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Abstract

TEH STERHE P AR 2B (LLMS) F
B J Sk LA e, T R AP (A
BARLASH R P PERENC I . iR B R B i,
JENPE, WY R S A 1 B 0 T Ch
PR OCER RO Mth ok B ATARRE AR A
B D24 SRR, (5561 LLM B
VAU A RERROE ok e LA 0 o
P, 20 T ERIR R, (iR S (CoT) fEJifc
T B EAT B ZAE Sy, AL, DA TS S B
0 P B T AL AT AL B T
. BEAL, Sl LM I B0 o 0 £ T 6 3 A
K, Felmitfih FedCoT Aeffpix—28, kg4
I TR RSRHERL O FAE 4L . Fed CoT
R T — Rk 0 ek AR AHO R
A, I LT — R0 513 A e A
BRI — 4 . SR IEBER T IR Al
IR B 7 G (G AT ARRERE , Scfe By I ol 5%
B, T IR PRI SR, B TR
PEROSE 7k, VOISR LoRA Hibufes s
b, B TR, TS TS B
PRE TS . GBI S 2 £ S ]
FedCoT 76/ My Ve IR i T 52 5471 7 % P o o
e, B4R T RCRIARL. Fefli TAER T —Fh
FONMERIZE TR, AT AR L 5 5 R A

515

RAUEF R (LLMs) 1) & BAER ZAEU T S5 sl T
JeitngtERE (Touvron et al. 2023; Bai et al. 2023; Guo
et al. 2025a; Team et al. 2025; Chen et al. 2024a) , iX %t
TELERE (Wei et al. 2022) 325 TRCR AT RENE. 2
MR BRI a4 (RL) 3% (Christiano
et al. 2017; Schulman et al. 2017; Shao et al. 2024; Zhou
et al. 2025) . SR, HMEHEBAE RL YIZE 0 FHAAK
BT itE % (Tian, Shi, and Li 2023; Havrilla et al.
2024) , EEREATHES T RIA GG P AL, R
HPRAERFALIACT , B, FEEER 5 Il 2R i A g
BEFEAEAF T /AU E LS (Chen et al. 2023) .

TeillZrFe AR (Wang et al. 2022; Xie et al. 2023; Wu
et al. 2024) ji it P 7 TR Bl 12 I 48 kT DA 22 AN 5
Wy BEE R FIR B R R R . RS e THE, B
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REFRTHAH AR, o784 1 A 3 11 s 5 M 26 1 P E
W, EMMA, BIE2%>) (FL) (McMahan et al.
2017) W] A TE FRFA PRI PRAIE- SR ALV B 2 ] 52 B
TR RO %6, SR, IR AT FL Y LLM i
iz (Wu et al. 2025; Wei et al. 2025; Zhang et al.
2024a) - BKHTPFAT IS B B ok 1 56 D45 5 25
ﬁ?ﬁﬁ?ﬁ AR B EEE TS, IS SaR i
REFETT

TEB i, #EUE % (CoT) RS, B
m, PR RONUTR EE, IETR ] R H AR T
BB . AN, IX 2R AL SR AR
B A AL ) AR (- BURGE Bt ER . SR, B A
7% (Magister et al. 2022; Li et al. 2022; Wang et al.
2023; Chen et al. 2024¢) 8 H LG B AR 4R IR
TN [ R 2 8] B SR PRATER A o, X ]
B2 2% i BRURYE EIH 18 SO B AL SR )

N Y AE BRL PRI RSN AT 4 BRI G5 il TC 75 AE A
AT IR AT T FedCoT | —ANKE
THIATMERL, DITEA MR R GO0 T, i i
ARZERL R BRI AR AL HEPERE ) . A1) FedCoT
% Lo — DB HEUEE X L], DASEBLES R g
WHEBRAE Sy BT BRI, FRATERE 7 Fhip i
s, PASEIPRALHER AR ik, XIS B HEREA
IR DAREIX 73 BT FLoRA FERIBIHE LoRA Hitk
W g 3 2L (Wang et al. 2024b) , FATIRFIX Al
FEN TR EZ BERT (Devlin et al. 2019) ) #E%,
KEERIANGEA TP L5 A ES (37 BERT
ordeds) , THETHERRARS . T REIX LR
TR0, FATRM TIBERA %, MRk
FHATMERPENAE S . FNTHY FedCoT H g [a] s 1l
FRAL U, FFTERRAL ORI 7 s SE AR (R PR RE . T
A7 U B 1 SE s S5 RAIE I T AT A )
AR, @A L.

