P2 84.48 73.06 61.22 28.60 52.10
-8B p3 84.66 72.98 61.34 26.60 50.81
P4 83.20 74.16 57.09 29.20 54.69

All 85.86 76.98 62.97 32.40 58.58
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[, e ) BERLA BE 27 R0 H I E ) MMLU-Med H, BANZR (P2, 84.48%) &
ZNHR (P3, 84.66%) HRIVIM T HAMELK (P1, 82.19%), KW AR Dy )
A BT B ZHEE R PR ss; SR, FEAL S KRB H IS I 21 MedMCQA %§
Ytk b, PARLNRIL (57.09%) ERIMH TAREH T, KT P (59.53%), UiH
S 512 BRI T & S B0E SUWMAEH SRR GRS . Beoh, FEM ™ i pe ey
SCHRFR 1) PubMedQA 145+, 1o AR A2 USRS [R) 28 85 1 JRIFRAE . P3 A HERf
AN A3 e AR 26.60% , X2 i PE2 SCHRE 7 3R A 1 B AR B B Ik, P3
AR 22 FEAE B B R AR A DR R T . ZREORE, AR LR
2o (P1) FEEGRZR, mmiameis (P2, P3, P4) BIERE M T H
AIH, EHAERT SRS B AR, AR el G775 (Al RERgE)
AIE R AW TR ARBORAAME, 8 4 T WS ) P PR R 2 25, (2%
HAEPEHRT] 1 By 2 BT R 25 R G R AR R

3.4 ZINE/NG

A E R BRI R AR B0 kil PRAEPRIN A e sr s 2B Bl (RAG) 1
JEMKH G SCVERC R S, $R i T — P T DR R AR 29 55 P 2 i) O [ A o
(2 B RIS T . T IR S T1E RAG SR b S I TE: SR 5 1] 98 2 PR R 1
XFFF 5

TEEARSCHL b, AFEAMBOT T MO B, EdRER G UMLS 5
SNOMED-CT F# i it B2 FIiR e, FH4S G4 PIREA (SCM) i DU FP R Rl
i, AER LT BUAE BUA R BN Dy ), SEI ORI iR T HKk, AR B ER
B, BIAE ARSI ARG IV, @ AL -5 00 ) UG R R E )
AR B AR (AL, A AR AR A AR AE 3% P SR B R BB A
Ja, BRI R S S | S8 B & B AU R AL, A OGE S B § AT
S MEPLEOR S 2 WA IZ AW Z , ShaS Al R AW, RF R BTSN PR R I IR
fhaid A .

TESCIRIE )y TR, A FETE MIRAGE #1 GraphRAG-Bench 1Rk =57 1 2
AR T A Al . SRERSTRRN], P r iR E 2 WA DR AR B BT A Y
BM25., MedCPT. RRF-4 S5dR45H) {24 LA I HippoRAG2 S545H(L IR HE 2k . 1t
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bb, BHEBEREAL (M0 Qwen3 2751, DeepSeek. GPT-5.1) HIEMC S5 DA Ko AG 28 K55
THRSET, JE—UESE T AMESRAEA RS SR AR, DA H @ MR AL
TS UL EWT 2R A AR . £ ERTid, AT MBI EA R T 7R
TSR TR B Sk st R 1 . B PR S8 R TR
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FNE ETFHERRUERIEASZ EREAIHEK
== ke LBy

4.1 EFKERRFHIHEIEZR B SR

FERT SO ) EREER SR R A Bl |, RAG RGET I H & NG & ikl
A A USRI RE ST o ORI, SR BT R 55 B — LE ROMRA SR 1K 7 1] _E AT
I 5 A8 A ™ DR (A I R 13 S5 A v BE R D A B A 6 5 LA O AR I R R A A
IR WL SCHR I, 1T BE RS R I B 2 5 R A R DA R . 4 &
FM AL SRR VE FEUEA TR 3R, A oy il RO v AH 9 (EL gl 2 e S A ) T
PRepfiliid . IXLETUARIIHEIRFS S MRS I AR, S EUCHAE
Bk AR T S A AS . — BRI 53k 28 e A HLALLE 1T AR A9 3 W e A T
A, B IR R NTIRAS , S A0S S SRR DR A U B R 2R

FEXT R R A AR AT N A HERRAS A, H R T RE TR B
SCREHESCE T B BRI H R — BCHORFE . X T B4 R B 5 M SE 4 70
FRIWERE SO, AR B 5 h B BUS TRCR, (ES RN TR %
BT Ay, WEA— @ A2 R R . R AL Y AR AIL ] 68 o) T AR 2R
TS AR BRI . (AR RS BT IR S, JU R I 5 LA
S B R BEXE S 2 AT I A [ R AL AR AR M A R R B RAE . AR AR
SIS TR AT MAESE , WA 5 IR e SCRR B e L i 3R A0 3 DL e
PTG 1, REAN[RIBI A 0 3 S AR R DA 2 00 o TP A ) kR PR IR o B ) B ]
A SRR AL TC R T Bl 5 A R S s B, PRI 2 BORH (AP B B 52 Sk
BT R R, X DA B E T rh PR B FLIE B P PR R SR BRR IR s tAh, R
B 2 A P SR A TC IR AT R S R S ORI AL 55 . KT SR A SOAR A
WCEA B BIHRHE, X EWRE — B EAGR BRSO, 23 7R R
KB (A WA L) SRR R, MRS 7 AN 22 . TEREJSROHERE B
REMADOELA B F A4, ELE SN 7 A 0 45 DR BRI 5 A 411 s Sk )
o XABUCHRIER 7R ARBR I TG | A A LT BE AR, (A5 2 Hh ) B )
HHR e A — R Z S ERE IR R &, TVEIS T AR S bR B A R
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A ERENE -

BT Bl SRR M B i) A AR AR A B M) 253 57 A 5t BB S 5 1
TR, AR SCER P FER T — bR R e 57 (B T HE -5 A EE Tk i B2 7 HEEE L
o HAZO H BTET AL S8 RAG W 5) 32 3 SCAR TR 7 2 8 WA AL AR BRI, (8
R BA A SHEE ST ) . AT S TSR AR Rk SRR AR
PRI, TR AR BT AW, RGBSR UL — 4L AT SR SE A AR B BELL
R BB I AR A 8], HUEAT 2 R AR R DA RS B 2 . O T a4
BRIV RE R SRS, ASSCHE— 5 T U R R S e T
o AR VT RS R SO 5 AR BB (T S G, KRR AR S SIS ™
RS DR S TS 5 U T 0UE e, 30 Ok ek s TR PEA T 3R AL S A T 73 AE
BWRGER B, REGIA T ET RS 518 L H AL 8hE B M b L. @
RS S R A AR DL S R B A U SRR e R R, AR TS S E BIE Y
e g A R IE S LU R, ARGl A UL AR H AL B 4
LA TR 24 3ot ey BEAR A B AUESS TRV DX, AR Ge i I . AR
FEMRRS , PR B fi 2 TRA OB R RS Hsa st . SR B0 5 Y A Dt 25
R, BASEIE BRI SE . RGEAT AR RS S S T IR, R
il 1 S % SR e R Bl G2 DU IR SRy S P b (A) 22 5 P BOUE . AT R IR R 15
FHERERL AR .

