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Abstract: Dense retrieval, in which queries and documents are encoded to dense vectors through BERT and
the similarity of these vectors is used as relevance scores, has shown significantly better performance than
ranking algorithms based on lexical matching, such as BM25. However, to train the encoder which convert
queries and documents to dense vectors, we need a large amount of pairs of queries and matching documents
to the queries as training data. In some cases like enterprise search, it is difficult to create such training
data due to the annotation cost, and it is necessary to improve performance in what is called a “zero-shot”
case where no training data exists in the target domain. Thus, we propose Contextualized BM25 (C-BM25)
as a scoring method to improve retrieval performance in the case of zero-shot. The scoring of C-BM25 is
weighted sum of the BM25 importance for the tokens and the context similarity of lexically matching tokens
between a query and a document. We experiment with BEIR, a benchmark dataset for zero-shot settings,
and show that C-BM25 improves the performance by about 20% compared to BM25. Our method enables
us to utilize context information learned by the encoder for information retrieval even with zero-shot case.
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—3#F (Contextualized Lexical Retrieval) [9] & 5.
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Fig. 1 An illustration of neural retrieval methods with BERT.
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Fig. 2 An illustration of C-BM25.
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W%, BEIR 1 MS MARCO % &¥r72%, Zero-shot D
) F 2% v ZHRERHMIICLE, MS MARCO 2BV w5,
—, HRLEFBEEICKHLTRITY) VT2 A7) BRE
¥ 2 7122w TIE, Robust04 [35] & W THRIMEZ/RT.
Robust04 ¥ ad-hoc MFIZTIEL VLN TWE F— %
ty N CTHAH., 7TVICIE, title LWV H L7 T & de-
scripotin &\ ) BV ZUMH B8, title & 7 L) & LT
HHT5.
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BEIR IZBWTHiIH$ 57— %t v MZ, Formal & [7] [
FEIZ Thakur 5 [32] AAweb fiifi L TWAT—4F 1y F3L,
Robust04 # W5, §XTOTFT—%+t v b Ttest & &N
TWwbbD %7z, BEIR #THW% Robust04 i, de-
sctiption Z 7 =) & LTHWTWA 20, VI F 7D
FEBETIE description & 7 1) & LT\ 5.

4.2 N—Z5q > F&

N—=AF7A4 Y FEE LT, §izio BM25 & COIL-tok (2
Mz T, X7 MUVREEHAVLD, 72 L EX LAY
LN NNVEERTAEE LT, =27 MLOF
W b= R MVOEBIMFEFEEHEH L, E512,
TRy MVHERERHWAFRE LT, N7y FgE%
N=2AF4 T 5,

Mz T, B Zero-shot MR THMZFHLE L DRI L L
T, ZUALra—%[27], ColBERT [17], SPLADE[7],
DEBAER % TR T 5.

4.2.1 BMZ25

BM25 13, FEHe—3 xR L L7z M 2 o 7 B 5k
THhab. BIE, OIELMDONES L F 7T N TY) XL
D1DOTHDHID, N=AF7 L& L BhEEAITIL,
X (2) CRHEENS.

4.2.2 COIL-tok

COIL-tok 1&, 7> & CETFERES—FH LI h—F ¥
TEICREMERRIE L, ThEAMEEEATT ELTH
W NRILFERE—BMEOFLETHH. MEEZ 2T I
X (4) TEENL. C-BM25 &[akkIC ORI RE S —Bkask
DFHETH D20, N=AF (kL7
4.2.3 BNXY Mgk

BN MVRFIZ 7 ) L E AR MVTEBL, W
R 7213 a4 B TRERKE R 2 72T 5 MR Tk
THhb. BFETlE, I VHEUEFHVTWS, X7
NUVEBIOMER FEE LTI, 72 EXEROZ -2
L a— RL7eR7 NVOFEFAWLFEHNYT ML L,
% N—27 I2DWT BM25 O A 37 CEMMHTEITV, F
Bhb o BHRFHNRY MLEFHVTW 5. Formal & [§]
&, BRZ P VREICBWT, REEEOEEE IR
idhTnd ) MELZEHL WS-8, BM25 TH
AT HZLIZE o TINEHZ L TS S, £
DIz, FHXRZ MV T, EAFEXT b R—
AL e LTz BB, BRAFEEHXRT MLVTIE, BAOF
TARZ MV EELZET, FEHILLTWA.

4.2.4 N1 Ty FigFk
NA Ty FHiZE (Hybrid Retrieval) &, #~X27 b

*3 5% 1), DBPedia [12], FiQA [24], Natural Question (NQ) [18],
HotPotQA [42], NFCorpus [2], TREC-COVID [34], Touché-
2020 (1], ArguAna[36], Climate-FEVER[19], FEVER [33],
Quora, SCIDOCS [4], SciFact[37] T 5.
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MR LER-TREOZFNZFNOAITEMVELDTH
b, iEE-HMEOTIVIT) AL E LTI, BM25 AW
ENB I NS, Fiz, TR MUVIRER LEER IR
PHEMENTH S Z LA, Gao 5 [10] X Luan 5 [21] T
TRENTWAS, KL T, Zero-shot DHEETH 5720,
NA Ty REONR=AF 4 2L LT, Ma b [22] A,
BM25 DA 37 LR MVRERO A 3T OFZ I L7z,
BN MVOERBFFERFEERZ "V L2, Ik
L TIENA Ty KBM25 (H-BM25) &5,
4.25 /OXI>a—4

7 WALy a2—% (CrossEncorder: CE) (7 1) &
DORNZIEK b—2 » (BERT 0413 [SEP]) # AN THA
L, FEREASHEETIVICADL, BEOF L 2 054
YA LTHBRTLHETHL, MEEAITIX, T
N d5uYy hOMEZMEM L TwA. Thakur 5 [32]
I2& AL, BEIRIZBWTY 7 % 2 7DOY4, nDCGQL0
THROBWHEEZRLTWS, 2070, MEEOSEEE L
TR—ATA & LT
4.2.6 ColBERT
ColBERT[17] 1, 7 TV DK =2 DX ML &
LEUTAUED =2 > DT b Lk OPNFEDH % B
ERAITETLFEETHY, 7uAzrya—yaMflifsh
TWzBOmE#E L ik & L TIRE S N7z, ColBERT D
WA 3T Scomerr (&, RNELTEUTOEBYTH 5.

