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23. [AREEE

XPHTARIE SR BRI AR TR, FILZEATE, BAA THHENL, RATHIFG R A5 H i

2| 1960 Y], RS TR 32 B[R] ) B - TE B RN T AR R B OO ER G
THERL RS . ER BT EN S 5 b R BT T4 B (Douglas Adams) 7t (HL 52
f6F5) (The Hitchhiker’s Guide to the Galaxy)H & B 1HE ML " (Deep Thought) e Dy [H1 % 1“4 fir . 5
B — D4R 7. 2011 4, IBM IVRAR 0] @[5]8R G wids 1 AR TS H Jeopardy!, 1E[R|% 7] f
J7 B, tean:

WILLIAM WILKINSON’S “AN ACCOUNT OF THE
PRINCIPALITIES OF WALLACHIAAND MOLDOVIA”
INSPIRED THIS AUTHOR’S MOST FAMOUS NOVEL?

B RGEFEHTHENREET R AMIEFZIEO T RBRE: 5E0TF RN, SR
BT B, WA R . K2 HR B R G E USRS BRI E A b FHISK
A DA A SCAR 7 (1) 167 S g SR [ 2 i L, 51 2«

(23.1) Where is the Louvre Museum located?
(23.2) What is the average age of the onset of autism?

EX—Ff, AT 1 5 5226 ) ) A = 2 2.

F-miEA, BT EERR(IR)N QA, ARFRAFFHUE R & QA, KT Web Fit PubMed %58} %
WP REXA. SR, FERERTHTERMECERTE. K5, 8RR E R U
R BB, HEBEMNCAREEHREEER.

o FEl, ETARR QA, RESUNMEERIIE RIR, #1104 What states border Texas?(
T M R R 2 ) Wi BB A F R Ax.state(x) /\borders(x, texas), &4 When was Ada
Lovelace born? it 31| [i] [ %< & (gapped relation): birth-year(Ada Lovelace, ? X). #AJ5, X8 LHRR
FH T4 160 S S 090 e

FATVENG 7 R FH T [R5 1) R ) F A N YE e — DN SR, FRATE A NLP A5 1 K 1 11
WIESHRA ORI 712 50, IRATEN B W] B E S HA DA Z ) . FRATIER . K& L)
TR A M EE, ZEESSE T RAET IR AEETA R RIERE B

BATPE RS BT A X L 5 L e e Ve AR PR, R B S A 28 R X ) A A 25 22 00 B BE(HLPE 8> NLP
PR EERNREAR: FEMARET IR 1 QA M SCEEA ;)R SR E B CRLT 2T JR 1 QA IS ZH1F).
PATHAE T —EaIHas, NAEBRRIES.

EEE: EARTER, AT SR SRS, (HUBO R 50 7T REE AR B3R VT 22 Fo Ay 55 22 (1)
QA 1155 o 1% EEAT- 55 (0 45K A% 21 i 838 (1] 25 (0] 3B SR ) Bl F A 75 22 A B B S 1 Il ), e IX ] ] 25

CEEH A JRATTR T 4 X 22 11 e 8- 2 SR O % P #5040 4 145 11 Quiora B Stack Overflow. i f5, — & &,
7] 25 NLP 0 i B B2, IRt 78 N 2 e iy i 1 Al AFE A2 Regents B2 25 i85 25 1 b i ) a1 2%
IR R S, LAEAE AFEHE NLP F1 AL ff—Fi 5 X (Clark 25 A, 2019).

23.1. (ERHEE(IR)

{5 B (Information retrieval, IR)ZZIUHMAHK, W 7 RYE 5 B FRRAE R A T2 A5
o AN IR RGUEE MOV R G5 WATEATT P B 2R IR AT LB HIBEE, LT iR IR £E 17 %
LT o X B B SO R A 3 N 2 B A R R R 1 S TP & Manining 45\ (2008) 1 #0RH 1

WATE R IR AL S AR BN ERZE (ad hoc retrieval), AP iR ZGREE W, RERERRS

VS 42, (EAERGE, R B AR
2 BHRANE CUERATRII < Wit . bR (EEE L) .
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MBELEAE A iR o] — 20 A7 B9 30 - SO (document) i 52 RS R 51 AR R BT (] ST BAL (R IT, Bk
3, GHTIERIE, FEERESCEETE). A (collection) 28 H T H PSR —H R . ARiE(term) 2
fREA IR, HB TR E. &5, Eill(query)REH—HARERRMHPEEFR K. K 23.1
R T R R G R S AR R A

Document
.- ___ Inverted |
H I Index sl
Search f------ >

document collection
Query ____a] query ,»’/
Processing vector

& 23-1: BIfE IR W ARG ZRH
FEARM IR AR R A IRATAESS 6 S rh A e s (A A, ARz R b, JRATIE T unigram FRi]
THECHE 2 AN STRS SRS 21 (7 B, I8 FH 17 2 1] PR R 52 AH ADURE R 72 ) S 4T HE 7 (Sallton, 1971). R,
XA 4 BEH AN — AT, PO RIS T e AT BT .

23.1.1.  ARiSIFAETED

RFRATVE B an ] 5o SCRS A2 1) 2[RI I VC G EAT VP20 AT o 76 IR FR AT AV A sk ) sml o4, i
e A SCRS B T L ARIE A E (term weight). BiANARIEINEUT S 42 H WLII:AE S 6 B4R tf-idf InAL,
A—ANRY T 5K (AR FIFRC BM25. FRAT DS 7EIX BLE B 43 th-idf, XS AR E KBS 6 & T,
t-idfOX B R —ANEFRF, AT )& N ARTEER tF RSO idf 1R
TR A 5 PR BATIX AN 2 A0 78 S0 i & H BRI B m] B SR A OGSO R 1A B FRAT1IE
HAE RS logro, MIASZREGTHE . B2, — AN Siase SO d B 100 YRIFA 2 (51X A B 5 S0k
B SCHIA SR IN 100 £, PONIRATASRER O FOST 3, A ARRATIE 72 #ohoin | 1:
tfia = log1o(count(t,d)+1) (23.3)
N SR FAVE XS BB, AE—A SR B 0 RIS tf=log10(0+1)=0, 7£— N SCARY R HIEL 10 K
LKA tf=logro(10+1)=1.4, 100 VX ] tf=log1o(100+1)=2.004, 1000 X [ tf=3.00044, LLHHE. RiF t
(SRS AR dft 2 e BE SO T B . A AR A BOORS h ARIEAT B - X 2 SR R A I H A3

Documents

I3 X 73 R AR BEANME S TR I ARIE R TR AAG T o WSR3 5L idf 7] B EE (Sparck Jones, 1972)
5E XN
idfi= |Og1od—f (23.4)

Horf, NOYESTRSCREE, dt WHIURTE t B3O8 —DARE LR SOk, R
/N O ALE I Fogs HOERE A SO IR TE . Horf NG &G TP SO S 2 1T dft 2 BRI t (3¢
R IR SO D, SR s AR O BCse BN SORS AR T

PR S 95 PO R 1Rk e o 28 A ) — 28 idf R, MANAEAR (P EERRD IXRE A — ARk Al ot L
AR AR R, B (R s CEITEER) R M BLR R ], BEREMR (UKD, st
i DL T 58 A X)), BUONENTHIERTE 37 & C(4F) 8 () rpkfh.

Word Romeo | salad Falstaff | forest battle wit fool good sweet
df 1 2 4 12 21 34 36 37 37
idf 1.57 1.27 0.967 0.489 0.246 0.037 0.012 0 0
TS d A ra] ¢ H-idf 4B 9l tha AT idfe 1 2R AR:
tf-idf(t,d) = tfiqeidf; (23.5)
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23.1.2. TR
FAV BRI Q WSO d ATV d IASEALIEAT P4

Il
73— T BB AR 52T S (0 75 10 AR 1) R R s B AT T ST A ) B AN SR 1 AR A O BT [ R, B
LLREATHIEE, SRR B

score(q,d) = cos(q,d) = (23.6)

score(q,d) = cos(q,d) = 111 (23.7)

FATAT LA t-idf {E P H (spell out) A 0(23.7), FHAE S FAHE H B AL
tf—idf( , ) ti—idf( , )
Jz th—idf2( ,)'\/z t—idf2( , )
ez, @R L B AL R A A 2(23.8) . BB FARAE, BT LAREAS TR A T BUR T BE
2 1. FF HEMBIRIZEA—(BR A q))XT BT SO 2 —FER, BT LA S8R AN SR Di Al Dy 2 1H]
HIFEA BT CARRATT— RO Y DA a7 5 (R 20 8O0 — AN S0Rl d g — A o
ti—idf( , )
|1
EFRATH I — XS 4 4> nano STREE S /N AW RG], THE t-idf (5 IFEE SR HET . JAMBA LA
TN R RSO R A ERR R AR NS, I ELHIBR T AR RS

score(q,d) = Y

(23.8)

score(q,d) = > (23.9)

Query: sweet love

Doc 1: Sweet sweet nurse! Love?
Doc 2: Sweet sorrow

Doc 3: How sweet is love?

Doc 4: Nurse!

K 23.2 o TIPS SoRsE A 30(23.3) AR(23.4) 1A (23.5) 11 th-idf AR A1 SR ) &K d| (5
F4 3 SRS 4 BT R A EAE NG ).

