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ARETIX, REBSEEET L (LLMs) OH#EdmEE
N, FRARGRHERBE N 2 M EX 2 2720, £V TH
anm e <ra 7 (MCMC) ZIEHLEHLWY
NTYVRLNRA, T4V RIBERT S, BRERD
YN 2REE E, 20 %283 2 BEETiE %
BN OFTHE AR N EMATHRET 5720, T2
iz LD MCMC 7 V3 ) A L%2EA L. AF
HE, BEEEOBSWETRDIEF 2 #5535 Z & T,
LLMs IZ8B1) 5 IEY 72 RG2S RIS L, £
X DFEE & AR AR O FHHR DM 2R L, R
HEREE N Z M EX B2 e 2L TV 5.

1 FC®HIC

EAE, KRB SEEE S (LLMs) 1%, Chain of
Thought (CoT) v > 77 4 ¥ & o THEdmBE
MARIECHE ELTWEZeARENTWVWS (1. L
ML, fdEWILE (Plausibility) & Fo T % iE N
IRFHERR 1, LLM A3 b OHEFRAE J1 A5 1E Y 2 Hfedm &
LTHDIZo>TWESDRDNZFMS 2 DL
WHERRD—D2TH 5. ARIDHERRIX, BB RIS
HOL HEBEBROFEMBIC X - TR X35, LLM
RIS R — IHRTE ST B 720, RIRBRZ L
HEL TV 2T 2 e LWEENZ
W, F7z, LM 3B ZHAT 272016 LWV
Rz ERT B TETSH, ZORHELZ S
E2TORRERET 2DIREETH 2. Zhdd, &’
B & HiHe & N2 25 S ARG & AR S 2 ARGERHERR O
SERICHHT A BOREREEE Y 725> TV 5. |l
DA 23w 7 vt 2125 2 % #2213, DeepMind
DI 21 ICE DS > TH D, HiEDER
REFETHEPRK 30CEEFT 2 Z 2R EINTW
5. ZOMREEZ, BEEMEOEVRTEZBINT 57
TR, 2o HEYRIEFTIRRS % 2 & 23,
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LLM OH#EGRE N Zm L X212 DICEHETH S Z

EERRBELTNS,

AW TIE, LLM IZREi w2z X8 2 RO ME
RHFIIN T 2R e HmENzm L2729
12, IREE XFET ARTiRSRE e R 2@ T5 2
richBwiwla 7EiEE 7 Araik (MCMC)
BEAL, MERRWZETY V2B TR
TEMT 20 TRL, AHREMICBT 2R
HONT V2B HIERRET 5.

2 (RERHESR
IR, B O\ OHEGm 3] BiZ I
FHRIIHLTHo2d 5 LWiilHZE 3 720 o £

WRZEAM 7Tt 2 ThHs. —HKIANFUTDO L1
EFEIND

HUP = O,

Z ZC, Hi4Z Premises DEA P = {p1.p2,..., pat &
BIZ observation O D35 2 - =, REHEGR &
BB o ERBEELOARBINIHET 5 K
Hypothesis H # 213522, L»L, 2o ot
Rz ET IMET 2 DIF—RANCHE L. IREED TR
(HEH 5 L&) 2R A EENZGEPHELS AT
V. ZOHL XX, BIEORRE R AREN ST
N TOHEWMP ARG Z G T 2 Z & AEEARRIC
RA[RETH 2 Z IR L TW3B. FD7=, AKif
FTRUTORRZ ZEEL, £ ORERIITED
T

1 SRR B L HifROERENGZ o L &,
ZOBIEZHNT 2 a2 LT 5.

2. BiPER: 525N HifRORE, S, ERE
7RG 2 SRS 5 B S B i 2 3 R TRE
55.
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2.1 REFE
REHERRTIE, B 0 2R d K FHT 2 H1$2
KEP eRIH 2HRT H2MEDLDS. LHrL,
AR MR R EVGE, 2TORMHROHAGLEE
RTORBIERENR L THB. ZOMELBIRT
27012, EYFALE -2 7EE (MCMC)
o THHRNBEREZITS. £ LT, MCMC iZ
Ko THLNRHERITTORIE Y X b OJEIHIC FHE
EBL, ZhZHWTCLLMICZ Y 7 b 24ERIHE,
HOB R AR % TR T 5.