42 BETIEREFHRES 2 ERAIHEAHEIERE B FELR

ARFERE RGN A SR H S T UESR s SR (R Be iR 2 R RE I RHE I 12 R
WL ITIRA R AR PR R A SR B %0 B b, al il
B SE e s (A ISR T T 0 S 3hAS B B i, DARCTE A U BB T A
FLAg HEAR PR BT BE ) 0 2 B BRI R L], AT A R O S A R I B 7 1)
Erb ot I L BRI A R R A A R . B RGO A 4.1
Fr7s o ZRSCHE Y B 38 W B TR BIAE S 32 A0 5 DA YA A% DB R

L SEAePEABe e B e 9 UEdR AR R B s B B RS 737 5t I Ay AR R L Al

W BTG BRI W, AR T ARG R G R IR PR A I T

KRGS R .. REFEE SR RN FRAL, R —H AT S KR
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(A SBE M e B A AR B 25 6], O IS SRR HEA PR AT B B

2. UESGGE SRR S R AT A Bl s IRPETE AR, RAEIA TR R AR Z
PO EEIESE 25 ) . ASBEBGE TR B A5 e (B T ORI S, FF
IR SN Z 3R] 70 RS rEbds” 5 e Pheds”. BE, 2R
JAIIAE T 73 SR e s () AT B AL VA RS HE TR 1 gtk = FLSL 2 51 0 19
A SCPAFAL AT 55 1 ) A B g O B

3. BT RPAE R i SOR B Ah A FG s hBL : B S iRt B E S 5
AR BMgE TR T R et , AR o SR O R R e I T 24 Bk, 1
e A TR SCES T Sk IR R T, WA AL
JEREST SR R T S A BIE R AL 4 B R & e ks H5 5
PN WER, RENERART DAl A IR BUE B R i ahe; 2k
P o BEAR SR S 55 I, AR GERLm FE T, B I R o (U
B 5 o TRV O MR RS AR o

4. FEor R G B U e 41X B P B TR ook xt, AR GE e i At
HRR S IESE -5 3SR 23 Bl o 48 & RN IR SO & SR e IR . XU FE A% Y
IR O, BRI DL BE s R (o ToTA AR R S R AR TR — 50X

| HeomeE} o O EHF RN REE B
SEERE | S i |
1 /! simondej i) | \ %2 =3 ;
' Q ' Top, H
' Pum(- | Plge N ' | (ha,Tg) | | (hyry) |
E |@| (- | Plge)) H PR i 4H 4 ( z| 2) |
. T [ ] M : ! I ¥
(= Sl - aiw
i RHES | M, S T AM 2 T | YR M2 T 22 ‘ ‘
| Heomp () | #;g : KK
: = i o : @ =St e(ry.r2) l VD T emameal+ €
b (R D)< | nEyih wec| T [Eshared
| ‘ i Ti)si=1 . l < ‘ ' ERERFINT A — Tdynamic
E H i | Heomp | Espec | Eshared | Sscore (i) ! i<rd3’"“mi¢ | A2 Taynamic
RIS S i e : 1P a— )
| = e Dl LI R o O
MIHER A T e B B e |
— B | me | - || o1s | @) & .@.
AL | he) e es| e | 0ss || ENEE :
R ——
‘:’:gﬁﬁﬁ‘ 4 %%g% < Dr ult Rchu in >
|
MEREth FHARUE

B 4.1 FT R RO RS 2 R AR AN A RGBT E R . AR TR S TS
Mo st as AR . RS S PR 5 e d T 73 . BT 55 R R s A iE
R, PASZE 23 OIS HE R A R DU A DR
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SRk, 2, FAEIHRE IR 5 BB MR P IR s B A8 SO 1 S Bt
KA TZIREEA, ATy b v LB A TR B TR R R T i e R BRI A

421 FTHERERILSIEREWERR

SR AR (R S RS A AR AT B BRI AR A A B, AL H AR
e NI R PR ) A S R I 2 4R P A S B SR S IR e DS 25 ) . BT
R I G ST PRI EE Hoomp (qe) KRHEPRIIE R 25 (0] M B I R MRS
JRE L5 v RVA P T I A0S B2 ), AT TR o 5 A 2R AT 7 o A AL Al L 5 [
I, SE A UERAR € (q0) FF B REIR5 | A0 JRIR R 2R A5 AL A0 o oA o 18 SO A ) 4
Ja BTR3NS AR S IS I S

FERELES A (AR5 D 2 el b BE A Ul A AT ) ROBORIE 5 2
SCHE, ABIHOM I RTE SR (LLM) A9 NTE A SE s MR S 15 48R AE 2t T4
SRR SR REWIRES YA q., RGEMIERTE R BRI Pla) . 515K
TR [ AT A AL 5 I AT R R RS S HORT I 5 B e ) 3 4 1
Wtk . MRIEE RE R E N -

K

Hcomp(QC) = { (hiﬂ"i) }Z-Zl, (hiﬂ“i) n~ PLLM(' | P(Qc))a 4.1)

Horpr, by RFRIE F R 1 05 @ A B B e B IR PR AE s 7y AU X
e R E S R RUAERERI AR A g rPOIRSE BARSRAE SO T B i 1Y
Bip@ . Poov NRUE S BB A A A1, R GTE i R R SRmg (4
Temperature 5 Top-p ) FHEEUE SRR K AR, DA IR IRE 2] 1 2
Rk

B TR A R] ARG ) KA [F] AP A I v IO DO B
AT TR R HiGtER, EEEMNRE, n P EE IS SR Y 52
ZI AT RILBERTRE R AP AR o A S A S TSR Py A SRR T A A A
MBRSLR AL R, RS ER R o i ahke =S, Rl 7ILA
AIEW R BRI ST iR b, NIRRT 15 222 B RE S T R .

N BE— AT GE RAG AU R M HEA TG 2R A i, ASRCH R T M A B s
AR A S M A IESRLE €(q0). YT, ATES RIS Z A A

48



R LA A S

R, REFIGEW SIS B A IR s B, e :

8raw(Qc) - U R(Qc S¥ ha D)a (42)

hEHcomp

HAo R(-, D) IR R, © Fnaif) SR m LT i XAEH A R R
WY SRR IR A 7 ) I, SRR ST AN T SR DL BSOS SR A ) S 1]
AR

WX ARG L, AR AR € (q.) SFEFH B ZE 18] Heomp(qc) FEIA]
PR T AT { Hoomp, €} RETRAE N R AR LUETE A ], N 52 R/
— A H G Y % R R SOIE” AR PR TS8R A i AER Bl 1 RS S ) PR 2
S/

422 JEHEHREBRBSEREITHER

eI IS R F RS PR R A5 1] Heomp HEET IS IMZ PR R )T, A
BREZOAE S5 R I BRSO TUAR S PN RS, Jd a7 SO 57 5 R A 2 A 25 (R
FLSER R B TT o A MU A AL RS SCAR AN 5 B s L SR AL 5 | 78 7 i
¥, SERKEAMIERFIESIED . SVt ABHOE LT 2 I kRS E] € A
SCAS B e AR hie € Hoomp S HAEPIRE AT USRS SRHRIEE A7 4 Jay ORI
HiFE M, HrhoosE oh:

M = simenc (e, hy), (4.3)

HH simenc (-, ) AR HER R FTH RTLAUE

T LIREE M, R85 ASTEAN LI BIH (Thigh, Tiow) FHRZR 0 SN HEHE
TEBEEYIBIG S, MR R AR & S S TR & . 3 TR e %
hi, Ho BIEREERSE 9 54 RHMAERAE Enaea TR T SR

%&:{%Eg“%kzm%Aggy%mgﬂwk (4.4)
K

Erea = { €3 € € | S UMy = Tgs) 22}, 4.5)
m=1

HF/R R L) HTHHZuEE i B [F o s R et R gk . =X (4.4) 5 H
i B T A SRR A PR RS I O A e T AR R 1 e i MR AE (2 I )
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SRR P BERPEIPRIEIR ), T3 (4.5) W T 8 = HEM I r i LR
FESE AL Z A 2 )5, RGBT 73 SE X I 25 8] Heomp HHIEE M

B e DEATERALVERG o AR TR ) g e = LS A T A AR, R T

RS B O HEIAN L, ARIEMBR P LR AT ELR BERR 23 Sicore (he) THHNE :

Sweore(ht) = Agpee > Mg + Marea Y Mjp, (4.6)
e; €E) €5 €&shared
PIRAAER Apee > Asharea > 00 T, Agpee = 1.0 5 Aparea = 0.3 43 B A MERFAE
ST AL ACE ST H 7. SRR AR IS, ARSI TR
FESPENG R R I (E SR A05 S AIEAL, MRS B WS B T A s 4B e )
B Al L I ) LS DR SR SO

423 BETFHMIFESEXEEENTRIENERER

TR R R RALIS G, R M e 23 ) LB A\ 2 B IR R G 9T
AHBTIE, MU ERE S BRI R R 2 O(N?), &5 IAdE
To kAR BRI 700 WA R GETE 1 53 BO I B AR B DO XU, ASABEER
PN T — M A UERRR R R T LEE R i ShASE L .