AT TTER L ZE T

o PIATHTA, FRATREE —AEHRIL 4 >) TR b A
CoT FANIG Gl KA TE F B HERLRE S WH5E, (7]
IS B T R AL PRAP AR BT IR AE -

o FRATHR T — b oy 21 i P IR HE I GRAE DL, N
TEISHEP AR . FedCoT FEpibefb i & ez
BT BERT 58, HRMMBCREGTTRE, A3
RS i TP, TR PR AR AR P

o WAMEZ BRI AR VT T Wi L. 45
REW], FedCoT 5 KX R LM LR & P2 T 1 i RE
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PEREFIRLAS, R B0 IE 7 F AT IS i P4 5 HE 28
A Rk

FHOR LA

i Wei et al. (2022) #2H11Y

K o BORGHEPIYSR  CoT UK, Wl ks i 424ty
FRARI R HE SRR RE ) 1 —FA L], C 4
BT REANFTFEINGR AR (Wang et al. 2022; Chen
et al. 2024b; Li et al. 2025; Nair and Wang 2024; Wan
et al. 2024; Guo et al. 2025b) . JGZEHFFTE LA CoT
A2 R TR B O (Kim et al. 2023; Mag-
ister et al. 2022; Li et al. 2022; Wang et al. 2023; Hsieh
et al. 2023) , =iffi HiR b2 #4714 (Team et al.
2025; Shao et al. 2024) , ¥ CoT SEECEHAL A,
SRTI, X LT AR S TP T, L T ORI
i A= 12 8 iy S () B RA B R AT 74 (McMahan
et al. 2017) , HUIFE/ MG T, A K CoT fE
WERIRUE L T TRHLH]  (Zhang et al. 2024b; Dritsas and
Trigka 2025; Wang et al. 2024a; Li et al. 2019) . A,
AT TR A o £ SR 58 CoT iRt
REJT, TR ™ M5 B DR B AL AR U T 4

KB GERIB B 2] FL OZAEFRAA R IAEE T Il 25
LLM [ i £ 2 — (Wei et al. 2025; Wu et al.
2025; Chen et al. 2022; Wu, Chen, and Wang 2020;
Tariq et al. 2023, 2024; Ye et al. 2023; Qian et al. 2024)
 TEVIZEBTEL, BRIEATUR IR A S5 T (AR
K, RS SRR TR L B, AN, ARERE
N (LoRA) $AR (Zhang et al. 2024a) FIHE R4 fE 75
(Wang et al. 2024b) BEMSTERAYIRGE R LSRRG .
BEAR, HIHZEE (Fan et al. 2024) FIECFS RL (Tian, Shi,
and Li 2023) $24t T HAMPL R, S, BA R FL-
LLM #F5% BEI% A AR 58 CoT HEFERE 1, thikH %
it e A A v B TR L A Y FE BRFA XU (Hawrilla
et al. 2024; Li et al. 2022) . It4h, FETEIHE RL )5
VR ERAZ R A P 75, 2l Read s i A
{5I144 (Qi et al. 2021; Krouka et al. 2021; Imteaj et al.
2022) . HM, PMEMBFRAET K EEZR . RFARY
FIRESL DATE WY IR CoT M 7 HAfEAE 25, M
AW B T B RIRE .

P iR

YRR
Chain-of-Thought (CoT) #£/r (Wei et al. 2022) j@id
TERIA o M y Z (8] 4 R AR A 7 SRR
AR, TR AR B L, SE— i 0 B4
PRI [, CoT AL piad fe e SOR -

[7,y] ~ po(|I)
S CoT AE—RBIp55 PR, ABARAFI I bl %
AIATRRE NS, AR R ] B e A e A
HIZATHY -

LoRA IKIBEA

EFkJH% (LoRA) (Hu et al. 2022; Mao et al. 2024)
WA SHE R AW = BA (AeR™", B e R™*"

) SEPLT R . ARER B STl I R A
BE A,

N N

, H N RRE PR, w FoR iR R RS
;HE"JEF‘%*RED WRA T RGINT % bW e 1
H
AW = (UOBQ + ulBl)(quo + ulAl)
=u2ByAy +uiB1A;

2
+UOU1(BOA1 +B1A0) ( )

noise term
o SRT, T MR E AL P i I, ARk
TR W e . AL, ERFECH IR [ 4E A DL
B, Bl r #ro, SESEEHRRL.

