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Language Models as Knowledge Bases (LM as KB) I,
HARSEERD 7o v 7 b THE O WEDE 2 FE
HIZITZA5—HT, BEEDOSVEVWEDETER
KM X TV, AT, LMasKB IZH
Cad IR 2D A, THIRROSTHEERG S
FWEbEZ DL, AENCHILS 2HLwT 7
o — F Back-off LMKB % &1 3 5. FEffi5EER T3,
GPT-4 N OF GPT-3.5 1230 { Back-off LMKB % E[#]
& T — X v b StrategyQA [1] ETHEEL, BE
WHIBE OB, RUSEROBELRT.

1 [FC®HIC

LMasKB t i3, HASFEF TErNI A —
2B KBBSEE TN (LLM) IZ¥F 83221
b, BRAEHEFKAD 70 v 7 M THE OB WED
HE2FEHRITS Ze2HIET I X4 L TH 5 [2).

LM as KB I8 2 REERFRED —D1F, HaKkD
MWEDLEFIETH S, —ic, D2HEERIAT
5 HRSHERBEZE-EZ 5N 52, LLM O
WERBRHEOMW L ZICHMTH D, EKCSFE
RENZ X > THRI—DOHFKIIN T 2 WELERGER
H—HLBRWIERRINTWS [3,4]. BlZIT,
SRR [4] TlX, Anne Redpath DFERHZ W& HHE
BB%, v 7 & Anne Redpath’s life ended in & Anne
Redpath’s passed away in ¥ TlX, LLM DR 3 AR D
ZFNF N London, Edinburgh ¥ %7235 Z ¥ 2346H X
NTHDH, LMas KB DEFEMEZIELNET VS,

AWFFTIE, 25 LRI F—EME, FTHORHEE
PICEDIZAOLN 2D LREL, LM as KB DfF
HME2WE T 2 ke 5. BARRNICIE, M1
WWRT X911, ED LM as KB (X 1, LMKB) DRfuw
BOEMROTHEENEZF = v 73 % HORAIEME
2O ANS. FHRICAEIRVWEEIRIE, BuE
b % Hl7e an I o U CamBE A I MEE S 5
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p: Moon Jae-in was born outside of Khanbaliq.

»False? PTrue

LMKB T F

poc izt
9 ) True!
# ProofGen: q, A g, — p-
—v ST
=" True Ne
Q4: Moon Jae-in was born in d,: Geoje is not within Khanbaliq’s
Geoje. territorial boundaries.
— & PTrue —==_=1_ pFalse? BTrue
LMKB T F LMKB T Fp,ackﬂ/ﬁ ]
— ,/"/
#ProofGen:r, Ar, —>q, ------ == True!
<

/"'True\\l—rue

( r,: Geoje is a city in Korea. r,: Khanbaliq was the winter capital
of the Yuan dynasty of China.

LMKB — T F_ »True

LMKB ~ T F_ »True

B 1 Back-off LMKB DR, HF-~X— R LMKB 75 H
BOEREERGECIME2FHET, MEEHAERE
7L ProofGen %@ LT, BIDHIFEZ H Wi E
BIREEIC ANy 2 7 F 5.

(X 1, ProofGen) . AFFFLDEHBRIIRDED TH 5:

s WA DERROHEEMIZIC U TEIIZW
EoREDET 3 H 1= 1M A Back-off LMKB
PIRET S (§3).

« StrategyQA [1] 2> HHEEE U 7- B IREERTRE 457 [
IZBWT, GPT-4 f U GPT-3.5 125D < Back-off
LMKB OF®MEEZ ERINTRL (§4.2), =7 —
A XD SROFELZHS TS (§4.3).

2 BEHEMHSE

LLM D4 i R OB MEHEE O IEFE R A
WITHbNTED [5,6,7,8], LLMIZE o TEBDY
DO VHERE DN 551X, THEEX 51
MDA LD20H Y, KK TIIINZFHT 3.

