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Abstract

RAUEFHAL (LLMs) fEICEUTS5 R
W, (HAER TS T A TR . FEAS SO
BATFIAT —FhBi 715, K LLMs 5451
WFRFINHE KB EM S A, PAEK
WA R A 2 AR . FRATR A Ty
MR T R 2 4B 5 M,
AT A EAE A WSS ER
FIRATH F L e A WO IR R E A A
YRS . FRATIHE 2 AU E 1 DishCOVER
, AR SR IBIRBAT ¥ . 5 GPT-4o
FIEE AR, FRATTBLAL ) SE 00 s R
B ZRErE. ST R ER, TR
R, LR ET A TR R RE
. TEHTAWE T W T GPT-40 , At
TEQE AR B R 6, TR
BRATH TAERE SIS & £ T Al 45444k
B3 ST IRFSE

1 44l

KBRS A (LLMs) 8 K A 8 1
T AR &z R AR e #5177 AE
%o SR, BT AR ME DL AE BB OE A A
=R ¥ (Franceschelli and Musolesi, 2024;
Chakrabarty et al., 2024; Tian et al., 2024b; Zhao
et al., 2024) ,

TERNE e, RIS SR 2 2
BiE SOk e B FTA) (T ERHY AR
i) SO AMMER CAR M. A8 XEH
%% ) (Mumford, 2003; Boden, 2004) . 2K,
THA T KR IA L, LLM (REUEF
PR [ R A ) B, BB
Gy A O BRI ) L T = LSRR
FE. WIE R, 22ule LLM #6177 B $5
T AN B fE, ST
A TR T 5, XA BER IR AN A
TEHH P (Wang et al., 2024a; Jiang et al., 2024)
o IXSERREIAEAS LLM 18158 PR A BUSCh— 1
FrEE Pk .

LLMs [l B S8 i B UL AR,
FRMBIE S5 A, AIE B8 Tk X
BB St i) — IR 5E (Peeperkorn et al.,
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2024) KB, RE W E s 5 B B
PEFEAESSAH G, AT S br X Bk B2
M PRAF A HA R .

WE IR RN, FE5 R (s
WEE) 5 LLMs 456 7] DA R 2546 1 H 1k fg
(Pan et al., 2024; Wang et al., 2024b; Feng et al.,
2023; Sun et al., 2023) . f:Hl0E, H—FRINF5E
I LLM R SRR ES b RoRs , #R90X
AFoR, H (nki) PRy H LLM K45 1 50
B EHRIE S, Fenl e fEHERAIHER T 55
A (Yang et al., 2023; Besta et al., 2024; Zelikman
et al., 2023; Zhang et al., 2025) .

X TAES, FATER T4 NHTFH 2,
Rl SR ] DABE 5 R S B )3 )N 2
FEPE. FRATTRIRFAT I Fa ) €36 A1 2 FEPE
AL (Arid) JZmEn)s MR, A1 A
HABfE 020 b, ERRS SR (51
HrlAvie ARSI ) BEAIE .

T EWE 1 . 5ET BT
¥£ (Tian et al., 2024a; Zhao et al., 2023; Li et al.,
2024) el FRATE S I SCA A e
A FoR. =Tk, RATERAEX L5 b 3%
N, PAREIRIE AR P A ST . RATMA
KA A PR IR K, LT @4l el
T G — NS N, AR AR
5 AR 2 O 2R A BA MR T
H I (Guilford, 1967; Utterback, 1996; Ahuja and
Morris Lampert, 2001) . $il 1, R4 5% 1) 61
ITE SR ERT TR G, WS
PR AR BT RIE R ST, TR
WESBREGWRRETAEZ IR . T4
MEFH G2 B RIREARE, FERE R
FMAENT FL A TPEAS (Finke et al., 1996; Sawyer
and Henriksen, 2024) .

AR U s TRATAE, HEd T
DishCOVER , iX/&— T8I M ik iy
BAY, & 2 JioR T AL AR U B AR B

BRI AR B ERE 2 A, FATH X =X
TEY RANE AN 2 FEA AR 32 Gite )y TR R
AW, Wit SEEE. Bl s
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Figure 1: JJ T QI B il A2 sl DishCOVER HIH (PANE (4 BISEAR IR AT LLM 20 ) 501 2
WAEREA . MR B — R &S (§ 3.1), XU B g5 =R (8 3.2). AR5,

X LER i e/ MR IR SA (§ 3.3 ) T4,

* We introduce a novel paradigm to enhance
LLM creativity by extracting structured rep-
resentations from natural language and ma-
nipulating them (inspired by cognitive pro-
cesses), going beyond mere token-level vari-
ability.