EVTHILAO -7 EHOFS

o HERIFEHLA - MCMC 265 2 & T, AifEZEM
ZRIBRINCHRR L, STREERERZHINTE 5.
cHERLYIEHDONT VR D LWEIRZRT T

£, BFORVWAHEZAA T2 NEH) ©
NIV RAZE D RPOLRELHAEETH L. K
FIETIITELAMZZ U (unsupervised) T % 5L
PRI TH 5.
o —LWlRE . T br - REEH-
T, THEEMZERIL LD 5 ARERNZ iE
T&E%. ¥/, 713V XLNTRFLT 4IH
PEATH I TERHREEZHRLTVS. X5
2, #Eize UFIETH 2720, RIEWBH I
JERTRET H 5.

MCMC O RS> T v 7k, B
O %lwd XL FAT 2AMIRES &R EDN
WEHRTZ2., ZOEKNR 7 VIV X4 113,
Metropolis-Hastings 7 L3V X A [4] ZZE L, DIF
DFIECTHBE L ATE & R ERE T 5.

ABDCMEE BRo r2ToHIEES P =
{p1,p2s .., Pt B Tu Y S N EERL, LLM O
%z s o HO » gIHETE PO 245,
T5. IhoZ2EAORBIRHE LT3 5. %
7z, ¥R a7 s*I3EEET L (fl : RoBERTa[S5])
AW THEE log P(H® | 0) ZFHEL, MCMC
DHETIRI % G 3 25 L 72 5.

REXTY7 BEOHHREAR P ITRNLTT v
R IEAHIRE p ZBINT 5. BINEO P 2§
RoEHWCHEZ ey 24K L, LLM %
FHLTHLUWRE H Z24ERT 5.

AAT7HBRATY T SEE7TLVERHVT, #Hik
ARG H DA77 logP(H' | 0) ZatET 3. &5
12, LLM OERKHER log P %12, BEDHITE p %
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Algorithm 1 MCMC (23D < ARG

YR
BR O, AIREE P = {(p1,p2, ., pa}, P = [PO]
#EARER H* = H®
entail 7 /LT §* =log P(H? | 0)
s
RIBAHITE C ARG E* = (P*, HY)
fort=1/25T £Tdo
Stepl: &%
BHE DRSS P’ I random p ZENN
prompt «template(P’, O)
H’ «—LLM(prompt)
Step2: A2 7H1H
¢ —log P(H' | P) —log P(H''=D) | pU=D)y
S* —logP(H' | O)
R ANERZER T 5.

@ «min (1,exp(S" — S* + ¢ — Penalty))

Step3: $RHILHE
ELEL u ~ Uniform(0, 1)
if u < a then
P* P
end if
end for
prompt «template(P* + P, O)
H' —LLM(prompt)
if log P(H* | O) > S* then
H* —«H’
end if
Bl E* 2R3

BINT 5 ticks a7z (EE)
€= IOgP(H/ | P/) _logP(H(t—l) | P(t—l))

PRHETS. 2L T, ZOEEHWTRZIT ANhRE
%Rl s 5.

ZIANIXTY T ELE u ~ Uniform(0,1) % ¥ >~
VT, u<a DFRETHITR p 2R E213H
TT 3. ZFANKEE R, REOHERDIH L & —
7y N DEIZFESWTEHEINS. ORI
D@D :

a:mH@nﬁﬂﬂxuﬂ)
Tr(x)q(x | x) )’

(v
(v
o)
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s n(x) IR —=7"v Mot (HWOMERD).
o g(x' | x) IXBIIEDIREE x D SRR I N7 ARAE &/
NOEBIER FRRI).

AFIETIE, 7(x) Z logP(H* | 0) L EEL, BB
HER g(x' | x) ZIRE INZHIE p ONEHER ICH D
WTHHET 5.

RFLNT+ 2TOFHREEHIRIC P IBms
0% E, LG H OMERERT 2720, 2
FEORFVT 4 AT %k alZMA5. gL yldE
AHEBDOZ L TH 5.

¢ R E R}V TF 4 (Length Penalty) P* D XLt
BILI=RF LT 4 BT

LP = - xlen(P")

« iR F LT 4 (Hypothesis Penalty) {7t H O
MEZLEEEETLVTIHEL, 202 IHD
WTRFILT 4 ZFRT !

HP = -y x (logP(H' | O) —log P(H"""' | 0))

INHDRFNVT 4 ITED, RERFHRDEMZ I
20D, B REHOERE(EET 5.

HMh BRI, BRI O BEIEN % &,
PHMEE G OAEBHICHE L LT, LLM ZHW\WT
B H BERT 5.

Q: Stars are organized into patterns called
constellations. One constellation is named Leo.
Which statement best explains why Leo appears in
different areas of the sky throughout the year?