ScoBERT(Q, D) = Zm;m(qi,dj) (12)
i=1

sJuArya—¥LRzY), XEOI—7  EDHLD
LWLy a—RFTEL., 200, MEKRILVENY
IT)VDIZYI—=RFDOATI WD, 7oALya—4% Xk
Db EHEIZFEATTRETH . Thakur & [32] AR L2 LB
), ColBERT I, BEIR I2BWT, £ DF =%ty T
BM25 % nDCG@10 T L2 HFETH L. 2070, Mk
DBEEE LTR—AF (4 v Fk L7,
4.2.7 SPLADE

SPLADE [7] &, 7 1) L XEZFEFRRKICDONZ ML T
FKBL, TONEEEEEAIT LT HETHL. £
o, BN MVRFEOT 70 —Fo—fE LTHEIN
%. SPLADE ! BEIR 2B\ T, BM25 % k[0 5 4hg %
IRLTWE, 20720, BEEOSEMHL LTXRX—ZAF 1~
F:E L7z, 40O, BEIR O THW/2EEBEFT—% 1 v b
13 SPLADE OFEH S I %55 THHLTWA.

4.3 FEWRTEELFLE

AKWfgeclx, Eo7T7—4% 1y b THAH MS MARCO T
gLy a—F 2L TS, 7Oy a—%1Z
Bk LBy, FHEFEAOBASNTVLETVEMAL
Twb, ZOMOHEE, BONELE#EIMEE LT
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HWTHEBEToTwh, FFEICL L7 1Y) LIEHEOH
WEAITHS(Q,D) &L, IERIE%5EL DY, Afl
b XER {Dy,Dy....,D,..} £T 5L, BOXEIL
E’;Li,

exp(S(Q, D))
exp(S(Q, D)) + 3 exp(S(Q, Dy))

cgRENDL, AL LTI, 272 LTBM25 2L 5
MBERERD ) LIEGITIEEWS D LNy FHOMMD 7 1)
DIEFIZF T 2. BM25 12 & % &6 Hard Negative,
Ny FH OO IEH]IE In-Batch Negative 72 & & I-E 1
% [16].

BNRT MV, N T v FREE, C-BM25 O L~
I—FE LT, BT MUVRFRELTIELI-Z -
FEMHT 5. 2F), X (13) BT, BEERTT
ELTHENYZ PVBEZHAVLOTH L. FHiEEF

SIHETIVIX, MPNet ™ [31] 2l ¥ 5. BARMIZIE,
microsoft/mpnet-base S & L T\ 2. $HEEDFER
1%, HardNegativeRankingLoss *SZffifj L T2 5.

COIL-tok ®.T. > 2 — %1%, COIL-tok & L CHIFL 7z
va—=FEMfATAE. 2% D, Gao b [9] LMK, I
Rl 25X (13) oo B 2 o 7135 (4) 2 Hwvw TR
BHLTWwh, 2553 MPNet #HFI#EFEAET IV &L
Tw5. COIL-tok Tld h—27 Y #EHT L7 LR
TRMIPERIZ L o TS LTWE DS, Gao b & RIS
FORTE R 32 L LTWD., FEHOFERI Gao H DI
W5,

SPLADE*8, ColBERT *C %, HEF#EFEAET T IV
& LT BERT* 0% W TWwW5b. BAKMIZIE, bert-base-
uncased " EZMHH L TWa, FHOFEEIFZNEFNDOESE
DEHEEZF TN 5.

RO EFT ) BRONA 28— F X —F 1, A3 Hil
RY. BB, Ny FHARXE =7 o KRE DA,
FNFNOELSDN T 7NV P TRELEZHHLTY
4. 7z, B IX NVIDIA V100 16 GB 25 4 Fio v 724 —
IN—IZTEET 5.

JHRALYA—=FIZOoWTIE, FHFEFEAET LV E
L C, Thakur & [32] & [FA#£(Z MiniLM-6L [38] % I\ T\
%. ZMx MS MSRCO #HWCHlFLZETLE LT,

L =—log (13)

*4 MPNet 122w T, Sentence Transformers O AR 4 1 b

https://www.sbert.net/docs/pretrained_models.html |2 T,

FWEFAREVE SN TWD7zH, TEL 2L,

https://huggingface.co/microsoft/mpnet-base

https://www.sbert.net/docs/package_reference/losses.

html#multiplenegativesrankingloss

*T https://github.com/luyug/COIL

*8  https://github.com/naver/splade

*9 https://github.com/stanford-futuredata/ColBERT

*10 ColBERT, SPLADE 22V TCh, MPNet & HAI#H EAET
& LTl % 920 L7275, BERT ORI IE B Ao 72720,
INBHIZOWTIE BERT & L2 & ORREHE T2,

*I1 https://huggingface.co/bert-base-uncased

*5
*6
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IS

ATy FRED)

T F TRER. MBI nDCGQ@10. b B - iR ERKFIZLTWA, F72,
BM25 % Ello 2R E2 A4 7 ) v 7KICLT05h, BETEAE LY 7HRIZLTW A,
Zero-shot ¥k, MS MARCO DAto7—% + v +®» nDCGQ10 ZFH L Twb

Table 1 The results of re-ranking task with lexical retrieval, dense retrieval, contex-

tualized lexical retrieval, hybrid retrieval on BEIR. The evaluation index is

nDCG@10. The best results are labeled in bold and the results outperforming

BM25 are labeld in italic. The names of our proposed methods are labeled in

serif.
e G TN MV SNRALRR S — iR NA Ty R
BM25 ¥Rz bV EAFENZ MV | COIL-tok  C-BM25 | H-BM25 HC-BM25

In Domain

MS MARCO 0.5058 0.6802 0.6822 0.6632 0.6687 0.5673 0.6726
Zero-shot

Arguana 0.2754 0.3885 0.3859 0.2245 0.4487 0.3812 0.4485
Climate-FEVER 0.1578 0.2159 0.2187 0.1703 0.2440 0.2189 0.2457
DBPedia 0.2846 0.2939 0.2952 0.3219 0.3631 0.3250 0.3671
FEVER 0.5768 0.6156 0.6092 0.7417 0.7539 0.6485 0.7555
FiQA 0.2361 0.2284 0.2333 0.2553 0.3217 0.2826 0.3245
HotpotQA 0.5674 0.4222 0.4221 0.6050 0.6627 0.5845 0.6622
NFCorpus 0.3301 0.2564 0.2596 0.3045 0.3428 0.3150 0.3472
NQ 0.2428 0.3470 0.8450 0.3530 0.4086 0.3056 0.4110
Quora 0.7886 0.8238 0.8236 0.7430 0.8437 0.8185 0.8450
SCIDOCS 0.1399 0.1058 0.1058 0.1332 0.1593 0.1364 0.1596
SciFact 0.6639 0.4614 0.4674 0.6715 0.7110 0.6554 0.7141
TREC-COVID 0.5302 0.6376 0.6363 0.6961 0.7241 0.6805 0.7365
Robust04 0.4088 0.3481 0.3655 0.4075 0.4662 0.4427 0.4684
Touché-2020 0.4536 0.2292 0.2697 0.2425 0.3608 0.4546 0.3608
Zero-shot T34 0.4040 0.3838 0.3884 0.4193 0.4865 0.4464 0.4890

