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Abstract

The goal of an information retrieval sys-
tem is to retrieve documents that are most
relevant to a given user query from a
huge collection of documents, which usu-
ally requires time-consuming multiple com-
parisons between the query and candidate
documents so as to find the most relevant
ones. Recently, a novel retrieval modeling
approach, dubbed Differentiable Search In-
dex (DSI), has been proposed. DSI dramat-
ically simplifies the whole retrieval process
by encoding all information about the doc-
ument collection into the parameter space
of a single Transformer model, on top of
which DSI can in turn generate the rele-
vant document identities (IDs) in an au-
toregressive manner in response to a user
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query. Although DSI addresses the short-
comings of traditional retrieval systems,
previous studies have pointed out that DSI
might fail to retrieve relevant documents
because DSI uses the document IDs as the
pivotal mechanism to establish the rela-
tionship between queries and documents,
whereas not every document in the docu-
ment collection has its corresponding rel-
evant and irrelevant queries for the train-
ing purpose. In view of this, we put for-
ward to leveraging supervised contrastive
learning to better render the relationship
between queries and documents in the la-
tent semantic space. Furthermore, an ap-
proximate nearest neighbor search strategy
is employed at retrieval time to further as-
sist the Transformer model in generating
document IDs relevant to a posed query
more efficiently. A series of experiments
conducted on the Nature Question bench-
mark dataset confirm the effectiveness and
practical feasibility of our approach in re-
lation to some strong baseline systems.
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X FZ O FFess & LB - Bk #F 5%

VAZE & L B AE B KB AR R A AR r i o
6,5 % B35 & 2 M (Latent Semantic Analy-
sis, LSA) (Deerwester et al., 1990) F A 42H

(Topic Model) (Hofmann, 1999; Papadimitriou
et al., 2000; Blei et al., 2003) 3 o $L3 It & R

Rl RZFBZERATHEROERRB > TR

FHBEMK EAR IR BB GTEEH

(Latent Semantic Space) » Fl &7 #1 —% % &

0 Bl 6 L RE A 2 BY 2 TS B M P AR AR B o

MEREEZENEDRE  LF LB
(Self-supervised Learning) #7824k 5 42 2
(Pre-trained Language Model) /£ 3F % B A%
TREM IR EARE RAER R o L P
(Dense Passage Retriever, DPR) (Karpukhin
et al., 2020) & —fA ¥ & 8935 FE L ERKR K A
# o e ARMEARFE 4 BERT (Devlin et al.,
2019) TARNRE SRR » M &0 A9 7]
VA Ry R BALR BB 6 & F A8
Bt F o R RAFAR M 8 U o dt DPR A
# BERT B A#ZEZ R TR AL GHE
(Dual Encoder) #93%3t » 3R € T XATA &34
ML EERT  AXRARE LA AR
A AR A H) BM25 R E RS o KL A
Ih—AE KRR KO EBAR Y W E1AT T
(Differentiable Search Index, DSI) (Tay et al.,
2022) AR AUAEHR T AT ZEITREY
W E PLE s R AR B 69 STAR o 548 IR A
F 52 21 )7 7] (Sequence-to-sequence) #9783
BREEZARA > BT A 6 U AR A — 1
Transformer (Vaswani et al., 2017) 8 5% F o
DSI 42 Il 6005 5 B A 18 5 5 - 5 — F A & 5
(Indexing Phase) » % =¥ B A& % (Retrieval
Phase) ° /£ & 5] 8915 8 » A 2 H dofT M T4
8 M % (Document Texts) ¥ J& 2| sUH 89 45 3%
(Document Identifiers) o 4% & 69 % B » A
£ ¥ o 30 (Query) ¥ & 248 Bl T4 89
W% o AR AEAZ A (Inference) BF » 4%
HFREZMANEHR) > BEAREFRUVR G D5
(Autoregressive) #9 & 4 #1248 Bl 69 STAF4R IR
K a8y AL A R @42 o DSI $91EH LB
FAL EROGTFAINRB T RA T > AR KGR
LEREF LI ERSBULEFTRRAKY
AT » BN HZERRT HRGET -

