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Table 2: Comparisons between PROP and the baselines. *, ¥ and i indicate statistically significance with p —value < 0.05 over
BM25, BERT and Transformerjc7, respectively.

TueWeb09-B m MQ2007

MQ2008

N— Robust04
nDCG@20 P@zy CG@20 P@20 nDCG@20 P@20/ nDCG@10 P@10 nDCG@10 P@10
QL M 0.225 409 0510 0423 0371 0223  0.241
BM25 0.412 0363 0.230  0.334 0.421  0.523 0.414 0366 0220  0.245
Previous SOTA  0.538*  0.467*  0.29% - 0.422  0.524 0.490  0.418 0.244  0.255
BERT 0.459* 0389  0.295° 0367 0495  0.586*  0.506* 0419  0.247*  0.256"
Transformerjor  0.460* 0.388 * 0.298* 0.369* 0.499*T  0.587* 0.508" 0.420* 0.245* 0.256*
PROPWikipedia@ 0.316*7%  0.384*TF _ 0.519*™F 0.593*™F  0.523*TF 0.432*TF  0.262*TF  0.267*7*
0.266*™* 0.269**

PROPysmarco 0484*TF 04087 (C0.329*™ 0.391*TF  0.525*TF 0.594*™) 0.522*TF  0.430*T*

1. PROPFE4/SANEHREE LI LARIAISOTA
2. PROP BEMHBIIBERT #1 Transformer;cr
3. EXRER LTSGR ELF
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- B Re-RER. BiEE. RREBESFERA , FXETIMS MARCO ( 2021/1/2,

2021/4/25 )
+ SB—MEHIFIEIE MRR@100iEi20.4HIPAMA !

MS MARCO Document Ranking Leaderboard

Search:

MRR@100 MRR@100

date description team paper code type (Dev) (Eval) tweet
[2021/01/02 !’ PROP_step400K base (ensemble v0.1) Yingyan Li, Xinyu Ma - ICT, CAS [paper] full 0.455 0.401 [tweet] ]
Tanking
2020/10/27 g BERT-m1 base + classic IR + doc2query Leonid Boytsov, Bosch Center for Al [paper] [code] full 0.449 0.398
(ensemble) ranking
2020/10/20 Y’ BERT-m1 base (v3) / traditional IR + doc2query Leonid Boytsov, Bosch Center for Al [code] full 0.441 0.396 [tweet]
ranking

0 MSMarco @VSMarcoAl - 22h oo ng ¥

- _ #SOTA Alert _ 0.438 0.390 [tweet]
Congrats to Yingyan Li and Xinyu Ma from ICT, CAS on the E
"PROP_step400K base (ensemble v0.1)" submission which is now at
the top of the #MSMARCO Document Ranking Leaderboard and the
first to edge past eval MRR@100 of 0.4!
Full leaderboard: msmarco.org

0.440 0.384 [tweet]
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Table 5: Impact of Different Sampling Strategies. Two-tailed o Random 4901 __ Random
t-tests demonstrate the improvements of document lan- 4 :ZZ
guage model-based sampling to the random sampling strat- £ __ e .|
egy are statistically significant (i indicates p-value < 0.05). : - =i

4.65

4.60

nDCG@ZO nDCG@lO 6 é trainfgg steps(1'310k) . 2 6 5 train?'r(:g steps(élOk) » 2
Robust04 ClueWeb09-B Gov2 MQ2007 MQ2008

(a) (b)

Figure 1: (a) ROP learning curve on Wikipedia over the pre-

Random 0.471 0.304 0.505 0.513 0.252
- - : : - training steps. (b) The test performance curve on Robust04
docLM-based 0.493 0317F 05177 0516" 0257  j; terms of NDCG@20 over pre-training steps.