ms-marco-MiniLM-L-6-v2 *12 & v 5 *13,

A7 100 HEOREFRICIE pyserini A EFH L TW A, py-
serini | anserini [41] @ python 7 v /S—"Td %. pyserini
IENERC BM25 M L T\ b, BM25 D/XF X — % |4,
Thakur & [32] &M U<, k& =09, b=06 &9 5. C-
BM25 b [A££IZ ky = 0.9, b= 0.6 A3 5. C-BM25
2BV, X7 MVOFEHELLEIFo=3 LT 5.

BBIEETHI O FERERE 1L, Gao H [9] LRRICH S L O
FTRTCO =2 Y 2RBT LT PVEREEA T v 712
LTWa. A7 PVREER C-BM25 DR EEHI g%
IZB W TIE, pytorch[28] ZffH L, jupyter notebook O
timeit 2 FZHWTHETLTWA, BIEFHIIZ 1T 72
H— 33—, Intel Xeon Gold 6132 Processor 2.6 GHz @ 8
a7 xMHL, RAMIZ600GB TH 5.

5. #EHR

ARETITET, C-BM25 DAREIZOWT, BEIR & HWw

*12 https://huggingface.co/cross-encoder /ms-marco-MiniLLM-
L-6-v2

*13 MPNet |24 LC, 7HALYa—=F&JlLCT)7>F 7%
A7 % Ehe L7275, ms-marco-MiniLM-L-6-v2 5 25 B\ ik 5
Tholzizd, THHLELHTA.

*14 https://github.com/castorini/pyserini/
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72T XTI ATITTRT. RIS, &XEENGE L
MR Y A 7 TEATRETH A Z & &RT 729, RobustOd
EHWIRE S A7 OfERERT.

5.1 BEIR #FWAEUS X2 92X 72L& 2HEL

AKEiTId, BEIR T I Y F v 7% A7 47024 R%
AT, C-BM25 OF#MELRT. T/ 1ICKRERLT. £
72, Zero-shot MR CHR MO T 70 —F & I L 724
FIEE 2 1280, MS MARCO i, => a—¥#3l#+
LHT—4%+ty NTHhA7®, In-Domain & LT\ 5. D
F—Fty MIoWwTE, FOF—% 1y bTIIFE LT
WRWAD T, Zero-shot & LTWw5. MS MARCO U4to
F—4%+t v D nDCGQL0 DY % Zero-shot *F-# & LT
W5,

9, £1OFE»SIBRL. C-BM25 & BM25 - %
NT7 M VHEE T A L, C-BM25 1 Zero-shot FH D
nDCG@10 T BM25 £ %7 MR Z K& B> T
W5, 72, Touché-2020 x k< &7 —4%t v b TBM25
% Lm|bh, MS MARCO 2 §RXTCHOTF—F 1y N T
TR MVEEE Ao Twh. X oT, C-BM25 25%N
J MNVRERDOMETH D N A A ¥ OEALIZEHF L v i
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& 2 BEIR 2B} 21l Zero-shot THEN ATk & IR FFilifE
BiE nDCGQ10 # iV TWwa., d RWiiEE KE, RET
it w ) 7IRIZL T\ A, Zero-shot FHi%, MS MARCO
DA o7—=% 4y O nDCG@10 & FHLTn5

Table 2 The results of re-ranking task on BEIR with C-BM25,

HC-BM25 and other methods which are effective in
zero-shot cases. The evaluation index is nDCG@10.
The best results are labeled in bold. The names of

our proposed methods are labeled in serif.

‘COlBERT SPLADE CE C-BM25 HC-BM25

In Domain

MS MARCO ‘ 0.6761 0.6853 0.7267 0.6687  0.6726
Zero-shot

Arguana 0.2961 0.2627  0.3023 0.4487 0.4485
Climate-FEVER | 0.1630 0.1115 0.2434 0.2440 0.2457
DBPedia 0.3693 0.3417 0.4344 0.3631 0.3671
FEVER 0.7512 0.7166 0.7854 0.7539 0.7555
FiQA 0.3006 0.1857 0.3474 0.3217  0.3245
HotpotQA 0.6109 0.5010 0.7058 0.6627  0.6622
NFCorpus 0.2886 0.2797 0.3658 0.3428 0.3472
NQ 0.4439 0.3603 0.4589 0.4086 0.4110
Quora 0.8528 0.7681 0.8252 0.8437 0.8450
SCIDOCS 0.1459 0.1182 0.1619 0.1593 0.1596
SciFact 0.6337 0.5411 0.6814 0.7110 0.7141
T-COVID 0.6618 0.5545 0.7357 0.7241 0.7365
Robust04 0.3973 0.3598 0.4761 0.4662 0.4684
Touché-2020 0.3163 0.2345 0.3205 0.3608 0.3608
Zero-shot *F-%) 0.4451 0.3811 0.4889 0.4865 0.4890

ERRLTWAZ ENGh D, F72, BM25 % ER->TH

D, T¥a—¥rREET 2 XRGHRE ) £ OFHTETY
b, B, BAPEHXRZ MVIRIFEALYESRSNT,
Zero-shot -3 T BM25 & Flal> TWb ., ZORENS,
BAPER7 PVIIEBERREOMKE LT FCHEELT
WEWZ LDV,

KiZ, C-BM25 &, [0 U CR{bEE=—30% CTH % COIL-
tok & ¥ 5. COIL-tok & BM25 % Zero-shot *F-3C
FEEBZENTETVS., IoT, XRILEE—ZHEIL,
Zero-shot FFICHERI TH A EE 26N A. —J, C-BM25
EF_RTHOF—%+t v hTCOIL-tok % LAl>TEY, [
USelrAbaEse — Sz Th, C-BM25 O AMENTWL 2
ED A, COERIZOWTIE, 61HiTAaTY 7
HEDOENE B L TELEEZIT).