H: the earth revolving around the sun causes leo to
appear in different areas in the sky at different times
of year

sentl: leo is a kind of constellation
sent6. a constellation contains stars

sent17: the earth revolving around the sun
causes stars to appear in different areas in
the sky at different times of year

sent25: the earth revolves around the sun

Bl 1 Entailment Bank Task3 Data
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3 528
3.1 EERETE

Entailment Bank Dataset Entailment Bank [6] I3,
ZEE DGR  HASBICB I 2 & RAEN IS
1D EINIRYF =TT =Rty N TH
5. ZOT—XEtvy ME, EBOHHELD 2 ICEFE
RFE BT 2 X X 7128V TEIERN R A% 12
it 2. ZAWFFETIX, Entailment Bank DX X7 3 %
FICHEBREITV, &7 =X 74721 1 DOEMX
(Bg2 o e LTHD), 1 DOIEMRE i), B X
Q25 OFIEDP SRS TVWS. EBOELRE A
213, 25 OHIRER G D 6 I d IR R ATIR 2 MR
L, ERRGISEMREZAER T2 THS. ¥
1 121X, Entailment Bank % X7 3 O 7 — X M@ H57R
INTW3B.

3.2 FHEIEE

Premises DFFli EIRXN/-FHEOMNEX, Bl
MOV ETEE S 2RI ED 2 H & Z2 R ITKHE
(Precision) ¥ FAFI#* (Recall) TaHfixi 3. [Efi#
Hi$27 — &%, Entailment Bank DX X7 1 7 — X /»
SLEIGLTED, 207 —XIFX A7 3 L [FEUHERM-
REER7ZHBELTWS. X512, ANEPIMERLT
VORI NIRRT r e X2 & A, BERIEMATTED
HRENTWS., M2 IZW@EXR7 1OF—XT, Z
DTF—R%EX 1 DT —XD ground truth ¥ L TEH
L, BREINTAHEDOFEZ 1T o 7B 2R T.

intl: leo is a constellation
containing stars

sent] sent6 sent17

X 2 Entailment Bank Taskl Data
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F1 B3 GPT EFNMIZBIT S MCMC RX— R DR O HRE LR

Model Precision(P) Recall(P) F1 Score(P) Semantic Overlap(H)
GPT-40-mini 0.1593 0.2085 0.1700 0.9775
GPT-40-mini (MCMC) 0.2381 0.2881 0.2450 0.9777
GPT-40 0.2809 0.3742 0.3017 0.9772
GPT-40 (MCMC) 0.2490 0.3663 0.2800 0.9787

Hypothsis DFFli 4 X /- REE % IEfRDE X
CHBGEHIT 272912, 22007 Fu—F2HHL
2. —DHO7 u—FiF TERNA—N=F v 7
(semantic overlap) | WX, R IITIRENTWVS.
ZDFETIE, 2 2DRHADE TIVHEHDIAABD
av A VHELEREERET 5.

2 OHDFMIA TR, ERE ARG e IEfEDR
A O BRI A HEE M2, STTOEM S 2 HICEHE
IT25HDTH5B. ZD7 71 —F% Lorenz Kuhn 5
[Tk o> THREINZ. ZOFETIE, T30
B [15Z, H [SEP] E [H 3¢, GT] & @ 0xf [E RIS, GT
[SEP| HfX, Hlon Yy MaZETHEL, ThZzh
122\ T DeBERTa MNLI & 7L [8] Z{# ] L T/ %E
21195, oBEMRE, ThehdXH TEntailment
CEMD 1, TNeutral (B2 FELRWV)], T2k
lContradiction (FJE) | DWFT Y T 50 %R
T. DLAIRTZTOVWITND 251 (Neutral) F 7213
2 (Contradiction) & FHIZN/ZHE, b6 DIRE
FERIICIERr B Riransd. ZOFEE
BRI 2HEZ, vy T 4 v ZRHEEEICHESL
HOMF v IDBANTEFRA ORI E Vo EH
WHEINT, NEOFHHEIZ X D WiER1E LN
57-DTH5.