BT FINESERE NSRS EIFRIERE | FIEEERINEEE
PROP HIRINRAIEE EAk#TFREFR “AFTiA" AES
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pulmonary fibrosis synonyms interstitial pulmonary fibrosis a chest x-ray demonstrating pulmonary fibrosis believed to be due to amiodarone. specialty
pulmonology pulmonary fibrosis (literally ""scarring of the lungs "") is a respiratory disease in which scars are formed in the lung tissues, leading to serious
breathing problems. scar formation, the accumulation of excess fibrous connective tissue (the process called fibrosis ), leads to thickening of the walls, and
causes reduced oxygen supply in the blood. as a consequence patients suffer from perpetual shortness of breath. [1]in some patients the...

— B RE: [HbiGSE WP, nierstitial. iiopathic, [PUmonary’, fibrous| |inspiratory auseultation pulmonology. amiodarone
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pulmonary fibrosis synonyms interstitial pulmonary fibrosis a chest x-ray demonstrating pulmonary fibrosis believed to be due to amiodarone.
specialty pulmonology pulmonary fibrosis (literally ""scarring of the lungs "") is a respiratory disease in which scars are formed in the lung tissues,
leading to serious breathing problems. scar formation, the accumulation of excess fibrous connective tissue (the process called fibrosis ), leads to

thickening of the walls, and causes reduced oxygen supply in the blood. as a consequence patients suffer from perpetual shortness of breath. [1]in
some patients the specific cause of the disease can be diagnosed, but in others the ...
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- BT AR TR
« 1TE &N (i.e., the divergence) , TES 1A 70 P(wi|04) FOMENIAID 0. ZI8] P(Wkl6ranaom)
Ywy = CE(0410ranaom) = —P(Wi|04)log, P(Wi|0ranaom))

exp(Vw,,)

WEkEV exp (]/Wk)
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h [CLS] Xt
at = le alt,  whereal = Softmax(Ql =)
i=1

Jd/h

Bw, = Z at,x, € d,i.e.,word x in postion t

Xt=Wk

* XJA[EJAAY vanilla [CLS]-Token iR /INEHITIBFFEFREL
P(wy|0,) = softmax ( P ),where b is a hypeparameter

b+ By,
Document: pulmonary, fibrosis, synonyms, interstitial, ......
csior, | [Ty [Tiser w /\/\/\/\
BERT
[CLS]-Token attention weights: 0.2, 0.21, 0.04, 0.07,0.09, ... XZ1;£ iﬂﬁﬁP(W| Hd)
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pulmonary fibrosis synonyms interstitial pulmonary fibrosis a chest x-ray demonstrating pulmonary fibrosis believed to be due to
amiodarone. specialty pulmonology pulmonary fibrosis (literally ""scarring of the lungs "") is a respiratory disease in which scars are
formed in the lung tissues, leading to serious breathing problems. scar formation, the accumulation of excess fibrous connective tissue

(the process called fibrosis ), leads to thickening of the walls, and causes reduced oxygen supply in the blood. as a consequence patients
suffer from perpetual shortness of breath. [1]in some patients the specific cause of the disease can be diagnosed, but in others the ...

— 01 5 4571 . [fibrosis . uip. [interstitial , idiopathic, pulmonary . fibrous. inspiratory . auscultation , pulmonology, amiodarone

JRAGHE T AL 3] 9 A - e, IRoSiS), [ [AGeSSHAD. {68l [of]. Giseasel, G, lnd, lung, chest, is , cause, to,

WfEGiA A s, IonatyY, ATGHSHGiAN, [AioPAtic], lung| chest, discase , diseases, cause, patients, XTay, scars,

 XJEIE S IR LRSS AR FRE
BIIERXL G A BRRERR ( BMEREE ) BYS
« NGRS HMERRE S EN T —ITE SRR
 (lung, chest, ..) vws. ( breath, diagnosed, ... )

SIGIR’2021,B-PROP: Bootstrapped Pre-training with Representative Words Prediction for Ad-hoc Retrieval
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Liotar = Lrop ¥ Lyim

%=

* ROP: B mFZEIMESS
 Pairwise Loss: Lrop = max(0,1 — P(S{|D) + P(S,|D)) 3

(& E_lE = 5]

Masked Sentence A Masked Sentenc

[ L & -

'abeled Sentence Aand P

« MLM: #&i5iES1RE
* Cross-entropy Loss: Lyy = — Lzex 108 0(X[X\2) =4

B Z5TUT0) 145

SIGIR’2021,B-PROP: Bootstrapped Pre-training with Representative Words Prediction for Ad-hoc Retrieval

Key Laboratory of Network Data Science & Technology, Institute of Computing Technology, Chinese Academy Science



INGIHRER ERILSIR

Table 3: Performance Comparisons between B-PROP and the baselines on 5 small datasets. Two-tailed t-tests demonstrate the
improvements of B-PROP to the best baseline PROP are statistically significant ( * indicates p < 0.05).