BROBREAABTFRAEAT R
71 (Lewis et al., 2021) » # & i £ 69 321& 34
FA®GER B AIREABYGERRE
BAGEA RS 0 REALA TG ELER
WREEF G &AL o (Lewis et al., 2021)
F/ o HEEENTEGITH R G
A S H o 69 P B (Closed-book Model) »
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£ 38 B A 6 B3 R E > B 5 MR & IR
BABGEE  BEA LB T HELARLLY
ZACEE ) R o @ DSI Fl B M EAR A 6 — 4%
# (Zhuang et al., 2022) 89#F % P LI €
8924 At 7 = & o (Zhuang et al., 2022) &
3| DSI B e 5 % 32 5 &0 148 B SCAF R
B B WY > B K G AR R A RERBR
Ry S s LA
B XA A R B3 0 BT A X
b SR ARAAEAT B0 H 8 @ FEARA A%
Bt A M A A
2 BF L & AR ) T A A OB A SR 8 09 TG
3% o (Differentiable Search Index With Query
Generation, DSI-QG) (Zhuang et al., 2022) #
BT —EME ARG RS LA B — 1A
J7 5 B 5 5| g TR RFE SR A > A PTA 89
A A B E N & o AERAER AR HE
09 A K » BEAT DSI A 8g]4R > LB
18 77 kN ertk » A EZALRS LR R
#®It o

AR KA B R AL DSI AR A4k ST
M b R R A S A A SO OB 69 B BB R A
M B THGEIMOREMG KR
& B4 A (Supervised Contrastive Learning,
SCL) (Khosla et al., 2020) # & 34 2 U4 %
EETEMFRING o TRENHEHE
Nature Question (Kwiatkowski et al., 2019)
Lt &MEH 49 (Building an Enhanced Au-
toregressive Document Retriever Leveraging
Supervised Contrastive Learning, DR-SCL)
et — g B E AR 892 LRE ) 0 £ DSI-
QG & &% » RMHBUREALMRE K DPR
WERY > FRBERUVGTHERNLEET —
¥ o

2 AR
2.1 Dense Retriever
MEREZEEAORZBZTRELG R 1
I8 FEZ A BERT (Devlin et al., 2019)
RoBERTa (Liu et al., 2019) # & T #%& K #
BERATR ABLEEFFERNERY
RER RER AR IR E - KRB TR &4
S R B T N AR R A AR 6
X (Zhu et al., 2021) HREAR RER 5 R T
=#:Representation-based, Interaction-based,
Representation-interaction Retriever °
Representation-based Retriever L 4 # %
% 75 % (Dual Encoder) # & A » g A4
AL R R AB R R 8 G A B AR &
A EeEHgr XN EAK B8 G FHNE
FERAFEEARFGAMERE - L
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Documents

Docid: 456
Query : Who is the bad guy in lord of the rings? docid: 456
Document : Sala Baker is best known for portraying ... DSIT docid: 45 6

Docid: 733
There are at least 108 Query : What is the highest mountain in the world? docid: 73 3

mountains on Earth with
elevations of 7,200 metres ...

1. (£) B35 % AT EFE o (&) B DSI 9B RBE o £ DSI 2I4keF > RUFE B % 5] &
(Indexing Phase) % F 4o f#% SUHH#H & 2] € 8 U8R IE - B A E 8K KB (Retrieval Phase) £ K 4o
H B HHE ] S C AR B A TR TSR IR o 4R R A B A — B &34 - DS § 8 =789 F 4 A8 B 8 T
B oW RER TR A R FREEB LA THRIRGBFIIR - Bt BT EMBAESHEH
A L FIMAEBEA A 0 § LA @ e EAEFR T (Task Prompt) ° #l4e A€ £ Document:

&R E I E Query: ©

DPR (Karpukhin et al., 2020) & iz 288 % 69 3%
W7k AT REASET T BERT
WA R A AN B R R o IR TE
B o 42 A # 2 H (Contrastive Learning) &
Bar 8 &0 £35 & 2 M ¢ A48 bl 09 L4 »
b B B A 2R R AR M 69 SR o SRR FE R
M ERE  REMA TR THREE
S AT BB A IEN P o AR EATH
e AFRIAA LA ETRT > el
kB IEN TG AR BLAk
Heig 69 3% 2 48 B 69 ST o {240 R B &0 2 U4
B R T A AT BE R @A
Ko mEZMAAERRGOLE » FHAEA R
BRI EGBR o