Document 1 Document 2
word count tf df idf tf-idf count tf df idf tf-idf
love 1 0.301 2 0.301 0.091 0 0] 2 0301 O
sweet 2 0477 3 0.125 0.060 1 0.301 3 0.125 0.038
sorrow () 0 1 0.602 0 1 0.301 1 0.602 0.181
how 0 0 1 0.602 0 0 0] 1 0.602 O
nurse 1 0.301 2 0.301 0.091 0 0 2 0301 O
18 0 0 1 0602 0O 0 0 1 0.602 O
d1| = v.0912 +.060% +.9012 = .141 dy| = v/.0382 +.1812 = .185
& 23-2: i+E nano XX#4 1 A3 2 B9 tf-idf &

Doc |d| tf-idf(sweet) tf-idf(love) score

1 141 .060 .091 1.07

3 274 .038 .091 0.471

2 185 .038 0 0.205

4 .090 0 0 0

& 23-3: RIF\PAR(23.9)x I THERF
K 23.3 Bon T 4 ROSCERAIE S, IRIEARQIEMHF . X—HES M 25 [0 A 53] T B
. RS 1 RAEZ e, AW ARE(sweet Al love, Hid sweet HHASLH); FEXRI3 2 E, X



376 23, [r) 1
P4 3 o BECFE|d|BOK, sweet (1 tf A/ SCRS 3 Bi/b T H A — ARG (love), SCRY 4 AN ARIE ARG
tf-idf 0% HH — AN TR A — SRR BM25 IIAUTT 22 (6 I HE 51 N %77 221 Okapi IR & 48 G ik
Okapi BM25 (Robertson % A\ 1995)). BM25 3411 | P4 Z B0k (R 15 ARIE S A IDF 2 [8] - (1) Jie £ ) A
b (F il SR FERVE AL I ). R & g, SO d 19 BM25 1350 4
IDF weighted tf

—— » "
> log (d—f) k( (f 7 (23.10)

1eq |da_vg|>) +1, 4

He P avg| 52 T SCRS IO K B o 24 k O O I, BM25 k& BIANE IR IEAAR, R A 2 rp (i oRE 1 —
BERERECIN L idf)e — AN KM k 2 2 EUS IR RIARE S ANSE (N _E idf). b G HEZ M 1 (3% SR K E4E0)
F (LK ELETH). Manning %6 A\ (2008)iA & HIME A k =[1.2,2], b =0.75. Kamphuis % A\ (2020)%}
BM25 [ 2 IRE AT T A s I L4

fERE R d, RN T AT RN SRS A R v A I o 4 R PR A e e AL (1
FIRFRNIE B (stop list). E 92, mMAREGET ZEW the. a. to FTAEIA)IIE UBCER N, TTRE
SRR AT, H HEw] DL B4R /N RATE T IR B HER 51 50k s IR sk 2, R —
MR B T AR RE, WA FE R AR R 0, @515 H 8R4 F1E to be or not to
be k> not. FEIAN IR Rged, FHIIERMEHZE DG L, M EEER S 7%, oy EFZ IDF
AL AL B T H R Dhfe, NIRRT A SO A B DO R (R BCEE . SR Gk, MIBA 452 P 1A 7 2%
it NLP AF% i I ik 2 I, R EAR .

23.1.3. {3HEZES]

NT RS E, FRATRR A R R A R A B B SR . (QEWIRATE R 23.3 REFIR), AR
AN AW T ST 45 73 #8008 0, AT LAZME . )RIE, IR A R AR 2 ) L R 2 1) d € C 1 3CRY,
KOS —PARIE gEQ.

XAME 55 B8 45 K 2 B HER Bl (inverted index), BATMEHE RIZEE R R, 0] L5 8 H 77 1%
HHIMEE, WSO SO TR RN ARIE T4

SHE B WM EHER 5l 25 A XA PSR AR . E HRE A FHEAN T AR —R
BHIR(BIEABTIN), FAARIEAEFZAERNF5IR . WF 522 S5 RIEMHE RIS 1D 171
R, ZFNRIE T DUEL S IR B AR SR TEE SR R DAL B 2 BINE R . T DU A RIETF U6
SCRYSRE . N, b T DY AN AR SR R T B HE R T1 3 RS BRI Y SCRYIEEH A, Y, — MR A AR
PFEEr—, 1ZFIREE M ID 5, RIETECEEL [H . PTRERMBAT LA R M2

how {1}  —3[1]

is {1) —~ 3]

ove {2}  —1[1]—3[]

nurse {2} — 1[1] = 4 [1]

sorry {1} - 2 [1]

sweet{3} — 1[2]—2[1]—3[]

HEBI P IIARESIZR, AT AR A R SR % SO 8138, DASE B tf-idf 2 0T 75 1)
WEAE R BIHER GO HAE R T SR 4EEE E R U DAVTEC - A 1 R 3,  Chen %5 A (2017)
KB, %7 bigrams K% 51 L unigrams B4, HAE A 2B A BE T A 2 EIHER 5 R IE S R .

23.1.4. (ERNEEFRFERFE
AT PR I ERORS 3 0 0 Aok e 46 R R RS . JRATT R IR ARSI Il A SR

R BEOCENBINE: {} -, 1D, [ ]
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SATH B BIAHSCECAAE I o K B Il [a] (A QSR v BT o BB R — 88 0, 4 [m] 2852 Pl [l (8] Jo A A 5%
SCRY BT O B — 8B . B IESHE, AR R G SE RS R R T T AR SO, KR —A
T R ZBMKH], AT N 2 HAR AR SR, I BEST I U A afk b5 XGRS
SR 5 R AN [ 5 SUN

Precision = '—: Recall = l—: (23.11)

ASERE, IR R AN BE T8 20 I xR (8] SCR EAT HEAL I R GE IR RE o W R ERATT EL A
FR R RGN TERE, AT E AN E R TR HEA S R AR . BATH ZOR B EEA A | X, D
IR R GAERAN RSO BT 5 e HE 4 5 T s 2 4

EBRATRE — A7 BB 23.4 ARG T REE T HAL RS FEAN A (Bl 5 (8, X BB AEFRAT
[ "I 30 B R A P — LR SORS I A T B3 G R AE 45 58 200 B B AOAR SQ SRS R LE S i 4[] 2 AR A
[ 9] L3R B BRSO I L o A rh 0 41 [ R B R 2 I — N i), &l 9 MRS, X
SO E N — DMK TR A .

Rank Judgment Precisiongank Recallgank
1 R 1.0 1
2 N .50 1
3 R .66 .22
4 N .50 .22
5 R .60 .33
6 R .66 44
7 N .57 44
8 R .63 .55
9 N .55 .55
10 N .50 .55
11 R .55 .66
12 N .50 .66
13 N .46 .66
14 N 43 .66
15 R A7 g7
16 N 44 g7
17 N 44 g7
18 R 44 .88
19 N 42 .88

20 N .40 .88
21 N .38 .88
22 N .36 .88
23 N .35 .88
24 N .33 .88
25 R .36 1.0

B 23-4: $t3HERMEEMBRIRNITE

BiE: S&AATm TR E—HEH L R (BIEEAH IMEAXH), fiTARETHLNEEREEEM,

R, BREAZERN; SRR, HREEZE N YR IARF SRR, A R,
FOTH, RS BRSNS B O SR RS FE 3G, e Wi o AT AR FE AT Bl AR
FH 7 V2 Pk 2 5 4 [ 3R 11 50 R4l kG 2 - 5] 2 i 2R (precision-recall curve), % 23.4 df%# a0
K 23.5 fis.

K1 23.5 Son T HAEMPME. Hi, RNFTESIHHAEERNNE, FU—MTUE—1NRG55—
AN RGHAT LR 7 ST & IR — RO iR 2] 11 ANEE F EIER (0 1) 100, LA 10 25K ISP R
o B TFRATA K AT RE A X L i U1 200 (P40 £, R FRATTT SR B R ATT A B8l 5501 11 A3 [RME A8
#E{E NG (interpolated precision){fi. Jyit, FRATAT LLEBEAEATAT A [BKF Bk B)am FRATHH H &
KA [ 20 B eI B A S KRS BEAE . e — i ik,

IntPrecision(r) = max Precision( ) (23.12)
1>=
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1.0

0.8}

o
[#))
T

Precision
o
»

0.2

085 0.2 0.4 0.6 0.8 1.0
& 23-5: 3k 23.4 BB ENS B X)Lk
X FRIEAE T BT ALRATE —H Al P ae, 0 B vT D3 SR da 550 b AN kS A -
BB TR 2 B I R AR 1A F R KSR EE ) B KRS FEAE, SR R G REEE Tk . ] 23.6
FE 23.7 B T NFRATH 7R H 45 20 0 P 3 208 5.