, Robust04 \/tll 'Web09-B Gov2 \ MQ2007 MQ2008
Model Type Model Name s ik b ek Q Q

\eDCG@20 P@2 CG@20 P@20 nDCG@20 P@2(/ nDCG@10 P@10 nDCG@10 P@10
Traditional QL 0. 367 0.22 - . 0.510 0.423 0.371 0.223 0.241
Retrieval Models BM25 0.412 0.363 0.230 0.334 0.421 0.523 0.414 0.366 0.220 0.245
Neural IR DRMM 0.425 0.371 0.246 0.349 0.457 0.545 0.441 0.382 0.221 0.248
Models Conv-KNRM 0.414 0.360 0.238 0.336 0.462 0.552 0.431 0.377 0.215 0.239
BERT 0.459 0.389 0.295 0.367 0.495 0.586 0.506 0.419 0.247 0.25
Pre-trained ransformerjcr 0.460 0.388 0.298 0.369 0.499 0.587 0.508 0.420 0.245 0.256
Models PROPyy i 0502  0.421 0316 038 0519 0593 0523 0432 0262  0.267
~ 0.484 0.329 0.391 0.525 0.594 0.522 0.430 0.266 0.269
B-PROPy,; 1.5 0.331 0.393 0.534* 0.599* 0.529*  0.436" 0.271% 0.273

Our Approach Wik

B-PROPpARCO 353" 0.407°  0.552° 0.529* 0.439*  0.273*

« B-PROP ZE/#iEE _FRUFRINEL PROP FIE b Fi)I| & FE BV IFIR %
o XTFR{ASTIE BV TN ZR ] LA T >R BB 4F B SR T B
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Table 4: Comparisons between B-PROP and the baselines on 2 large-scale datasets. Two-tailed t-tests demonstrate the improve-
ments of B-PROP to the best baseline PROP are statistically significant ( = indicates p < 0.05).

MS MARCO TREC DL
Model Type Model Name rerank fullrank rerank fullrank
MRR@10 MRR@100 MRR@10 MRR@100 nDCG@10 nDCG@100 nDCG@10 nDCG@100
Traditional QL - - 0.287 0.300 - - 0.600 0.559
Retrieval Models BM25 - . 0.315 0.326 - - 0.592 0.552
Neural IR DRMM 0.137 0.152 0.164 0.197 0.249 0.390 0.301 0.422
Models Conv-KNRM 0.155 0.179 0.183 0.225 0.311 0.476 0.360 0.456
BERT 0.391 0.397 0.410 0.418 0.642 0.519 0.657 0.567
Pre-trained Transformerjcr 0.394 0.399 0.411 0.423 0.639 0.521 0.658 0.569
Models PROPyy i 0.401 0.405 0.419 0.427 0.654 0.533 0.662 0.572
PROPpaRCO 0.410 0.415 0.426 0.435 0.668 0.547 0.676 0.573
B-PROPyy i1 0.415* 0.419* 0.428 0.439* 0.670 0.552* 0.679 0.581"
Our Approach Wikt

B-PROPpARCO 0.437*  0.441* 0.675* 0.558* 0.694* 0.590*

e B-PROP EABIIEE FHIRINM T PROP FIE i 2R, {BRUFHE /)
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- Rk BM25 - W5fasC£k: PROP
- $RBELZ: BERT . 4Ifa3L%k: B-PROP
- ¥EL: Fully fine-tuned BERT