Interaction-based Retriever A4 # 35 4 2%
% (Cross Encoder) » iz #8 4% 7§ & 50 $2 ST 4
Bl B g A E— A E P @@ e M8
F iR 4% (Token-level) B %) » A fE R &
AE LA L E KMo (Nie et al., 2019;
Nogueira and Cho, 2019) 42/ 7 BERT &
BHAH R > €M Dense Retrieval A& =T
RG> F AR E 1 R
B0 RAEEAMIHRARENEIE » A
SLE T EA F T R ER AR 2R A
WA LIAFI BT - ATAER RO FE LA
R KB TRA] o

Representation-interaction Retriever & T
1o iR R AT P RARMESLT
representation-based $% interaction-based ™
# 8945 % o ColBERT (Khattab and Zaharia,
2020) ALBABA b E L6y k> CEMT L
b Al B A ROR > AR R R R 6 8 A B 4 5| AT
EAB I EERT 0 Bd TG &AM
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B ET ERREREFZ MG M HALE o 45
EFN L BRARE AR — 8 & R ARBER
BRI mAF ARG S EFAE R
e E R AT BRI FAFR RRR
B GIHOERTHETERZE RGERM o

2.2 Autoregressive Retriever

B R E AR T XER AT B 5
7] (Sequence-to-sequence) # B @ (Autore-
gressive) 12 o JLIAR AR FAIRFZ AR
T5 (Raffel et al., 2020) >~ BART (Lewis et al.,
2020) #HEBEEMGBRES » HITATE
EAFFE R G ERERN G S H P $
1% R B @56 AR5 R (Decoder) B AEE ©
E P> RMFEFNLZALA 8 G5
bR & A% 0 9 5 B Autoregressive Entity
Retrieval (Cao et al., 2021), DSI (Tay et al.,
2022), DSI-QG (Zhuang et al., 2022)
Autoregressive Entity Retrieval & —181%
75 5| 5 5 69 TR 7B 5 B BART KA
TR 2% (Entity Linking) #9 & 4 o 1 A £4%
TMABBAUEK s WwRGTFTRALEA
T BURER LRGN R PRI
AEH LHBMATBEG S N d o ARAR
¥ o B 1% B Wikipedia 7E &34 &R » mAER
BARBAFHIFORENEHELTMEH -
T kT AR AR RBHRAN OB FR AL -
Differentiable Search Index 1 A 7 —1& 5
7] 2] 5 5 0 T4k 3EF A T5 AT AR
Fo WwBITT o CAMPTA T RHAHLE
BAGEHT » PEEAEMAEANEK > AT
By R A BB TR wREFEZ > THh
1% M R4 % (Beam Search) K & & ¥ 1 48 B
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o
Query : Who is the bad guy in lord of the rings?
H _ _ Ty
y Yo=U1=2 Document : ... the villain Sauron in the Lord of the ...
T2

Query : What is the best fight in lord of the rings?

T3
Query : What is the highest mountain in the world?

—> positive

2. B A EIR 6 DR-SCL B A 24 « DR-SCL #4242 b1 —18 T5 FA34k
Bt » RZAHEE > Ao AEREHLEY

DR FEBLEE > A T 46 90 48 M 8 XA

B Z- o2
o B T

---> negative

LCC

— 2 — 4

— 'z
Tbencoder T5gecoder

—

— 2z <

: t
Yo= 4 5 6
B R A o

RTAIN KRG AR E o ETRINGATAR A R A B2 RAUEA S DSI 48 Fl 6934k 7 KRR R 09 iRAH E o

ARG BT 7] R o 2R B 5 B R AE
T > H—F %A %3] (Indexing Phase) * %
= F B A E (Retrieval Phase) ° £ % 5] 89 1%
B BAZH wfTHhEHETOE B H
Tqg € Xqg HERCOIHHI yg € Yyo A
KR EGEMAT ARG Bt > 2
— 7 7 B P B AR A IRy KAB Rl 0 1 &R
B X LM (Cross Entropy) © AT & & 3] B
Bz e F 0B R A A X

Eindeming = - Z logp(yd‘TS(md))

rq€Xy
o RRAAFH BRI R RZ G
AR IR HIE » 3 T S 38 de AT 50 $1 JE B
VA B AR E o PTVALE B = F Bag » A
FIR DR FH P W E—BEH 2, € X, BA
TiZ A M XA X BBy, € Y, RS
HIEM A% o T @ AR R RS A 694848 K
FENRX

(1)