E 512, Zero-shot FFIZHRIE Wb TWaHa AN T v
F BM25 (H-BM25) & C-BM25 % lbikd 4. H-BM25 i&
BM25 % Zero-shot T LERl->TBY, FlFET—5 05
F XA DAL L 72354612 H-BM25 AR TH B Z L8
A, 72720, H-BM25 1&, MS MARCO T#H~X7 MV
BFEAERESTH->TBY, Bz 237 OMTIELT
L eI EE L W2 E0vnh,. —J, C-BM25 1
Zero-shot P35 X O Touché-2020 #fp &7 —%+ v b
T, H-BM25 % L[il>Twb. X -, C-BM25 i& H-BM25
I0bh, BRI MVRERTI SNy a—-FE2 LA

© 2022 Information Processing Society of Japan

ANIEHTE TS,

w12, HC-BM25 & C-BM25 # [b#§ % &, HC-BM25
BT 0RA5 C-BM25 & EHl->TEY, 7x11) &3H
RO F V7 ELTOENRY MVEZEORBEEZ T
7%, C-BM25 IZBWTHHLGLTWAZ EWnhb.

RKIZ, D Zero-shot MZETHR 7 70 —F L LI L 72
72 OFEFIZOWTIERD, C-BM25 {4, Zero-shot “F3T
ColBERT % SPLADE % Lnl-» CTw5%. 73, SPLADE
IZ2W T3, Formal 5 [7] &£ ) BM25 % Flal-> Tw
L. I, FAIGERICBM2 DA EH VTV,
Formal 53X MVETORIEMR TS A E LT
LD EZONE, JUAL Yy A—F LTS
& C-BM25 I3 2T BB HRER I L, HC-BM25 (b3 7%
BHEH->TWSG, ZOXHI, BFETFHLASD L0
W ERLMREEHT I LA TETVD,

%12, Touché-2020 125 T, C-BM25 25 BM25 L 1)
EHMEIZDOVWTELET S, Thakur & [32] 1&, mwiitisk
T& % Arguana % Touché-2020 1%, MS MARCO & 13k
ELIAIBEBDLIA I THLELTVE, ZD10
MS MARCO THl#fiL7-ETIVIE, TNH5DTF—%+ v b
TREWHREZRIE L vk LTwa. s b Zero-shot
MR THEMGRT 70 —FI2B T, % 2 TR
BTwh, 57T, MS MARCO TH¥H L/:BEES L D
R &5 C-BM25 12X A A3 7Y ¥ 7%, BM25 1245
KR E oz 2 ObNE. —T, F UGy A
7 Td % Arguana I3 C-BM25 25 BM25 % L[al> Tw 5,
Arguana (¥d 5 FIROPOF FRAE#ESH Y L T55 A7 T
HY, WL THITRHELHTH S &3 5% Touchd-2020 &
X8R %, $£72, Wachsmuth 5 [36] 12X % &, RxfER
72N F SO DL HakR D b D TH Y, AL
THMBRAIT ) v THEPENR Y A7 ThHhbHESNT
Wb, FO72%H, C-BM25 DL ICRk2EZET L2237
VY ITWERTH-I2e#E2Z6N5, B, Lo L)1,
M % B & $ 2 CRE CEMP R DA
BHhH., EDLIBYATNPED L) REEEEFEONE,
LSHBOWNRMEED 1 DL Bbh s,

5.2 Robust04 #7154 X 7|2 & 38T

RIS, MEI AT BT MM EHERT 5729, Ro-
bust04 % VT, nDCG@10 (2 &k AFEfli &> TN L7zs
T )NZAT 2 BIERF N 2 G L 72, R ER 3 IR
. MES A 712BVTYH, C-BM25 Y BM25 & g2z
L% nDCGQI0 TR - TW5B Z &A% h 5., JRIERR
IZDOWTIE, BM25 LD IZBEVWD DD, FHR7 L L b
3HELT A EDNTETND 2D, MEY A7 THHME
RER L EZOND. WRMbiER L, 7o) &
LEC—HLEETF O N v EEHT LR Lk
DONERTHEIZ R 5720, NREERTETARZ MV a6 T
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£ 3 Robust04 IZBIFAHRES A7 OfER. e d ROFERITRFIC
LTw3
Table 3 The results of retrieval task on RobustO4. The best

results are labeled in bold.

nDCGQ10 EERR /ms
BM25 0.4484 9.13
R by 0.3564 90.9
C-BM25 0.4793 61.9

TENTE, BHICARLI LN Gao b 9 I2LDRENT
W5, AN, Gao 5 &) X7 MVDORITEATKE VW23,
Gao b E[AFRIZE N PR L) b EmEICHMETE T
Wi,

6. BSRRDTZENH

AEETIE, C-BM25 2B 5 H WA EOREEMERER 112
HFLHLTCW 2O ESNT A, T, fhw—%e b—2r
DBM25 AaTICL2EMMPTORRETRD 7280, 7
F—HOROYED AT v 7l kx4 - 7. K
2, BBD s =27 2 EIGAT 5720 @Y & 2%
REFRD 012, BIEOH A X EEH L CEREEIT- 72,

6.1 FEE—HEBM25ILLD NV EBEOHE

AHETIX, BM25 2L A b—27 VEBEEOZE AT
5. FD7HIZ, C-BM25 12BWT, F—27 @ BM25 A
37 CEAMFIT AR VEEAIZOWT BEIR TEB 1T 7-.
Zig, COIL-tok DA A7) v 7 NE»L I 1 V5
PEEICEH LG a LIRS THL. & 512, Zero-shot T
DB EIEETHLDT, IDF DATLHENTHA L
2 OND. FD72H BM25 05 TF OIEZ B\ 72354,
2FD =2 DOIDF A7 #EEEL L CHEH LA
WZOWTHEmLA. I, B2 PVBEETLVE L
Tl To/cn vy a—=FEHWTHEBLL. MEETER 4
IZFE.