-- BERT ---- BM25 ---- fully fine-tuned BERT —&— PROP —#&— B-PROP

Robust04 ClueWeb09-B Gov2 MQ2007 MQ2008
0.35 0.55 0.55 0.28

T T T T T T T T T T T T T T T
0 10 30 50 70 0 10 30 50 70 0 10 30 50 70 0 50 100 150 200 0 50 100 150 200

- B-PROP /£ EREHENERNEZLIET , AEEIER LEZ(LT PROP
- EBIRAYSREEUE LROERY B-PROP AJLASEI ST 2 B 208 LAY BERT fA=/BFAY4ERE
- AFERFRET , B-PROP IERTEEUES ERIRIERILT PROP
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ROP{EE [BIR EZAYR

_ MARCO Passage | TREC 2019 Passage | MARCO Doc |TREC 2019 Doc

Recall@1000 Recall@100

BM25 0.857 0.745 0.808 0.395
DeepCT 0.907 - - -

(BERT 0.941 0.704 0.869 0.266 N
ICT 0.938 0.705 0.873 0.273

PROP 0.948 0.709 0.871 0.269

\_ Y,

ROP {EEZ B4 EERSIFT BERT |, (BI2HIEEBIE.

Pre-train a Discriminative Text Encoder for Dense Retrieval via Contrastive Span Prediction, SIGIR 2022
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push the man went to the store...

r 4+ 4+ 4

pﬁ
Decoder

{ Encoder } { Encoder } [ Encoder } [ Encoder 1

) i 1 1

text_a’ text_a"’ text_b '’ text_b "’
A

text a text_b [CLS] the man went to the store...
(a) Contrastive Learning (b) Auto-encoder
B2 - SURIEI AR X2 EERN
EETIRER : FHIHSERIAFI TERD EEITEEE : (1) &I ; (2) RENXEIS
SentBERT, SimCSE, ICT. coCondenser, ... Optimus, SEED. TSALDE, Condenser, ...
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{ Decoder ] [ Decoder } cee [ Decoder 1

) ) i @ PFEHImMaskig FMEIIA

? ? ? ? @ (FERAMLP##ESEMEEIfEFES
Encoder Encoder _— Encoder Encoder

f f f f ® FERKLEEERS T AEE

Text_a Text_b Text_a Text_b

[CLS] the man went to the store... [CLS] he bought a milk...

BT X ERo R EERuZRTT A

A Contrastive Pre-training Approach to Discriminative Autoencoder for Dense Retrieval, CIKM 2022
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o HEFERAKLEERITIECZEIIPR pull and push
—-JS(P,Q) == D p(x)log(p(x)) = . q(x)log(g(x))

x€e|V| x€|V]
+ ) (p(x) +q(x))log(p(x) + q(x)).
x€|V|

- HEFENAE
~JS(P,Q)xes == ), 2p(x)log(p(x)) + | 2p(x)log(2p(x))

x€S x€S
- Y Celogr) KT, T AP Gt S bR
x€S
- ANACRIEA -
Q== 3, Elost D KF, ogx LA, AP KM

(1) BT 7R ORT LT RIS ERRADRT M T iR,
(2) BT 4 7o ORI LT R ERRAORT SRR/ S S TR

A Contrastive Pre-training Approach to Discriminative Autoencoder for Dense Retrieval, CIKM 2022
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MARCO Dev Passage TREC2019 Passage MARCO Dev Doc TREC2019 Doc

Model

MRR@10 Recall@1000 NDCG@10 Recall@1000 MRR@100 Recall@100 NDCG@10 Recall@100
BM25 0.187 0.857 0.501 0.745 0.277 0.808 0.519 0.395
Best TREC Trad[5] - - 0.554 - - - 0.549 -
BERT 0.335 0.957 0.661 0.769 0.389 0.877 0.594 0.301
SimCSE 0.335 0.955 0.662 0.766 0.391 0.879 0.598 0.302
ICT 0.339 0.955 0.670 0.775 0.396 0.882 0.605 0.303
PROP 0.337 0.951 0.673 0.771 0.394 0.884 0.596 0.298
SEED 0.342* 0.963 0.679* 0.782* 0.396 0.902* 0.605* 0.307
CPDAER 0.350*T  0.965*T 0.686*T 0.789*T 0.402* 0.909*" 0.609* 0.311*
CPDAE 0.355*T%  0.968*T 0.696*1+ 0.799*T+ 0.408*7+  0.907*" 0.615*1+ 0.315*"