HART S, B eRIEmIA T ARS8 G B Swore XHEIEZS RN FHES, €
B BRI hay SRR he), HITEWEWEGEESSZME A = Scoe(hq)) —
Sseore (h(2)) o AEGETT VAT HE R 1€ HY G 30 BB A PEATHIE o (HAESEPRIZ By T i
P, A e B Ao B B PR A = BEAR DL, B4R 220K, BRI

BB BRI FIBE, o MR B Z R e R SO R R R, 4
R ATFEE L AR, TG, ARERGE T A BB iy WAERHIE, BT T 3hasH)
/—Té I\ﬁfﬁ Tdynamic o

B, RGUET BB RHEEIE N roy) 5 re), THENENG L HESRE w:
w = simsem(r(l), 7“(2)), w € [0, 1]. “4.7)

AP T RALPI AR BE R A R AL ERARE . w B, R EAEZRE, &
GEN AR R B e L E T I
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Hk, BT IR IEaMmar, & SO8 e i uE et s M +
B £
! |gs(ple)c| + |5shared| + €
Jot |- | FREAIIEH, €5 15 |Emarea| S BINET AR % IR 145 AR St 5
G bR R . B, BB AS ) B L RIE T HE R R R I, 0
I AL A PR AR e R0 T IR e SR 1k B SR 3 0
%éiﬁq%:‘ﬁa %%&ﬁ‘ﬁ@@ﬁ Iﬁfﬁ@ﬁ( Tdynamic ﬁﬁiﬁﬂﬁ{]

. v €0,1]. (4.8)

w p—
Tdynamic — Tbase (1 + 9 ’7) . (49)

HH Toase AIERNBIE . T8 BSm BEARAY (w 8K, FIE BT, fARGEHE
i1 Tl A SR SR BOIERA T s M S B R R IERAES (v BK), BIfEMAR, v
FGAEIULYE 7070 N EL i H PR e

AT EUE, R0t SR m(Hoorea) E XA :

(4.10)

Output(h(l)), it A > Tdynamic
W(Hsorted) =
Debate(h(l), h(Q)), it A < Tdynamic

LR PATIEAR . 2 A > Tagnamic B, REAEF BRI (Early
Exit) , Bhid 28 MRS AT B I hoy TENBCARMRES, AR 544 HE 5
15 2 A < Tagnamic N, REEIKHES 5 = R 2 JE MR, VR B 5 5 TRAE R b
{hay, hioyt BHH Y (O RRIE SR AL, BT A0 RIS

4.2.4 FEEBGESHIRBRER

2 e 2 8] ) ELAR BE AT i A s e I S Y 7 1) JBOIE” AR, ARG
KBRS, SCRFREIRETERME RS ha) S5aF BB he) FIAARRSE, NI
— R RS R R P RSB IR K ZE, ARSI T
#1EJ7 (Proponent). JJ7 (Opponent) Skt (Judge) MAEXIFRZ B REMA S HIR
Hey, JE A IR E SR U BIE 5E A 28 A I8

HE, RGURIERTE R UEIE RS R, X IR RO B BRI UEAT A AR 7R 3CH)
e S A AR, IR Ao BUE T EREGE hay, HFPERMEA L RSy
SIS Sce, HARAL B ARR B hoy BIOTRER I8 BRI Aoy MIRESE T
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LRI heay, TR A e R £ 54 RV EENE Enarea, FoEAREF
F A FRAE PRI by PESR A T I SRR AR 5 1

TESERSBMLIG , REEENZ R E R RIES 4. 2 IR R UCH T, 18
FERRW t € [1,T) v, TEROMT H LIRS T3 P T3t A Ay £ A OB

Al = Mo (b, E00, ALVY 4.11)

spec? < “opp

A(t) = Mopp (h(2) 8(2) U gshareda A(t)

opp » ~spec pro) )

(4.12)

Hofr A 5 Al 4 BIRFEIE AT TES ¢ R FRIFIS &, MRS Al %S,
MO RER IR R A BT @11 5 4.12) AT, 28k AR5
ZRRI LTSRN, % hay 5 hey 105 930 R RIFIREE N 2 S8 2. i T
JEECTIE 05 PSR/ o A D (R, % 3 RS A (R R 25 IR K B T
P4V FEAE L

AT R RIAE) T sl BB A 1R 1 I | BRGH SE R U T S I Haevwe =
[AS, Sty - ASG, A | ST A% 4 A 4 SR LT P B 0 FE IR Ajude

e E B BB TR AR, N ER A ZOR A i or, IR T B
TBEZ AR RT Haeoae T HAHEFIBEE FLCHT . BRVCRET 0 55 208 1 2 SIS

<Dresult7 Rchain> = Mjudge (h(1)7 h(2)7 7'[debate) ) (413)

HA Diequre € {h(1), h2), Uncertain} A A BE2ELEE, Ronan A S 54 HIHFIE
SEIERAE A AR HE PR A . L S AGZERIALE] R GEA (U R — R 7 e
&, R AT TR e U A

43 KWHERSZHIGESN
431 EFEASBIEENSE
AT TG TR R ) 2 B AR T S S B SR IS W RS, ARSI T Y
ANMERE 2 Hr A X i AR BRI 4, A A R A . KR I A b B
ke
« MedQA: J5 H SEEHOILEIIFEAE %X (USMLE), 8 1,272 K SR )
i, FEPPAANE L il K3 5 T )2 AR S R AL B e T .
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* MedMCQA : i [F HIEZ B2 F 7 AR A B AR K IR A R, AR WFFER A
HIGUESE PR 4,183 ZMEA . H iR R GUAL B = 8 S A R INR I B2 AL fE
T3 BAMe S T B

* MedR-Bench: ET LIRS HIHR SR, 05 1453 LRSI (5 656
NEIIEEAR) o LTI TSR GAER L 7P USRAE Sy, PAREE R
KRS & RMRFFWE" AR s L, AR
DR T IR AR S BRI RAR 5SS, IR T AR HEAL AR B 2 PRI 2501
LWEE .

« EBERKSIT BdidE (Longyi-120): B ARV ET 4 EHEAARER
L CeBERTEY B EWE. @O T IR E BB, RS
PSR FFOR LS H AL T 120 BIELSEA BRI IR BE S . Bdin iR s 7 g Y
YRR (I R F ISR ) . h W S IREPHESSE . TEATIR
AP EEIS W RAG PRAS SR, FRATTRFZ B/ A IHAELME (Benchmark), Ff
BT IER AR R 25 8di 4 (ShenNong-TCM-Dataset”) 1> RGLHI S A
TR R MR B IE — BT b B2 R P O T B R TR R

a1 3 R8s 1. O R PR O B SR B
KRR AR o FUIRIIRF & RAETERL, BAE R R E A AS RGN SR
SCARBERES, ARBE TRl R &5 S S A 22 R DA B AR (AL o8 31 IRk g iR 4
] 2 55 e
FEASCE S, MedQA 5 MedMCQA = 2] 1Al AR GEAE i L R M 5737 ¢

MAYELAATERLAE J7; MedR-Bench Hh i) 5 LR AR T2 B0 B B 3R 1K R - TR A
KF; Longyi-120 FpEEEE RN SR WA R K. @il s, 430w
BB RGAET AN WA LA b B A 37 5t 1 i

432 KWITEFRESRELERIZE

N T G HLA LA AR G RS R BRI [F] BRop R R RO HERRERE,  ASBT
FEET XS e PR A 1 AL B o B 5 K SCASE OB A 52 I 5 P R R SR R E, 7y
BRI T AR PG TE R R A -

o HMLIE SRR (Accuracy) ¢ FXHESUR RGP ERAEN L, 4

®  https://huggingface.co/datasets/michaelwzhu/ShenNong_TCM_Dataset
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R LA A S

IR MG — I HERfE (Accuracy, Ace) YENAZ US4, (HAERMAZE T
A AT TR A AR 2= A (1 MedQA 5 MedMCQA ) ,
T A AR RS A A T S R RS S AR s X TR T B SR SO i A I
W% 55 (4 MedR-Bench ), W) B s AZ B S 2 5 2 4 RO 24 PR SR 2 75
HERA iy vh ELSE Y B2 it o IR bR B EL™ A b R B T 2R G AL A 10 2
HKEBHEWHEE ER AT .