Interpolated Precision | Recall
1.0 0.0
1.0 .10
.66 .20
.66 .30
.66 40
.63 .50
.55 .60
47 .70
44 .80
.36 .90
.36 1.0

23-6: ME 23.4 FIEABUEES

dhE sk, Wi 23.7 Fow, AT CUES LR PR R BT gk LR EAT. AR, TERTE A
[FIE A, SRR 2R e k. AR, XL il 28 th AT USRI R GURARAT IR 8 . AL T R FE R )
ZGEATRE A TR B M AR A B, 1 S A A [ 2R GoH 78 5 i (A A BT ) B 8 v (WA TR ) o

DAl HE 44 Ao 2 10 28 M 7722 SF 36 B )38/ (mean average precision, MAP), &4t 7 —A~nf H
FUR S RAN AN ERE. B IXM L, BATHXE FHEARERN CHP SR, HIERAMAE S
BRI ARIE AL 5 EE BORS EE (B 40, 7EP 23.4 R RIHES 1. 3. 5. 6 AR 2 38 4 ib). X T B2,
AT 3 L R (R FEE 0 B P AP0 3R [ 4 4 (B 28 A 5 s i) o B e, S R FRAT IR %
Re2%5 T KT r ARG SCRY IS A, TN 259 ) ~F 358 B2 (AP) 9«

AP = il Precision ( ) (23.13)

I
Herf Precisiond(d)2 £ 30k d (UALE EIEFIEEE . T — R SRR Q, AT I 2 fE k4T
¥, 3R EATHRLA K MAP Il &£ 45 2R

MAP = ﬁz AP( ) (23.14)

1EK] 23.4 1, FEASEH) (R HE=AP) 1L 2 0.6,
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1

0.9 1

0.8 1

0.7 1

0.6 1

0.5 1

Precision

0.4 +

0.3 1

0.2 +

0.1 1

0 Ojl 0?2 0?3 0..4 0?5 0j6 0?7 0..8 0j9 1
23-7: {GR{EMBE-QEhZ%

BE: IAAWEESEE-GEHL. -1 EH, I MEEERANEEANETESRAEENRAEAE. F
M T RENEREEE R,

23.1.5. PZRE IR

MR ATTE, T IR M4 tf-idf B0 BM25 B — A& ERskiE e R A 1R &l A SR 2 A
LR B 1] B S B A RE TR, Hehguiie, $8 b A vk (Elo in) i 80 D P P e S v A 0 8 2 A S R e A P
TR SR IR AN A A . IE 40 Lin 55 N (2020)F 5, P AT RE 2 R 1 2R — AN AR 1 52 1 i S (a tragic
love story), fHyb LT HIS T — /A fvig £ 4 115 18 (star-crossed lovers) . X #% % A i V1A UG L 7] 83t
(Furnas £ A\, 1987).

XA I R (1 it e 7 S8 e A P — b T LA A 3R] SO i 7 v A FH (B8 SR RO )IRON 5 T AS A2 (B 58 1D ) B i T
. XAMEEEIR A LS| Jy it i 32 i (Deerwester 25 A, 1990), {H &I 7 E#0 18 4% BERT ix
FEM RS as . 75Tl B0 b4 (biencoder)dr, FAVE A T AN gL a8y, —ANwidad), —4
YRt SRS, R X PN 1) & 18] s AR D 4 H (B 23.8) . foiltan, iR H BERT, ATHA WA
Ywfh 3 BERT Q Fil BERT D, 1T LUK 8 I HISCRY #6735 A % 1 4 28 (9 [CLS] 44 it (Karpukhin 25 A, 2020):

he = BERTa(q)[CLS]
h = BERTo(d)[CLS]
score(d,q) = hg*hqg (23.15)

B SO B RRA AT DA oAt 7 sOORF R g AL 1 STAS, 49 oxd Fi A7 #4512 1 BERT 4 Hi 4 AP i A m A

JeffiH CLS ffFid, i3 m] LATEGm AL el s BB R 2 5 s A4 (AN 286 B (Liu %6 A\ 2016, Lee %5 A 2019).

dot-product

h
(ENCODER'queW) (ENCODERdOCumenD
N A B
ql an di dn

23-8: BERT WmiLEE A FitE i S EapmE L4
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BEENREHT IR 5 QA MK RAM:, VIR &— NIFBUGHT AR . 7575 BRATE 78 Ak 2 s
WAL IR AT45 A S th s BB A T4 18 (GO 5 38 5 5 v SR AL A AT 0, R385 S R 5 0 1 T 0ok 3k A8
5 5E M), LAt ) A X — Sz s SO B BERT 254w At o T b 3 1) 55 K G % 3 1o B S0 1R 20 B 7% ) o

RORA R — A . B IR 51 EE %O # 7 XA AT RE I SO 5 & A AR T HE T o X3 T8
B R T R &, EHER 51T DEEE A SO SEBLX — . XT3 BERT 5Lt Transformer 4ifid#5 (1)
EENREL, FIREBEDS N EA s RSSO A R AR RO AR R 1 — M 7. TRk, AR
RGUE LA B AR M B4 R H%, 0 Faiss (Johnson 55\, 2017).

23.2. EF IR f9ECH9Z

ET IR 15 QACH I FR NI BEE QA H bR 2 8 1 A web B At KA SCRYER & v 30 B e SCA Fr BOR [R]
B, 18 23.9 BoR T R il s v A R A R

Question Answer

Where is the Louvre Museum located? in Paris, France
What are the names of Odin’s ravens? Huginn and Muninn
What kind of nuts are used in marzipan? almonds

What instrument did Max Roach play? drums

What's the official language of Algeria? Arabic

B 23-9: —HEIMEFEREER

T IR ) QA 3 BHE A2 K 23.10 Fis R A % (retrieve and read) R . 73X APy BE AR AL
[R5 — B B, BATAN A SCA R & R R A S B, S0 B P RANTZE R — 5 P B R R 51 .
TESE B, — R B S B A S A — R SO R, R M T I R P

query
Retriever > Reader
Q When WaS - . dOCS start end _»A- 1791
the premiere of —— ~ = > :
The MagIC F/Ute? E - [CLS] q1 q2 [SEP] d1d2
—E Relevant
Docs

Indexed Docs

& 23-10: £TF IR BRI IEER

HiE: T IRWELHE U EARANINE AR, NESFREMEANXA; Hig, HF— N wEAxBBAGRIAZEE.

— A& RGN LR T TS5, BN #f# (reading comprehension)f£55. i M RS SHE
Bl —AFENEN R g F— MRS BRIV p, REREIEE s(BEFHHEE T EAEESR, BEEE
Seyy B N —H AT REI A R TIERE ). MR, BRE 5 R AR T BRI ) S B R
FFETE, WRM P FEMABRIEES TESR, MmO LA k). B, ZAE% 5 2R
JLEE 1A 178 1352 B AR 3k (— A ) L 28 SR A IR 15 B 00 0 A0 B AT % ) R (1) 242 TF B i A S 1, DA 9 vP Ay
FSRTE = F A ) —F 77 (Hirschman 28\, 1999). Bz 245 LU fhoy A8, (H C R JE AR
IR 2R AN ) A AL IR 5 B B

FE A () 1) 27 2R G R AN R B R R AT 55 45 A AT — AN S Sk Y TR AT — S KBS SRS R A (A
Wikipedia 5% web 1 %), FHiRkEI—ANEE, 852 NSRRI —BOCAS . 3XAME 5538 5 AR AT 0k
QA. TEETRIGILTIH, HATENAEET IR QA MEATY, HANH— AT g 2% QA
155 ) s 4
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23.2.1. HEF IR QA: Hipe

FT IR [ QA [ Hde SR W Fe B ST R 8 5 (B R0, 2 58 )y aH i e 1 B A a1
el 152 HR i 2 498 v DA FH B0 SR R R4 4% 7 By A Il ) 15, TN B I — NS FEAE A R . g
BN R RN Bk, G A D B R GOk IR,

#iltn, Hr3EAE a2 $iE £ (Stanford Question Answering Dataset, SQUAD)HI K [ 4E 5 i RHE &
A O ] L ZEL ik, 3 6 ] R 25 2 2 oK H SC# K5 FE (Rajpurkar %6\, 2016). SQUAD 2.0 383G | — 1%
Ve R (A1 25 1 2 (Rajpurkar %5 A, 2018), St 15 AN M. K 23.11 75 7 SQUAD 2.0
M — BT ik, A8 3 AN &R,

SQUAD sl it ik ARG E AR ERICE, 5 R RTRECER M, HiEFE - RerER
KK

o e B 2 T SR B R QAR Y, (2 24U 1) R 15 5E 5 2% . HotpotQA #i#a£E (Yang %5 A,
2018) &l i [ AL TAE# WoR 2 A B R SOOI K, B R B8 75 X A SORY AT HE 3L 1 )

1% SQUAD &Y HotpotQA X A 1) K4l 2 Hh (1) 17] R FH By 26 el 152 BV IR VP 5 A ), X mT Re A At AT T )
Al R 25 5y 1%, RN VPR vl Re (R R ) (5 12 S8 SO IR 4]

H 4R [ £ (Natural Questions)%i#i 4 (Kwiatkowski 25 A\, 2019)%% H IF i) & 4 258 & 37 3] Google 1
o, —ANEWEKREART 5 MNMER LRI Wikipedia T #7 S8 BIWEE T RT, RETHEEER—
MERIERIERKE R — NS ENE R MR SCAAEE BT, WARIEH nulle B, o) e i
WEAE RN B AR & L F2 P 2 (When are hops added to the brewing process?)” 4 — N4 2 & ik i 11 2 (the
boiling process)" Ml —/MK & 2. Brewing 4 5: | B T _F BN B . 7R M8 R BLEGR AR I, [ L B A AR Y
SAFF| A IH @A — > Wikipedia TUH, Jf HAM R HCE 5. FE& SR TEE 570 M

F R R e L PR — b LR R 7 28 2 I A i) 0 g ST R AR, R B ) RUAS S AR BT N S — R S
WS TR . TriviaQA 4 £ (Joshi 25 A\ 2017) 00 & B Z 17 & % 5 (1) 94K il 8, LISk H
Wikipedia 1 2 4B SCRY, AT F=42 1 65 J3™ in) -2 ZE-uk s 1 — o4 .