BRIEERHEREEHED T ICBWTIE, HHx
B % B2 BRI L T 5 LLM IZVWED
B, ZOMBREHET 2T, EDBENR L
TBIEeNBHEHETNTWS (9, 10,11,12]. L
LD, Wihd THlOMEREEZEE L2814
DIRFAT o TV,
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SCHR [13] T, EHRICTS 2 ERIGE (VQA) I
BWT, WEEISCTEMNCEMZ M 52k
DEMEDRHER IR TWVWS., LELAEDAS, VQA
FEANHEBIZ T 2EWEDE, LM as KB 13837
X MYy ZHERCHT ARIWEDETH D, AT
CIIEBRRENKELS ERE. £, S TRTED
72 PRI 2 EABMGE I MGET X LTV,

3 IBEFE: Back-off LMKB
3.1 2F0Eh

HAERERom#E p L HHBX—ZA K P52 5
Nz =, p DEABMED DD 5 72 51X True, False D
WD, RHI72 513 Unknown £ &% 2 ETF L%
I 5. BAINEIRD X 5 BB f 2etGEH T 5.

True if K~ p

f(p) = {False ifK ~w—p £ Kmp (1)
Unknown _EEC DM/ 23 iESE

ZIZTw IIERNREELZRT.

RETFTHETH % Back-off LMKB DHIE XX 1, 7
N Y X L% Algorithm 1 123, 5lEIZOWT, p
EMEEN RO ME, d 13FERO LR, r ZREOH
RO L OEXTH 3. LU, iis 5.

Step1: K L THAFIM X7z LLM IZH-D <Al
R —ZAETIL LMKB ZHEEEL (§3.2), mEp O
BiaeMEEs 5 217H). 727U, LMKB anéE
D EABICHERE LT TR WVWEEIZ, Unknown %3R5
CEMTEB LTS, I T True, False VIR E 535
A, DLLEHERBROERIGELEEAS (rF=d «
X, BEfAEERLCTUEEKRTS 2 G1TH).

Step2: §1 TN X5, THRIOAHEFIELX
LLM QD IE—EHDH A > Thi e EZI LN
5. ZZT, THIPAHEERZE &, 7205 LMKB
73 Unknown %R U 72 5&121%, RIESERRIC Ny 7
A7 L, p DEAEREINCHES 2 (417H).

BRI, £3 p LR ERICD 5
DEE 0 =1{91,92, ... qn} KD 5E Tl ProofGen
T 2 (§3.3). smEEM 72 B4R A RE AR X
o TRIN, HlZIX, To&EHEOBFRTD NI,
(¢.0) = (q1 Ag2 = p.{q1.q2}) &7 5.

RIZ, qie Q DEME y,, MFEL, RE Y =
{gi 1 gi € Q,yq; = True} U {~q; | q; € Q,y, = False}
BFHEET B, 22T, ¢, ¥ XD p EHIF-p B
fMTEs0X WAy, = True,y, = True D

— 1763 —

Algorithm 1 Back-off LMKB.
1: function BAckorFLMKB(p, d,r = 0)
2: y « LMKB(p) € {True, False, Unknown}
3 if y € {True, False} or r = d then return y
4 ¢, Q0 «— ProofGen(p) > HHGERHIC N Yy 7 4 7
5 for g; € Q do y,, < BackorFLMKB(g;,d,r + 1)
6: ¥ {q:ilqi€Q yg =True}
7.
8

Y —WYU{~q;|qi€Q,y, =False}

if ¢, ¥ + p then >p IXE?
9: return True
10: else if ¢, ¥ + —p then > p 13 ?
11: return False
12: end if
13: return Unknown > AIEAA SRR

14: end function

), M2 EMEZ RS, flZ1E K1 T,
p=qiANqgy —>p iRbXIRMHEq,q ZRD,
q1 = True, o = True 2 & p 23 True TH % Z & Z ik
LTW5. &8, g, c Q DEMBMEETIX, ¢, Z AN
& LT Step 1 22 5 FHIRINCULEZ1T S .

3.2 HIEAR—ZXEFIL: LMKB

el p LHEENR—2 K 5260z &, pDE
BAED 77 523U True, False DWW Ik, Z 5 THh
17 #UZ Unknown ZiIRTET L 2R T 5.

ARIFGETIE, K&V =7 EICFEETZ Y 2 7T R—
VEALL, Y7 a— 2 HVTHAIME N
72LLM % LMKB ¥ L THW3. BRI, §A.1
o7ar 7 OB ERWTEBET NV p DEMR
25, BoNLINEDORID b — 27 > DA SR
A 5 True ¥ False DAERKIER T B L 7= LT
IERFEL, p DEMBIEY ORGSR 2(Y) £ T 5.

FHIDOREEEICOWTIX, LLM QA SfERICE D
HESRE ¥ IEfRR ORI E WD H 2 2 & 23515
NTVWB7D (7], Y DIEF{LTY e ¥ — NE(Y) =
— Zye(TrueFaise} T(Y = y)logn(Y = y)/log2 € [0,1] %
FHEL, 1-NEY) 2 TPHIOMHEEL 35, FEHN
Wik, WEEEDRIME « DLER & XEBEERS.