o PIRERIEFHERLVES (ROUGE-L 5L & dEd %) : F 83| PR KR
% (4 CMB-TCM 5 B B4 ) 3 BRI S 0 A0 5 BRI . JAvAE
I B SRIE T 04, TR I D BE TG YA MER A fe AR T . ARSEIR M AR
PN BE 25 A VA o B HE PR A E A 2 -

1. ROUGE-L 4%k T4t 2404 U v R S B A 2 75k
WEK AL TP EZRE, FUR B SR A SR T .

2. LR HER R (Answer Accuracy, Accyypria): T EFALEAE “ 5]
[ G, ABFEGIA T S KRR RS AN S SR A2

Accpypria = - FC+ (1 —a) - SS (4.14)

Hp, FC (Fact Check) NS, AP EIREIRAE IHIR
VBB B LA, X A U 5 A 2 S AT S — SR A E
SS (Semantic Similarity ) AT o] & i T SCRMUURERS2) 1 T4 B AR s
2% E AR R SO B PR AR L . AL iE T &
Ba =05, PABRORGS N S5 A HERRE N 45

3. MEPURE VS : 15X BRI2Y7 P HHILI IR R B AR, ARSI AGR
R JERIRUE R Ll AU, XA A R EA T 2 4E R R AT 43 o BRI
FTREE OIS, WHHIE ™1 (Dialectical Rigor, Spr) 5 ZARIET 1
(Logical Coherence, Src) PIMZLHERE, 73 5l4Hh 1 25 9Py R
WEE G137 Scorep i HIASHEREAG IR 5K 45

SCOT@LLM:wl -SDR—I—wg-SLC (415)

Hor, wi,we HRIAEGELRIESL (RAERBOEN RIS, 1w =
wy = 0.5) o ZIRHRRENS T BB B (ARG 2RI 5 AR BT B2 7 U P Y
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R AL AIEEEAFRTE FRBAE MIRAGE e ERYTERERIL . T RIZd i FmAE ]
Qwen3-8B FEAAAUI;, AT7IR-GHEAN LRI EILAE R o MORLECE R A7 YA E AN 7] R R A
AR sy (B RRTEREVEFIEAL AR 43 ) . MedRAG #Y7- A i MedRAG J5 A1
IV L A WiLE e E e

e itk K MedQA MedMCQA  Avg.
MedRAG 77.12 63.10 70.11
Speculative-RAG ~ Qwen3-8B 76.85 64.63 70.74
Texthooks CF-RAG 77.31 62.87 70.09
Qwen3-8B 77.83 65.74 71.79
Our Method Qwen3-32B-30A  80.58 71.72 76.15
GPT-5.1 94.18 78.70 86.44
MedRAG 77.45 66.24 71.85
Speculative-RAG ~ Qwen3-8B 77.63 65.81 71.72
PubMed (500K) CF-RAG 76.95 66.57 71.76
Qwen3-8B 79.01 67.42 73.22
Our Method Qwen3-32B-30A  85.69 69.33 77.51
GPT-5.1 93.87 83.60 88.74
MedRAG 76.73 64.68 70.71
Speculative-RAG ~ Qwen3-8B 75.89 65.23 70.56
StatPearls CF-RAG 75.45 64.21 69.83
Qwen3-8B 75.08 67.30 71.19
Our Method Qwen3-32B-30A  80.97 70.52 75.75
GPT-5.1 94.03 78.75 86.39

i PR i i A T R

433 HEEMRIARE THIXILLRER

H 4. 170, il 25 A 3EA MedQA 5 MedMCQA 53 I 1A% /U BE 27 R B HE
SIS BE % 4 TH] S S AR A A ] SN s 2715k (Textbooks . PubMed 45 StatPearls )
SCRET W ARSI S AR RE ) o AR (A [F] ) B AR Y. Qwen3-8B I, AT7 1k
LE4E R ZH0NAR TP 1 BE T4 ) MedRAG B4k, fraR (AR _F 8 1 i
HH AR s & Akl (Speculative-RAG®? 5 CF-RAG!®Y), i, 7 Textbooks il
PubMed (500K) iR b, AT ERFE155> (Ave.) 43 BIBE] T 71.79% Fi1 73.22%,
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HHEET MedRAG 1 70.11% F1 71.85% A T R @ ifeTh. M2 T, CF-RAG %55k
TEGIA SRS FAL I AR S 2 B 7 me s T4, B0 Textbooks SEiEKL Y
RIHRE AR, HEERS 70 EE IR, XU BTER AL GE s 1T
DRSNS R R T M S TR, T AR T 0 5 R MR S S I Ry 2 BERI A,
R BT SR TR SCE Tl

{HARTERER 2, TF StatPearls TEEHET , A 75456 Qwen3-8B (1) MedQA L5
43 (75.08%) WEALT MedRAG 3£k (76.73%). AU, Speculative-RAG (75.89%)
55 CF-RAG (75.45%) FEzirb [RIREEE TR RET O, BRI RILEL 2R R ALl
MedRAG. XM TR T 1ERHRFIE ST AL R ] 2 8] 5 o O3 -
MedQA F: L& KBTI R P14, e L LR EHER; T StatPearls 174}
A% B Qi 1) T E R R )G RA29 7 A T P T/ 8B BEAYT 3, FE/™ A8 LI
R AR B I UE T 0T, A 2R B 0 25 SR SO R 8 56 4= 18 ot KO 19 1) A A
fERS, BT RE S R AT R A B, e FEEE BRI T H & WA E
)4 R HERRBE o X WHE— PR THERE IR E T, TR0 RAG HLHHIR /M
RUAEFHRE ) W] BEAFAE ) T T 5200 o

UeAbh, Bl BB SHORBI R, AT VA REIL TR PERE Y et . 5]
A Qwen3-32B-30A PA Nz GPT-5.1 Ji5, HBIBYMAIHRIRESCBL T W 9e Tt R AE
PubMed ik} |, GPT-5.1 BUiS T g i v i i e 2540 88.74%, Horfr MedQA
FATIEE 2 535 93.87% W HEANRITERIEE Y a5 T DAL I, S540 ™. SFaemi i
PR AR PR 2 SO 22 (40 PubMed ) 588 K B Y iR K P R J2 1) R L o S 52 S
WERE I3 . KRB BB PR IR 52, IR REXS 2 fm SCER T2 S Y, RF4h
TS RIPR G A g 25 B 2 X R ) A S5 KA

4.3.4 HEZEDNFIHSE TRIXTEL LG4,

% 4.2 JR TARJ ¥AE MedR-Bench [ PERERS L. FERAXS HUGE [, BETy
BRSO (1wn) SHMZR (free-turn) RZHMRA . EXPIFE LR T,
AGERIGIAT — DR RIE SR NS RIGR XA 0. TERRBET, D
BRI 60 P BEA T — Ve HEIRT s e A 2 R BGETS, BB R %L
FEMNMEN, SDERBIHRERZ0E . $RYyFIIMIRAEGE, AR
YRS 787 UL I 25 i Ao W . SEIREi R R, ARVFEALEN 2 218 1) 3k
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RA2  ARIIRG G AR R R MedR-Bench $iifade ERIPEREXS Lo Ho “1 turn” $5E 2%
AN T B T ] HE PR 5 “free-turn” B R AL VARR L EA T2 3R X0 B IR AU RE ; “With
GPT-40” BLEFR/RTIA GPT-do oM EE- L K, RIS IS R B SR B A
Bt AR .