Beyonc’e Giselle Knowles-Carter (born September 4, 1981) is an American singer, songwriter,
record producer and actress. Born and raised in Houston, Texas, she performed in various

singing and dancing competitions as a child, and rose to fame in the late 1990s as lead singer

of R&B girl-group Destiny’s Child. Managed by her father, Mathew Knowles, the group became
one of the world’s best-selling girl groups of all time. Their hiatus saw the release of Beyonc’e’s
debut album, Dangerously in Love (2003), which established her as a solo artist worldwide, earned
five Grammy Awards and featured the Billboard Hot 100 number-one singles “Crazy in Love” and

“Baby Boy”.
: “In what city and state did Beyonc’e grow up?”
“Houston, Texas”

“What areas did Beyonc’e compete in when she was growing up?”
“singing and dancing”

“When did Beyonc’e release Dangerously in Love?”
“2003”

ZoZZ0

E 23-11: —BEIREMERNLE

Eli: — & (EETH) XZ 4k H SQAD 2.0 342 £ (Rajpurkar % A 2018), 44 3 MK E BAARIEL ZHEE .

PLE SR 0 553 TyDi QA ZUEE B SR H 11 FP2R B ZREE 5 (10 204K 7] 2B, A HE B h A3 18 |
FOINPLE . WL BAE . MRIBEAIZEIE (Clark 25 A 2020). 7£ TyDi QAR5 , — ANl BRI — s [ 4k 3L 7
B EWE RN RS, RELI(a)EFETERPE@REAXERETES, WA nul), (b)fricEE
(R f /NS BE (BN ). IR 2 M AR A B 2 . BRI S MBS 4 QA RGUTHR 7 Hkik,  bulnin) @2
R, BE B o E5 2 Fh BR8]

TERIEERRTE ST, RASHH—NNE, FERTRBER. AR, EXBNPIE QAL+,
RGHRALGE—FRCE, Mk a AN —EES T TRR. QI RAHR QA a5 I
TR B R AR . TR E Y, X 2 R Wikipedia 1) QA i 4 (1 SQUAD
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i, HotpotQA R SZH K. Xt TR, BN (R, %0, BR)=JeHHRINZRiEE . (HEHERER, X
TEHMER, RGERAH A, Ui BN R G ERERE .. R KRG 0 a0ET IR, PIERE—ATm, K5
BEHCEAT.

23.2.2. EF IRAYQA: LR (ZRIEEIRE

HEF IR QA B — A BRI RS, HlndAIE 23.1 TThEFIMZEAL, T IR 1) QA I M B
T RIS o B LA (1) TAE R IE— R SCEAE RN G4 M R AR AN 1K B8 3R EUE) QA(extractive QA)
th, BRECEPRCARR NS, BN, 45 Hi“How tall is Mt. Everest?”iX BE—ANa] @, DL —/M
% Reaching 29,029 feet at its summit M\ A BV, TR L2840 29,029 feet.

B A BT 25188 5 SR F 5 BE AR ASE 2R - 7 S 3 bR 1R i 5 (18 B (span) G SR [ SUAR 45 HR ) o [k
HRMMEEDS, HH T —MEE n AL s s go R g AI—DNEE m AL pry ..o pm EGE
po B, EATM EARRITERA RIS a 25 RIE P(alq, p).

WERENEEE a M as AL BT UG IHAE ae AL E AR, MIFAME B WA, B a] DO M2 qliF
9 P(alg, p)=Pstart(as|qs p)Pend(@eld, p). FEt, XFF By&H RN pi, AT T NMMEZ: pstan(i)
TR PR B R EINITUR, T pend(i)FRs pife B 285 FEII S5 oo FH T Bl 5 B A2 1) s v R 2 BV 2 H4g ) R
Bk AL 64515 BERT XA 4nfid 23 (K] 23.12), fEHI[SEPIFHL T4 H , SEEABIEFFICHIRA
— MRS .

{
C Encoder (BERT) )
t 1 1t 1 1

[CLS] dq d, [SEP]¥p1 o)
N—

——

Question Passage

B 23-12: ETEEN QA &RILER(£H BERT)

ElE: — M mA A (5 BERT), A TETEEWQA, KREE T EEMN QA LS,

XFIRTEERRE, AR SRR NE DT, B CERRNE ADFH . BATETFEZRIN—
MNEWE, ZEBEROEN BN, DL g e iy & . ARSI AN 3T IO 4Rk m) =
—NEBEHEIRAN S, —PNEBESERIRA E, EATBERIAF R, N TEREA N6 HE AL pl'f s E Hin
MEZ, AT S A1 pil Z I8 S FR, SRJE M8 softmax X SCH BT #Fid pidkdT i —1k:

/
Pay = 5P (23.16)
l Zj exp(S- P,J)

AT AL T 20T B8 T A R R

4 EIXE, FATBEL R AERS R QA MRS, ERMEF T, KRGS H MR EENCE PR
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exp(E - pl)
> j exp(E - P;)

MALE | BIALE | IR FEIAS50 0 Sepi +E-pf's 1645 j2i [ 5I%ES E RI 1520 B s 10 ol A2 A5 ol
TR PRI Rt 2 A A S8 L f 1 ek AR 25 TS L PR S5 =R £ ) 7 K

L = —10g Pytart; — 10g Peng, (23.18)

P, = (23.17)

YF 2 B4 (40 SQUAD 2.0 1 Natural Questions)th & BlX () (question, passage), FLH[) passage
NEFEERE . B, BATETE—FIERAMG T A & ZATESCR P T RetE. Fridkfiuse, BaE%
FEH R AL LLCLSIFHEE N R, R b2 s [T RIS 4R M S5 IR R 51K 4R 71 [CLS] (Devlin 55\, 2019).

TV 2 HARAE, FRATIE 75 B AR B AR 1 SO B K T BERT RAVFIIHRK 512 MRS L o
F RGN B AR R B BRG], FRar A & R BTE 2 e B 1 Wikipedia TUT . 7EIXFHEHL T, 041
A UMARZE 1) Wikipedia UG8 2 N BVE LSS . R4S 45 L2 8 % [CLS]. @, [SEPIFISCAY
M FFICHFAE — IR o TRAT P SRS, W 3—N K/ R 512(8k 512 982 [l K ny PR 25 Re R 7451
E I, ALK E D EREREAD N —MEE . WIS RS, AR N[CLS](E 4T & &
IO AEZR), BN ESREER . Alberti 45 A\ (2019) 2 BUE i {# /] 128 MNFC I K 12
VR L ES, LM AR R R AT HERE, KRN 2R 30 STRS i Dy SR b i WL ¢ BV IR A g S WL 8%
GRS, AT UK B Sk R M A v I S R (A0 SR A EL[CLSI R KBS B, ik F% nil). 20, Alberti 55 A
(2019)#E B I nil M ECKTT 4G s FLh R e MBS IE IR 725 (s, e)db T IH—1k:

g(s,e) = start; +1og Peng,startcrs + log P

23.3. CiFER

BAAER T HE—ANEERZEENR, T IR QAL EITIEEE A 3 B A B A ——F T iR
iR B2 1, FRATe A A B — E L OHR, RO T AR il 2 RA AR 5 2 sk ik s .

SEAEE (entity linking) /24 SCAS 1 (42 K 5 AR 4 v 350 58 SR 1) 2R A DR B B4 2% (Ji F1 Grishman,
2011).

o LIRS S ) B AR R RIS R, RO R BRI R R0 ) ) SO SRR . PRI A
AN ME— ) Wikipedia T T 78 2445 € LA IME— ID. X BEAH —MES: @ Wb — A 5 AR A X 1)
Wikipedia TTTHI#— /N XA K AT FR AR XML A B 47 4i34k (wikification)(Mihalcea 1
Csomai, 2007).

H & - ) £ %t (Mihalcea #1 Csomai 2007, Cucerzan 2007, Milne A1 Witten 2008) LAk, SEA&ZERE (K
FO PP B TE R B RS AN J T e FRATTE SR BRI A AR — Pl A5 P 4 18] LA Wikipedia 18] 45
Fyrh s B ] B 44 i L 26 (Ferragina 1 Scaiella, 2011); % — 2 B AL (L 25 N, 2020). 7£iX
B, AN 32 O S A T 3 e i AN A AR R R

23.3.1. EF#EFH Web BRYEE

VRN B UE, FRATA4H T Wikipedia [f) TAGME % %% (Ferragina fl Scaiella, 2011), Zi&Ed4%
A B A% T B B K 8 (Mihalcea A1 Csomai 2007, Cucerzan 2007, Milne il Witten 2008). 434k 515
W SR 4E 5 N Wikipedia U5, R RATE A4 Wikipedia TTHRIFR AME— 521k e. TAGME & 412 B
SR E H s (RIFTA Wikipedia TR, MIBR — 288 SCMIHAR T IUT), SR S5 EMR Lucene iXFF [A5HE IR 5
B eI R G W T A e TUI, ZEEA2THE—A in-link f1H4in(e): >k B HAh Wikipedia 7
I M) e 1 in-link 2. IXLL1150m] BLA Wikipedia ¥ fifi 15 H .