Jiikik
FAVPE T — BT B2 BHELR FedCoT , PATE
B FL 29 PR R 35 R BUE SR (LLMs) RYHERLRE ).
FedCoT pyMEiRUNE 27 s, HASSEACERFENS
BRI i LLM A A U B R ER A2
Jr A s B R PO RIER I 2%, AR5 H LoRA
B AN > AAE MR S5 fn i SR A, M8 — A4 )
o BRI 5 6% i RS TE HE I i A rh 3 Ak
ﬁi&%ﬁﬂ%ﬁé, PRAHRIGIESRE (CoT) MRRALIRY"

=S o

TERRFRE S HERT, AN o 1 Se kT HOCHK Y
AR {2, y;} B PSR SR AR, X e
Tl AN S S P ER IR e md . 2R, K ANk
FEPLER AR I X LLM po YR REEA A, X PAZR
%ﬂ%ﬁ?ﬂ%ﬁiwﬁéﬁiﬁ%qﬂE‘J‘?fﬁiﬁﬁﬂ, XA 2

[T ks Uj k) ~ po(a;|1)
H A B SE vy $0E N —Iehnds, WFE 3 Bk,
SR 5 T R g R 2 B R SR TE a5 R 4
zik =1Jjx =yj), k=12,.,K (3)
D= {(hjk,2j) | hje = [ | 7k [ 9561} (4)
AN A A3 A I R B 22 RR AL PR IR AR 1 B RL AR 0
WRE R T BE .

FRATRFHE PR AR X 7 R —> 1 Shi et al. (2024)
R o R %, Hd—/7E BERT # L 4E
e H e n] DA R A sk Y TR A

FEFRATTE FedCoT HEZEH, & P M DA R BELZ —41]
IR HASHIAAL : (1) MRS asdfitpy 4/t (FHFE
WIREIR) B (2) Zlii’@%%ﬁtﬂﬁﬁ”%ﬁgg (HT%H—
). EEANEREER T, BPumlor e R
GEERIR AR, XS EEFE LoRA FEREAI42
7%, ENIREE 7ok BEAPINRIEEL, [RIEBE 1R 5E
A B A H AT,

AR, HE A FE-EEX (z),76) . FIHIG
dg : X x T — [0, 1] it sigmoid i ek &k i —n
g’ﬁiﬁﬁj\, BV AR PASR/IME QT 1 T 38 XRE R

L=— [Zj,k logdg(hj,k) + (1 - Zj)k) log(l — de(hj)k)z}S)
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, HoHt 2 € {0, 1} FORBULM IR, h gt
HpgAR. 7 LoRA SR> Rear i IB R G R )5
X 28 Ry A1 A CATE BRI AL PSR 7, HoA 3
SREIZALRETT .

B4 R R A

FATRAFHER T FLoRA (Wang et al. 2024b) , PAYE
PRAPEE ALY 0L 553 LoRA %E%E’J?ﬁn%m%A
J:‘lﬁiz/*\zl-‘iﬂ LoRA i}, 4JafiisH AW nfpA%

N
AW =) " B;A;
=1 (6)
=(B1®B;®---® By)
(A1 A B - Ay)

 Hob ¢ @ R MRS EME, VR STy A
B A, WEI KIS B, o ARIEHUE R
X FA AR R B A RBERCE ST
AR A YN BA, .

R 4 SR B I e ) T S L B S R
M, SEMORETRRZ FEES (BN, K% P
FAR /NI LoRA 2625, R Pl Fae o ki) . 3
T AT DA 3o 25 ] BT 5 53 A /IS 20 T 4 0 2 1T 45
I TR A A 1 OV S, R TR, By
VIS 3 A X ME R [R]f LoRA &R, BRI
FI B

A, tAgFm%%%WETtAéH?¢@ﬁm
PO R T B, DA FIEAE 45 o 145 BN

Wcls _ Zuiwfls (7)

AEAEBINEE, A PR T i 4 R
M EA R BB TP 5, SRS 4 B B
TEMEh A, DASSBRENASHER, T B -

r(hjx) = o(dg(hjk)) (8)

iy =g, r(hy ) ©
e i BRSOk — B, SRR Ted.
CoT HHIBEHMERAIY 2 3 .

1l

Dl

FATETA B PR E (QA) ik EIFAE I
7k, X RO S T R TR B AL R A R
£} BioASQ. MedMCQA . MedQA . MMLU-MED #i
PubMedQA . GitHdindr 3k hafit. X Lefndeimas A
ARG 200, MBS 228 I B 3 ST Sk ) 25, fiff
FATRENS A TIPAT B AT 55 R B . A
& EAEM SRR

U5 B IS PRI 3K A HIHe B 0 Al R A Al ST Y 7
PR, 3 ELLEVIR T PR A B
Fho SNBSS, B E SR T AANAE AN FAT 55 L R fE
77, FEEIE T HAEEE o1 5 i T Ea:, X 58
S R PR EPEINE  (Huang et al. 2021, 2023; Tang
and Wong 2021; Liu et al. 2022) #H4F.