Ko Pt S All Disease Acc. Rare Disease Acc.
With GPT-40 (1-turn)  63.74 64.15
With GPT-40 (free-turn) 74.71 73.93
QwQ-32B
Our Method 74.74 71.65
Our Method (with 40) 71.51 68.90
With GPT-40 (1-turn)  68.65 71.49
With GPT-40 (free-turn) 74.12 76.03
DeepSeek-v3.2
Our Method 75.57 76.22
Our Method (with 40) 71.03 71.49
With GPT-40 (1-turn)  71.79 70.67
DeepSeekR1 With GPT-4o0 (free-turn) 76.18 77.60
cepoee Our Method 78.46 77.74
Our Method (with 40) 80.52 79.57

B B free-turn ELLR R0 T 1-turn BE5E , X EHIHIE T I K% SIS 2 253K
SBCUESh %) 8 5 9 AL B . A5 3% (Our Meethod ) 3@ b % FE AR RS e A 2 2 fE
PREREHLE], EARTIASNBL ZNEI T, #ifE QwQ-32B Fl DeepSeek-v3.2 [ Hifs
TR AT B ST (B HER ) 2 74.74% F175.57%) , BEHIETXHHIE
3l 2 ) vy S P TR A0 P 48 R 0 S R R | A E R B IR . TIHE LA 12
Wi B, A7 ¥54F DeepSeck-v3.2 Fil DeepSeek-R1 52 |- B 7 I LeAS 2L 1)
FI (76.22% F1 77.74%) , X BERSIERHFRATTHE B X 2 AT 5 H AR TIEHHR R
JGi, 7 TAVHEE A B B B A A 5 I S5 2 2 7 s T $R TR IR RE 4 T He R T
AT S BRI G . ISt SCEIER B £ A5 S (GPT-40) fysgm HA A
WHITE: h SRR RS | ASISE R, XD KR &R S5
PERE W T HL 4G MR I RE /1% DeepSeek-R1 Il G 38 775 200074 28 358 7= A TF [l P ) 2
W, HABRERSE (80.52%) SEIGHENMZE (79.57%) Hiks| 4Rk, T
RIL T A RGEAEAN A B2 28 W 45 52 AP RS HE 2 2 W g
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& 43 AlA RAG J7ikAE Longyi-120 i EEIm K277 B4k ERIPEREXT L . A SRS —R A
TFIRR A P 254k (ShenNong TCM-Dataset) {4522 35 B9 AN HIR T

i ROUGE-L Accuracy LLM-Judge
Zero-Shot LLM

Qwen3-8B 0.1614 0.5241 0.5742

Qwen3.5-9B 0.2005 0.5521 0.7034
Standard RAG

BM25 (Qwen3-8B) 0.1967 0.5631 0.5942

BM25+Dense (Qwen3-8B) 0.1836 0.5367 0.6025
Advanced RAG Frameworks

CRAG (Qwen3-8B) 0.1965 0.5812 0.6650

Speculative-RAG (Qwen3-8B) 0.2399 0.5849 0.6513

Speculative-RAG (Qwen3.5-9B) 0.2651 0.6032 0.7337

CF-RAG (Qwen3-8B) 0.2702 0.5897 0.6897
Our Method(Qwen3-8B) 0.2651 0.6003 0.6949
Our Method(Qwen3.5-9B) 0.2603 0.6219 0.7347

435 HEHFESTTIAR TRIXEEREER

F 4.3 IR T A RELBI G A S A HERAE JEYE Longyi-120 1 EEIG IR 1Z2YT
Bl FRISEEPGEIR . |PE, MAMRIIREA R L EMR G, X BFEA A A
(Zero-Shot LLM) SArifEiZ 5% (Standard RAG) , 5 AR H B2 25 Bdlm B4 4 b
kS, BM25 (Qwen3-8B) #EFTH fin % (ROUGE-L 27 % 0.1967) 54
(Accuracy #2742 0.5631) ¥4 EmbFE T, UM T AN B AN INTE A BE A 3 2% i
KA SR L) . AT, 2MRA B MR AR AR (BM25+Dense) ff, H
ROUGE-L 5 Accuracy Jzifii {30 T4 R (435114 0.1836 5 0.5367) . i%— % B9k
)RR A, A JENE TASCES | S PR R O A TR BRI R B
WA E LR, AR T SO R R 2 5 ARG 87 WAW WL 1Y
FPeibfz, SEAERFEA HHMEREBE”, S5 | LR . HOk, WELHIT RAG fE
BRAEAL PR SR PRI FE . Advanced RAG HEZE 241 (41 CRAG. Speculative-RAG
5 CF-RAG) it xR NI TN E SR, AT AnifE RAG BUS T W 2 )1 B
PTb. H WEENREFE R CE-RAG (Qwen3-8B) 7 ROUGE-L iK% T 0.2702
. (BEATEREE, XFEIVELE Accuracy (I 0.5897) 524 % LLM-
Judge (ffm 0.6897) [FET: FEH TR XK, UKERLRIEREIE
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R 44 AI7IEAE MedR-Bench %#idle BRTHARSCIRET R (C Fomxt ik 5 2 Jia R pik,
D R [0 L5 I HE L) . Token Cost/Q /i FLIK ALK R SE-1- 1 Token JHAENH

=

EA o

KT All Disease Acc. (%) Rare Disease Acc. (%) Token Cost/Q
Qwen3-8B (free-turn) 51.62 51.07 5.8K
Qwen3-8B + C 54.03 53.35 7.2K
Qwen3-8B+C+D 54.43 54.64 12.5K
QwQ-32B (free-turn) 70.12 68.21 6.3K
QwQ-32B+C 72.13 69.05 9.2K
QwQ-32B+C+D 73.64 70.58 16.6K
DeepSeek-v3.2 (free-turn) 71.50 70.80 6.7K
DeepSeek-v3.2 + C 73.23 72.56 7.4K
DeepSeek-v3.2 + C+ D 74.54 73.60 164K

5RO, MEARERS H BE BE S AR, IRl IR RS ML 5 T 55 o A AR
I _EHGH T EEARER RSO, (AR 2L S A 7 25 W 3 e B
WZ D3 AR SCRE ) B @Y B TR ZE e LA T O0FS . FE[A S 8B ZHIEL T, A3
FEEUE T 0.6003 [ Accuracy 5 0.6949 (1) LLM-Judge P£4), 4 Ta#EH T A4S S256 fr
PEHU A Z Fh i Advanced RAG HEZE ., JL45H ROUGE-L (0.2651) BE{kF CF-RAG,
HE5 & R T Accuracy 5 LLM-Judge A DAHEWT: A SCRGH AT G R
FB, T i 22 8 e M 25 43 TS R R T 2 TR R IR AR A
FINIRAE TEHHIE AT . MEAh, MR TTE 2 Qwen3.5-9B I, A ST IARITE
AEIS-3] T F—4R T, Accuracy A% 4 R 51 0.6219, LLM-Judge 7+ % 0.7347 . iX
FeorHAIE T AR SChE R UETE R 5 B & VI AL ] RE A8y OB L L B Ry Al v ) 12
BESCHE ARSI PR 37 55 v Rt SR B A 1

4.3.6 EERBIHEX R GILEER R HRLSEI 247

AW L R G ERUE TR A 2 8 BE MR R B SRAE AN R S RO
HERA (Qwen3-8B. QwQ-32B 5 DeepSeck-v3.2) BLE FHIARME, Mx4d. H
¢, M MedR-Bench Bffa A 4o E 6 525 5 W HE R A5 bn n] AR, SRS
REPMATFEEIAAAEY R (Scaling) #4)%: 8B BAM/IMEZIRT A S
XS Y PR T S iR R A R T, WA EEEAE S1% 2o A dEAl s ifi 32B DAL
A RR NI BERS 2 AE 70% DAL RUSEERERE D225 B35, (ARG | AAHEZR RS

59



R LA A S

RIS B THRTE, RBLH ASREZEAE 0 52 2 DR 24 iE 3 5 R IR (b

PE— 25 AT RS IR R TS ] RS R o A At (R S A 25 5. S Eb A e
H5ZFERER (C) Biul it L 2 AR AL TSR fEi AR, Xrae
R T ERIIGEE (61 Qwen3-8B M 51.62% #2F+ %5 54.03%) . KT, &[]
RS iR g (D) BRI A, K EL AL P A R 4R T R R
FE Qwen3-8B %Y |, SERES NN D RS, APRUENR RS 2 54.43%, UL
TG 2 54.64% . X RV NSEFIBIIBETENA TR 20 2 B R R 2 S Ue ), 32
PR B SR A R, TOEARE s R M T, fER s TSR AE i
QwQ-32B 5 DeepSeek-v3.2 |, D BEHAHUR 4T DAMERE FBR R =51 DeepSeek-v3.2
Jl, SEFEGIAREHG , AR BRER R T 2 74.54%, 55 DL R % 3 SE B
TRORIEEZERIERTE (2 73.60%) , ARG T KL IR VE 22 -