WE, BEERE AT, — AT T RENEREE RO, &R SCA (anchor texts): 7R H
M T TH AR e R R . B, TN HEAR K%, http://lwww.stanford.edu, FTAEFE R A 55— A

s (23.19)
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T P 48 SC A1 in Stanford B3 Stanford University:

<a href="http://www.stanford.edu">Stanford University</a>

XA Wikipedia T e, 05 e BIARE LA KT Wikipedia T L5 7] e I FTA i SCA 75 24,
FATHE Wikipedia #i78t. X TRANMEC T/ E a, HATEKE Wikipedia Hit B H S40K freq(a)(W 45
el k), a BN LI IR B ERA T HLFR N link(a)) A AR linkprob(a)= link(a)/ freq(a). 7
BN R A B T ML EAT — SE B, a0, BRI B A R, R SR AR L,
B I T IE B R AR AN K AT BE RO A IR 524k

R KA
g5 58 — AN ) 8 (B R AN 2 E 1 oAt e AR),  TAGME 8 i 2 1 4 5 18] i i 2 6 AN Huia] I BN 70
JF N RAT NG S o mT LIS B — S8 B 3 e Ok (Bl an, Wk v 50 8 B BN REM S, WX 7457
FR AT IE BT )X B R A S BT AT B8 . A R
When was Ada Lovelace born?
Al g2 7R A4 I 5 Ada Lovelace, tHTTRESE Ada, {H/21% Lovelace XA+ 74 5 B5 E nl RE 2 KA
HEFENEZRORKAR A AZ Y, H215 born iXFEES B MR RAK, EATIRAAN 2 HILAE A1 sl

3 B 1 152

AR SR B B 95 o A B (LR 1) — SR 4E3E TR TUTET ), TS SERIERE Y (HOR, YFRIEER
A B, AT LLULAC 2 4> Wikipedia S/ T 4 AL TAGME S92 FH AN B3R T BR i B2 B S, 3k
MR SE 560 LR MAR SRR BE . 58— AN 752 ple | @), BIVES FEFE ARS8 SEAR MU BE R . xb T84S T
e€E(a), f a f#iE R e MR p(e | a)Z AAMIE A a ) e TEZNEES a MFEVH R H BN HUH
%:

count(a — e)
link(a)

prior(a — ¢) = plela) = (23.20)

AR B XA R 22 WHRT 78 DA o) R rp o 2 S A 1)

What Chinese Dynasty came before the Yuan?

TEg g, B Yuan B¢ LI IBCAR A2 A B T M 2 FK, BPE#E p(Yuan_currency| yuan)3E# &
D WS Yuan AH G 4E S B R 26 A4 5 LAY b B 2R IR (e AU — MG 5 ), DASCIE A ) S ——
W E AR B DA SR IRAT R ARYE p(ela) e, oG e DR T B, A IEAA PR 0

T AEIX R R LA EE B, TAGME (] T 58 AR 2, HIZ SR 5%\ 1) 55 rp HL fl S (A 26 1
AT RBIF, W A5 ¥ F Chinese Dynasty iXx— 352, i%$ 525 Dynasties_in_Chinese_history
TUH AR m et , NiZA BT 5 Yuan_dynasty FHUCHL .

IEBRATER ERWM TR . %€ — A q, RT7E q kil 2 i s ek, A8 a i’
RESEik e €€ (@)L — MRS 4y &R a—e WM 002 e 5 q FRTH HAthSZ ik 2 18 i i AT
BRI AE I Wikipedia U3 V8 2 1 E VG R W B N A G . 38 IRl , > S f4k
AR B Z I8 AR TR

log(max(in(A)[, [in(B)|)) —log(lin{A)| M |in(B))
log(|W|) —log(min(|in(A)], |[in(B)]))
Hrfin(x)2& %5 M x 1 Wikipedia T4 5, W A& % (collection) it 5 Wikipedia TUTHI 4 & o 4
A b SHEE R aoX I EEE b IFTH AT eSS X MOCEREE R 3MH, a2 AL .

1
vote(h, X) = Wyezg%b) rel(X,Y)p(Y|b) (23.22)

rel(A,B) = )
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a—X R KBS /072 q HPAR I 21 1 B A At B A i $5E 22 A R

relatedness(a — X)) = Z voteb, X (23.23)
beXy\a
NT 4 a-X o, BAVR R ASEREA GER, BB R X (a—X), HEIXMERDe
YO N FHRIAN SR, TERIZANMES, FFARANMEG R P(X|a)fk Sk . DRI ERE B4
SRR LSS g TPRIREN IS .
TAGME FEKIL A 7 ob— A B ER AR I i/ SARRCR, BOEEME R 5 T F3ME, Hitx
AT EIE LS 7 B

coherence(a — X) Z rel(B,X)

coherence(a — X) + linkprob(a)
2

BJa, WA score(a—X)<A, MMEBIECHN, RN EEIRFLE E.

score(a —+ X) =

(23.24)

23.3.2. EHFHZERNEE

%ﬁ%i%i@%*ﬁi%?ﬂﬁﬁ%ﬁ S G HE K 5 BE AT dmi, W SRR AT dmi, T S w2 A 1

o XX FRVFXTRIR B A SR I BN BEAT PR TR AE (WU 55N, 2019). ikFRATRAEIA — T~ Li 55

)\(2020)[:‘1’] ELQ iE8H 48T — /N g F1—41 5% 3 Wikipedia 18 i% 9244 B K AH 54 1 Wikipedia ST,

s 924k 1D ocdl(e, ms, me). M TFAEAIIR 450 . & 23.13 fliar, B2t {# ok © Wikipedia

(R SCAXS B> Wikipedia SEARBEAT s, {50 >k B 18] B SCAS N4 S8 BE AT St DS B E AT
FEACL RSB, 40 R AR .

Q : When did shaq come to the nba?

P(“Shaquille O'Neal"|Q, 'shaq’ is a mention)
P('shaq’ is a mention|Q)

| D g Inner product
Question Encoder Entity Encoder

]

« —

o g &3
=) o [l o 0 8 o &
N o o < v ‘5 O 2 =28 v
gEBi5e8E~ gzresfnzns
i o = 80 &E%ga

0] ;a'_g

E 23-13: ELQ BB ignEE
B ELQ B A T RML A SmREA TR (LI 4A, 2020 4), SMEH TR RIS EHE R SLh 5
B, R IR/ BT
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SEAA AR KA Ul
N T IRGEA FBATCH h 4Eik N, 1ZFRLE T U8 BERT 1847 )@ .

[q1..qn] = BERT([CLS]q1..an[SEP]). (23.25)

BUFE g PN FELJ SO SR SE S BUREE,  CASSALT b Th s 35 i DL AR kT R ) SRVE O
o B, IATHE i IR LI E/E5 AR 7 5
Sstart(i) = Wstart* @i, Send(j) = Wena * q; (23.26)
Forh Wtart F1 Wend /& IZRIEFE P22 2 ) & o $ERK, 53— DRI UIZRBIHRAN . Wmention B FH R THE &8 —
M S AT IC A3 5

smention(t) = Whention * Q¢ (2327)
GG, IS A LR S AR R R
J
P([l} J]) =0 (Sstart(i) ~+ Send (]) + Z Smention (t)) (23.28)
t=i

SEARER
TR R R Sk, AT TR AT Wikipedia SEAIES E=err o e o e TR S
BN . X TR SAE e, AT NS Wikipedia T 3RBUCAS, F58N He), Wikipedia T
HIRT 128 NFFCFR MR d(ei). FHEIE BERT 1217, ¥ CLS #ic BERT [CLSI 4 thAF NSk RN :
X, = BERT(cLs]([CLS]#(e:)[ENT1d(e;)[SEP]) (23.29)
P R P AT DUB TSR e B s, SRy 0 RNk e MBS R, ], TERS g (FFic ik
NP S5E ) RSk gt 2 8], oS8 s AR AR ABLRE o

1 J
i = Ty 2%

s(e, i, j]) = x,¥i j (23.30)
BUR . JRATIE softmax KIS B (1S A
. exp(sie.|i,}
plelli,j]) = piste, 1 J]) (23.31)

ect exp(s(e’, [lv.]]))