* We demonstrate our approach in the culinary
domain with DishCOVER, a model that re-
combines recipes to generate creative ones.

* We curate a 5K-recipe dataset generated by
DishCOVER, providing a valuable resource
for future work on creative generation. We
make both the code and data publicly avail-
able.!

e Through systematic experiments, we show
that DishCOVER’ s generations are signif-
icantly more diverse compared to baseline
SOTA LLM outputs. Most recipes generated
by both models are deemed valuable (appro-
priate and coherent), although the baseline
achieves better scores on an open-ended task.
Most importantly, our outputs significantly
surpass the baseline in terms of novelty, re-
sulting in more creative culinary ideas. These
findings are supported by both automated
metrics and domain expert evaluations.

2 5 ARGIED
N3 ek 2 &) iz 0rgE, AR HES)
BT ARZ R FEBTH IR AR, FRAT)
MDA T ) -

Generation & Evaluation. &% 4 B 4 18—
LA RO BB BB Bod 72 A2 il & 1A
, BRI T AR S (8 R
), R eREarERYE, fEX HH B i

"https://github.com/moranmiz/Cooking-Up-Creativity

FEOEITAL, FERERT AU A TS (8 3.4 ),
G, FRrEE R G RTE T R (8 3.5 ).

FAEVE WA 523 (Finke et al., 1996; Sawyer
and Henriksen, 2024) . FATRFEAEHIRATERY
IS T, SEiE— A R R A2 W)
MRS, BER— TP M, ARk
HA B KA 1A .

Recombination of Ideas. {11 T/E&ET—4
RIMAIEAER A B, AR ARIE
H & o R AR B A AR S (Guilford, 1967;
Koestler, 1964) . FR AT 15221 3w b 5 2H 21
AMFOIER TR RICE, PABUR T BRI
o

Creativity Assessment: Novelty & Value. 754
W T 225, PREHE T o e WLt @ B
IEHAEN . REVFRCEHE T AR
THE RS A1 109 Z4PE (Said-Metwaly et al.,
2017; Lamb et al., 2018) . — /M8 2 2K
BT 778 SCREHA LA B 80 5 B ) 22T R
(Mumford, 2003; Boden, 2004, 2009; Lamb et al.,
2018) o FrAMER LR AR AR
BGehy, MM EEWRE EFE LTI LR s
AR,

F gl Bt e . Fr e R DAE
PN — M EETEE I 4 i 2 8 8 IR P4
(Heinen and Johnson, 2018; Kenett, 2019; Doboli
etal., 2020) . KT, Hr{EEAL s EEARHET HAA
U, TN R RN “ 5487 (Boden,
2004; Ritchie, 2007; Jordanous, 2012) . H I, 3
MRF BRI — A4 S AT 55
B P KoRE IR AR 45 Al >k AR i
FAANE . X RREE R WS RA
B “AQlEMHEA”, BEEtHmzs, wedk
AR i FRATTIAENHIRAT A eh
WE o GHE— DA AAGE A A A% Uk A
s, (Fan, =AEEik. BT THEL
PP ), 4 T FoRi%aum i A ] e AR ry T
WHEE— TR A R R I . T
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https://github.com/moranmiz/Cooking-Up-Creativity

Lemon Pie Ice Cream
+ +
Tomato Soup Chicken Pie

Risotto Broccoli Salad Waffle
+ + +
Guacamole Burrito Frittata

Lemon Chickpea Curry

with Gelatin: A lemon-
gelatin mixture is combined
with a chickpea flour paste,
honey or sugar, turmeric,
cumin, tomato puree, and
fresh curry leaves. After
simmering and seasoning, it
sets into a jelly-like curry,
garnished with more curry

Q&ves. /

Tropical Chicken and Mang}
Delight: A thick sauce of melted
butter, biscuit mix, sweetened
condensed milk, evaporated milk,
and lemon juice is combined with
steamed broccoli, diced mango,
and pineapple. Seasoned, browned
chicken is folded in, then wrapped
in crescent rolls, topped with
chopped mixed nuts, and baked