¥4, h—27 O BM25 A2 T I L AEEELRLT
BM25 % B[ A Z &R TETWA., —J, C-BM25 £V i
Zero-shot *FIH THRWERE L e o TWAH 728, BM25 12 &
L= DBEMITVERNTHL I EVGhDH. Th
75, C-BM25 2% COIL-tok % Zero-shot *F-3%C Eal - 72—
KeZzobNb, F72, 1 O COIL-tok DFEF & D
E, =27 2®BM25 A2 7 7% LD} Zero-shot T3 T
BWERE R oTWDE, koT, Zrya—¥o¥ElEd
C-BM25 L DEICHELZ 52 TwWAEEZLNL, TOM
IZ2OWT, A1ETELICHEEZITo T A,

T, TF ODEAZIH VWA TH 55H%, BM25 DE
7 L% Zero-shot T LRI ->THBY, IDFIZLS F—
7 YDAAT SRR DD LN, —T7, C-BM25
X BM25 A 27 7% LOWAEDS TF & LOWE S Zero-shot
ST ERoTws, Lo, b= VEEELLTTF
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#F 4 C-BM25 2BV, BM25 BLU TF IC X 2 EART21TH
Lo I OFER. R, BEIR IZBIFA2 T I
FRTHL. O BWHFRIIKFIIL TS

Table 4 The results of re-ranking on the BEIR with scoring

methods in which BM25 and TF weights are excluded
from C-BM25. The best results are labeled in bold.

\BM25\BM25 2a77%L TF %L C-BM25

In Domain

MS MARCO  [0.5058 | 0.6591 0.6566 0.6687
Zero-shot
Arguana 0.2754 0.3406 0.4047 0.4487
Climate-FEVER | 0.1578 0.2294 0.2176  0.2440
DBPedia 0.2846 0.3303 0.3391 0.3631
FEVER 0.5768 0.7837 0.7875 0.7539
FiQA 0.2361 0.2609 0.2948 0.3217
HotpotQA 0.5674 0.5961 0.6492 0.6627
NFCorpus 0.3301 0.3283 0.3305 0.3428
NQ 0.2428 0.3472 0.3637 0.4086
Quora 0.7886 0.7936 0.8333  0.8437
SCIDOCS 0.1399 0.1416 0.1493 0.1593
SciFact 0.6639 0.6741 0.6906 0.7110
TREC-COVID |0.5302 0.6766 0.6562 0.7241
Robust04 0.4088 0.4380 0.4492 0.4662
Touché-2020 0.4536 0.3044 0.3256  0.3608
Zero-shot “F¥  |0.4040 0.4460 0.4637 0.4865
0.4870
P —
0.4860
Q 04850 / \
H@; %0.4340 /
’G: §0.4330 /
22 /
&g 04820
0.4810 l/
04800 0 1 2 3 5 7 9
N

3 EBWEPRITTMERNDFE. il Zero-shot “F¥ TD
nDCG@10. =¥ a2 = 3HENZ MVRERETIHMLZ D D
ZEHLTWS

Fig. 3 The window size effect for performance. The vertical

axis value is nDCG@10 of Zero-shot average. The en-

coder is trained as a dense retriever.

BFLGLTWEI LG5, Gao b [9] Dim LTI,
NI & 5 SOIREBLE L TF oL LTI Tw
%. L2L, Robertson b [30] &, TF #% eliteness &\ 9
F¥ a2y bART PE Y 7 AOBEES WV E IR L IE
L C\Ww72. Zero-shot BEClx, CRTEHIE TF 204 5
bOTIEEL, MBRICBVWTEDLTHITHLEEZD
ns.

Zohs A
6.2 EiEDFE

AETE, Blgo lZLAMENOREZAL., €O
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B2 EHETHEICL S 1 LHFORKRE. C-BM25 OADNMEA & HE S/

Table 5 The first ranked document by each retrieval method. Only the document

retrieved by C-BM25 is a relevant document.

7 ) Give me all movies directed by Francis Ford Coppola.

BM25 & 1 f3c#

and Ridgway sings and plays harmonica.

Don’t Box Me In Don’t Box Me In is a collaboration between Stewart Copeland and Stan Ridgway.
It was recorded as part of the soundtrack for the Francis Ford Coppolas movie Rumble Fish

and was subsequently released as a single. Copeland plays guitar, drums, bass and keyboards,

AN Z b Vo 1 R

All of Me (1984 film) All of Me is a 1984 fantasy comedy film directed by Carl Reiner
and starring Steve Martin and Lily Tomlin. This film is based on the novel Me Two by Edwin Davis.

C-BM25 @ 1 i

The Godfather The Godfather is a 1972 American crime film directed by Francis Ford Coppola
and produced by Albert S. Ruddy from a screenplay by Mario Puzo and Coppola.

®, BEIR (BT, C-BM25 O&EIE*Z{L3ETY 5~
XU R EERLI. Ty a—FE, BARY MU
EFNE LTI R FTomoya— R nTWD, ER
X 3IIRT. KRERL L, BliHo=3DEEICRKLE
, ZNEDVECEHESREWIGELHEEN T > T,
=2k a—=RFNLERZMVEZOTEFHWE L
D, RIFEE LB BBV EHRS, 1) L LETHE
FT—H L2 =2 YOO N =2 Y EFIET S LD
FEMEICHFG LTwaEEZLNE, 72, RVWERICER
B EEREDHIL L TB Y, BT %R AR IC %5
T5HIENHEEES NG,

7. HEHIERE

KREETIE, FH% AT C-BM25 DJIhEN & i % 1
LNIT 5. WG s LT, BM25 &7 ML E v
A, BIFEAIE LCiE, MiE LD D C-BM25 25 nDCG@10
TERES7-F:pZH VL, REFFAE LT, HELD D
C-BM25 #nDCGQ10 CTFl>7-Fp % 5. F72,
BlEE 7 TS FNENO 1 CEEZHVS. B
HHITIE, C-BM25 O 1 LEDOAEMAETH Y, KikF
BITlE, C-BM25 O 1 i LEFEDANRNHEGTH L. &b,
7—%+1v b & LTI, DBpedia[l2] Z H\ 5%

7.1 BIHEA

B 5HT & LT, “Give me all movies directed by
Francis Ford Coppola.” &\x9 7 T ) &§ % 58 %47 -
7z. BM25, SF¥H~NZ b, C-BM25 O&FEEO 1 A3#
3 5 IIR7. C-BM25 137 V) 123 LT, Francis Ford
Coppola 28 B L7/EmE I TE T b, —F, FHX
7%»®1ﬁi%iﬁﬁ@ﬁféb,$#%gbfw
2 E TRE SN TV 5 7%, Francis Ford Coppola 258E L
7AEm T v, F72, BM25 @ 17 313 Francis Ford
Coppola S LEIZE TN TWADS, AR L /-0l <l
ml, AN Y Y P Ty 70512 >T0 5.