%k ELQ $& FAS AN sk e Sy it A B vk, IRk, 556 23.3.1 1 i e 7 LRV AR A,
B AT B AR A S AR R A . PN IX AR AR B R 4R 2 WebQuestionsSP (Yih A, 2016), &
FEok B A B & M ELY WebQuestions (Berant %5 A, 2013)54EE M4 K, F1 GraphQuestions (Su % A
2016). P LEARICAIEBE I ) B3 b 4 47 52445 & (Sorokin Al Gurevych 2018, Li % A 2020), 5 #szikbs
SR A WebQSPEL #1 GraphQEL (Li 25 A, 2020). fE45 € IIZREAER LR B, X ELQ $& F R AT s 4%
O B AT A IR, ST R 2 AR B . 8 SRl 3 2% & — P — 7028 SURR R K «

Gw=—r > (= lilloep(i i)+ (0 =y loe(l—p(li ) 2332
1<i<j<min(i+1L—1,n)
WERG, I —NESR KSR, Wy =1, B0A 0. SHARERER A
Lep = —logp(eg | [1, 1) (23.33)
Horbr eg Nhe S 138 4 54K ] o
KT QA Z A SE AR ZEFE B HAR S 1) 5E 2 g WA 5K R
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23.4. EFHIHM QA

AR 2% b REHSCOA SRS 7 RERIE R, EE B B W BUE S R A7 . A8 T 5l
(1) QA" ARIERE Y 1 IR B RS 5 ) UM 2 45 H A B 12 Bk R B ARIE F . 533
A% (4 I [ 5 3 S SRR R T LG I 2 AR 5 AR BRI 4, L i BASEBALL(Green %5\, 1961)
TRFE I 22 48 AT LMK ER LE BE RN G 40805 1 S5 44 A 808t e v [ 225 il

FETFIRN QA ] 7 AR IAYEa: B AR TR QA, KRR EEEONIE, 8 E R SR
DN R, RO R B A T A IR SR AR SUB T QA, EEFIERATIZESE 16 & h B BIRIE XA
T 75150 T AT VA 5 R A T B — 5 rp i (Y SRS

23.4.1. 3KB RDF =cAFMERIEF IR QA

TESERERER 2 Ja, BN E— TR T AIRT QA RFEMA F. FRATH H m o2 T K
QA s fif B -, Hoh B2 RDF = e BN —H 8L, AR5 2 RIE T Hd — A dg oo i
. [EA—TF5 17 =, RDF £&=Jjcdl: —/MBHMAMNMEIC, RKaa—LE PR ARS8, M7
AR E R A 43 [ L DBpedia(Bizer %5 A\, 2009)A #id 20 /2 RDF =Jt4l, 5k Freebase (Bollacker %
A, 2008), HL{ER: Wikidata f{)—#4) (Vrandegiéfll Krotzsch, 2014). % [E41 ) RDE = 4
FiE HiE Rig
Ada Lovelace birth-year 1815
XA = e nr DU SR [R5 i “When was Ada Lovelace born? ” 5% “When was Ada Lovelace born?”
TEAEVF 22X REM 0] R B4 4E . SimpleQuestions(Bordes 28 N, 2015)6 &1 ER# 3 T Freebase 1=
JCHHE R 10 JIAN . Fitn, 8 “What American cartoonist is the creator of Andy Lippincott?” /&
s =704 (andy lippincott, character created by, garry trudeau) 5 ] . FreebaseQA(Jiang %5 A, 2019)
¥ TriviaQA(Joshi 58 N\, 2017)F1 HAth Sk I 1) B 7] B 5 Freebase (1) = Je 41 %F 5%, 5] G 4 31 = ] @5t
“Which 18th century author wrote Clarissa (or The Character History of a Young Lady), said to be the
longest novel in the English language? ” 5 = Jt 41 (Clarissa, book.written-work.author, Samuel
Richardson)ti 5. 55—/ RE i 5 455 %k 11 WEBQUESTIONS(Berant 25 A\, 2013), 14 5,810
AN P R R, A AR UL wh-F 01k, AL — A SEfA, IF 5 M\ Freebase T T 5%
RN 1) @ 524k . WEBQUESTIONSSP(Yih 25 A 2016)i ik A il 2 ()35 AT (SPARQL £ if] )14 58 1
WEBQUESTIONS (111 F| Freebase 1] [F] & (1] A5 4% )@l , COMPLEXWEB-QUESTIONS i i 2H & Al HAihy
A o v R Y R B E A2, TP A 34,689 NIl R DL KB R . M 2% 4 A SPARQL 7 i (Talmor #
Berant, 2018).
BRBANICETER T L= AR ERZ B Bk, FATCZK Ada Lovelace < 211 301 B
BIC S B RN R R TG SEAR ID. S TR = o R R R Z, R — 2R ME EW ISR, AiEw
“When was ... born” [ 4F 5 Bl 21 KR 2 (Y8 ¢ R U0 birth-year. 1] DL & 5 AT 55 4) D«
“When was Ada Lovelace born?” — birth-year (Ada Lovelace, ?x)
“What is the capital of England?” — capital-city(?x, England)
T B RRABRMAERE . X TR AR RS, AV SR A - RR, KRARMAERRT LK
ABL A 22 S AR I FE AR A 1 7 SR AT T B I RS A 1) G 5 AN R AN TR O R 110 G A 22 R] B4 AF AL BE (3l o e
H). 4N, 7E(Lukovnikov 55N, 2019)J5EH, RN T RAMMAIE M, {1 BERT BLIAL[ CLS firHik
TR E, NN RR nillgG— DRI R E. A5 softmax X s ARTHEREE R &R ni A
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m; = BERTCLs([CLS]ql i1 qn[SEPD
s(me,r;) =me-wy,
exp(s(me, 1))

prilgr,---.qn) = A T e (23.34)

BRI

REBE ARG — DY B B BUR SRR 5 28 $HE 2D BROR (0] 0 55 5T T F0 > S PR 55 i T A k
MRFR, EHREPEREEZESLERNC R =Jed, Raxixt =M. XM A
A, Ban, AR S e FERN SR SCAS ) 44 2 18] ) 54 ARALLE SRON B> S AR 56 RBCA P23, BB It o6
I8 HA F in-degree(H VF 2 58 RIEFE) SR . B, AT UL I 2570 28 85 DR DR 0 SR/ 2% 2 4
R FOU AL 5 K e b 42

23.4.2. ENf#TAY QA

55 T RIE TR QA {8 HIE SUWAT 25K ] RRUBR N B S5 RE P DLUE R 58 o X S8 B X T HE 1]
A RRELRA, —FEi#)iE S 1 SQL 5 SPARQL, BHAL—SnfHu AT F A, Wk 23.14 k.

Question Logical form

What states border Texas? Ax:state(x) Aborders(x; texas)
What is the largest state? argmax(Ax:state(x);Ax:size(x))
I'd like to book a flight from San Diego to Toronto SELECT DISTINCT f1.flight id

FROM flight f1, airport service a1,
city c1, airport service a2, city c2

WHERE f1.from airport=a1.airport code
AND a1.city code=c1.city code
AND c1.city name= "san diego’
AND f1.to airport=a2.airport code
AND a2.city code=c2.city code
AND c2.city name= "toronto’

How many people survived the sinking of the Titanic? (count (!fb:event.disaster.survivors fh:en.sinking of the titanic))

How many yards longer was Johnson’s longest ARITHMETIC diff( SELECT num( ARGMAX(SELECT ) ) SELECT
touchdown compared to his shortest touchdown of the first | num( ARGMIN( FILTER(SELECT))))
quarter?

B 23-14: & X #RHEE A EEER 4 R ARG ER R

EE: HE @R E GeoQuery 3 [E M IE 5] BLEL3E FE F WU A 5] B (Zelle #0 Mooney, 1996) % HiEHREE X~ R, —
AN ATIS [ # % & SQL (Iyer & A, 2017), —- Freebase % £###/F, —/> QMR & F (Wolfson & A, 2020).

DRIt 0] R 2 4R N A R A T 20, B AR 5 e o Al e X (19 i, 15 1l 50T LU 409 SQL).
B FE W] DA — AN e B O REUR AT DU HAh— e 5 ) A IR A

IEIRATTAESE 16 = e BIREE, 18 OB BT LU 5 T TR 2 138 4051 QRO 1) i) @ 4T 56
B, B S R (GRRVE) N R 1) RS T 55 B, B R S BN AR

X T e A WA B OL, FRATAT AN a0 LA =R s S v 3R A5 — AL ) ORI R E A, B —
Fe 5 3 E L3 A B ) GEOQUERY #i#f £ (Zelle A1 Mooney, 1996), 55 & 75 FEHEF (1) 5 24 v R (£ 1
sEAEERECEE 5T ) ) DROP #4545 (Dua %6 N\, 2019), 2 =2 MiIEE 1 ATIS s . P A 4
HEHA SQL s HAth 2 55 7 K pi A (lyer 25 A\ 2017, Wolfson %5 A\ 2020, Oren % A\ 2020).