Datasets Train  Test Source

PubMedQA (2019) 450 500 Experts
BioASQ (2015) 494 124 Articles
MMLU (2020) 1299 163  Examination
MedMCQA (2022) 3000 4183 Examination
MedQA (2021) 10178 1273 Examination

Table 1: I b B B2 ) R RS SR A LRSI R U

LLaMA-3.2-3B-Instruct
66.1

Qwen2.5-3B-Instruct
CoT CoT

\ ] +FedCOT I +FedCOT
46.8 _ 46.0avg. (44.8) 46.
Iy
§40 Bl Ave (31.4)
g 20 TN 4
74
I 12
¥ & FF O T
V’ @C S @ c o Q S @ S
W F SN N
& “ © ¥

Figure 1: i3 7EFATHY FedCoT 2 L aEATIRIRHERL L
¥, PAfEm 3B LLM mfE

Pkt A1t CoT *E*ﬁ)gﬁ—/l\ﬁ?’ﬁwéﬁ?*@,
FLRRAE S 875 i 4 7 LA TUAS - AR — 254401
%E%E’\J%Y*ﬁﬁ ?tﬂ]ﬂ?i*%*ﬁ*ﬁﬂ/\T*Yﬁ(ﬁ CoT
R, SEREE DA SR 4.

FATH LI A R A T VR4, AU4E Qwen2.5-
7B-Instruct (Bai et al. 2023) . LLaMA-3-8B-Instruct
(Touvron et al. 2023) >k 3 BIEAL A% .00 LLM, DA
NAE R P HIFETLA) Longformer-base-4096  (Beltagy,
Peters, and Cohan 2020) , #f§ Shi et al. (2024) . F&

IAEBRIBRIARIR L 5 5 eI R T I R i) B 2k

BEATHCRE, LA RO AEAEFATIH) FedCoT : (1) Self-
Consistency (Wang et al. 2022) , —FhF|H ZH:4LR

FEMZ R ZZAY L5 (2) Local-SFT |, fF4%E
Fm e A A M R B AE actor #24_F34T SFT;
(3) Fed-SFT , & Pl i H 3 V3 F A i B 4R 1
actor #21_F PMESEF TR B0 ; (4) FedIT (Zhang
et al. 2024a) , WE 5 Fed-SFT #[H, {HAHInAC-E
. SR AUERPEVE R R EIPALFR bR, u%%%%%ﬁﬁ%
()—EhE (Chen et al. 2024a) . i iEAE#TE CoT #i
N FIEHERRTE, XACRALYERE, W@ BG4
TEFRAF G T R AT ) 1 22 4 P i B SE PR 7R R

WEEUE ROV ERREA AR 8 AMEBE Y,
KR 512 AMFRiC. BioASQ. MedMCQA. MedQA.
MMLU #i PubMedQA BRI P A
LoRA 25204y Wik E R 4. 32, 32, 16 Fl 4. FEHEI
LLMs ()8R0 a), BIAGNZRE T80 32 1Y
4t— LoRA., &R Huah 2, 78 LLMs iy SFT
YERELL, A HII| 25 ] 1013 %7@ 1, #fLEI/NE 2. 78
TATFIZR NG, 2R ﬁiﬁ 3, AHWIIZ
WEE R 1, ifttijtd\ﬁ 16,

TRER

SARLRINER 2 Frs. FATAT DAL E], FedCoT B
BT EF AR P BT ORI F R A
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BioASQ MedMCQA MedQA MMLU PubMedQA Avg.

Method
Acc. (%) A (%) Acc. (%) A (%) Ace. (%) A (%) Acc. (%) A (%) Ace. (%) A(%) Acc. (%) A (%)

LLaMA-3-8B-Instruct 37.90 — 29.80 27.20 — 38.70 — 9.20 28.56 —
+Self-Consistency 40.30 +2.40 31.50 +1.70 24.70 -2.50 41.10 +2.40 2.80 -6.40 28.08 -0.48
+Local-SFT 52.42 +14.52 39.30 +9.50 54.60 +27.40 55.21 +16.51 10.20 +1.00 42.35 +13.79
+Fed-SFT 51.61 +13.71 44.23 +14.43 45.48 +18.28 65.03 +26.33 10.60 +1.40 43.39 +14.83
+FedIT 42.74 +4.84 47.29 +17.49 53.73 +26.53 71.17 +32.47 13.20 +4.00 45.63 +17.07
+FedCoT (Ours) 65.30 +27.40 45.20 +15.40 56.10 +28.90 54.00 +15.30 41.00 +31.80 52.32 +23.76

Qwen2.5-7B-Instruct 73.40 — 43.70 29.50 — 50.30 — 38.80 47.14 —
+Self-Consistency 86.30 +12.90 47.10 +3.40 28.00 -1.50 57.10 +6.80 39.80 +1.00 51.66 +4.52
+Local-SFT 75.81 +2.41 35.02 -8.68 46.11 +16.61 49.08 -1.22 43.60 +4.80 49.92 +2.78
+Fed-SFT 81.45 +8.05 44.56 +0.86 37.86 +8.36 55.83 +5.53 41.20 +2.40 52.18 +5.04
+FedIT 82.26 +8.86 48.48 +4.78 44.30 +14.80 68.71 +18.41 47.20 +8.40 58.19 +11.05
+FedCoT (Ours) 96.80 +23.40 50.00 +6.30 52.50 +23.00 66.30 +16.00 64.80 +26.00 66.08 +18.94

Table 2: YEAIRBLE T, WAP T RIEF B LR A FRAA GRS ST BRI AR kR M. RS R DR R,

B EREE R underline FEoR .