456 FIRSEEy, AR REMRGERIEI4E] (Token Cost/Q) 52 Wik
M2 AT T AR AT o Bl X e A 5 7 B B, 5 )
F G A Token JHFERI H B T UM A AY I 3k (640 Qwen3-8B #1112 12.5K,
DeepSeek-v3.2 7+ 2 16.4K) . S5AHTGAMPEREIS 2B AT, X T/IMEARLNE, HH
O MERAE S TAERE CEIPEO L G (R LA R R A B T A R AR
PP R ) S T R A S L T S NS W AR A AR T, B T B e
AL B 2T RO FE S5 R B0 IE T BT b e A T AR e 1, g s B
il SR BRAS 7T 4 R FE AR BL R Z LA S8 FRRE T, RIS OR B ™ i B 22 295, AT
B SLIG RS B 5 5 P S BUE m e M SR R . SRR g, 25
R JETUERIL ) FE R B 08 S o A P R ) W] R, (E LR AR AT IR 52 ) L R AR B e
VI 55 4115 AN il - Wy D EAS - 2L B 0 N 0 = A N N R T s 15
HREL AL D0, 0 FAR T S0 B AT A AR — A T AL .
ZR BB IANA R BRI RIS W, HER A i B M, AT
T Rl B A 5 Gl R AS A R T T

437 KEEFTKEZENWHEEEEGST

N 4.2 fros , ASCNEF IR RS MedR-Bench et 77— HA ML ALK 247
AU B8 s S SR i B A g ] R P SR A9 0 BT X B e 2% 91 ) LS5 W S W R M B B4
R SRl 9 12 52 G BBl B SRR IR 7 I 4R AR v R B . R BRI YE RAE T, A
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RS IS T R PSR SRR R AL, (EIL R AR A AN
B WA AE AR/ NN ML e AN A A BR RG0S, SR SRR AL R R
S AR 2R A 5 A [l R A OB e sl 2y Wy PE R 0 SCHR R HA R 5 e
LI T EERE . SR, SRR RS KON R B BRI A A e, X
— I A R BEAT £ S B ) i 4 AL S PRI B AL LG, A Bl A 2

[User Query]:

[BEER]: 62%5%, BES 1 BERKE. DMERRSE, Uk 30 GFEREE, EiZkrhdehdaribRE.

[EiR]: BN BRETRIRE, MEHEANARTREE,

[BRE]: BETF 2020 &8 AHIM=Z/1; 2021 £ 12 AEEZFARYISKIQERMITE, #isHin 4 A0 MfE. EESWHIEFNBRETRET 13108, B
AFHZRYF. 2023 £HIK CT RESTREHKEMRNEGFE R, FRANYIESUEMK, BERIATERERBRFERT, AURRBN 50 mg BIREZFHR
2, ANEFEREET.

BERBRATHERAR, BEE RSP RTHHENHIITRERE, FESSEENSK-SKEIMNEMES I, 2EBRRETREHEEMEX,

[BEESE]: 1 BERA, OIEBRRF. 30 SFEREE,

[N ASE]: ERERREREATHA 2 BESMmEt SR ikiT.

(A& E]: MEATARH, LEAEMAMEE; BEEERRERATEHR™ERAEMAE. M8 CT: NUBBKBEMIMNAMIRE, FavLEmrRI.
REBENES CT: sFEM/NH OB T . MEFEURFENLE,

[Ground Truth]:

Ea iSRRI R IER AT ERERRARATE, BRRENMEFER.

Naive RAG (COT + BM25 + Dense Retrieval)

(iEsEwBE]:

1. [PMID 30271171] BUNBEIMEMA B—MIR, BIEMEEMLAYSEMBIFTLSIMRERN, HREIBLNN T
B SR aTNXE, BEEEEIRENR, SMARSMTURAYNS FIERAYaTERRERSNBEIRE;
A, NEVEIRERR T RRRERINFFIERNBSNEEMML. GRIRSIEE)

2. [PMID 30271171] &R T —f 67 % Z it MHARTARREE, WEESRENBREIUaTERLE T IS mAvE
FRtRfR. BEERT 4 MTENRERNZRETUST, HREHNIER, WLBTREREIR; A, MEXZ&MitE
VTR RER M ER A RE. ... (BRIRSEHE)

3. [PMID 34468195] i & KRR X REMMARBELHNRRE, AISBEmENRRMRE, SEMERMEIMNE.
KRIF BRI 2 EARIA I SIL NN AIF ABS A SR ERYRTT, M SEMA SRR & BE BT KM......

(Re4it]1©

ET LB ERIERE, KEERERTFIAKNEE NSRS EE R EFER R RER IS #* R,

Our Method

[(BESEiR] : 1. SEAEMMR 2. MiEFER 3. MEFRRTEXMANE (ERAEEFEEDR)

[fREIEE Y]

1. [PMID 19195205] —%& 76 £ B4 H 6 F BT E N, THARMA SHEmMNE, thESHMIZFHES TBI—AN
BRERSENMERET. BAMKXENE, ERHNAREIEE, FALBBARRR. e, BEEST
24 2 FMER U ERATT. SR X &40 CT REER, Wi THEIZNMET. MEHTTZSERRE, HEX
it SEMOGELRTRNEIERERARE, EitisHrMERERA.. ... (fZi%20945 FAEER)

2. [PMID 4079425] A&k & T — BB EEFIER R IIF L NN B EMMA HGl. BEAIENABMEARRNER
£E, ZAGIRE, EIEREBEGERAEEER, MENRERNATESHCENRSAEAEIMEMA. (f%%3
B R EIER)

3. [PMID 3914372] MiéRR/ L BRREEERAERENEERE, BEFTERMAFS R, KSHBZLHE=ZA4E
SRESH, FINAHHE. FRBEERENREAERE. XLERFERBRERRTEEEINEHE. MEXERKE
B, EXEFHEEESTIERRSEREANEMMAERT. (HEFR)

4. ...

SiRAEm]: ME-EEME vs IBFIERRERZINE

[X#EhHe]: EH—FHRMEFEBIEXIEERE LM, PMID 19195205 R8T BEEIESY 2 ABKEKEARSE

FTREERMEEER, HEIESEMSELRCHEFERMALS. ZIHESHRFAIPNZOEESE—; 18tk
ZF, tRISFIBREMARX AN B AREISARRRERE CT AR RN, (BREEFEDMERE “WBRERRFE AT EEERR
MEEN X—HiIFR. (BRI THRNXBFER)

[R£&isHR)

E-RER, ATRERMBABREREXMIIEZ AT ERERARETREEZNSIERE,

E42 KEPRTHESRTHES T
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BRI ERRZ B BRI 7 IR X — R

£ Naive RAG WHE T, RE LM COT Jaly &g T BM25 S B E.
KRG R L E A ] T 2055 A TR BR R GUITEE . TR A [P DA 3 il S e vk
AT IR AR SC 1A SCHIR - X LB IR 55 1) LA s () R T e, (R 22 R R B
FEAFAERBEIGT T A 9 RS, TCIR FE 70 AR HAE 3% 32 G Bl B a7 e
NS — KA. 2T, AT B e s s Wbk, Ff
BN VTS R R DA S P R B BAUAR S i 9 o B[R] I A A it ) o
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H AT AR, PR N —R G2 R, A 5 2 i R
AAHERFR R — 2RI E . U g P b S S B RE AT WAL i e g 4
STIEGE, XA enEe. B HRAEE W SSHERLH], MIRA B3I T
FEIER RS PRI SR LA S AT EEME. [ 5.6 R TR S T RE R RE 1A
WA, ARG SCRFEA PR Token FUR MR~ HEAT nIHR TR BERTZE,  FH- Sl [nlah Ay STk
F1FIR TG Al R 5

535 ZHiRIEFEISHTIEIR

Z R RIG WP ARG AT R B AR A O TR e B s
TEMR OB PR IG5 A R A AL PRI R K SR, IR UL -5 15 W2 48 A DT T
TR EC) “HERREAS” M. A T 97 e B, A SR R A8l 2
SLBE2 SO (PubMed) M T CHBRAG Lolb BRA2 IR, HRE 4G & T SNOMED
CT 5 UMLS SEAURUHITR BTG EA T PR 5 SR ol el AR S5 A0 0 B b v 5 4
AR SRS, AR T — DR BB AR PR R 4% . X — B4
FRYGEAREHEATHRIZ AT SCUC IS, 5 REAR TR A H I PR R AL5 T2 B2 8] 1 e X
PR R i

ERARR DB I T2 4 L, BT Bk PR SR T —E G A A R
0 H ERBEARMET TARER. 1% TARG A I G i . PR d g5 2
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e Evidence Generate Debate

Patient presents with episodic headaches, sweating, and palpitations. Blood pressure is elevated during episodes.