LD EAT ) 72012, BM25 O 1 Ai3E & C-
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®6 K50/7T)IBIFAKL—2 > OIDF & BM25 A7 &

SCHREEMUE. BM25 & C-BM25 @ 1 fiifia g e LTw

%. 7B, BM25 £ pyserini OFFEHED b — 27 F 4 WA L

THBY, C-BM25 & MPNet D F =2 F A FEMBHL TV 5
72, b= MEENTFERIIR > TS

Table 6 IDF scores, BM25 scores and context similarity of

each term in the query of Table 5 for top ranked

documents by BM25 and C-BM25. Notice that the

pyserini default tokenizer is used in BM25 and the

tokenizer of MPNet is used in C-BM25. Thus, the

resulted tokens are different.

pyserini @ b — 27 F A 4

give: 5.55, me: 5.71, all: 3.39, movi: 5.1, direct: 3.57,
franci: 5.77, ford: 6.51, coppola: 9.72

BM25 ® 1 fr #8155 give: 0.0, me: 7.54, all: 0.0, movi: 5.16, direct: 0.0,
7 X)DOEKEN—=2 D BM25 A2 7 | franci: 5.85, ford: 6.59, coppola: 9.84

MPNet @ b — 7 F A 4

7 X)) D% =2 O IDF 237

give: 6.51, me: 4.48, all: 3.3, movies: 6.38,
directed: 3.78, by: 1.22, francis: 5.71, ford: 6.43,
cop: 6.87, ##pol: 6.01, ##a: 2.42, .. 0.01

give: 0.0, me: 5.83, all: 0.0, movies: 0.0,
directed: 0.0, by: 0.0, francis: 5.66, ford: 6.38,
cop: 6.81, ##pol: 5.96, ##a: 2.4, .: 0.01

give: 0.0, me: 0.0, all: 0.0, movies: 0.0,
directed: 4.38, by: 1.91, francis: 6.6, ford: 7.44,
cop: 9.88, ##pol: 8.64, ##a: 3.48, .. 0.01

give: 0.0, me: 0.27, all: 0.0, movies: 0.0,
directed: 0.0, by: 0.0, francis: 0.34, ford: 0.37,
cop: 0.38, ##pol: 0.37, ##a: 0.35, .. 0.22

give: 0.0, me: 0.0, all: 0.0, movies: 0.0,
directed: 0.48, by: 0.51, francis: 0.53, ford: 0.54,
cop: 0.54, ##pol: 0.51, ##a: 0.51, .: 0.49

7 X) D% =2 D IDF 237

BM25 ® 1 #2515
7T D% =2 2O BM25 A37T

C-BM25 ® 1 fiX# 2B 5
7 T) D% =2 2O BM25 A37T

BM25 O 1 #2515
7 1) D% =2 ¥ OIRENE

C-BM25 ® 1 i # BT 5
7 1) D% b =27 ¥ OIREUE

BM25 D 1N EZ 7T )DKE =2 DAIT 2 HWT
BT AE K617 T)DK =2 YOIDF 227k
BM25 227 B LU C-BM25 O IRFELUE %773, BM25
& C-BM25 DR IZB T, HIfE &5 D) Francis Ford Cop-
pola 123445 h—27 >0 BM25 A 2 7 H MK E <
o Twh, F9, %28 C-BM25 ® 1A 3EH BM25 Tl
IR N o o %ELET 5. pyserini D ~— 7

FAFIZBIFSLIDF A7 %5 &, direct O A 37 HH
RGNS v, TS, BM25 Tk C-BM25 T1HLTH -
eNEE IMICHT I ENTELR—REEZLNSL. K
12, 729 BM25 @ 17 30#EA8 C-BM25 C#E Tl & ) Az
HoleDNEELET S, BM25 O 1 x#EE C-BM25 D 1
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X #HETE b =27 > ORBUE L <D L, C-BM25 D
BRI R E N L5, C-BM25 O 1 3#E T
I directed by Francis Ford Coppola & i T 5728, 7
TVOT7L—=ALEHLTEBY, WREPEIKELL -
EMEEND, TNLY, v a— ¥ ROBELEEE
ICHHITETCWLEEZOENSL, £/, ditect DL &
SR DS W HERE S, IR 28 U CeEx 5-2
TW5 I EPHEREING.

—HT, PR PV I UXEICEHTLE, 7T
1) 12% % Francis Ford Coppola Tlid7: <, Carl Reiner X
Steve Martin % Lily Tomlin 7 &Moo A& 75 1 7 30 124
FNTVLIENhh. Tz, EAFHXRZ MLvo 1L
XELFULAERTHo72. 22T, ENGO =T v L
ZOM=27OIDF AT % k5. WEERTIIRT.
Francis Ford Coppola UHD AL D =27 L 2Do0nTh,
Francis Ford Coppola & [A/% D IDF 227 &7 > T\ 5,
IOZLDS, EE-EVEETHL EIHELZEIND.
MBS Z712BWTIE, MY 72WIEHRE T % 720124
JASNAHFEIMESE ISR A EHES L, $72, 2

RT £50FYXRT PO L LHEBLIT I D)o AEEZD
=2 D IDF 227
Table 7 Person’s names and their token’s IDF-score in the
query and the top ranked document retrieved by Av-
erage Vector in Table 5.

MPNet ® b =27 F A4 HF—I2L 2
F—=2F A XEREK =2 2D IDF 227
Francis Ford | francis: 5.71, ford: 6.43, cop: 6.87, pol: 6.01,
a: 2.42
carl: 5.98, rein: 6.74, ##er: 3.34
Steve Martin | steve: 5.93, martin: 5.26
lily: 7.8, tom: 5.35, ##lin: 5.65

wER DL

Coppola

Carl Reiner

Lily Tomlin

OARSARERE L A FR L E SN AFEREIID L W LSS
N5, £oT, TO&) RIHREREZ V23850, 12E
ANEFENI N =7 VS35 T & & —F L ARSHEERE IS
BRI I ENROMEELTRELZDLEEZONS.
L oT, BE-HPERETHo/2LEZLNSL. DF D,
IR T EFEORBDNEETH ), TOMELR D
BEO—HTHILEV) L THD, ZOLHI v TV
7L, B MVBRRTIIBRE#EEEZ 5N D,

PLED S, Zodfp)cid, C-BM25 & Francis Ford Cop-
pola &\ ) BB A & fEsE—3 L F— 7 YEBEETHRILD
2, directed by IZ2WTH LR TEETE /2720, IERL
BRIMICT LN TEREEZOND, T2, a7
)Y ZITEOWE NS b, oy ) bRk ICEER Tk
b= CEEEIC LD MHBERE OB & BT % RO %
IS L o THRENME L HEREINS.