Eretrieval = - Z Ing(yq|T5($q)) (2)

rq€Xy

(Tay et al., 2022) #% 5| 4= R &34k & 5] 1%
BRINGBREWE BUEEARBEMEER
(Catastrophic Forgetting) 893, % o Bk » 1
H KN T5 TRy XAa Rl 8 % 4235l 4
(Multi-task Learning) & Fl 8 21 & i /& {B 1%
Boosbdhr BTEBRAGRE S EA ALY
AR BWMABIBA A > RTG53
12 B e EAE B3 & (Task Prompt) 895 % o
AT B DSI AL AE 89 4848 K 3H SR X

Lpsr =— Y logp(y|T5(x)),
zeX

(3)
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EF e X={XqUuX,},yeY ={YuY,}e

R (Inference) HIFEE T » A —
&3 o & BEG B PG EEHE T
Bty X EH o BAUEEIHHIK y 89
ME > TR R T @ ey X R R

M
pylz) = ] pum|T5(@, yr.m-1))-

m=1

(4)

EARENTIHFSHELEIMHRIE y 8
7 X 0 BB R AKIE (Atomic Docid) 4%
KA 45 8L B9 T % % 9% (String Docid)
RERAFZBEZLERGT $ %I (Semantically
Structured Docid) AL A& H F 2R & 4F 69 & =
ko BTALAZBETEBYIHRIE o

B3k« > F &y —18 BERT ®#SEHMAH
BB HINEZER P BAERARRE #HE

=P A
(Hierarchical Clustering) % f- % > #3&&4A0 L%

By SLAFEFHE B FIERE » B R F RN FEAR
B BHR &4 0 BT A8 R R U8 USRI o

Differentiable Search Index With Query
Generation #2 #| DSI # A Z 4% A & 7] 1 B af
T HE B A5 3% 69 4R > RAR & B aF
EHHER IR INER > RIEZ A HA
MU Mg B AR EHFETRZHE
— XA G A HEE B B X, T
BRI ESEEZZEEL - BT MALRY
B > DSI-QG 1A T — 18 M & & 5% 69 i ik 7
X BRHMNAT H—EF7] 5 57 69753 24
T5° B H e fT AT — R &AL LHE
By &R AR o 48 A & A AR A B AT A
A A THRE SR > Ak A3 ST iR
IR E AR AN ER DST A o sb 7 ik ae A 28y
PRE A S A HE B UAR A B A o
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3 PRI %
3.1 Overview
ARARE EA T %L DSI AT » &
W)L SCAR R B R B R o Bk o KA
T~m%%%ﬁ%’£ﬁM%m%E(®m
trastive Learning) RFAINRARE M G 4R HE - A
RABATRAH) DSI AR I8k o &AL 94
N%%¢D$ﬂﬂ3x~@@%%W“%%
R WA Hg T5 (Raffel et al., 2020) TA3I4REZ
&ﬂo
A SR HEMABEYTE
8 3| 89 4£ 7542 & (Task Prompt) » 4= B 257 7 o
MANLFRI o 5 BAGGRBHES G EE—
BRI e T RT 0 RE (Ni et al., 2022) #9
Wk AL F 3 AR BAT R = iflﬂ/?»ﬁ'] a9
B 2 0 AT@EEGAXETR

ze = MeanPooling(T5encoder (). (5)

3.2 Contrastive Pre-training

B TR A £ SRS U M BB M %
AT AR S P2 RO &Gy s AR B 69 SUAR
E%ﬁﬁﬁ¢hﬁ’ﬁ$z7ﬁmﬁx# 2]
— R EF M AME R BEEHAL
BEEMFHEATREG IR SR EHK
& ARG B G A A6 A =B U
BIRAERAPTE B o B THRTESGHEY
7 ik A3 58 DST AR A o &2 L U A 69 4 & B
1% > KM ERXT &AL DPR A48 F 69 4 1k
Z2HRxTE S —EEE N ZEHGINRE
cl - {(wq,vaxd,v)}vzl..N ’ ’;H\-'CP Ty € Xd PJ
B3 x4, € Xy AW —R LA -
NRFHFOENRIHLLCRSE (5)
AR FE G LT {(Zq7v,zd7v)}v:1.,]v o &~
iel={1.N} BaNREHGE5] - 3%
DPR AT R 694 0% 8 T g ML T 8 X, F -
Fhat .

exp(2q,i - %d,i)
> acr €xp(zqi - Zda)