LLaMA-3-8B-Instruct Qwen2.5-7B-Instruct

Figure 2: XJHCH SET w5 R 7701 A S AT
FedCoT W44, “SFT” ft 3 Fed-SFT/FedIT, “Homo”
{23 lora rank 25 32 f§ FedCoT , “Heter” {3 lora
rank 458 4, 32, 32, 16, 4 1) FedCoT

M, XFE T IHAT FedCoT 1y ik fe. HARM
=, 5HEMH CoT #/x%1h LLaMA-3-8B-Instruct
1 Qwen2.5-7B-Instruct # k., FedCoT F-I4 577 %
T 23.76 % il 18.94 % [WAEXTHRT, X AUHE T —AF
WAL GE IR R vk, Bl FedIT, TEPAE T RAES
PR R T B 6 % M 7 %, XELLERFEIRT
FA] FedCoT FEBRIHS > BEE T W 1R 12 38 F
FATE KB, BTk Self-Consistency 3RS T 4%
e, M Local-SFT Tk Jo i ik B 5 BB A0
BRI RE - ﬁ%ﬂjﬁﬂ%ﬁ%ﬁg%%?ﬂll%ﬁﬂﬂ%
TEAREZM T2 T RaomBdEtie. wih, &
117 FedCoT T4 MRS LIt s Aa e , FHHE
LU LAt T 2 5 2 S

MBELE SRR WE 2 iR, W TE SFT
J5¥: (Fed-SFT/FedIT) 538A1AY FedCoT Z [H] /i
BERCE. IR R, B SFT F¥E%T LLM
actor LLaMA-3-8B-Instruct il Qwen2.5-7B-Instruct #f
17T LoRA fifi. iXHL, 130M H1 96M HHFRFE—IK 4
ey Gt Uk b 7R BRI R GE I A & 7 i (R
ISEUEE. R, BIEERA LoRA i, XAERISEL
FANIR 2 IR TR IR 2 P ARSI R 2 2] RSk B
KEPTERBEE . 2T, 1149 FedCoT @it
TR — A2 AR B R HO AR T IR A5 80
I, FERCH > i A FedCoT SRR 25.3M

~
E 150 e BioASQ = MedMCQA 4+ MedQA ¢ MMLU v PubMedQA
g 130.0 -—- 1Avg. 8Avg. --- 16 Avg.
=
'
g 100 06.2 LLaMA-3-8B-Instruct Qwen2.5-7B-Instruct
100
< 80 ° ° °
= —
.2 X o 80
3
< I °
g 0 3 A~ VI R prmmems==os o
e - 60
E 25.3 118 25.3 118 540 |¢~ «— =_=__________6;?2
g 0 < < 20 28.56 40 4714
o] o
O %Q& & e é; & &8 lv | &
Q‘o «2\ ‘z\o Q‘ 1 8 16 1 8 16

Number of Candidates Number of Candidates

Figure 3: 7EA A EE ) FedCoT EAYIEREIRTE. A
[FIFEARACRA R R 4R

1 17.8M, AT IE SFT FEE NS, &
T AR HIIRCR

AT 25T T8 /NG LLMs [1ERE, 4558
RFERE 1 . FRATPTPARZL R, FA1AY FedCoT FER /N
A R TE B E— R T, Bk, FedCoT
TEZ o FATB IR I E R ) g B & 0T CoT
Fk, FHAE LLaMA-3.2-3B-Instruct _F 345 T 20.8
%, F Qwen2.5-3B-Instruct P35 T 19.00 %, xEbsh
%?_%?;]Tﬁmﬁﬁﬁxﬁ*ﬁﬂﬁﬂ‘iﬂ‘]ﬁjﬁ?ﬁ%ﬁ%ﬂ
pC=BAVAIE 0

AEMEIELE B, AR A SRAE A AR 20 P i A R
Peo FATHYSLIR AT AIEE 3 FTR, RUPREBGEREA
8 HUMNE 16 W] PARFLLIRE = r A AL MR . X F i
1f LLaMa-3-8B-Instruct iR, HFIHUEREM
52.32 % HANE] 59.44 % . {HEEENE, 7 BioASQ
%;K%E%LW&%%E%L% M 65.30 % BTNz 85.50