LMKB(p) =
argmax m(Y=y) if1-NEY)=>r7
ye{True,False} 2)
Unknown otherwise.

3.3 FESEEAERET)L: ProofGen

M pMNEZoN- %, p LimEHNZER ¢
W_Zﬁéfﬁ%@;ﬁx/ﬁ\Q={q1,q2,...,qn} ZRD 5. 1)
WHEABRANYZ—Ya v 2fHlE222i12&D,
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1 BoolQA DFEE. TEIIZE(HE.
EFN pi]ics

GPT-4 (Zero-shot) 74.8 (342/457)
GPT-3.5 (Zero-shot) 67.2 (307/457)

PalLM 540B (5-shot) [14] 73.9

Bk & s FEEEGERREIE 2 VW2 Z e I TE 503, &5
FXo=qiAqg— pZEEL, ¢d.q1.q2rp &V p %
True & JFfi 3 2O AZERH T 5. K 112B1F 2
Moon Jae-in was born outside of Khanbaliq D 73 8% %
O—HITH 5. ZDMDENZII §B 2RO Z k.

pr5 QEERT Z7-D1C, §A2 DEEEEFWT
Tay P EERL, LLMICANT 3. p A False
TH25EICE, REOREL2EL TR ZE
BT 2R0END L7780, 7uarF hTIX, ERX
N5 g1, g 1 XBDEHE (false facts) THZ I & %
FFLTWS. BHEIC, LLM OAERKERD & % v
<~y FIZED q1,q2 ZHH L, ProofGen(p) DHiJI
Z (0.0)=(q1 Ag2 = p.{q1,92}) £ T 5.

4 FHERER
AT, BIROKNIRL 22 LMKB HIEOM:

HEZHERR L, LMKB O FHINAHEFHE 2358 O M
SFEHAD N Y 7 F 7 DFNR B REET 5.

41 RERERTE

F=®tw b StrategyQA [1] (BigBench k) D)
Validation Split 457 [l % Fi\» . StrategyQA 1, (a)
BROHBEHRE L TEZE<ILF Ry T QA TH
D, (b) FRFICHERHGRIEM D 5320 5K
B EEDT -2y b THD, RFFTLDOERIC
WLTW3EEZONS. GPT4 X ERXEH
EFACERL L THEBUCHIHT 5.

EFTJL LMKB Y ProofGen % E¥ 3 279
D LLM & LT, GPT-4 (gpt-4-1106-preview), F7z1%
GPT-3.5 (gpt-3.5-turbo-1106) % OpenAl API #¥H T H
W32, FEERTIE, UTFOEFLDOMRER T 5.

» BoolQA: LMKB 2 EAfE % sl i ) 2
% (FBEFIE =0 2 ).

* BoolQA+Unk: LMKB ODRAEFSEHR%Z Z D T il
5 (IREFE d =0 & FHf).

« Back-off LMKB: {2 & F-1%. BHIROHEZ D LR
d=1,d =2 ZNZNEFH3T 5.

1) https://huggingface.co/datasets/tasksource/bigbench
2) top-p=1.0, temperature=1.0 & L 7z.
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0.8751 % %
X
X
0.850 X,
c >S( L | 4‘
:% 0.825 %«,“& ‘
(9]
2 0.800 %
x  BoolQA+Unk %
0.775 Back-off LMKB (d = 1) “8&’3
0.750 4 < Back-off LMKB (d =2) .
0.6 0.7 0.8 0.9 1.0
% answered
X
0.80 X x  BoolQA+Unk
X Back-off LMKB (d=1)
x < Back-off LMKB (d = 2)
g Xx X
3 0.751 e
] %
a &%
| 4
0.70 - <« *h
4 « A "«
XX
]
0.2 0.4 0.6 0.8 1.0

% answered

E2 BEr 225850 M@EREEOEL
(_k: GPT-4, R: GPT-3.5).