7.2 KEESG

LMl & LT, “vietnam food recipes” & V29 7
I B0 24T 72, BM25, P34~ hb, C-BM25
DET VXY TFEO LM ELE 8 IIRT. C-BM25
DINVEEIIHREOL Y EE T o2 BRRV. —), %
N7 MVRZRIINR M F 2RO LEZRELTEY, BM25
LEHEOL Y EDOLERZRKL TV,

PN MV D 1IN CEIFEHL, Ih%E Dy B
{. Dgi Tl& vietnam DAtz 7 1) EFEHEA 5T 5 b —
UM, EE, s T)VDK =2 2D BM25 A3 7
75, BM25(vietnam, D,1) = 5.98, BM25(food, D,;) = 0.0,
BM25(recipes, D,1) = 0.0 & %o Tz, XHZ RS L
foods 7% 1), vietnammese 7% vietnam X V) B 3HEE 12584
LTWwa, Z0LH1s, 72)D =27 oL
CERSEIIAEAE L T A, C-BM25 AR DEE—H % N —

® 8 KWFBIIBIT 5 EMRFICL D 1 ACHEOKR. C-BM25 DAMT#E A & oHlE S

LEEHRIL:

Table 8 The first ranked document by each retrieval method. All of them except for

the one retrieved by C-BM25 are relevant documents.

7T vietnam food recipes

BM25 O 1 fr 303

Raw Food Made Easy for 1 or 2 People Raw Food Made Easy for 1 or 2 People is a recipe book by
raw food chef Jennifer Cornbleet. The best-selling book was published in 2005 and promotes

the raw food diet, a dietary movement that encourages the consumption of uncooked foods

to obtain maximum health benefits. The book features 115 recipes, including 21 breakfast recipes,

64 lunch and dinner recipes and 30 dessert recipes. Each recipe yields servings for one or two people.

SR PV 1

Vietnamese cuisine Vietnamese cuisine encompasses the foods and beverages of Vietnam, and features
a combination of five fundamental tastes (Vietnamese: nguvi) in the overall meal. Each Vietnamese dish
has a distinctive flavor which reflects one or more of these elements. Common ingredients include

fish sauce, shrimp paste, soy sauce, rice, fresh herbs, and fruits and vegetables.

C-BM25 @ 1 g

Luke Nguyen’s Vietnam Luke Nguyen’s Vietnam is an Australian television series first screened
on SBS One in 2010. The series follows chef, Luke Nguyen, as he tours Vietnam seeking culinary delights
and adventure. It is regularly broadcast on Good Food, a UK food-orientated TV channel.

© 2022 Information Processing Society of Japan

31



RS 2R

AELTWALID, TNSEFMTELro7EZD
nas.

%P, C-BM25 O 1730FE L BM25-1 i XEE L 72
M, SUREDPENGFE R A2 RTHFTH - 7.
FEME, A2 ENICCRIET 5.

8. f&Eim

AL TlX, Zero-shot BpDiZEFiE: L LT C-BM25 B
LU HC-BM25 ##2%E L 7. £LC, ZTN5D Zero-shot
DA BM25 RENR Y MVZEOMREE LR Y, Mo
Zero-shot BEIZA R 7 T b Bl A F 7213 FEDOMERE L 72
B lHRLZ F72, C-BM25 B ELKRERET LY
GOFEHTMRELBECTHRERL) D L 2R,

RIZ, C-BM25 I2BIF 2 KEFROEE MMM EZELT, C-
BM25 1%, BM25 12k A h—2 Y EAZZLTY, BM25 % |k
M2 ZEEER L. E72, BFESPARITHLI LD
FEFR L 7=, ZOHTIINZ T, HHEIZ 24T\, Zero-shot
MFEICBW TR LFEE DA 7 5 B E IO W T
FEHHFE OB S E B R AT o 72,

—HT, RN ETHI NS, ERDEE
—HRETIEL TV E L FMROMERAE L 5 2 &8
WO o72720, T OMBEIEASHBOIEE Lz,

WA, RFEERBETHWLEE, &7 DXy
MVEHLPLOIEEA Y7y 7 AL LTHRET 5. [kt
b= OXR7 MvEA YTy 7 AT 5 COIL-tok X
ColBERT & H#i LT, X7 PIVORITLAKE CIEFITRE
ATYEEPLEE 2L, FEISHWRERFHZ LTS 7
DI, LVA YTy 7 AOEEERHS T ENESHBOM
HTH 5D, R E L Tid Product Quantization [25)]
LWL DAL EMER L A L EZ LN D,

#EE ORI, EVAIZERSEAS T AL F— -
EFTR AR (NEDO) OZt¥E% (JPNP18002)
DIEREENZLDOTY. T2, RIFFETIE, FERITO AL
BIEL 2797 F (ABCI) ZFIHL 7.
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fF E5
A1 COIL-tok DI >Id—4 &NDHE

6.1EICIE, B MVFERELTIHLI-Zya—%
A5 COIL-tok & LTIl L7z a—4 X, TRfbiEH
—HRBEIIBWTENLTWSE ZEDURKE SN, LaL,
6.1 HiOWETIX, <27 FVOXRICE VD T COIL-tok
AR GREICR>TWA, 22T, L YEEMICET 5
728, COIL-tok IZBWT, MIBEHZEOKITCE T 768 &
LChL—ov Loy a—F2Hnrgaicontd
EEREITo 7. MBOMETREZIT) 72012, 23T
YIHFEE LT, C-BM25 # vz, 7272 L, COIL-tok
Iy a—FTHODLEEE, IR R 5720 IRE
PEE LTCad A YEPETIE R SR MT L. Ik
12, b= U EFEHTENYZ MVIE, BIFEEEHWTIC
=T a—=FLEXRZ MVEZOFTEIHW. &
B, 3 A VHEPETH EHEEIT- 7225, COIL-tok & LT
L7y a—= 2 AWizgEs, WEOGTPRBWHERT
Hotz. BIEHICOWTHEKETH 72, ERIER A1
DEBYTHA. Zero-shot ‘FIIZBWT, COIL-tok TK
T A 768 RILE LT, BANY MUVRRO LY I —FH3
BNLTWDE I EDTH 5.