B Qwen2.5-7TB-Instruct HFE I H RIS (M
66.08 % F| 66.72 %), {HIXFhil PR R AR B
R U 2 T . R, TR SR
BERORYL, 8 ANFI 16 AMiide 2 [A] A1 RE 22 1E 25 /N T
1 ANFI 8 AV 2 R 258, X 3R 8 Mk 2 DAURR
DR/ NESEICE
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Method BioASQ MedMCQA MedQA MMLU PubMedQA Ave.( %)
CoT 37.90 29.80 27.20  38.70 9.20 28.56
FedCoT (r=8,8,8,3,8) 64.50 45.30 55.20  53.40 41.00 51.88
FedCoT (r=4,8,16,8,4) 64.50 45.40 5540  52.10 41.00 51.68
FedCoT (1=4,32,32,16,4)  65.30 45.20 56.10  54.00 41.00 52.32

Table 3: 7EA[A] LoRA B T FedCoT HUAFEIM. “r” HEARK k) LoRA B, X F A%HEE BioASQ.

MedMCQA . MedQA. MMLU #I PubMedQA [I% F1iik

Max Length  Actor Model Aveg.( %)
512 LLaMA-3-8B-Instruct 5.93
Qwen2.5-7B-Instruct 26.28
1024 LLaMA-3-8B-Instruct 0.02
Qwen2.5-7B-Instruct 0.04

Table 4: e KA MK ET , FrA MR r B .

Al LoRA BeE 5B

N T BAIETE RIS T R BRI, AR LoRA BRI
BITIERIG, HAEFRME 3 PR . RATAE
FIFATEY FedCoT FEAFIBCE TR ¢, it
P SRR T X% i S A PR RS B . R
e, FRATIES ) BB PRk - T T A b 2 X E 2L
BARME, g—FE (Ira & im r=8) 5% 51.88 %
B P MERRR T 8] B B LB R 4 (r=4,8,16,8,4)
FERM T (51.68 % ) . IXSLLEERE, (455 4R
PERITTH A R RS =, TR AR . kol
(r=4,32,32,16,4) RPEREIETH R 52.32 % , LG[A Lk
044 % . RARGER RN T RATHESL RS R I 2
HERR NS WEETT IR, R ER R ST S5

T FROAE 512 AR BRIl A T RCR BT AR Y R
FIR A (BN, FEAE e Rz w2 k), Al
R KA YRR E 1 1024 MRic. A itiA 2ot
THER TR IS, R 4 H i R LT 2 R T
RPTIESE

%5 *E‘J‘f&"ﬁ%ﬂjtﬁﬁ%, FERZHE EY, ik
YR IE R — SERM R T . F—ATH) FedCoT H¥EAE
LLaMA-3-8B-Instruct fl Qwen2.5-7B-Instruct _| 435l
BB T 43.04 % il +1.00 % 4T, MBS IT 7
LLaMA-3-8B-Instruct P @/~ T 4+0.43 % W)iksE, T
B IT 7£ Qwen2.5-7B-Instruct [ W25 i 42700
%§l27 %), TIRESE T HEPRAE K AL K i 0 14 T By

BREEME, FedCoT FE il kWil i iy R 5k
KIS, T LLaMA-3-8B-Instruct il Qwen2.5-7B-
Instruct , 7 1024 PFREKE T, T FedlT H4k
ARISEIRT 49.30 % F1 +9.16 % (B2 ek, XL
aid H TFE 512 ARiC PR LRI , Iaik T IRAT
B YEAE A LA BE S5 A R E R AR

AR L R S g B R D i
SEARFANT A T BEHE LA T BT 4 R A AR X B 4

HIATHEIE T AR 5 ) (4 A2 5 1] PASe (1 5 210
HIE o 2B 5EAL 7~ P R 2R AR (Lightman et al.

AR AR 2R .
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N 1 :

Algorithm 1: FedCoT #&¥£

Input: Total rounds T ; Local training epochs F
; Client datasets {D;}Y, ; Pretrained
model dy ; Number of candidates K
for t=1to T do
foreach client 7 do
Receive last aggregated adapter W1
(A}, B, W) «
LocalUpdates(i, W'™1) ;
end
Aggregate LoRA modules and classifier using
Equation 6, 7 to get adapter W' ;

end

Function LocalUpdates (i, W ):

for e=1to F do

Setup local discriminator from dy with
W and apply local LoRA modules
A;, B; and classifier ;

Generate reasoning paths {(7;.x, 9;.k) },

Concatenate feature vector h; j ;

Predict using Equation 8 ;

Update LoRA modules and classifier
using Equation 5;

end

Return updated LoRA modules and classifier
to server;

foreach test sample z; do

Generate reasoning paths {(7j., 9j.%) He | ;

Concatenate feature vector
b = [ | 70 || Gi] ;