Examples: Example1  Example 2

v: Retrieve Evidence first, then Generate Debate

Retrieval Summary Evidence: 5 Time: 21.01s

idencermne | TERSIRYIER BB, SFEXE. EREREN
LEESTE 3 &N

Score Source Content

tal 2 items

Relevant-080  pubmed23n0995 3159 and are g tumors by excessive adrenergic stimulation.
Common manifestations include hypertension, headache, sweating, and palpitations; however, rare life-threatening conditions have also
been reported and include cardiovascular shock, myocardial infarction, arrhythmias, and cardiomyopathy. We report a case of a
previously healthy 31-year-old postpartum female presenting with headache who died suddenly in an emergency room. Autopsy
revealed a pheochromocytoma of the right adrenal with significantly elevated and acute “myocarditis.”
Sudden excessive release can cause and be rapidly fatal without significant elevation of
blood pressure. Awareness of this association by the medical examiner/coroner is vital in order to properly classify the death and
apprise relatives of the potential utility of genetic screening.

Relevant -074  pubmed23n0884 23410 Pheochromocytoma, a neuroendocrine tumor of the adrenal medulla, arising from chromaffin cells, usually presents with the clinical
triad of paroxysmal headache, profuse sweating and palpitations, associated with labile hypertension. Here, we present the case of an
adult male with an unusual manifestation of pheochromocytoma i the form of acute pain abdomen with nausea and abdominal
guarding, mimicking acute peritonitis. He had fluctuating blood pressure recordings. On subsequent investigation, a mass lesion in the
left suprarenal area on an abdominal CT scan and a 24-hour urinary metanephrine assay confirmed the diagnosis of
pheochromocytoma.

Debate MODEL DIAGNOSIS
Process 8t
Conclusion

urinary hrines (as indicated in Evidence 1 and 4). Once biochemically confirmed, localization with abdominal CT scan (Evidence 2, 4, 5) or other imaging (e.g., MRI, MIBG
Paths: 5 - scan) is required. Preoperative management involves alpha-blockade, with possible addition of beta-blockers after alpha-blockade is established (Evidence 5), followed by surgical

tion, which is the definitive treatment.

Confidence:
85.0% @ Final confidence: 85.0%

[ - Jr—

The relationship establishes pheochromocytoma as a direct cause of the patient's episodic
symptoms (headaches, sweating, palpitations) and labile hypertension, fitting into the causal
chain as the underlying pathophysiological mechanism—excess catecholamine secretion from

Reasoning Trace

1. The patient’s presentation with episodic headaches,
sweating, palpitations, and elevated blood pressure during
episodes is classic for a pheachromocytoma. This triad of
symptoms is highlighted in the provided evidence

° (Evidence 2) and is a hallmark of catecholamine excess from
such tumors.

the tumor. This link is essential for advancing the diagnostic narrative from non-specific

symptoms to a specific, testable etiology.

Opponent
The relationship describes a classic presentation of pheochromocytoma, but the user query

provides only general (headaches, sweating, palpitations, episodic hypertension)
without specific diagnostic findings. This path fails because it assumes a confirmed diagnosis
based on atypical features (acute abdomen) and specific tests (CT, metanephrine), which are not

present in the query, creating a logical gap between the symptoms and a definitive causal link to Other Paths Overview

~ —
THEHLTE R TMEE
Path #1 Conf, 82.0% “~

[ o BRI, ERERRMIERE
The relationship directly links the classic triad of episodic symptoms and labile hypertension to Path 43 N A ; N
pheochromocytoma via excess catecholamine secretion, providing a specific causal mechanism Path #4 .ﬂ. L,{E'ﬁ | ﬁﬁﬁm@ﬁr&
that guides diagnostic investigation even without confirmed findings, as the query's symptoms 4
align with this established pathophysiology. ﬁﬁﬂ mﬂ%{é

pheochromocytoma without further investigation.

5.7 DeepMed % Jifa 2R 12 i B S T

BRERG M= LE B B, TAEREIRIIIRER AR M, i HER BE R 20
IR TACPRmE, AR TR, 5, RENENFEEEVELHO2EE
FERERAT S5 70 5 AR SCHRAE ) SR ELIE X DA S AR A R P o AR AR
GUMKHT PR R PR AR Bl G HE DR 0 B 7 S MR 1B 1 22 B R O I, AT 52 [l 4 3
ZHERRIZUEYE . TERBGE it g, RFEEARRNEXEREp B AT
I B LB MO D, R G 2 B AT R FEAR B AL, AR b iR Y T 0B i
(B AR PRR D RAL ) )5 B8, RGET | AN HEER e ZAAL ) (RS AL )
BT AR T X H AR B S T B i S e 5, W g (E Ry s ik
T CAOREE , FERIEAEST . SR TCIR R S 1 B IS . s, Zead et A% Ok
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PR IE ARHE I UERT B . R SE OIS0 L IE R B B A, B S8 [R5 (R
W HYZHE— S I 2 R S SOWURIE ,  fe 28t vk R RE (AR ) EL A TR B PR R
Bk, FEA-G B, % e AR o mi s el S AR A T B S R B, 4RI
T RS B o R A B S AT L, LS. TR

5.4 INE/EE

AREFEH R T — A T 2R ITARE R TIEER AL XS0 B4 B2 W
V-5 (DeepMed Search) i1 5 SCHAFE . BFX 24 1 By y KBLALY F rRAEAE A B,
FIHR—. KREEINHEIERA S HiER”, ARZ R R E s = TR
LHA-BHEBOR A, AR T — B B R %.

R B, RGERM T . mdF 2R 55 U8, 45ifr
Next.js. PostgreSQL. Milvus 5 MinlO JE &7, PAK BullMQ SABAS, #47T
TR IRZBORICRE . FEMCELRE b, AT AR T RS H N i DI Refik:
oG, WIdRTR R, RGN TR R 2RSSO R BT S R BT
SOV AR HWR, (58 RAG RGN Z IR R T R, 54T T8I,
SCHL T AR . PubMed BB AR RS BRI R AG Bn, RE LR
ST IR S Z AR W, a5 A H kR I DA K 22 B R A AL SR
USRS S BRG], R JEASR T UL R @ HERRAR A S5 . B &tl. mTa
14 it 28] i T R AL AR

i bIng, AT RGNS T AR TR 258,
R FLEIG R USR5 i ME FE I B R A I IE R S B i T — AN WIS, R g
P ERH BT 5
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6.1 R4

1ILy=H

AR, RIE SR BT M B U B T BRIy, (H A 12050 3
FUALALEE RAG R GAFAEHIHEBERG IR, BRG] T AR ™2 I A B e R P Y
R AL, ARSCRER T [ 52 R B 3 St A 20 i A O YR DA S 5 v sk
Bl alid e AR IEE . 28 et RIESR DA R Z IR R G5, AR TR
J7 B AR R AT R S B BE DT T T RGBT . ASSCHY
TR A S TTRRESEIT :

(1) ¥FXHESEE YR Z M 250 SCVLRS . oIk s Bl ixtsr e, sl v
— BRI T PR AL 5 25 i DA Il A i 2 e S 8 it i T

BZITIEFTI T 240 RAG HOBURITAARUE R R IR, KF45H DR 5 PR 22 Se T
EARR T | AARZEA AL SCRRATTIAL B, A8 AT HAT B2 B 418 1 118 DR SR B Dy e A
ARG IZ SNSRI RE  AR R B AR R, SOt T HE AU R L.
LB AR A SCAS 5 TS 2 AR (] A W2 A A AL, AT AR SE RAG 1)
PRSI 3 ) B S IE AN el A . X — QB A AR Sk BRI T
PRS0 5e Tt TR I oA BT 55 P AR 7 2R 5 2 R A TS
P

(2) Bhx 2 IBEUER AL S S I0A . KRR DN RS, 5™
HZIBER DS, By ¥ — RS TR S 1B e HERN 2 2 R A BB R K 6 Wit i
k.