Gao 5 [9] TIE, TF oftb 1) & L CURIbREs—H x +F
HLILTBY, WZICHEMEDNL TS EEZ LN,
£oT, VU VOEEE L URNRS > 2B THEHE SN

& A1 BEIRIZBIT5S C-BM25 D) 7 v ¥ v 7R, COIL-tok,
COIL-tok (768 RJL), #ENZ7 MViEFEET Y a—5 L L
THWAEGATHRL WS, kb BWHERIIKFITLT
W5

Table A-1 The result of re-ranking on the BEIR with C-BM25

using encoder as COIL-tok, COIL-tok (768dim)

and Dense Retriever. The best results are labeled

in bold.

ya—% COIL-tok  COIL-tok (768 KJt) #~X2 bV

C-BM25 (Nfif)  C-BM25 (M%) C-BM25
In Domain
MS MARCO 0.6677 0.6744 0.6687
Zero-shot
Arguana 0.4445 0.4343 0.4487
Climate-FEVER 0.2009 0.2077 0.2440
DBPedia 0.3100 0.3511 0.3631
FEVER 0.7143 0.7337 0.7539
FiQA 0.2836 0.3105 0.3217
HotpotQA 0.6070 0.6417 0.6627
NFCorpus 0.3144 0.3277 0.3428
NQ 0.3812 0.4021 0.4086
Quora 0.7595 0.7803 0.8437
SCIDOCS 0.1518 0.1540 0.1593
SciFact 0.6786 0.6882 0.7110
TREC-COVID 0.7584 0.7478 0.7241
Robust04 0.4428 0.4604 0.4662
Touché-2020 0.2986 0.3132 0.3608
Zero-shot *F-¥ 0.4533 0.4681 0.4865

TW5 EHEZE SN 5. Thakur 5 [32] DFEERTIEZ, b—72
VEEEZSE T 5 DeepCT [5] 25 Zero-shot 13 T BM25
IZHBFERE o> Twh, £72, Formal 5 [8] 1, 5%
AV TEFR LI VOBEREIIZOS AR L LD
THLWREEEZRIELTWE, 2O s, BRZ MY
MEOL Y = PENTAERERLIEEZ LMD, —
75T, SPLADE (358 %5 L C, BM25 X )@ L7z b —
U EBERELE L) - LEPREEBHICLILZFELERS
M, SPLADE (& Zero-shot FFIZHERTH B Z LATRENT
Wh, I, FEHTHEETEL N7 VEEESFEL
eI ATHEETHDLEVHIPLETIET S, HILMET—%
Ly NOFERTHEOND b= VEREMIOME T — ¥
v NTHMHS LD 2OWMELIZOWTIZAHROREE L
72\,

A2 KEAEFICEH TS C-BM25 D 1XE
EBM25 D 11U NE = LEH L =50

C-BM25 @ 1 fi3x#E L BM25 O 1 i XXEE 0Lz
T1HIERIRRICAT) . RA2IZ7T)DK N—2 D IDF
A7k BM25 A3 7 B LU C-BM25 O STIRIELLE % 7R
9. BM25 (I pyserini DFEHED b — 7 F A FEAFH L THB
D, C-BM25 13 MPNet ® b —27 F A4 FZ2MHL T 5,
TlE, 7€ BM25 O 1 A3#AY C-BM25 Tl 1 7 3C# 1
BN ol i 8T S, IDF A3 7 %15 & recipies
D idf DEIEE <, BM25 O 1 h730E 1 recipies & & A T
Wh, LALaAs, SUREMEE RS &, recipies D3R
HUEEIZDWT BM25 OXHETIFKL ZoTnd. —7,
C-BM25 @ 1 fi L& T, vietnam, food DEL LD ks —
7 B UREBENREL ZoTWwAE. IRHRE, 20

RA2 R8D/x)|IBFL& =2 DIDF & BM25 A3 7
ESCIRFME. BM25 & C-BM25 O 1 fii#afg e L
Twh. %38, BM25 & C-BM25 T35 b—2 )1
PWRE L7280, =7 AMEENTFHEREIE LTS
Table A-2 IDF scores, BM25 scores and context similarity of
each term in the query of Table 8 for top ranked
documents by BM25 and C-BM25. Notice that the
tokenized results are different because the tokeniz-
ers used in BM25 and C-BM25 are different.

pyserini D b — 727 F 14
JXZY)DO% =2 YO IDF 237
BM25 O 1 fi3C#ICBIF 527 )0
#h—2 2D BM25 A7

MPNet O k=2 51 4

s XZ)O% =2 O IDF 237
BM25 O 1 i C#ICBIT 527 )0
K h—2 20 BM25 A7

C-BM25 @ 1 fixificbiis 7 2o
%h—=2vDBM25 Aa7

BM25 O 1 i XHFIZBIF L7 ) D
% N =2 v OHREDE

C-BM25 O 1 fixificBiis 7)o
& N =2 v OLREE

vietnam: 6.02, food: 5.62, recip: 8.24

vietnam: 0.0, food: 8.47, recip: 12.86

vietnam: 5.96, food: 5.7, recipes: 8.86

vietnam: 0.0, food: 8.5, recipes: 13.2

vietnam: 8.92, food: 7.71, recipes: 0.0

vietnam: 0.0, food: 0.25, recipes: 0.27

vietnam: 0.51, food: 0.49, recipes: 0.0
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7 XNV TIE, RFEBED IR L TV AHEICR > T
WHRWIENRERELTERONS.

A3 BFEDFEBEORTE

ABHIICTER LK FHOEREOHRE LR A3,
& A4, RA5 TA6IILT.

R A3 FEXRI MVHREOL Y I—FHHROFE ST X =5 A7, HIEICES
Table A-3 Learning parameter for dense retriever.
Ny FH A X 20
RRICHE S 300
FEHR 2e-5
IRy 78 5

Warmup A7 v 7 1,000

*& A4 COIL-tok DIFFEEDFEHINT X — %
Table A-4 Learning parameter for COIL-tok.

Ny FHA X 16
mRRZ7TVES 64
RRLHERES 300

=H.

FEE 5e-6
IRy ¥ 5
Warmup = 0.1

& A5 ColBERT DFl#iIREDER /T X =5
Table A-5 Learning parameter for ColBERT.

Ny FHA X 16
RARLHERES 512
T 3e-6
7 step % 400,000

b—=2 X7 PVORIE 128

& A-6 SPLADE DOl DFEE /8T X — ¥
Table A-6 Learning parameter for SPLADE.

Ny FH A X 24
RRLEHFR S 300
EatES 2e-5
Xy 7 5
Warmup A7 v 7 1,000

7 11 ®» FLOPS 12 X 2 FHMLIEOEA  0.0006
LED FLOPS (2 X A EHLIEO & A 0.0008
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