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7 ¥ A MEHDAAL, EERNIITHEFEEDIALD
VY T—-) v TEshb. ARTIE, FET—-Y
VIO HEMDIABEED RO E (F
) oARHoTED, ZOZEMMRIASD ZRT
ZRUBORETEPRON D HICERT 3. EET
NDIRMZTRZ 720, £IFES =) 71L&
AT ROFEOESWEERILT 2IRELIER
T5. RICZOIBEEZHET F R b EETIVICHA
L, FATPEEAE T VRN E T L 208
FEOEFALTIE, R—ZXEFIL LD KK EDH
BEHRETLOH W & 2RI O 7. FIWER
FHRICRZ 37— Z7oEE» 5, EED
ETNLVORERMEICH LWHEZ 52 5.

1 LIS

XRNERR—DRZ ML TERET 27 F 2 M
BDIAAIZE D, IHERMER [3] S BEIFE (4] 72 E &L
WHARSREIE 2 2 7 % fi— A TIRZ %
ok ot. —hHT, T —& [5]X0C [6] D
BlaEbometehcak 51, HEMEEHED
ISR BEERFETHS.. AFTE, 7F
A MEDIAAERERT BT, HEEL NOLORB%E
YOXIICENT IV ENTFIRICERT 3.

EBHTEL LTE, 73 A MNROEERDAAR
KT YT =D I PEENTH . ZOHM
BRFFE, HUEARE R OIASL [7] D5 &I
Wi D Transformer [8] T~ 2 — X2 X % AL DA
A [5,9) ICE S F T, HiAREDIAARI TR
RERMESHERI N TE .

VT =) v ISR R THE—HT, M
WEWFRICHO R Z 5. AT, FES—-v v
WEHEEHOIAAE S —RDOHEIE (CFE) OAT
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5B 0 A B 22 R
o HEEEOHIAH
* T T—U VI EROTF R MEDRAH (—RDEEER)
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9 BAZZOETIL TR OBBENIEL I W
~N—ZEFL(BERT) MEREILDETIL(GTEpase)
¢ S .-—‘.'*!_\ &)

KPR
EBHEBE | oo

&
T F AN 1: Virginia Woolf set many scenes of her novel
“Night and Day” (1919) in Russell Square.
T F A 2: Ghiz was born in Charlottetown, Prince Edwar
Island, to Atallah Joseph Ghiz, a Lebanese corner
store owner, and Marguerite F. Ghiz (née McKarris).

E1 AFFEOME EE:FES—V o F, B3
HZEEHDIAALESTHoTdH, I FLAYHEUTFA MM
DIAAICEKN LS 5. TEB : MiAKDOE T L TIIFEYE
T X BRREN, FOR—ZAETILLDBEL
WA WZ 2 ZRERINCHER Lz (§5). K& BERT [1]
¥ GTEpu [2] DM DIAAE ERD T TRIFILL TWS.
ZOHE §4 DIEEIC X > THRAL .

BT 2720, ZERENRILND 2 2 5 ZRDIED
atE&NEkb s RICEHT 2K 1 _LEBiczoflz
RY. ZORITIX, STTOHEHEDALEGITERZ S
([0, 0] # [0, -- 0D XD DHLT, FHPS—VY
VIRBRDTF R MDIAAIIIZE AR D DITR
%5 (k=k). ZTHLMERZRMT 270D, 7%
AR HGEHDIAAES Y L TR T2 FIEDREE
INTE/R10,11,12,13]. LH2L, TF X MED
AAIZZDEIE IR P OB X [14] REBRN AR
W13 205, AL LTIRSAHEATWS.