Chocolate Avocado Ri} @eet and Savory Tortilb /

Delight: Arborio rice is slowly
cooked in a blend of soy creamer,
semisweet chocolate chips, and
rice milk until thick. Ripe avocado
mashed with lime is folded in, then
the mixture is sweetened with
honey or agave, seasoned with salt,
cayenne, and vanilla, and served
warm with optional chocolate

shavings or avocado slices. / \ /

Wraps: Whole-wheat Fruit and Cheese Bake:

tortillas are warmed and
spread with softened cream
cheese. They’re filled with
blanched broccoli florets

Goat cheese is mixed
with mango, peaches,
pear, strawberries, and
apricot  preserves. A
custard of eggs, half-and-

rrflxed . wilih chopped half, salt, and fresh basil
pistachios, plus  sliced is poured on top. Baked
strawberries sweetened P P-

until lightly golden.

with agave, then rolled.

2

t‘ 7

until golden. /

@

Figure 2: f DishCOVER A JFAY B i 8 Z Bil . A4S Bl i — X A SR B e X W A A2 i i 21
HAUS. AR AR I R PR B, DA ZS(A]. R T OpenAT 1) DALL - E R

PR SN, H P S Bra 1 A% G0
SERRIZ AR PR I AESE R A A A Rl e
Pho BEOh, 4 1 C I AFEIRUR A CiCsRkE T
) — 4R

Definition 1 (Recombination Function). & 8 %
B CATA ey ik ig,ip € T 1F A
N, FHER—AFEE Iy CT, 155N
1€ Iy 7 ig,tp BIRE) b

“GBAET YIS TR B, 243k

ATV fe /N R B B T RN g i JE B R
N iy B, AT DARF P EE BRI A i F 4 TR A,
TERAS S R P DR R L BINR G P o R .
Definition 2 (Evaluation Function). % 849 %
R —LH AR Loy , TR 5
E:T — R3ATIFE, T AARIEHT Hbk Fo % A
AT AT ) B AT IR .
Definition 3 (Retrieval of Ideas from Descrip-
tions). A8 22 % VA R by 3 £ Fo v AR R
kiko bm A —AFRE, CAREE d LR
1. m(d) CI¥viakagcretik, Hlde, m
TG ARG R “lasagna” TEELE) BT &9 K5
&R,

P, AR al AR 45 A
MRSHIE da, dp , HiiH
E(i)

argmax
i€C(iasi) | ta€m(da),iv€m(ds)

PR 2 75 7 B T L B
B, AR TR OISR, B, o
PSR RSO e, T
DR . D576 SEAERIT LB TR b
it

3 B

AT, AN T DishCover , FATTH
T AR ISR, TE I ER TR
T ER . WA HPINFIT R (FERGR
do o dy ) 42 o BAAETEHRE T E]—
AR (RYERSES], B FEP) T2
HERE; § 3.1).

XLy 1 S R AL S AR A A A B 1
BARPRgGE R (K 1MER O, § 32).
KT AERGHIANR, FRATE S Ak Lem, If
T8 /N AR R B SRR PR A R R . (BB
Ban, § 33). &5, FIAHAN & MHER
W, FRATA ) B PAITPAS HAME, AR
Hopr i o Kb rHEs (PR A, § 3.4
) o B, A5 Ee R EE R R I ] B AR
Hho, R RENESHRBIUE ToeE (P
aV), § 3.5). BIREMNSRMX TN
PRI Z 405 .

3.1 REFRRE CBERI)

FATM Recipel M+ 4 h 4 T 100 & 5
XS (B RVRL. TIEERE), B
A TIPS (BIandFE 3. fita. &
*) . FEIZEURE T, BESENT H IR AL
K 2,576.33 M.