MBI zhzhoeT iz MBELRZW
(Unknown) | &\ 5 &R Z S Z L 3T, &
WHROMERB R 2720, MHER L WVICHET S
ZeWEEL W, £ Z T, Selective Classification X A
51 Db TETAZST 2. Thbb, M
Er2Zbxt, MELLBEOA{LE vy b
T35, KREBRTIE %0025 EXATO00-1.0 £ T
ﬁﬂjé‘ﬁ', i 25 S = %T}Lﬁ)ﬁﬁggggbfzﬂﬁ%ﬁ, ¥ R
_ ETADIEL L EfR%E FHIL - RS Y33, ZhckD,
[ —fRERD L TORELLEDIREIC R 5.

- EF LB EBEZ R U 7= R EE
42 EERER

BoolQA D& % 3% 1, BoolQA+Unk, Back-off LMKB
DIFEREREEOBBREX 2 1TRT

LMKB Z+94REEZIFSE, FTHOFREREE
HETEFSHD? X1 XD, LMKB ZXBEFEHFEE
FEART R WS T EARMEED T X 2 Z & i
RTE/. /e, K2k, MEEETLIIBENT
BoolQA+Unk D fRZ 3 ¥ fE [ D 12 B DO HBE 23 ERR
TE/ Zhuk, ERlb=Y brE—cE o LG
% HWwiz LMKB 25, Tl AEFEMEZ EYNcHe
ETETCVWRILEERT 3.
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#F 2 LMKB 7 Unknown & & X 7=z BIY 3, R
BIC RS K BB D RS (GPT-4). % True X IEME S R
L3 True DREDE| &% /RS,

(d,7) FhIE RER FE % True

(1,025) 43 23 714 628
(2,035 55 32 719 618

FERLGFAICHT T IMIEERAADONY I F
Z3EMh? K2kh, A—0OMERIIBITS
BoolQA+Unk ¥ IR R FIEDIEE % L3 &, GPT-4
T TR TORERIZBWT, GPT-3.5 TIRRER
60% L FIZHBWT, REFENP LD EHVEEZFS
Nz, Zh&kb, FHINTHESETH 256 DL
BHADN v 7 % 7 DHEMEDTER T X /-,

BT, M2k, d=1d=2%tR3%2,
d =2 DFEENEERINCEWHERNCD 3 Z 2 3bhh
5. Zhkb, HELREMBMGE HRICITS 2.
DEMME DR TE .

312, BoolQA & False, BoolQA+Unk (& Unknown
CHIMrT 2 2Ah%, MEGEHAND NNy 74712 &
D True & itamx EEE L, ERTEREHHEZRT.

MZERICS 2 EARYPMB COREERED?
GPT-4 DfRZEH 95% 1L DEBRAERICOWT, [HHEE
AERAIC O < EAAYIN O M RE & FFAfi L 72. LMKB
73 Unknown ¥ % L 7= BN BIF 5, A
HOLKEBHWORBELZR 2 1R T. True Z1EEY
THMEOE S TN ZFN 62.8%, 61.8% FEETH
D, Unknown % BffilZ True % 7213 False 12354
WHART, 1092 EEFEEE T BRI 2 5280 C =
TWbZrIiZkhs. MEXD, MEEHADNY 7
F 7 DR EWD CHERTE 7=,

4.3 [MIFSEEAD TS —51h

SHROBEEED 20, R2D (d,7) = (2,0.35)
DREFRICBNT, HHEFEIA D B AL & 5 - 7= 554
20 R NFIZE DT L=,

¥ Al = True, IEf% = False: 9 & 6 /9 413,
ProofGen (ZHAfFIE D ICEIE L TW7=53, LMKB
DEMBHIEMD ITER T 27 —23 1, LMKB
DEMBHEIFIEL WD, T—Xty NOHEM»ZD
ZHBEHRTHD, True BIEMRE WR 57— A3
Hotz. F’H D39 ML, ProofGen DI T —IZ
b, BRI mEOEEN AT mED 1755
THRVWEWSHAITH- 72 (K4).

il = Unknown, IEfZ = True: 11 9 £F/11 #Fic
DWTIX, ProofGen 12T —I372W\A, 54/9 4RI
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Growing seedless cucumber is good for a gardener with entomophobia.

I:0.423, F: 0.577
C:0.017 - Unknown.

e

Seedless cucumbers do not
require pollination from
insects.

Entomophobia is the fear of
insects.

T:0.547, F: 0.453 T: 1.000, F: 0.000

C: 1.000 - True.

C:0.006 — Unknown.

N\

Fertilization typicall;
Seedless cucumbers develop . n typica’ty
) RO requires pollination from
without fertilization. ;
insects.

T: 0.959, F: 0.041
C:0.754 — True.

T:0.982, F: 0.018
C: 0.868 — True.