- EBEINE , BT EBNEI A B wSeshY T A BT
- FADHEETIWERENGE  WSRZERNEN REELER

A Contrastive Pre-training Approach to Discriminative Autoencoder for Dense Retrieval, CIKM 2022
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Input text;: [CLS] the man went to the store...... Input text,: [CLS] penguins are flightless......
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* Pull FEENNMEE X ZERIFRT S EB CHBRREFRIS T BT LR ERR
* Push SBENNFRRTB B EM SR E R BRAIVRTR

Pre-train a Discriminative Text Encoder for Dense Retrieval via Contrastive Span Prediction, SIGIR 2022

Key Laboratory of Network Data Science & Technology, Institute of Computing Technology, Chinese Academy Science



Y=o

+ MLM{E5
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XeX
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1 exp(sim(z;, z,) /1)
bewe = z 4T Z 3T -

L AT Lo i1 €XD(sim(2;, 2) /)

+ EREZAIRIRRREL

Liotar = ALewe + Lyim
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Miodel MARCO Dev Passage TREC2019 Passage Nisdel MARCO Dev Doc TREC2019 Doc

MRR@10 R@1000 NDCG@10 R@1000 MRR@100 R@100 NDCG@10 R@100

Sparse retrieval models Sparse retrieval models

BM25 0.187 0.857 0.501 0.745

BM25 0.277 0.808  0.519 0.395

DeepCT[6] 0.243 0.905 0.551 2 DeepCT(6] S0 ] - ]

Best TREC Trad[5] - - 0.554 -
Best TREC Trad[5] - - i - Tnitialized from the

Use BM25 negatives < Fine-tuning with official BM25 negatives
8 & fi & Ist iteration: Fine-tuning with static hard negatives =y g?if:%zrr:ll?liela?ﬁ/is use

BERT 0.316 0.941 0.616 0.704 . & |
BERT 0.358 0.869 0.563 0.266 the current mode

ICT 0.324 0.938 0.618 0.705

PROP 0.320 0.948 0.586 0.709 LSt 062 G578 10200 02is

B-PROP 0.321 0.945 0.603 0.705 EROE 0.361 0.871  0.565 0.269

SEED(ours) 0.331* 0.950* 0.625* 0.733*t SEED 0.372" 0.879*  0.573" 0.272

COSTA 0.342*'F  0.959*T 0.635*T% 0.773*T# COSTA 0.395* : 0.894* : 0.582* : 0.278*

Mine hard negatives use 4 Fine-tuning with static hard negatives 2nd iteration: Fine-tuning with static hard negatives
the current model

BERT 0.335 0.957 0.661 0.769 BERT 0.389 0.877  0.594 0.301

ICT 0.339 0.955 0.670 0.775 ICT 0.396 0.882  0.605 0.303

PROP 0.337 0.951 0.673 0.771 PROP 0.394 0.884  0.596 0.298

B-PROP 0.339 0.952 0.672 0.774 B-PROP 0.395 0.883 0.601 0.305

SEED 0.342" 0.963 0.679" 0.782"1 SEED 0.396 0.902*  0.605* 0.307

0.366"F  0.971° 0.704" 7

0.320*T#

0.919*™ 0.626*1%

0.422*1%

COSTA

Pre-train a Discriminative Text Encoder for Dense Retrieval via Contrastive Span Prediction, SIGIR 2022
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Figure 3: The t-SNE plot of query and document represen-
tations for SEED and COSTA. The QID is 47923 and is from
TREC2019 Passage test set.
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Pre-train a Discriminative Text Encoder for Dense Retrieval via Contrastive Span Prediction, SIGIR 2022
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- CFERMFE © Adapter (Hously et.al), Prefix-tuning (Liang et.al.), Lora (Hu et.al), MAM-Adapter (He et.al)

» Adapter
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» Add & Norm W
r----l---\ A - ~ 2x
e MecEEi /Wagm
Feed Forward Prefix-tuning
| 2 (LT
~—>| Add & Norm
= MAM Adapter
i Adapter |
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SEAdapteiln
[ Multi-head N%

Scattered or Connected? An Optimized Parameter-efficient Tuning Approach for Information Retrieval, CIKM 2022
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- WELZEE R PRRNEESTE NLP th—F ?