BN RIAESS w2 P X Le o0 N SRTT ., AR — R GE, Ko i) ARk 2 EA T2 8 0. F W
1) B 28 SRE e — AN T B0 7 B B P AU AL, 5 i A BERT KRR i @ AFid, e sBss 28 11 =




23.5 QA FHIIE S HEAY(TS) 389
bILSTM Zwf#s s ey, Wikl 23.15 frx.
25 16 B A BT A HoAth i AT SR A S A E Y .

lambda x state ( x ) and borders ( x , Texas )
N S O O
C encoder-decoder
| N I I
BERT
1 f f
[CLS] what states border Texas 7?7 [SEP]

& 23-15: mALES-ARADESIE RIS
ElvE: BB EE TS, ATHAAEGRYEEHR, ¥4 — BERT FlkEERf— A %EE- D% (biLSTM

% Transformer) o

23.5. QA HIESESIREI(T5)

BEAT QA 1 53 — MR R AW TN R 015 5 AR, AR L S HO P AR A5 B R R 2 i . 451
41 Roberts 55 A\ (2020 £F)ff 1 T5 1f 58, IX R —F e id T i DLIR TR 0 1O A 55 85 P F) G H 45 - D 25
KRR G5 . & 23.16 /-t T iztk R K, BRI I <M>Aric,  JF HIZk R e e a4 il 5 2K i 5 1
(FH<M>%3 ).

Roberts %5 A\ (2020)%8 j5ilid 45 T5 R — AN, I JIZRE M e i th & 200K, KX T5 R4
AT . K 110 12280 TS B B SE 4L sy, RAEIEA LT QA Tt RS AL .

B EBOE AR RN QA RRTT S B, Br VAR TAEZAh, e ATiE BAT B2 1 iR
PE(BIIn, ShatE QA RGEAR, EATHATCEGEE & U B SOk B Ty P SREEE 2 W RER).
JUE G, WA AR 3R R SR BIE FU AT AR ] AR R — AT AT

[President Franklin <M> born <M> January 1882.

D. Roosevelt was <M> in ]

Lily couldn't <M>. The waitress
had brought the largest <M> of believe her eyes <M>
chocolate cake <M> seen. piece <M> she had ever

Our <M> hand-picked and sun-dried peaches are <M> at our]
<M> orchard in Georgia.

President Franklin D.
Roosevelt was born
in January 1882.

Pre-training

Fine-tuning

When was Franklin D. I
[ Roosevelt born? U

& 23-16: T5 R&RVYRADES-FRID 235244
EvE: ARG, ©RiT e E e g ki ke E CLADATE) k2 JHAMESHEDE E CLODIRID) . REXE
QA BB E FHATHOE, S HEE, TRmEMFIE LT XRE%E. %3k B Roberts % A (2020) .

23.6. 7% QA 1=8!

BIRMER REEHZEH T QA PSSR, (H T 2 4 22 45 K 4581 B R0 A 255 TR AE 18 0 R8s IR &
BT LIRS E m R . X EBATSSE — NGRS K RS, KH IBM Fik#k DeepQA R4,
BT (ERZ) 2011 FErHki% (& 23.17).
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(2) Candidate Answer Generation (3) Candidate (4)
Answer Confidence
From Text Resources p—— Scoring Merging
Document e - and
and | [— |  anewer ||| Sroemom Candidate i
. Passsage [~ Answer Arawar Ranking
(1) Question Sag passages] | [Extraction 5 i
P - Retrieval N X
rocessing 'y Document titleq [N Candidato I ) anfidence Merge
9 etrieva Answer A
ey Candidat — ; M nswers
Lexical = D L = .e and scoring I +
Answer Type L] Gandidate Confidence l
: ; P
Detection Car At - = Candidate L.
Questi Text | Time from Answer RLOQ'S“_C
uestion Evidence| DBPedia egression
Classification From Structured Data Candidate Sources | +_ Answer
__ nswer Candidate
i Answer e Ranker
Relation | __.-f----——""""" ; Text b Answer ¢
Retrieval e Sourg! Candidate
Nar_lr_1ed Entity e Anouiar Space from Answer
agging Facebook i
DBPedia Freebase Confidence
Relation Extraction

23-17: Watson QA # 4 NEZEMER
EE: Watson QA B9 4 NMEEM B (D) EAAE, QGHRAEZZER, Q)FRALZZETS), WEAREGHPEGE TS .
EIRATE R — T E R AT B L (afas) wdlT, SNEA—AR, JEHRE —A F
Poets and Poetry: He was a bank clerk in the Yukon before he published
“Songs of a Sourdough” in 1907.
THEATRE: A new play based on this Sir Arthur Conan Doyle canine
classic opened on the London stage in 2007.

e R A 3

ESCRY B, o) UG AR AT, iy 44 SR B $2 B (Sir Arthur Conan Doyle ##fi & s PERSON, Yukon #{
19 GEOPOLITICAL ENTITY, “Sourdough of Sourdough”#:#i & s COMPOSITION), L4147 (he
5 clerk X RE—iEL).

PR AN A DU AR S22 7 1) i LA i (focuss )R R B HH R o R 2 1) b 5 28 A DQIRR () B B o AR 1T

T FENER A —X 55 T GERag) A RS F)7% . m#l—L il Conan Doyle 45+
PEEUE A PR 2 17 “this” 1 44 17 JE RN, LA & Poet FI-F 1 #2 BRI she, he, hers, him AR
L2 K (lexical answer type)(_ [ DA (L R )& — N Z AN R, e RERATA B 8 X
KMPELE . BT (ERAZ) H @ %E2, Kt DeepQA 245 % Pl &1 I B ia % 222K 4,
AN — /N A 44 ) SR . XSGR R R A B e A U 2 L BRI a4 AU Ay rpid] o oAt
R SEE 1 BRI E o 9 0, BRI IR)VC 3 S 2R A ] LIS [l /i rh 5 8 A O BR A R 8 A0V 00 R 1Y) ]

RIGRAS SRS, IR AT LA TS iyl B 2288 . ik, 76 BT —MIEH T, he. poet Fl clerk
AR SRR, B TR BB R 2R 4840, e e v LARIEZ B[R 43 K 88 T RHIE, 120248 57
AT LAk [ 28 DL R ARV G R . X e SRR ALIEAE DL A i 16 2 S 1E 20" B BOR VR BNk BROHIE 9
Ko IEFRHL 7RI IR R

authorof(focus,“Songs of a sourdough”)

publish (e1, he, “Songs of a sourdough”)

in (e2, e1, 1907)

temporallink(publish(...), 1907)

G HE H AR R GE U ZHURFER . ad B, M) X % 0 A B BT b g

B UL AT 1E M ek SR S B o
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1R B AR

FETOR, FRATK AL T2 S5 1) i) L5 03B SORS AN AR AR IR AR S5 A, DA SCAR SCRY AN G5 R4 4 R e rh g i
VF 2 58 o RATAT LIS 5¢ A 2 AN sS4 2 ) 175 1 DBpedia 2 IMDB 2 B &5 ML B, SR IRA14E
23.4 R ERRIBEE. Kk, R IATIREL T 5% & authorof(focus, “Songs of a sourdough”), MFATA]
PLES ) — M5 authorof(? x, “Songs of a sourdough”)ff) = 7o 41 LLR [ /E .

N M RIE S, DeepQA i [ 1 Kz AN B il B iAo #ltn, XFF IR BrB:, DeepQA i
TV R A A AR AN AR, SRS HR i S AR RO SR AR TR TR IR . a0, XA

MOVIE-“ING”: Robert Redford and Paul Newman starred in this depression-era grifter flick.
(Answer: “The Sting”)

N IR T RE A IS B — M ARMER) IR R4
(2.0 Robert Redford) (2.0 Paul Newman) star depression era grifter (1.5 flick)

DeepQA EHIH T 7 Sk, B4R 28 (alils) 1% %2 Wikipedia SCRYIFR . A F|IX
sebrel, AR LLE T8N Wikipedia SCRIHEAT 58 —XOCAR R . AR5, AT MR B Wikipedia 3¢
R R IB TR, T LB [l A e PR RS R SR RO AR A D AT RE AR 2 2

—HA 7T HBIE, ERERBUREE R iR SRR I Wikipedia DU, FAT AT AR A,
AELE 0 T At SCAS (1) 4n 37 [ SR ), JRATT 5 B AR T v WA i DL B 75V B SR o ) BT A DA
(anchor texts) (% XA & <a>MI</a>Z [A I SCA, T8 H HTML TS URL), B 3R BV y e | R}
SR R B v B BT AT 44 R R A

% RIT S

TR, DeepQA i FHVF ZIEH R RAMEIE AT VR0 o IXEFE—AD02Ra%, H T RIE SR 25
DASAARE NI A 2 2 T 1) S B S 3R AT VT 53 o 28 JE Ak a2k “ ¥ 7 W (diifficulty swallowing ) FHiaIJL 2% SRR R
I (manifestation)’. DeepQA & J& 41X L4 5 1]t ¥ B> Fin] 5 1% 1 DBpedia A1 WordNet 2 JE 1) A4 1]
Al RESEARDLES . Rk, fi s PR #fk 75 WA (difficulty swallowing)” 5 DBpedia SZ44“ 75 Wi [ %t JiE (Dysphagia)’ Ut
B, AR 5 5 1% S 45 i 5 31 WordNet 252 iR (Symptom)”. 28 %28 A1 L I (manifestation) 44 £ WordNet
FA“% M (Condition)”s RG e FH— A FALIR B E SORER:, EXFEOLT, K48 2 5E R (Symptom)”
H1“% A% (Condition)” 2 ] {1 T Az 17

AW AF 43 2 FE T4 FH BT 1) R 4% ) 5% 22 42 B ) DBpedia B At 25 W A B0 e« 91, FRATT AT LB X Sz ik
(IS B SR (— A AATB A, TEREAETS), SRS 5 1) 2 P B 1) 308 AT b o a5 il e (1) ) i) R
HILFE—A NHAEZ AT, IRSEIE XA AASZ ol 12