=— log

el

AP RFEAARER > R 2y, BEHR
Zq,i ﬁl] ﬂiﬁi\ ’ /fﬂ”-?ﬂ]éﬁ(ﬁ;ﬂ'c’jlz%.f 2di VA ﬂ‘éﬁ
N —1 EFXAREHE 2, EAGAKRE o
£ F B R 0 8 B UHFRIE A RIET 0 A
A 5] - F6G P R > e R RATEEAF Rl — 28
(F 48 Fl 89 AR 4R 3R) 69 &2 K LA 42 3 o
bR NCEDARE S I P AR IR Rt BN
TERERGE S - EHEXHEY (Khosla
et al., 2020) M Fl %8 5| 69 FHHAT AR B EAR A
RRHH 0 FHRE AEA » ds— o R &

(6)
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/\ Cluster Centroid

3. BEARBEEEROHRITERGRE X
PR T EE o

 ANN Assisted :
Decoder

PANNmf PTs,m1

012

t

Autoregressive

Centorid Memory oo
ecode

TSencoder
xM

T'5 decoder

B 4. B DR-SCL AW EHER - A &
1 A AR F 7% ANN RIFBhEEA BAG R A @5
89 4 By, R IR o

P8R BB X EFRT AR (6) RAF L
S ERA o EIRIFELTTHRARGEAE
)1 B 44 % (Anchor) RA2 L MR LM - &
R EREAR ARG IES 420048 B 4
Jﬁﬁ%xﬂﬂ%ﬁmow —Bas N F
TR E Barset = {(Tus Yu) bu=1..N ¥
amexweYoﬁmﬁﬁﬂ¢%xu@ﬁw)
A R EERT {(20,Y0) bu=1.N °

A AG) =TI\ {i} BEI [ dethir i Ke9 %
&0 S(i) ={s € A(i) : ys = yi} AR5 i 8957
HEHRAG LG « BEEXBETTUARAT
@ 6 5\*3&13’\

exp(z; - zs)

z‘ Pt

T [S3)| BES SGE) R o
3.3 DSI Fine-tuning

exp(zl 2q)’

(7)

acA(i

,aJ TrREEZIFHZETHZHEEIRF
SHE R Eﬁﬂ%mﬁi%%% S5 &
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189 4E % 82 (Khosla et al., 2020) 48 F » &%
KT 45 7 35 69 S BORBEAE > AR AT AR
#5 35 89 #%3R (Fine-tune) o /& SR AL B 69 fiF 25
EoF o sy K& DSI A8 Rl > 2R % 4275 2
AR B DR ARG B AR SR IR & 511
# (Indexing Phase) » ¥ &34 % J& 2| T HH 4 9%
8948 RIS B (Retrieval Phase) o & & 314 A4t
Barse > BB R JBA

Lee ==Y logp(y:|T5(xs)). (8)

il

3.4 Document IDs

H AL DSI FA& M &4 ALEZE (Semanti-
cally Structured) 8 UH 4R & A &AF69
AR PTvA R4 R 3B F ML F kR
AR LA IE o £ DSI F > ¥4 A BERT
FTAINREZ AR IETA L YEEE
¥ EARTHTAH e EHK 0 DSI AR A E X
89 k-means 2B FEAFAA L 6 TS —A2 (2
BAL k=10) KBEE KX pHR G EL M
+ 78t (Decimal Tree) » #EBHR & 77 3] ST AT
Je 893 B B A0 BAL P o 4886 B 5 4R TR AT 4L AR,
89 F B BB LAY SRR 0 W B3 BT R o $L DSI
TR 6 & » &AL C & T I 8RAT 69 2 A 45 25
%o 2@ % (5) ARALAIMHNEES
T b — RO F A BRI GEA e A o

3.5 Inference

BBTAINRBEGHHE » RERBEMHHF L
B RO AT o RAMVAI A BAE S & DR-
SCL # % 75 3% % @ &k AF L 44 F % (Approxi-
mate Nearest Neighbor Search, ANN) 4 ## 8}
R AR ARG 356G B 85T USRI AR R, o R AR AN i
ITARE A RM AR AL 3.4 DT AT
TGRS B R R s
BHHE AT OBGENL s e Z &
T mBARP BRI ¢ Bl ABHR AT B 2,
P42 69 B B > & b 4R 38 69 5 25 4 SR AT 4R 89 F
BRET ) WwE3HT T o AR > ANN
Assisted Decoder Fl B 4% 8 7 4 25 5 43 5] 49
ANN 32 R iR 2l AT 5 09 5 8 » R R
T — B B B B35 3 & A 6 TR IR AT o