T, EBOTFA I EFTAICBWTEY S —
VY73 OREEREZETTVW200? Zhzill
N57DI2, FI3VET—V X3 ZXE R
DRAEEZ ERILT 22 IEET 5 (§4). KT,
COEEEERTF AN HEETIVISGEHH L, FHHYF
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BHEAET NV WMRAE W L b FEDET L
TlE, R=XETFTNLED DKM BDIEIEL
W WZ E EREBIICHE2D 2 (85, K1 ).
HOWENFIRICR Z 2% 7=V v 7O FHR
5, ITFEDETNVORRHMECH AR5 2 5.

2 PBOEAZE

ARENI T T — ) ¥ T OEMRE D SIEED T F 2
NEDIABDE A ICH -l E 52 5. AHIT
X, FET—=) LB T F R MOHDIAARE
&, LA DHGEHDIAAESE LTT X 2RI
FTEFREENETN RN, ZOWMEZ LT 5.

YT —=) 2 TIC & BBORAAHRR FigT—Y
%, BRRVEAGEH DIAA [7] D2 5 Transformer 12 X
5 XL HGEH DIAA [15] F TS s T
7=, EEEX, FHRHZZEE A Transformer T2 32— &
Xt [16]) THEFARE L7z 7 F A M DIAAET
DEWRBRI R ERE R ZER L TB D, RAHDE
TUH ZOVHAPERA I ATV [17,2,5,9].

HEEOAAEERE —/C, 7FX 27—
V) ZHIOHGEHDIAADES Y L TERET 2 Tk
HIBRINTE. HlziE, HEEHEDABAELGRHOD
ROEE 3 A P TEREMEZFHE S 2 FIEPER
XNTW3[10,11,12,13). %72, ColBERT &, &7~
TV HGER R DML - XEHGE SIS, HEE
LAV EZ B8 L CRBEE 2 BN T 5 [18, 14].

HHAARROEMYE LHrLIKRZLT, 7%
2 MHHAADETE D Z F DX [14, 19] R F DR
BULAHZ 131206 HWLRTWS., A
X, BTV Y ORMBEIZEL T, ZORED
TX A NEDABDOFRMICH R 5 2 5.
3 #fj

AT, HEEHDAARED—XMETED AT
57—V v FPE & 2§ R O FiE
DEGEVWEERILT 2. D012, HIEEDIAA
KEr zhzhofEt &2 WAINTEET 5.

BIBHIARES LIETIE, EFALFICE-T
TODTFAM &6 DT FRAMNRDIAAR LR
TEIEEREZD. fldn 2 AN U THEMDIA
AEEX, k155

X = [xi1, X ] = f(t;) € RPN (1

xi; €RVF 4 ITBY 2 j HEHOHFEHDIAAL, diF
HDIABLDRIT, n &t DHFERTH 5.
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—RDEFHE (FYT—=V>9) FHYF—v
E NS DHGEHDARESD—ROFIHE (F
¥) p(X;) eRe 2T HFANHDAAL TS !

1 <
Xl' = Xij- (2)
u(X;) n; j

ZROMIE LL, X, DEHRIEAD B
Z 5 “ROMEHR AEHEATI) Z(X;) € R B 17
fEg5Y:

1<
E(Xi) = — > (e = p(X) (i~ p(X) . (3)
lj=1

INHDERICHEDOWT, KETIREET—) ~
N LB R R ORE Y 8L T 5.

4 ZROMETEDERIE

AEITIE, K1 EEHIRT XS57%, ZoDHFEH
DIABREGE T — ) LT Z AT B KR
SrEOREY, B - BXcHKRT 5.

4.1 ERRRVERER : HIELE L B &M

X2 oMU, 7 -0 Nk B KA R
DEAENE U 256 L & U WIS O BRI 26 %
RL7z. REETIE, —RBIXUZROMET RO
FEIZ X > TZOREZ RT3,

BENELSBEES HEIEX, —XEFFE2M
TWVWADB XM EDIER D, DF D u(X)) =
HX)AL(X) #2(Xo) DEXIZELD. ZDL X,
CRWETE E TR A OB DIAAESIZ R
BB, ZOVFENIIFIFR IR S.