Select answer via Equations 8, 9;

end
Output: Final answer { ¢; }
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Question :A previously healthy 29-year-old man comes to the emergency department because of burning with urination for several
days. He has also had pain in the right ankle for 3 days and pain and swelling in the left knee for 1 day. Two weeks ago, he had
several days of fever and bloody diarrhea, for which he was treated with antibiotics. Examination shows a small left knee effusion
and bilateral conjunctival injection. Which of the following is the most likely additional finding in this patient?\n A. Palpable mass
in the right lower quadrant\n B. Tenderness at the insertion of the Achilles tendon\n C. Pain on passive extension of the fingers\n
D. Circular erythematous rash with central clearing Ground-Truth Answer : B ;

Generation 1 : Here is the step-by-step reasoning to answer the question:\n\nThe patient presents with a combination of symptoms,
including burning with urination, pain in the right ankle, and pain and swelling in the left knee. These symptoms suggest a
systemic infection, rather than a localized issue.\n\nThe patient’s recent history of fever and bloody diarrhea, which was treated
with antibiotics, is likely related to an underlying infection. The development of new symptoms, such as joint pain and swelling,
suggests that the infection may have spread to other parts of the body.\n\nThe patient’s conjunctival injection (inflammation of
the conjunctiva) is also a significant finding, as it is a common manifestation of disseminated infection.\n\nGiven the patient’s
symptoms and medical history, the most likely diagnosis is reactive arthritis, which is a type of spondyloarthropathy that occurs in
response to an underlying infection, often gastrointestinal.\n\nReactive arthritis typically affects the joints, eyes, and skin, and can
cause symptoms such as joint pain, swelling, and inflammation. The patient’s bilateral conjunctival injection and left knee effusion
are consistent with this diagnosis.\n\nThe most likely additional finding in this patient would be:\n\n # # # # C. Pain on passive
extension of the fingers\n\nThis symptom is a common manifestation of reactive arthritis, as the condition can cause inflammation
and stiffness in the hands and fingers. Passive extension of the fingers would likely cause pain and stiffness, which would be consistent
with the patient’s underlying diagnosis.\n\nThe other options are not as likely:\n\nA. Palpable mass in the right lower quadrant:
While the patient has symptoms in the right ankle, there is no indication of a palpable mass in this area.\n\nB. Tenderness at the
insertion of the Achilles tendon: Achilles tendonitis is a possible diagnosis, but it is not the most likely explanation for the patient’s
symptoms given the patient’s medical history and conjunctival injection.\n\nD. Circular erythematous rash with central clearing:
While a rash could be a symptom of reactive arthritis, it is not the most likely finding in this patient given the patient’s other
symptoms and medical history.

Prediction 1 : C Score 1: 0.77344

Generation 2 : Here is the step-by-step reasoning to answer the question:\n\nThe patient presents with a complex set of symptoms,
including burning with urination, pain in the right ankle, and pain and swelling in the left knee. The patient also reports a
history of fever and bloody diarrhea two weeks ago, which was treated with antibiotics.\n\nStep 1: Identify the possible underlying
causes of the patient’s symptoms.\n\nThe patient’s symptoms suggest a possible infection, given the presence of fever, bloody
diarrhea, and pain and swelling in the joints. The antibiotics given two weeks ago may have contributed to the development of a
resistant infection.\n\nStep 2: Consider the possible sources of the infection.\n\nGiven the patient’s history of bloody diarrhea,
it is possible that the infection originated in the gastrointestinal tract. The patient’s symptoms of burning with urination and
bilateral conjunctival injection suggest that the infection may have spread to other parts of the body, such as the urinary tract and
eyes.\n\nStep 3: Evaluate the patient’s symptoms in relation to the possible sources of infection.\n\nThe patient’s symptoms of
pain and swelling in the left knee and right ankle suggest that the infection may have spread to the joints. The patient’s small left
knee effusion and bilateral conjunctival injection support this possibility.\n\nStep 4: Consider the possible causes of the patient’s
symptoms in the context of the possible sources of infection.\n\nGiven the patient’s history of bloody diarrhea and the presence
of symptoms in the joints and eyes, it is possible that the patient has developed a septic arthritis, which is an infection of the joint
that is caused by bacteria that have spread from another part of the body.\n\nStep 5: Evaluate the patient’s symptoms in relation
to the possible causes of septic arthritis.\n\nThe patient’s symptoms of pain and swelling in the joints, as well as the presence
of a small left knee effusion, are consistent with septic arthritis. The patient’s bilateral conjunctival injection also suggests that
the infection may have spread to the eyes.\n\nStep 6: Consider the most likely additional finding in the patient.\n\nGiven the
patient’s symptoms and the possible causes of septic arthritis, the most likely additional finding is a palpable mass in the right
lower quadrant, which could indicate an abscess or a collection of pus in the right lower quadrant of the abdomen.\n\n # # # #
A. Palpable mass in the right lower quadrant