B3 MHEEEHAD ANy 2 3 70568756, “T ... F: ..
¥ LMKB O FHIfERSAR, “C XFEEEE, “o” 3R
REBEGREERERT (KX 212k3).

DWTIX, LMKB 2347 < ¥ & 1 DD % False
% 7213 Unknown & HIWi L7=72012, +95tE03 6K
VL TW2 EHEXINTIC True LIFFE L ed o 72
F—=RATHo7z (K5). %D D419 HIZONTI,
LMKB D EBHEFDICED True & IR S iz
Mol —ATHolz. b 2H11 1%, FizRME
Bk, ERESNTmEOREDRZH Z D T oM
RoTWREWHDTHo 7.

5 &HbOHIC

AR TIE, LM as KB OfEfE MR L2 BiEL, Tl
DAFEEME Z BRI X 2 Ny 2 X 7 TS 7 7
O—FEMBE L. 43 DT —FHIck D, K&
{CODOREPRZTET-.

H—1Z, LMKB O EBMRAEDFEE, Kk ETFHlD
THEFEMEDOHEERBEOMETH 5. THOHEENE
DIEER, HFR—21CH 2mEL Z 5 Thomd
ZHAREICYT D 930 & B il X 7z RS T
HLTWLBEYD 5.

BT, MG O R+ 03 TH 3. HIRD
REFETE, G2ohlmEINLT—2oDF
EDHWDIHZERATVEA, ZHICE Do T
Unknown O FHIZEAHLTLE -7, —DODiEH
B O W THE O mEE G 2R T 5, FEIHEEE
PP TREDOXNRPRETH 5. £z, FBERAE
RIS O B BNEIRSC, I ERMREET = % /7
BRI Z B 272 Y, TR R Y
SESHOREL 12 5.
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A LLMICEZD7AOYT bk

A.1 LMKB

For the following question, provide your
best guess. Give ONLY the guess. No other
words or explanation. {p}. True or False?

A.2 ProofGen

To conclude a statement X, what premises
are needed? Write two atomic premises P and
Q.

- P and Q can be false facts. P and Q should

contain all the world knowledge required to

prove X. P and Q should be simple sentences

consisting of only subject-verb-object.

Do not use
Give ONLY

answer. No other words or explanations.

- Write specific statements.

pronouns. Use specific nouns.

For example: P: <Premise 1> Q: <Premise 2>

x: {p}

B EDfthdDERAEEIR DAY

» Modus Tollens: ¢ = (p = ¢q1) & L, ¢,-q + ~p
XD p BT 5.

« Disjunctive Syllogism: ¢ = (pvV=p) &L, ¢,=p+ p
XD p zELIFHTS.

C RHESIFADIT S —

X4, X512, BiEEHO LS — N3 2 EB
FRRERE D 2R .

— 1767 —

The NY Stock Exchange closing bell will be heard in Universal Music
Group's headquarters.

T: 0.461, F: 0.539

C: 0.004 — Unknown.

Universal Music Group's
headquarters has a system to
broadcast the NY Stock
Exchange's closing bell.

The NY Stock Exchange emits a
sound when it closes.

T: 0.999, F: 0.001
C: 0.993 — True.

I: 0.423, F: 0.577

2:0.017 - Unknown.

Universal Music Group's
headquarters is equipped with
audiovisual equipment.

The NY Stock Exchange's
closing bell can be broadcast
through audiovisual equipment.

T: 1.000, F: 0.000
C:1.000 - True.

T: 1.000, F: 0.000
C: 1.000 - True.

B4 ProofGen O Z—df (5TF). TUMG OAMIZ
WA —7 4 AR D %1 TNYSE O closing bell 1% 4 —
T4 IR THETE 3] 2Tl TUMG OARMICIE
NYSE O closing bell Z X T 5 AT LHH 5] LIFFW
iz,

Michael Bloomberg can fund the debt of Micronesica for a decade.

T: 0.516, F: 0.484

C:0.001

v

Michael Bloomberg has a net
worth sufficient to cover
Micronesica's debt for a

decade.

> Unknown.

Micronesica's debt remains
constant over the decade.

T: 0.980, F: 0.020
C: 0.860 — True.
B5 IMKBIZXbhAERINZTHEHFFEL W
5% LMKB 73 False %3R L7272, FEFADRIRL, 2fk¥
L CIlZ Unknown ZiR L 7=.

T: 0.003, F: 0.997
C:0.970 — False.
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