R T AEFRATBLBL) R — A B AR
LLM [0 45 s AFE ] a1y, FRATX 448
SERECT 30 Mg, EOTAEE] 3000 SRR
Ao K TR AR N, FRATFEML R
T 15 A EEAR R ARE R A AR, IF R
YeE 15 DNARRKALZ . ZRABISEEL AT
PARHE T 27 Oy R ek s ZE R AT =50
FA1E ] GMM ¥ (Ravi et al., 1994) | %54

PR, MR, WIDMEH EE R,
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Lasagna

Chocolate Pie

Figure 3: BEFR/RIEE/R 1 T2 AT 50 SR
il RORFD R M ER, B TR — PR
WA 53— KRN o/ N S A BT E AR
A SEH R EAE

VR T2 B a0 i Sentence-BERT #5
B R B (PEDLB SR A ) o

32 SUARERR (CBRID)

EAE SRR S 2 TR R U B
—Ff, HRRAR TR XSSO TE
RO R AL, FF FEA PAT X 28 25 B i 75 1Y
WG o FoRARP I SO WL o R 45
¥ (Jermsurawong and Habash, 2015; Maeta et al.,
2015) , Jorrmt AT s R BT R AT S (FRAT]
WG L2 Bk S TP BB BN R B AT AT
PEE. B 3 SR T DA R s s 1y
BT EmAI IR IS A TR
fEBT R SR, FATHRR T GPT-40 , FI|JHH:
J iz AR AR AR RE T, i BT
AEW T RN FIA . A HR 7R IR SR B &
C o A 3K AN EIGHRAR LR IR B sA K2
& $40. Wbk AR, AR A 1,347
A (44.9 % ) Josk, JE R AFEIRSLAT i BN
WA Z ARG AN IER . A T X
AN, FRATTSE T — N EAR TR, AT
THNMBWL, RS EEEE. X
FERBEREEN T 95 % (2,850 Bk ) . SR)E,
FAVEEH 50 DNHVLE SIS TR &M H
AR T — R SARUERS, FTETET SR
IVCHC 5 TH H 2l BB T A A i ey . X T
T, FRATBEN T 0.985 BIMERE, 0.956 13
|1, F1.0.969 i F1-73-4. XT3, A1
T 0.951 BY¥ERGZR, 0.909 [ M2, 1 0.93 11
FL-73400 VAT, X Seg L R TR
VEAERAR P M SCAR SR AL R G5B AU 7R T TR
AR, EfE G REERT.

33 ABpkflE (Chuk )

AT, AV FA KL C A5 #ffE. 3,
138 I 5 5 fe/ N B 8 S R B T T T
£, AR TR ik, X7 ik n 4
HE, BRI RS Z B S EAE, 3K
AT AR BLES & T P SRR AE A A 2

TR A S OL R, FRATTR A Zhang-
Shasha 53, %5 TSR Z 0] 1 S/ G
#F % (Zhang and Shasha, 1989; Bille, 2005) . %
TEBABCT I i Al iy, FRATITHEEATH IR/
S EE B LSRR T B B DAY 4,
Fiy o HABRAETFIN S ERF A
VERT R, FRATA R AL — R AT
IFTEC T - B 4 R T — AR BlTa, R g
()T J2 TR A0 A a7 B X5 5 T URAR o — 4
B AR PR T BB 24 B W s T2 i —4
AIREE A b e I W ) T2 -

e/ NGRS I — A KRR T H R
LR B BRI A TR S f e, BN, #E
Bl 3, BRAIT 2 AT v YR AL e
—AS R e (RBEARCE) . (8 N
IR AT DAR ORAE TR it A I 55 i1 4 AFT &
WM A AT RE, BT A hiscte HoAb b 7y
SO R G AR . SCERAH T 2 WP 5% D

THER, AEFA I R A YA [ 45 1T AR
MRS A (A 4 ). Besh, TR g dE
5 AT DAZE B4 i ) TR

34 PRGRUE (SEDU)

BUAE TR AT 2 1 R ey R B T AL e B
B, FATERA LA B I T PRl . AnAES
AT pIE, AR BN ISR AU A
. BN, RATESRFEI A — 2
HOARAE, R R LA AR a2,
A B A dd e A (BA ) 1
(G A THEY . AR AR, AR
—MERAESIA T EEARIR EM A A
CRraitt) mHsREdIAE Sk BRI SEE (B
5. StE) , WEHPEA 2 A=, 1
IO, AR SRR A AL . FRATR S
LT, HBOTHEX By DASE) " 2
At ST

341 {HEE

N T VRS () . FRATREE
Varshney et al. (2019) , I A HACRHZ 5 AT
PENC R AR X IUTAE, , WL PR EOR L
ERORHBIRRIE T, MENFERER Y &
IARERS ke BORHA S — AR E . 2R
RXAPEET X BEIE, BATA X s R
AR FAT RS MBRAR P 1 B H e
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@ Whipped

cream

lasagna
sheets

cheese basil tomato
sauce

chocolate

basil milk

lasagna

chocolate

Whipped
cream

sheets

eggs
vanilla milk

vanilla milk

Figure 4: JA 15T 1) S BE 9 07 ok AR ORI S R R B, Sl F— AR T2 TR (78) et

A NME R SRR () o fEREA SR IR RS AR IR B B, PR

mw

B3 ) TR T SRR IR B T ve ) T2 . 3% MR 2 6T OpenAl ) DALL - E BEAUAE A .