T5 Decoder £ % m 1B 5§ M 85 SCHF 43 38 4%
Yim EAEWBET 2ld T @y X7 R pat

Prs m = p(Yim|T5(xi, yitm—1)),  (9)

ANN Search & % m B8 B 2 X4 9%
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Dataset | |D| Train Pairs Test Pairs
NQI0k | 10k 8k 2k
NQ100k | 100k 80k 20k
& 1. BRMET BT AG Nature Question

Dataset #9354t £ & AR o |D| A THEHEF >
AFEY 8 -

Dataset | Document Overlap
NQ10k 20.65%
NQ100k 60.89%
& 2. B Test-train &4 % 89 & £ B - Docu-

ment Overlap &7+ F A % ¥ B K £ 69 U4 F BF i
R4 Bl AR A F -

K g A8 R T 0L T 8 X T ARG

Pannm = P(yim| ANN (23, yi1m-1))
= eXp(ZZ ) éyi,ltm)
ZCEChild(yi,lzm—l) exp(z; - 2c)’
(10)

EF 2z B ox, B8F (5) AEFIGHE L
= C = Child(c) » C £l P BHIT ¢ 8957
AT BRITAT ARG RS o

Selective Fusion &M1& A 7 91 iy 18 42 5 $
a, B Rz H Prs m % PANNm ORI

PFusion,m = eXP(a 10g PT5,m+(1_a) log PANN,m)-

(1)

M ] m
p(yz\xz) _ H ({PFuszon,m S ﬁ) ) (12)

m=1 PTB,m m > ﬁ

EF o EREELS m B8R B0 HH
RFHFRER > Payym PTAE0HE -3 BlR
FEHFAREZRETLE Pavyy HEAHE
R [ =0 B BRAEF G T5 ZRY
Mt & f =00 BIRAAMEA ANN #8) %
18 SRR IR 69 AR, o AR A 2 T I B A B
7,91—:;;57 Z; #% > éiiﬁ"%}% Ys éﬁ)}%‘$ s [ Al
% (12) RAFH o 412 ZHE » 2 ANN
BEA SRV F ) RE O AR—F R
BIRATH R R FREE 10x M o

4 Tzt

4.1 #HHE

A F AL R 0935 H & B (Nature-Question,
NQ) (Kwiatkowski et al., 2019) * NQ &% &

5% 2] 3% (End-to-end) &9 B3 P& & % (Open-
domain Question Answering System) AT 3% 3t
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NQ10k NQ100k
Total Overlap No Overlap Total Overlap No Overlap
Model Hit@l Hit@l10 Hit@l1 Hit@l10 Hit@l Hit@10 | Hit@l Hit@l0 Hit@l Hit@l0 Hit@l Hit@Q1l0
BM25 51.60 73.70 49.39 73.84 52.17 73.66 35.31 59.99 32.03 59.48 40.41 60.77
DPR 61.25 83.80 62.71 88.13 60.86 82.67 53.84 79.18 53.78 81.00 53.94 76.33
DSI 13.10 30.10 44.06 67.79 5.04 20.28 33.09 50.71 52.11 72.55 3.47 16.69
DSI+QG 56.35 73.90 63.92 82.08 54.37 7177 51.62 72.13 59.42 80.33 39.48 59.36
DR-SCL (8=0) 25.80 52.20 56.17 77.23 17.89 45.68 37.58 57.47 56.06 75.93 8.79 28.71
DR-SCL+QG (8=0) 56.75 75.40 62.95 86.19 55.13 72.58 52.14 73.34 60.00 81.29 39.90 60.96
DR-SCL+QG (a=0.7, f=00) | 61.70 79.80 65.85 87.89 59.16 77.63 53.40 77.12 58.78 83.31 45.00 67.48

k3. HABRBA B AR B H % £ NQLOk $ NQLOOk #9RI3KEH £ LML R o Overlap 589 &4
§ B2 R0 A R A MK TR T AT o