BEDELCBRVES  FiE A U WK & Rk
WEHTX 3, —2iF, —R& ZROMFEDM
FDERDL, DFD u(X)) # u(X2) AL(X)) # Z(X3)
DrETH? K2ALE). 2O X, TOS
BRLZZIEF—XRHFEOEVI LR DN
5. b5 D&, ZXHetEIEL TS, D% D
LX)sEZ(X) D ETHE (M2EF-HFR). Z
D E, —XHEE D EL ST IO B LT
% (ER). —XMEFE08FEULRVWEED, HEE
HOIAALE DTSRI KE S BV ERETN
X, P ko TofmidnBansg (G 1).

4.2 FIURVEREA : ZREGETEDRIEE

AHEHTIE, FHT -V 7Tk RHERD
FA¥EFE (Second-Order Collapse by Mean pooling, XA~

D 0D, TSV ko TR SR OWERHIK
ROMEIRTH 2 “ROMETRICEHT 5.
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B2 FHS—) k3  REEHBOFEOERKYL
ZoEmElt. UHOKIZERENE L 258 E LR WS
AE—ROFEIRL XM ROMBETHEL T
W3, b=ty A3 (dy,dy) DEMRBEDRIIHT 2
SOCM ODfEi. FREEDE L 235512 SOCM DfEIZ K = <,
ET BV NI WEE 5.

SOCM) ZEXMITEAT 5. §4.1 TRz X S
I, AETIEAREIE—XB XU ROFETE D FED
B Ko TR T 2. 20— ZRENZE
N BER T DOIEMIC X 5T SOCM # i § 5.
F72, SOCM ICEF LWHHEZREL, zh o
R T3N3 KD ICRERHERT 2.

SOCM DEH _OOHEHDAAES X, &
XL BMEZONEDFEES—) kB X
Mt B OHAEEE SOCM ¥ 2R TEFET 3 .

SOCM(d,, ds) := (1 - d,)ds. 4)

Z I T, dy 3 —XHEE p(X)) & p(Xy) OFEHETH
D, 2—27V v FEEEHICESOWTRATERT 3 :
dy = |p(X)) - p(Xo)13/4 Q)
T X2 MEDIALDEH & LT VL AIER
X)) =1 Z2RET2L, doe[0,1]PE7%D,
F72 d, 37 F A MDA OREHEN 7 AR 2
WIS 5. F72, dy FREER Z(X) ¥ 2(Xh)
DRt THD, TVLAY v —2 KA HHEE[20] 12
HEOWTKATERT S :
dy = tI'(Z(Xl) +X(X3)
- 2(2(X) ' PE(X)E (X)) ?) /4. (6)

T, BEMBEICT 5201, ds & d, LT
CHEIPHIZT 372012 w(Z(X;) <2 ZIRET 3. Z
DIRGENE, HEEHEDAALEE D 7B MNGIC K =
CBVEWVS §41 DIREWXDMIET 2. 2ok
2) 1/43d, 20,11 1D BHDDRT—) VI TH%.
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E dye[0,11P kB, dydse[0,1] X&) D5
SOCM € [0,1] TH D, AP KREZWVIZEHREOES
WHKEWVWI L ERT. §4.1 TR XS, HilE
F—THET BTN T (dy, VNS W) 22D KR
SENRELD (dy PRKEWV) EZEIAET 5. SOCM
W (1-dyds EWVWISTBICED, ZOEKE RIS 3.
LETIE, 2@ SOCM OFGFIDZYME T 5.
RHAERLTOER —Xe XM EDFR L
B LTd, &ds ALK, ZAUIHGEHDIAA
EEBDENDR—RDOMTRDEN d, & ZRDHFT
BOEW I IR TE S ZicHESL. AN
&, dy & ds 3 Ly-7 v — AKX A VERBEWE & iR
33 [20] :
W3 (N (u(X1), E(X1)), N (u(X2), E(X2))) /4 = dy +ds..
(7N
CZTHiBEDRD, HEHEDAAELES X; &,
—RBIXUVZROMABETEE S EHRD M
N(p(X:),Z(X) THR#M-S 3 3. Vo —2% A
FREE, [EMOMR Y ORGSO ZR Y, X
DT EE TERL TH 2 EHRENREHRETD
% 21). F£7z, §2 TRz, X X M OEME
PUEFHE T 2 72D D HGEHDIAAESRBFE L ORK
BHHEIRA NS ZODOT v — 24 VHEERICHES
< [22]. BLEXD, SsOCM 2R T 2 —RB I
RO ‘M OHEREE LTd, & dy 2R L 7.
SOCM DOR:HDEZEMYE A L 7z SOCM D %4
WEMENPD B 72, T —V T & B KRG
BORBEERLT 2ERICEE LWIEE &5
L, R@PZhsrmETIE2RT. £73, X
D @) DSOEEFLVWVHHEE L TEZRS