AR, BRI BE— SR 1k (83,
AT DA PR 5 A R BRI LR IEI) o 1 LI R
E

342 sty

BATE S, Fraid) &8s & N H A H
IR s PE. BFBE, FRATELE tf-idf (Ramos
etal., 2003) 9 SRR (idf) A, HilE T
— MR R, HEEE S Er (84
MEhfE) BEISH T, ik N FoReEP s
JLE e MEIEEHE. TN ICE e € Er\e
. dfe(e)) FRFIREA e, ¢ MEIEHE. K5
LA1E 3

. N Ne

idfe(e’) = log(dfe(e’))
B idfe(e)) VAR, MXTFEE e E
W, e HONRR,

NTHE T R—ATeRER G, ATTE
A idfe(e)) 80T BCET A . Bt T A&
BrEaE, AT ER TR A2
o BN, FERE 2 d, SSRAPREEEEIEH
THBIER. A G. REAVE 20X B R
b, PARBIUNZE. kKRBT XL shER
TE R
35 WEISCAR (V)

TE B HEA S RIS, FRATT48 ) LLM
CAE R B RE S g 55 3.2 240,
TR TR R LA L A S B

%E{; o FRATHRERAE AR 4 i i U AT S AT ]

IR A T B4t v, $8m GPT-4o0 KA (DA
DOT %4t ) BIR AL i, iEhs
B BB RAMBE R RE, AT
RIS SeA B T s ek, PARRARE BT . %k
B SR AT e (SERR
DLBRSR F ) o 3X A YEALFE 1000 A~ i G 4
AL R § 42,

4 GURRRIGEIN A

AT FRATAREBLE BT — AN B i
Pade. FATE ISR T 100 18 Z WG ) R A
WG TAFMEN. XTAESE, RINRE
T 30 My EIEIF RN S, B,
FATRET 1,000 XFB/XT, BRAREXTELE R
HARZEH R M TEXNER d, Fldy
m(dg) x m(dy) FHEEXTEIERE T4 s A
REW, BXREREAE 5,600 B (~ &
11 5.5M) . FRATAERA B T B s HEAL Y
B, IERFEMIFEAL N HARE S B, &L
— M SK BisEdELE .

5 VEh

FATIAES% )3k DishCOVER , I WF5E DA
ST A8 Dish COVER A i fd )5 5 SOTA
LLM (GPT-4o ) A=Ay e 7 4H He andar?

AT B R, FRATREH A
M. B9, WBESEE AR . Bk
i, RATHE 2B RN T IEG MR TR
EEHA (LLMs) sPEE RN E S R, X
G E A B B — S PR AR . EEER
&, WATPPALTRATT B 5 e B 3 4 T anfe] 5
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GPT-4o 1% A Eb o A3 o Bk o BB 4y
i (A F2H) U (ETERD) . RITFRK
TR S 5 GPT-4o * ¥E WML 45 LY
IR T AR

FANPEAL T GPT-40 1 DishCOVER FE A Ji,
SEAFRE AR A B G . PP
FFERIPLERE 10 X3 H . X TR HE,
FATEPEH GPT-4o A4 iy 5 &I, R
5 DishCoVER LRI HT 5 MEREHFATIHE
MITEEAEEL A2 8 50 B3
TGRSR, AT B AL
GPT-40 1 DishCOVER W] PAE 3k A= i 1) i E 1]
RRETE, AR AR HFE 245 1 i A
b AT AR R XM H T 100 .
FATHE/R GPT-4o FE—YORIE 2 W A B 100
MARMAIE &R, X T DishCOVER , FA]
MIRATH SK i s rhde 7 100 4~
A S B A O B SRR T — A
PEVESr . N TGRSR A 2K B IEE DR i
A, Fe A1 AR HE & (Bertsimas and Tsitsiklis,
1993) SR RAL EIEAE BbE, W] B 433 3
) B R HE B R i 2 38