B35S o P AL 307k Fa IR
HF—FINREH T A —MBET Google 45
B &30 B — B A TAZ0 B Aa Bl 4 Wikipedia T
o b —EEH  REALLARE R
ig M8 &348 i 89 Wikipedia STH © &I NQ
A &R B K NQIOK $2 NQ100k » &
BRI A R RSB0 A 0 AR 8Y
%t AR BT o
ETHRARMBEAOMD L THKELE
A A R R K HARAAE S
A RBAL T A G 5 R L) B3 o KA
# (Lewis et al., 2021) # R34 & A0 5 5%,
# (Overlap) 22 H €% (No Overlap) » £
TERRREARZHERLE RO LY
RAEIREHF > mAH ERRLLHLINR
FA S R2ATHEINREHET TS
B4 E o

B2 A 2
4.2 FEBRILE

A 89 2 42 A Huggingface (Wolf et al.,
2019) PR 89 Th-base 1A » A EATE R 45
R TAINRAT » RMVRERAA FEIFEE
T A8 71 89 Sentence-T5 (Ni et al., 2022) RAn45
TCHERL 43 A% &5 69 4 B o £ K AMAR 1 49 DR-SCL
FoomAEWMGRERKA 32 BT AL
P 6 & B ARA B AR B DSI (Tay et al., 2022)
WML > ARY U 32 BT AT 0 S R
W 3 B b AR A9AR AR o AR AL DI AR BF B PR K
N &5 64 E£34k 50 X
4.3 FHEIAREAAREREA
ML HitQk 15 AFFEBRA 89184 - L F
k€ {1,5,10} > 2 fE454% $L Top-k Accuracy 48
Bl » 3t A k MABERKREG T A H
SLIEFEAR B STAR 89 bt o

ABEBEA G AT L ENFE TR
BM25 (Robertson et al., 2009) $23%& & IL At #g
DPR (Karpukhin et al., 2020) &% » @ /£ &
W ey AR KR b fA DSI 242 A 2 5h 8
&4 & B (Query Generation) 2% R o 5% 69
DSI-QG # A (Zhuang et al., 2022) o 2 F »
#AM1% A Sentence-T5 4 & 1F DPR ¥ 4#5 &
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Biig B8R o £ DSI-QG F » M E R
AR A REJE 6 AR &7 > FAL i 37 4 R,
8 EH IR IR EH SRR -

4.4 FTRER

KAVE Sestah R R A d1 & 147 1 49 DR-SCL
B E R NQIOk ## NQ100k L&) & H »
BRIk (3) BTF o AR REZ LR A L
DPR 27 /2 i B354 & 0 > 48 048 A 59 1T
o B At e) BM25 A > REAZTAINKRES
A e 0 K E A R E K R AR F R T
Ao R 3% B A R 6y B o B DSI BEA /£ 2
NQI10k $2 NQ100k #9& #4804~ BM25 #F 4
89 £ > T DSI A R 285 558
2R AR DR AR K BB (Retrieval
Phase) # 34k #& (No Overlap) 89 LTF » &
AT IEFE > ZTHERA LGP DST EA £
ZRES LK% mERBIEANE R
A A 12 SR 4R & I BRI SR8 (Over-
lap) * DSI A2 A st 4848 28 BM25 » £ A A
NQ10k & & BCRAKA BM25 > &AM 5] 5%
F & 48 $7 NQL00k » NQ10k A K3 449 T
P fE R 39 T B 69 7 X AR GE R 0 BT DSI 89 5%
Rz BM25 © 5 9 » DSI £ NQ100k #9
RIAEA NQI0k > Z R B A NQL00k 98] 3X
EA T ARG BE RO B AR
BT o 4o R2PT T o KRB 5 % DR-
SCL(B = 0) #£ NQI10k No Overlap £ > 48
#% DSI #4F 7 12% ° £ NQ100k No Overlap
LB T 5% B T AR ALY R
%R AR DSI A F &3 T M 89 % 5
M AR89 A 2 o B AL DSI-QG A » ik
RN ERNERBAERELE S EHH
Mg & 2By AHENMET DSI £
AR K M5B (Retrieval Phase) A A %
J&i® #9534 > £ No Overlap 89 & 3 LA A
Ktg 89 #F o DR-SCL+QG(B = 0) & &4y
7r ik dm b — BB S 6y A A R AR A > B SMME
B A& R 8GR 5 Bk Rl H e B2 E 7 ik ik
R S8 M AR K 0 Rk DSIHQG 89 7
FEARRBAF— o kE 0 FRMY T & DR-
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Encoder  Additional Pre-trained | Hit@l Hit@10
T5 - 13.10 30.10
Sentence-T5 - 16.90 40.75
Sentence-T5 DPR Loss (6) 22.95 46.00
Sentence-T5 SCL Loss (7) 24.00 48.30