Prediction 2 : A ; Score 2: 0.717285

Generation 3 : Here is the step-by-step reasoning:\n\nThe patient presents with a combination of symptoms, including burning
with urination, pain in the right ankle, and pain and swelling in the left knee. This suggests that the patient may have a systemic
infection that is affecting multiple parts of the body.\n\nThe patient had a recent episode of bloody diarrhea, which is a common
symptom of gastrointestinal infections. The fact that he was treated with antibiotics suggests that the infection was likely bacterial
in nature.\n\nThe patient’s symptoms are consistent with a urinary tract infection (UTI), as burning with urination is a common
symptom of UTIs. The presence of a small left knee effusion and bilateral conjunctival injection suggests that the infection may
have spread to the joints and eyes, respectively.\n\nThe patient’s symptoms are also consistent with reactive arthritis, a condition
that can occur as a complication of certain bacterial infections, such as Salmonella or Shigella. Reactive arthritis is characterized
by joint pain and swelling, as well as conjunctivitis and urethritis.\n\nGiven the patient’s symptoms and medical history, the most
likely additional finding is:\n\nB. Tenderness at the insertion of the Achilles tendon\n\nThis is because reactive arthritis often
affects the joints, including the ankles, and the Achilles tendon is a common site of tenderness in this condition.\n\n # # # # B.
Tenderness at the insertion of the Achilles tendon

Prediction 3 : B ; Score 3: 0.833984
Generation 4 : ......
Prediction 4 : A ; Score 4: 0.621094
Generation 5 : ......
Prediction 5 : A ; Score 5: 0.785645
Generation 6 : ......
Prediction 6 : A ; Score 6: 0.781250
Generation 7 : ......
Prediction 7 : A ; Score 7: 0.777344
Generation 8 : ......
Prediction 8 : C ; Score 8: 0.717285

Table 7: KT MedQA B R BIHIIT -
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Model bioasq medmcqga medqa mmlu pubmedqa average A
p@Ql pQ@k p@l p@k p@l p@k p@l pQ@k p@l pQ@k pQ@Ql pQk
LLaMA-3-8B  37.90 70.97 29.84 68.18 27.18 70.46 38.65 71.78 9.20 42.00 28.55 64.68 36.12
LLaMA-3.1-8B 25.81 64.52 35.07 72.22 32.05 73.53 39.26 77.30 15.20 54.80 29.48 68.47 38.99
Qwen2.5-7B 73.39 98.39 43.75 70.98 29.46 66.54 50.31 78.53 38.80 73.40 47.14 7T7.57 30.43
Qwen2.5-3B 10.48 46.77 18.98 55.41 5.03 23.80 26.38 65.64 1.20 7.40 12.41 39.81 27.39
LLaMA3.2-3B  31.45 70.16 31.41 65.57 20.03 59.62 32.52 70.55 4.80 24.20 24.04 58.02 33.98
Qwen-1.5B 0.81 9.68 1.65 11.09 1.73 1548 0.61 1043 0.00 040 0.96 9.41 8.46
LLaMA3.2-1B 0.00 0.00 0.10 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.05
Qwen2.5-0.5B  0.00 0.81 1.63 892 047 589 123 798 060 320 0.78 5.36 4.57

Table 8: A=Wy EAARI (A% FR) , 1l 2 UCRAERMERPETE ). KM 7R 1 YOR B T 1 ¢
(p@1) PAK k YORFEGRYEL R (pak), Hrr A = pQk — p@1 FoRHERPESE T .
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The Prompt Template for one-shot CoT

To answer the following question, provide a highly
detailed and comprehensive step-by-step reasoning.
Your explanation should break down the problem
into clear, logical steps, with each step on a new
line.

The goal is to construct a robust and self-contained
argument that fully justifies the final conclusion.
After the reasoning, present the final answer. Please
model the overall structure on the provided exam-
ple.

Example:

Primary Colonization of plaque is dominated by
A. Facultative Aerobic Gram+ve rods

B. Facultative Anaerobic Gram-ve rods

C. Facultative Aerobic Gram-ve cocci

D. Facultative Anaerobic Gram-ve cocci

A:

The oral cavity is a complex ecosystem where vari-
ous microorganisms coexist, and plaque is a biofilm
that forms on tooth surfaces.

Primary colonization of plaque is dominated by
Streptococcus species, which are Gram-positive,
facultative anaerobic cocci.

These Streptococcus species are able to adhere to
the tooth surface and multiply, creating a matrix
for other microorganisms to colonize.

# # # # D. Facultative Anaerobic Gram+ve cocci

Here is the question:
Q:
{ question }
{ options }

Figure 4: Template for Multiple-choice Questions
(MCQs). Placeholders { question } and { options
} denote the MCQ stem and options.
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