R, S 12— P EANEILNES, &
BRI KT R B X FE 55 . FRATT3E
TEPERD B Aot DA N TR PEA X
LR

51 ScBan i

Tk L, FeATHlid T34 GPT-4o #2740
A REPA R N TAPAL R E, X BT SE e
Bt
Prompt and Temperature Selection. & %15 &
BLAL (LLM) SRR 15 1) i 5 AR 58k (Sclar
et al., 2023; Mizrahi et al., 2024; Voronov et al.,
2024) o A TRAATRMTSEL, FATE
MEABENU R A i A e TR (E.
BT AMRERE, RITERET ¢ = LIENAER
EESTIC T st B, RN S R (E 2 T 0
HHE AL TRl E RSO T , HE0E Mizrahi
etal. (2024) W75, —44 HIBASL G A S50 3R
X7 100 MR, BAMRRER AR . R
JEXTIX 300 AR A BC T TR A, AR ICE
TR . R, T N ERAEUR,
A B RS A T i ) o — B A S R B R
B (DLPfEsR G i AN LI B R )
FATE ] Prolific 4 Z A4 P AS SL 5 11
48 5% . AR =R, WEE
R B AR RE DA S HIBr B B A R RE I & 5
HAT TR . S5 F A TEAMEAR R
AR gpt-40-2024-08-06 (555 A SCHHZAR Y 5
HRE A ) o

- Salt

100%,’ o= RecipelM+

EEm DisiCOVER
mmm GPT-40

75% smoked __

paprika

mint Y
\ i

pomegranate
_maple seeds

50% ;
; syrup

Figure 5: F/RTE R UG IS E HH R0 ()
IR ) AEAA B I SR . BEE
J5 & R DishCOVER Bl FE 431 . GPT-40 (4
) SRR, 28 T XL R R .

PR/ NG 9 SETCHIRIN . BORS 5EEL
Pl A9 (LR8I A0 TR K DA TP A5 B o B AT A
R EIEEF T Iy (SR H i SR ) .
N RN, AT T R BT
(WA GPT-4o L)), TEFEM AT LAES
SEREE . TR, AR
EREE Y, REWI R P AEHEY . B
PEAM (B3 O AR B R~ AN (E
Rod i =AM E A B B E 4 2547
—EAR. PINE, S 5EM 3125 MR
AT TIPS (R =33.827). TR &,
FRATHERR T 2975 45 F0 A 52 1l 52 20 1 - ol
EH/ A EN S5 .

5.2 MK 2 AR

MR R R E B X EENEM, &
ST T AN AT )3z A 5 T b 3E T A% 4
IS . FERRATPPAL A —&B4y, FRATEH
FE PEAN H Bh43 ATk EL & DishCOVER [y % 5
GPT-4o A= i, WS REABL o] 2 15
ok H N ZE A NG L F A MR

i MEMmRZESRES I T,
DishCOVER #1 GPT-4o #B J& /8 T R A [F
KEMBEGIFRRE S, ERIMEZZEN
) i eI TR T 28 AL #E & . DishCOVER
— B HEER IS, PRI
MEMU R — R — . 2T,
GPT-do fiiljr] T “WEEIH", W0 ntES
R, RGBS G. B, MeEsK
Q& — AP YRR G iy, GPT-4o
BT REHISEDE, ER M A, K5
FEN—E B, BRI e sE .
2T, DishCOVER A= i HE, AR A 3¢
K, SRENIERAITR, SE AR ERHAEE
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O (apple pie, avocado salad) < (chicken casserole, waffles)

¥ (bean soup, jam) O (cornbread, polenta)

A (cream soup, tiramisu) ¢ (blueberry mutfins, dumplings)
O (bruschetta, carrot cake) & (muffins, orange salad)

o (cheesecake, lasagna) & (pancake, risotto)

(o]

== DishCOVER . W
(o]
= GPT-40 5
(o]
v
L 9 .
% Y% o “
<
o © 8 °
v @ 8
a [ 3
& . & &
o a® “ o
o s W0 %
foad o A
£%
(<] g &
A gt

Figure 6: t-SNE "4k il T3 A L5 1. B
RFRFEFX, Pl FoRpi. i (GPT-4o
) B [RE AR B B UE AR, ML (
DishCOVER ) W48, T~ DishCOVER 1 #i H
BAHESNZ M.