& 4. BAER TR TAING T ERINkpBHE > 4
EMEARANYE -

Encoder Additional Pre-trained | Hit@l Hit@10
Sentence-T5 - 24.00 48.30
Sentence-T5 SCL Loss (7) 25.80  52.20

A5 BIERTRBERGZESRELAZEERY

TR ER R RGP E

SCL+QG(a = 0.7, 8 = o00) f£ 12 7 fi 2% T4
B WwRER—BEARESEEA R
AR ANN o3 MR B 7 ikE
NQ10k Hit@Q1 BfskaEARAL & K69 DPR A& »
FEAEFOREFEVGERENL EZELT —
¥ o

4.5 HEH % (Ablation Study)

4.5.1 Contrastive Pre-training

BB E T o ROV ATATAERL AL 45 75 35 69
TR R 7 R H KAV AR @A RIF K
R B R RAPT T o BIEAE R R A BT
BREg TS5 B> REPEREAE > BA TS
EE R ARG R % BERT — % &2 43
BB 2E L BEET Ts BN %KS
RAMEEERMENFZELRT o KMEALA
ZR I VA 6] FAA LR IR AT Sentence-T5 A A 3%
WAL R B i AG 5 0 TR F B R0
BRTHAAEF AR EREUEF T o
HILAE DPR A R 6942 E 7 X (6) 0 1%
MERXIEY (7) RFEIRBEH 8555 &
TIABAT AT R 0 B AR B BH X2
BHESOERAREA IR A L FH
Z3 o

4.5.2 Document IDs
AP o RVAFIRHE R AR — 4 45 75 55

REERFZBTREBY LRI - §HEMGKE

A RFOHR » &R RSP F o TUHEL
HEBEFXHREEINREGRBE » £E
A XHEEA TR RGO AR
By 18 3B A AT B 89 5 45 B AL T AR M
8 SR IR 0 A8 P B BEAE R R @R A Y
Sentence-T5 K &9 F4F o

4.5.3 Alpha & Beta

JERE AR ANER P 0 RATVAR T AR 4 T I AL R
RBER o, f HRE » BRWESH T oo BF
B AR m B HRIB T > 2SR ANN
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® DPR 4 DR-SCL+QG (§=0)
DR-SCL+QG (B = 3)

DR-SCL+QG (B=1) 4 DR-SCL+QG (B =2)
DR-SCL+QG ( = o)
65

45

Hit@1

35

25

0 01 02 03 04 05 06 07 08 09 1

a value

B 5 EEATRRLEE o [ LT HEMEA

% 5

E

N\
S

o~

o

A8
Pul

S LE o A AT ANN 5874k 69 r
FTHZ o B R BAE A ANN #i8) & 4 KB

= Kk

HRIFOFH o pMRETIERA ANN 8 2E
ARG IHRIFHFH o F =080 BUZ

AFAE N ANN R#Bhdd: Mk o =0,8 =
oo B o AR A H B A ANN 898 o kiR
£ a=0.70=occ EHEEE SH&LF ANN
0 BATAR T RIE Y - R G H RIFHG R
H o

am

BEARFFRY » RPIRETHEFIHLET R
Fl e B @& a9a RAEA DSI £ K& & DSI
LB S RMEF > LS TR R
Ao it B o AR E T —B4E A RTANEIR
F% (ANN) R#EBAEL & A XHHHF - RE
AT A fe A TR BF 0 35 @A S A 42 R Py
A AR SR o £/ B8 Nature Ques-
tion #EAH&E L KR B89 7 K E DSI-QG
“o1% 0 £ HitQl #EA MR X8 DPR A >
REOEHOREFENGTRERNLHEET —
F oo ERROGHRAR » RMVAE REHRIGE
) & AR K 3B DR-SCL » #tAgdk 3| — 1847
89 7 NER A RIE A AR 0 Bk &8 A5
AR GENE A 694 & AR B 69 ST > BAFE R
RV EZ R @ o b sh > HE B
AR RARA T AR AR B SR IER 0 © T F
12— KRR b B R R 690 - 3 &
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