B, FRATRT DA A SCAKS 28R B RS 3 SR 2 R RS o FRATT AT LUK 2R 5 [l REILAC (S0 3, 2R

AP B R ARIEE R, R E R DR RFIE A

BEREIHMTH

DeepQA i £ & 7MW IRIGE 5. Wik, R RLATHRE 7 Ak 2 % JFEK AT John F.
Kennedy, B2 WE A I N—AMEiRE, Blan, (FH LR e serdE s e w i, Z7 i s s
Wikipedia ¥5#5 f¥F % [8) Xi#| (140, JFK, John F. Kennedy, Senator John F. Kennedy, President Kennedy,
Jack Kennedy). A5, BATEHGANBRIIES, KA F0EEER K0 Rk & & 2 p A m

MAETRATA T — 4k o, & MRIEDERA — MHER . 5K RS MHER S, FFonxEiks
A — AN BERAE. Mo BEEAT T BT /MEEE RN, BAERES 7RS5BT %
fEM &, FEFa Ml ECh IEME R RetE. mTEINGF, AIEMUIEZHIERNEREZE L, Fik
BAT T B B —FhbR R AR SR AL BE AR5 AP (B dE . DeepQA i I SEBIRLE, A E M IRE R
NI 0.5 SEBIRE . SRE, RGBS E LS ZdATHR, WA — MREEE.
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K, DeepQA 3 A B & IR T SCAR RN TRl R JE 38 R BB R, AR5 H & ik
PEDIRE N X AL H V. BREZHAER, BHS AT RERIIFIE .

23.7. BB RAF(G

76 1999 /) TREC Q/ A BRI A, 4 X =5 Sk () 231 [B] 25 1) 38 FH VAl 35 A 72 7 29 81 B HE & (mean
reciprocal rank, MRR). MRR i AE O3 A AR N IE#E % . MRR &% R 40 IE 78R [0l {6 5
IR RBAEERNBIE. RE, WIS D EME RN BB W BT . Bilin, W8 ER
GURIA T HANEE, HAT AR, KRS s IE S ZH 2 50U, W% ) R 505 %
N A A A EATA IERE R R B 0 R LN E . B4, REGEM D E0 R ZEA A A8
(0 H i e . 3 e, S TIPS R G0 A1 NAS ) A ok It 4 1 — 2 HE 4% & R P, MRR
TE XN

MRR=LY | —— (23.35)

#0

5 SQUAD X B £ 1 A () 1 BRAR R G0 A T ISR AR HEAT VR A, X PR FRER WS T AR AT
5 M 5tiA (a, an, the) (Rajpurkar % A, 2016):

R UL TN 2 58 5 3 e B S e e UL RS H 23 B

FA G TN B R B RAFFES . IS R — 851, IR F1, X
A1) F1 AT

AYFLMARET T m& 8. R RS TREC QA HdlE4E; I\ 1999 4% 2004 4£, TREC 33
R ) R -5 B2 S /e AT o Sl (1 EEFEAE F 28 23.2.1 o rhdifiid i) & Mhficdle 2k .

FR 758 23.2.1 ISR BSR4, IEH IR 2 AR A EHE 4R T T U ZRAn I i ) 1 BR AR B S A .
SEHE SR A MR B T XA — AN S S O L BT R ) B AT S5 AR A R 2 T 1, B AN e ) B R rh kAT
k. MCTest R TxFgsty, A 500 AN MA RS, BAVE TAEE A n BRI 2 DU F
Z 226 (Richardson % A\, 2013). Al2 #EF P (ARC) (Clark 25 A\, 2018)¥) a] 8 ¥ i1 751K Mk i i 7 F
AR 7V R 2

Which property of a mineral can be determined just by looking at it?
(A) luster [correct] (B) mass (C) weight (D) hardness

XA ARC 7R BIR R e, RN IEAf B2 2 luster(Fu5) AN K AT RELE X 48 E A0 % H L1 4 looking at it(&

B)IXAERALE, 1 mineral (5 4)— 18 58T R S hardness(fill B) i BEAH G

23.8. B4
(%)
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23.9. X5 hseisER

Ir 23 [ 25 i B 1) SRS B AR 55 2 —, BT SOARNEE T AR iy SN R AR A2 72 20 40 60 4
AR AT R o FHE T AR IR B30 A T30 I R SR o ) ) - 3R A T T SRR AT, SRS FHERILIL .
X Fh 5 AR F g 48 3 (Phillips, 1960), {H Simmons 25 A (1964)11] Protosynthex % 4t iJ Gt /& i 5 % 1)
B RG, ERAMHR 7R T R0 R 5. Protosynthex 1 46 M el i) N 2518 R IR — A2 i, 2R
JE SO RS B AL R 2R, ARYE E AT in) 8 iR B S AR INBCHE T o AR5 8 R ARAE 20 S8 0 B v A 2R
BN REAN)T AT, X FL A5 1 5 Bk in 45 4 5 UL IC 1) ) - 1R AT i . BRI, 19 & What do worms
eat?<:LAC worms eat grass: 7E 4B F (KA IEVERCA 3 #5% 3215 worms 1F 4 eat [R5,
1M birds eat worms {EJy F1E:

N W T

What do worms eat Worms eat grass Birds eat worms

T M T RRRE AL BASEBALL R G152 1M HI(Green 55\ 1961). XA ZGriE &l —4
SERIA B L TR A R R A G BRELFR I R R, bb i “Where did the Red Sox play on July 7(7 H
7 HEZARAENR L LE28)” o K Hdls ARGy —Fh B (A6 M, B L 2E i R MEE Dy

Month = July

Place = Boston
Day =7
Game Serial No. = 96
(Team = Red Sox, Score = 5)
(Team = Yankees, Score = 3)

AN ) AR 28 FH Zellig Harris 7£5€ 47 15 Je WK 22 (1) TDAP T H (W BEEAT o it AR B —A
R I A BROR S B HL(Z WL Joshi A Hopely 1999, Karttunen 1999 1 2 ii8). R G, EMN B
B, BN B B TS AS 5 TH R R 0 = SRR A SGTEC  TRT L, TR “ Where "7 4RRS Sk 45 7€ 15 X Place = 2,
W R 45 R E “Where did the Red Sox play on July 77 XA i) AR T 1 & X -

Place =?

Team = Red Sox
Month = July
Day =7

SR R 1) R B FE EAT TLRE LUR (I8 %6 . Simmons(1965)a.45 T HAB R I QA 258, DL N3
fith 4 1) 225 ¥ 2 ) 5y — A B S KR A AR R s SRR O & R R S B T . LUNAR % 4t (Woods 55 A
1972, Woods 1978)# ity —>  BRHL B S S8 FE (1 ARTE S8 o B nT OB A A i pT A2 4T
Ak %% “Do any samples have greater than 13 percent aluminum” 2 2 ) i ..

(TEST (FOR SOME X16 / (SEQ SAMPLES) : T ; (CONTAIN’ X16
(NPR* X17 / (QUOTE AL203)) (GREATERTHAN 13 PCT))))

P 285 PR M AL 1) 2 A5 B A R IR T T & . 2 EBUNHEBIE TRECCUAR R W) PFME, H 1992
ELCREFFEIEAT — IR, AVHEE B RS ARG 7 — AT & . TREC 24 1 IRl m K2
REEE, DL GE— 4> & 55 (Voorhees Al Harman, 2005). FTA 23 HI40 AT LLYE B AR HE B AR Pp 2>
Wk i) TREC TUEI4EE] . 1999 4F, TREC ¥4/n 17— ANA 20T I 1) QA BRER, 3 B8 Fh & 4 1) Se it AR
SR RAEAE LA T 584
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Hk[E R, Hirschman &8 A (1999)51 X 7 FI A ) L2 Bl 52 BR AR R VR AL 88 SCAR SR BE A% . A
I3RS 7 —A e 120 J@ SCE A E R, 85 SCEA 5 AR, & 10 B 28 3-6 FF %R,
AT T —ANE R RS, HE THAIN RSN B NER S BRSNS HIERMN R . fh
ATV BN R B BV D — ANRRAIE; J5 SR () SRR AE 1) RBURN 2 58 2[RI B 0 1 i 44 S AR IR R B 55 0 () AR ABL 1
(Riloff #1 Thelen 2000, Ng % A 2000).

ARG RS VIR R RS0 DL, X851 2 40 10 8 58 N% O3 ) A B v (R AR AL
V2 ARG R R B AR B P TAE P 8 ., W Hermann %5 A (2015a). Chen %5 A\ (2017)F1 Seo %
A(2017).

fisE: FEILH QA 5.

1E IBM it & 42 G158 56 B H I — KA 1 mifs Jeopardy ! Bki% 11 Watson Z4i11) DeepQA
Ak, 2 BN Ferrucci(2012).  HoAth i) 241 45 G550 566 (Quiz Bowl), T 1] LAFR b ) 8, R G 75 5%
FEI 8] % HE(Boyd-Graber %5 A, 2018). [ @ [ 25 & AR N BB & R EEIRE. AREZER,
B I 24 &

23.10. %3
(%)