Random
o, == DishCOVER
= GPT-40
Ono
.
e ® .
au ® ':B \
. K s @ %o
o v:f‘,' °
> o
b ) 'g:o’.".
5. ot
¥

Figure 7: X it AR t-SNE nl 44k, 5255 2. K
o ARk B B AR 1K BEPLE . [FIRE,
DishCOVER 1% H B M2 4k .

ke, PAREES TISBFE M VD HL .

I A 22 S S AE B A B Y 2 A
B b GPT-4o 1% 4 10 B0R L-F
s DishCOVER I W fif: FE& — IR LI,
DishCOVER Vi T 12.3 Fhdisr (FrifizE
=3.71), i GPT-40 4 24.98 i (A51fE 2= =5.2); 7
8 RSZE T, DishCOVER E¥If ] T 13.32
FhELAY (FRUEZE =4.39), Tii GPT-40 k 23.79 Fif
(tnifEiZE =3.25). fERS %, Bk
IECRIRAR, S 9.33 (FpifEzE =4.31). XFRA
V- 22 B GPT-4o fifl [a] T~ 2B Bl 7. 1) 13
NFREEH A B, REREMHE
AR, MARE A HEMETE
_@o

Xt GPT-do 5y i 85 4 P I 85 R R 50 1R G 0
GPT-40 2 FH H X St 2L 25 F 1A 2 B 5 500 61 A
MR AT SRR, ErEZ RSP T
AR . B, YeEsRkaE “RE
WO R B, GPT-do [ A BUE A, 1
AEHhE S I R S IR R =3, il AR
R =R (BN, FF—F R & 7
L) o 3 AR B K A R A SR R R 4
EETERATAE, HEEWNEOREIE) 2
%f%ﬁﬂ(%w,~%%ﬂ~%m%)ﬁm
AL

FefBlHl, GPT-do & FIAHERY (R L
1) Tk, B, H 56 % it S i S B
¥y (MAERE A 0.375 %) , 47 % {HH 1 #ifar
41 % g1 F T WS, 29 % i T AR . K
5 78T GPT-40 Hil DishCOVER i rh it ki)
WS PR R ER XL . B R DishCOVER 43
15 R IEER R L, B GPT-4o0 X HLE4
BRCREHA AR 2 A e ] o

Wk g e 2 R, FRATAE R A L
Bt B R WEN G, TR TENZ
[B] /) ~F- 3 5 — b 44 4 48 #F B§ (Rico-Juan and
Micé, 2003) . FEFIH SLIG 1, GPT-4o (14
Lt DishCOVER (¥4 55 BF s s Al AR
BEM . TR, AT HTET
FEXEB WY JRiERE 2, &P DishCOVER
Wk BE 35 132,14, T GPT-4o 1)k 89.35
(p-value=3.6e-05, W% t #6556 ) . HESH oLl
H, FEFTA T, DishCOVER BRI T
KIZFEM:, “FIIMIE R 140.25, 1ff GPT-4o
[k 129.55 (p-value<le-50, XUEEA t 556 ) .

TATE M — AL 1T R 2 AT B s o 1
Sentence-BERT #5873 #r T AE WL B 1% A i A
(LR A) o B 6 B/ARTH - KELEKM ¢
SNE m[#iAk, HARpppIgR gz —AFm X,
B0, 6 R (DishCOVER N6, GPT-4o
MiE() . GPT-4o [ EREEREXT I T &%
f)#%, 1 DishCOVER Y% W 43 HL. 78
SEEG 2 P B TR IR (|7 ) . R
Jii, DishCOVER R ATE) 1Z. SRT, A
WA, GPT-4o M A T B KL, K
8 M A B A M AR SZ AR B R AL T
XL FESE—IREEEH, DishCOVER 1Y
PRI AR 0.387 (ARifEZE =0.120), i
GPT-40 [T &, 5 0.659 (FrifE2E =0.121), X
FRR e 58 R SR A5 DAPRRE (DishCOVER
- 0.402, FRMEZ =0.110; GPT-4o: 0.731, ki
% =0.078).,
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LR