33 XBRERCETDEE

1T, EES v Y7 b EMHH L7z GPT-40-mini
B L GPT-40 DFER Y, MCMC HifERRIC X %5
LERZHBLTWS. S XM ELIZ 5
728, 7—X+tv b (1,007 %> FN) KT 5[H
DIATEITV, 2O AN L. GPT-40-mini
UM LLM) Tl, MCMC FEICX>TEDhZL D
XFEHHEHES R o2 D, FEE 0.2381 B X O HB R
0.2881 #EM L7-. —7%, GPT-4o TlX, MCMC 7
A2V XL & VARG D3 D icdEE X k.
EREINERHAR T LTY RAI K o THEX
N7D T 2 DIIMKARARNETH 2. ZOHEI

— 3134 —

WINT 27280, AFETIEE~YY T 1 v 7 A HEEN
G2 EFHL, ERIRGAVER ST 3 K
REVERCIEMRG . ¥ OB S 2 2 % G
L7z, 2~ 74 v VP MEENEF = v 7 %2 L7k
Motz T —&IE, MCMC 84 754 VTEI N,
REINCF = v 72l L. KB INRG D%
BN WL DD — A B FERER AR LTV S,
FRZ, TEAME - 728 20558 LRI IEMR L 72 5 o —
AT, BRI N RE D IE MR B 72 R SR
Bz & 2 L RSN,

Hyper-parameter 2O T, Entailment Bank 7 —
Rty NESHIL, &7 —X KA ¥ MiZ 25 Diijte
ty O 44 OFEERAHRERE T 2 LEH
HDZebhol. ZOTF— RIIBERBBICHIR
BH5HDD, MCMC 1% ORIERETRWIE
BEZRTRE2EZEB L. 200, KIEREE 25
LEDARVI0ICEREL, FTREaA N EIIZ OO
TR ERRE R MR L. ZORER, BEMR
DRI T — ZR—212BIF 3 b v P REET 2
ZrEHWMELTWS.

4 HDHOHIC

AT, TERICHENZ L OFE MCMC £
R7NLTY XLZEAL, LLM OH#tmisE 2 s
BEFEERBRLE. 2O7LTY X4, AR
ZPES HEGAE R v Bl 2R L, GPT ) —
2 DMREFHI I DO W T Z DB R SN
ARWFFED LRI, SR 2HHEMEZE L TLLM
OHEFREE N R T 2 —Bhe 23 Z e pHIfFE
3. LH»L, BEEETIE, F—%ty MEERED
FFIDTFEET 2. 58IZ, X DEMER X 27 ADiH
RnifFxhTtsh, flziX, 11941 OHifEzE &
WorldTree 7> & O EIIEHRRICE D fHEr Z ¥ FFE L
5. Fz, XD RWRENHGREFEHT 57200
W7t X OMEDSBROEELRFETDH 5.
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A ERERG

HHIX 1

Drew knows that Earth is tilted on its axis. He also knows this tilt is responsible for the season that
aregion on Earth will experience. When the South Pole is tilted toward the Sun, what season will it
be in Florida?

EE

When the South Pole is tilted toward the Sun, Florida will be experiencing summer.

sE{biziih

When the South Pole is tilted toward the Sun, it will be summer in the Southern Hemisphere and
winter in the Northern Hemisphere, which means Florida, located in the Northern Hemisphere, will
be experiencing winter.

IEf#L

It is winter in Florida.

HHS 2

When the Northern Hemisphere is tilted toward the Sun, what season is occurring in Australia?

ELE

When the Northern Hemisphere is tilted toward the Sun, it is summer in Australia.

sEeiz i h

When the Northern Hemisphere is tilted toward the Sun, it is summer in the Northern Hemisphere,
which means that Australia, located in the Southern Hemisphere, is experiencing winter.

1ML

australia is in winter

B 3

Sheep Challenge Evolution A species of sheep lives on the Scottish island of Hirta. Hirta has plenty
of grass for the sheep to eat, and no natural predators of the sheep live on the island. Some sheep
have dark wool, and some have light wool. The sheep with dark wool tend to be much larger and
stronger than the sheep with light wool. However, researchers have found that in the last 20 years,
the sheep with light wool have increased in number. Usually, strength and size help animals survive
ii_n(lll breedl. On Hirta, sheep with light wool outnumber sheep with dark wool because sheep with
1ght woo

&)

The increase in the Fopulation of sheep with light wool on Hirta is likely due to their better camouflage
in the grasslands of the island, which provides them with a survival advantage despite the larger size
and strength of the dark wool sheep.

st

Sheep with light wool have a better ability to survive and reproduce on Hirta due to their adaptation to
the environment,which may include factors such as improved thermoregulation, camouflage against
the grass, or other advantages that outweigh their size and strength compared to dark wool sheep.

IEf#L

sheep with light wool have a better chance of surviving and reproducing than sheep with black wool
on hirta
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