N T R IR R I IR S TR B O B S % 2, T
FTE AR LA K B Bl 3 5 | AR S SRRSO nEpLA], &
GESL I T X 2 ARG ) AR AT 20, A RCRT S T B Z i R 3 50 7 R SRR s HE
BEEER B, MFTEhS B G M iR, RGN T30 2 2 B e R TR S 36 R
Bk TAER . XA TIA, BERGH & T im0 BB T, 1eA2Em
HLIVEE A I, R SRR TR B W ER R SRR

(3) SR DILEBE I S ba WAL RE 22, B IEIF A 1 Rl BRI AT
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RS SEE-f (DeepMed Search) .

FRRR IR BT 2 B R AR Z RGP A 5BV HIERIE, A SURIES
HRMR ST 248, SRS FF % T DeepMed V& o IRJZATIE T A7 SR (Milvus )
PubMed FJgli SCHR B e Web 187, TR T BES P8R E SRS . B2 AR T 24
ASOCRYfENTS 1% (MinerU) S5 HTIAM BRI R 2 B R IA SR OAF . %S
TR BB T] UL SRR, o S B RE RS th R BE . UEERT G DA RS
)3 ) i L @A TAERE, B SR I RA B SR 4R A T — S R E I e AL LR
HEG.

(4) #ik ¥ 2R ™ G A R, 1224 7 BUR S 4 1ISE ¥ A4S
P B2 AT 0Pk e

ARSCAAEIE 5 R G AN FIbAT T8, JFRE T R4 nI S SEUEpf ot . 8
HHE AT BT A B BE 5 DA M S ) B W2 AR 48 b b T KA, 5
BT B33 Hippo RAG. GraphRAG S5 ity B AR A7 4 T 1ox BL I it -5 7
SEHy . SEERAR TR, ARSCETER R IR)E R R 2 X 5 5 2 IR UE SRR RIETE
i, BEEAREIIA RAG RGTEREMI, R4 RPN TeIs FIBUS THEA
SEAIRRI, B TR IR T ORI ST Y SE BRI AT T

6.2 RBE

SR AR SR BRI 7 RIS R G 5 T R i Ak S R a8 TARAL Y& M 07 THI B T —
M RCR, EAETDN LS A Pl A e 2 A i Im R BRI 7 75 oK I, AR RGEAE K AR
B HEERCR AL G RLARE S5 T A A R BR Y . ST A R R 5B
ST N LR A T, ARk TARR: 32 2/ S8 LA PUAS 7 ) R R A R GEMERIAR
z:

(1) J&7T AutoResearch MMy R REM A 2h1E %R

47ji] DeepMed -5 WG ZR 5 B% 15 2 B BB A TAEJLATS 3 SO TAUM 3511 5
SIS . T EING AR FIERSR 2R . AT B AR ok U5 B R
[ R SR Mg — R AR ME LB T A 5 . I, )2 1AW 2% AutoRe-
search @t F Z AL LIk AU BT U, SRR Z LRI RIS AR . BAEIN=, &
GEAN BT HOMAZ DS Wi B AT B ORI, T2 7T YR B PR e e 4 i R

®  https://github.com/karpathy/autoresearch
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W TAESECE, BlInk %R Top-k. BM25 5 BRI AAE . AIRETE A
LU IR . 2 R AR TR DA B AN AT 55 B A R SR o e USRS A
5, RGYTHE AR EWIEE EITE LI, AW R IR R RS
PR TER G AR . A S50 SRS AE O S b RS DT IR, FURBI A%
SRS, AR HAE R GERCEOR o [, P ATk 2D A AT 55 S T RN (AL
Bedb TR . B XM 2B AR T7 3, RS REISAE R 2 4l A L]
HAZPERTRIR T, PR W] B 73 5 i HC RE 77 45 T2

(2) v mi-B P2 2 L 5 v 1 B A R 9 T £ 5 A e P 1 it

RSO R 5 WL 3 55 G R S HE B ERAS ) e AT TR R R, (HAET R
SRS IRIER S, AR EAR RIS RS . b 2R 1 b
FAE RS . PEDIFMEH LR, KR IR RAMRAL, 1m0 78 5 02 Wl
ZHARELRBINS L 2k . NIE, Je%E T AR 2% DeepRare <55 WLk & AEIA
FYEI B, PR 1) P R R S S e A SR A S B AR S . RG]
Xof i B 1 v B AR S R AL A B AT S AL B B, SRS R . N DA
ZUBRRD, KA Y RRERFMAIE B 2 AJERAUAA (HPO) =0k 3¢ P4 B AG A 5 47«
TESEMAFIEXS 57 I5, ARGER] Bl S8 G R AR R AN B ikt , BB A f5hr
WIa o ZHEREE . W XM 2R TR, REH BAERRFIESE B
NTRHEZRIRHR T, B o v B s SUBEXEN 191 1 5 DL 370 S5 ) T P i

(3) JE T RHIFIR MRS SEeR I

ALK PRR B 1R R 5 2 B GE A TN 6 R AR T T R SR B R L,
(HH AN T HEPLE RS RGUAERT . FER LM BRBe(E BAPRET T, A CEERI LY,
R, HAATERAEIR RN Lk, B, Akp TG NE TERE, 7
JRCARTTIE T BAE, R Y0 RS NSy v s TR T % TEIRE
BRERAERZ AT, THRTEA AR 55 45 B AT vELM 50T m PR REHE RS | %, H:2k Qwen
SFRF TP . AV 55 2R S5 58— 8 210, TTRI5 1A Dify S5 4blb 2y I
KRB i HAESE R BA IS W AR e, RFRBHERIAR ST . gmFtEZE . )2
P18y P S 15 i) A 2 DA B g T AL AR B IHT, atiad Docker Compose #EfT 4k A
fefse. WX f o, SEBHEE DeepMed RATHEMS B —HEE, T E—THE
AT REER S AL BN TP 5
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6.3 R

(1) 2 P5wH A F G0 b1l L i 5 Ll

Y1 DeepMed £ AEAS P F] F1I T B2 iR 110 -5 AR S5A tL SCok e . (BAER Zkilfs
PRAERRS S, AR PRI 1A RO S VA AE DR . 25 AL i 1 (H R A
B, SCARHEE B EEAAENE R Seh 5, AR SRR SR EAEA.
R EA BT SO SIS R AL, SR BER AR I EL A i) 1 3 I PP A IE
PEE BRI B, MM T RAF B TR T B &

(2) BBl Bt ABLAS H R B2y

yr g, P AEEAAERA A MEAN G S R i s, R TR
SHER G SEEI R NI, FESEA T UARALHT, A b B0 A VAT AL AL B
RGO R (IR ke, M2y 2% ), IFAEGE B 2 sXURRE i i
PLAEHEATN, MEAEERAE B WE R . A BT e gk R 5 HERL PR AL
GRS, IR TT RGN R E M S TR . BUAh, RAETHEIE— 2R 28
B T i A A B R AL R AR i DL A I DA S5 AR . SRR TR A T 1Y
SRR RE TN

(3) hEBdhEZ 5 K2R FMATIE RS

TEHESEREE ST, KRG AR/ UG P EHA R AR . —T5
T, Y ETER SRR RS Oy, R R R R S BUTE R
FAEZE e, SEIN T B . AR AT NG R RIR e, H PR TR AR (R BT R 37
SONHIRFTREST, PARMRLIE M
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A 9
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RGBS e Geke s g 0 A e B 7 M A R R VER T EE . LLM 5
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