Method P A MARCO Passage TREC2019 Passage MARCO Doc TREC2019 Doc
MRR@10 R@1000 nDCG@10 R@100 MRR@100 R@100 nDCG@10 R@100
Full fine-tuning  100% 0.316 0.949 0.600 0.715 0.312 0.801 0.462 0.409
Bitfit 0.09% 0.262 0.921 0.562 0.677 0.264 0.785 0.437 0.345
Prefix-tuning 0.5% (1=32) 0.294 0.939 0.596 0.692 0.266 0.782 0.423 0.326
Adapter 0.5% (r=16) 0.304 0.941 0.606 0.696 0.255 0.770 0.418 0.370
MAM Adapter  0.5% (r=16,1=16) 0.304 0.944 0.609 0.712 0.280 0.799 0.458 0.381
LoRA 0.5% (r=16) 0.302 0.943 0.608 0.707 0.271 0.794 0.417 0.376
Prefix-tuning 3.6% (1=200) 0.304 0.943 0.580 0.702 0.265 0.775 0.395 0.376
Adapter 6.7% (r=200) 0.316 0.946 0.587 0.687 0.270 0.785 0.433 0.400
MAM Adapter  6.7% (r=200,1=200) 0.314 0.947 0.616 0.720 0.283 0.792 0.438 0.402
LoRA 6.7% (r=200) 0.316 0.946 0.597 0.715 0.279 0.794 0.417 0.379

* 5 NLP RS ASZERIERAR , EELZEL A EMEEEE LERDT 1% riRES
SHIBIR P BN S 7= 2 RUEESRIERE
- BEFIHEFH ERIES—E

Scattered or Connected? An Optimized Parameter-efficient Tuning Approach for Information Retrieval, CIKM 2022
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Table 4: Comparisons between IAA and the baselines at the retrieval stage. Two-tailed t-tests demonstrate the improvements of
IAA over baselines are statistically significant ( p < 0.05). * indicate significant improvements over full fine-tuning.  indicate
significant improvements over best parameter-efficient tuning methods (PET) at the same setting.

Method T A— MARCO Passage TREC2019 Passage MARCO Doc TREC2019 Doc
MRR@10 R@1000 nDCG@10 R@100 MRR@100 R@100 nDCG@10 R@100
Full fine-tuning 100% 0.316 0.949 0.600 0.715 0.312 0.801  0.462 0.409
Best PET 0.5% 0.304 0.944 0.609 0.712 0.280 0.799 0.458 0.381
IAA-S Adapter  0.5% (r=8,ar=38) 0.312f 0.941 0.605 0.719 0.285 0.785 0.454 0.384
IAA-L Adapter  0.5% (r=12,ar=12 0.314 0.943 0.6157 0.735*  0.292 0.792 0.446 0.391
IAA-M Adapter 0.5% (r=15,ar=24 0.309 0.941 0.602 0.721 0.287 0.782 0.449 0.385
Best PET 6.7% 0.316 0.946 0.616 0.720 0.283 0.792 0.438 0.402
IAA-S Adapter  6.7% (r=100,ar=100) 0.324 0.947 0.581 0.719 0.290 0.798 0.441 0.398
IAA-L Adapter  6.7% (r=50,ar=300)  0.3277* 0.951 0.617* 0.7357  0.2957 0.795 0.439 0.395
IAA-M Adapter 6.7% (r=185,ar=960) 0.321 0.948 0.592 0.710 0.285 0.793 0.437 0.402
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Figure 5: The loss value over training steps.
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