53 ANTIERE

BARSHMER XEE, iAW EIEARE )
BT E R B T PP X L T
BATET ZIL e N LIPS i Bdit T 1

MBS, XPIRMEIAL™ A 4 1
BINHEHEMER . TE5H— R, 80% 1
DishCOVER WL 9 H2E A e, HFH
WHETE R 4320, T, GPT-40 ky 82%
(4.326), {E5 ALK, 85% 11 DishCOVER
[k AN A (4.36), 1fif GPT-40
98% (4.51). XREH, K AFMNTHEEH
AL (FFEGUERER) BT GPT-40 781
gt ad B EdE, T e e T A
SHAHALEC Ty

KT HEE, AT BT A N E
Bk XS BT B U P S R R —
A B P R WA P, SR AT SR
SO, FEPIASSEEG T, DishCOVER 7
% 7 T R E LT GPT4o . TEAS— N sgig
DishCOVER [ -1 5 FivEAS4)4 3.53 , Tfii GPT-
40 [1)K 3.146 (p-value=0.0009) . FE& —AN5C
gy, DishCOVER [P 8 fit:A57h 3.612,
iMi GPT-4o f)& 3.141 (p-value=9.2E-08).

HE— 25 K0 5 NS A A O E 45 R
DishCOVER TEF #1401 T0U DY 435 1 5 32
SR, N TP Y 75.55 %, i GPT-
4o FEBARMI P i 0%, (SR D H
PEGEIRIN 7174 %, BLAN, 7E 37 ASHBTE T
h 4 R R A ME &Y, DishCOVER Tt
BT 324, HATAKEH GPT-4o . K 2 @R
T % HT AR S T I T DishCOVER £,
XLLZEGR PRI BRI R 2

MEM B (GPT-4o FE UG 30 T 32 4
), {H DishCOVER F£4 S ELIE Qv P &
J7 T H A B B AR

6 HMIRTff

AT 7 P T B AT s, XSk
F543 LLMs X 5 9815 b 21 5 e, #&
& T LLM ¥E i Q0 5515 45 # i M (Tian et al.,
2024a) F{z B HEL (Zhao et al., 2023; Li et al.,
2024) EAES IR KT LLMs 55
P (KGs) 4 5 DA% HE BE AR 9IE (Wang
et al., 2024b; Feng et al., 2023; Jiang et al., 2023;
Sun et al., 2023) [RFSY, FRATRE AR E 1Y
HRP AL FR T, PAFRLZy LLMs &
HW B LTI ONES. AT TAERY
R SCA R A AT BRI 2E 3R It
(Wt ) K5 ILALA0h B SREF DA LLM fig
77 (Yang et al., 2023; Besta et al., 2024; Zelikman
et al., 2023; Zhang et al., 2025) fFF—F, &
A F I A A B AR AT DA 5 )3 ) Fh 22
FEE.

TAT LTI LLM f i 2 HE0 0 TR,
AMFE T AZE U (Chung et al., 2023) . |
3054 2) (Zhang et al., 2024) BET R KNS
i) (Liu et al., 2021; Hwang et al., 2023; Liu
et al., 2022) SRARHEA ASBINSS T LA, &
T TAE S B 3% LLM A 3E PER o 12 bF
FEHT Il —E . —TAH RIS R L0 7 A
AH¥E (Jiang et al., 2024; Yuan and Firber, 2025) .
T1— WGSBS I 5E ) WA, 45 EiE
W25 (Lu et al., 2024) . BEAH E 4 (Mehrotra
et al., 2024) . £ {4171 (Chen et al., 2024) F
Sk fii X 2% (Summers-Stay et al., 2023; Chang and
Li, 2025; Rana and Cheok, 2025) 4¢3 A, [6]FE
o, FATEHETEA.

W 7 LLMs 2 5k, B98N R RER T4
BATHAEIEZ (Mirowski et al., 2023; Yuan et al.,
2022; Chakrabarty et al., 2023; Wan et al., 2024)
A ZEARZK (Ko et al., 2023) £ 2 MERVER K
BIEHTEN T H . SR, SR IX S T W] PASR T
M PMRIE 1Bz, BN SR R RES
BRI A7 A AR & T[] B4k (Anderson
etal., 2024) .

RITIITEE LR R AR RS R
MUBLTE SR, LRSS A 7 ThT Y — 2
Mol ERMBOEF BRI AT, 133
AN ORI R B M AL, W
SEREIY R AR RN
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