() BRIBRMF : d,=0Ady =1 SOCM = 1.
§4.1 TR X511, —KRHFTEI—HL
(d, =0), ZXHFBDPBRABRRELZ (dg=1)
LEIZ, RBOEEVERAERS.

(b) JERRIBEMF © d, =1V ds =0 o SOCM = 0.

§ 4.1 TN K 512, —KFFH B RARER
% (d,=1) 2, Xt @&H—ET 5 (dx =0)
&, HBIIAETRV.

(c)d, \CBAY B HRAM : 9SOCM <0.
ad,,

—HEHREA S (4, BKELRD) L
DEEWINXL RS,

(@ ds I T B ey : 25O0M
adsy,

3) 1/4 L —RERDORTds %[0,1] IKIKD B 72D R
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(e)d, & dxs DMEEEH : ———— <.
dd, dds
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K @) TEFRXNS SOCM 1F, HHE (a)-(e) DFTART
Ziiiz . AERNEATER A RS, K21dd, & ds S
Xt % SOCM D% /RLTED, HH (a)-(e) D
72ENNWTWE Z DR TE 5. £/, §41THA
N7z HREDVE T 2K Tl SOCM DfEIF AL, *
NN TN W L BIERTE 3.

5 SEER

ZDSOCM ZHWT, ETF XA EHETNLTF
B7—1) 7k B ZRIE R ORBED Y OREA
LT\ xR s 5.

5.1 RERFE

RERFIE EEBTIX, TFAMNRTESD =
{tL,)y EETNV fERAVS. 7FRA by % fITA
L, HEBEEDIAAES X, = f(1,) ®18%. 7% A
FRT (11, 1) IZDOWT, NGS5 HGEEDIAAES
(X1, X>2) 5 SOCM %23 HE T 3.

HESEHAAESDIERE SOCM ZEHHEH T 2H(]
WCHGEHDIAAE R X; ZIERLT 5. SOCM DE
ETE X))l =1 MRESH, U/ Vv LaIERH

fesnier+2 Mpas, 0% b L0 £
BIBICHIT 5. C OGRS 0, X, 10t

L, ROIERLEDOES X 2 v !

Xi,1 Xi,n; .
Xpom = | | e R (8)
’ e oll [l (Xl
X) oo
:@t%pwwmzliﬂ—#ﬁbio“.:w
ool

(Xnorm_xporm) 4Z5f L"C SOCM Z&tHE T 5.
F=2ty bk 10 JHEOTFAIDEENS
Wikipedia [16] 225 7 ¥ 2 P R7EE B R L /-
1,000 D7 * 2 s ZEIRL, ZhoZ2XRTUA X
WHEIE L T 499,500 D 7 F A b R7 BAERK L 72,
EFIN AFEDOT XA MEDAAET L E LTHE
W IR B AT T & W 2RI X - TG
BLTT XA MNEDIAAETVEER L. BERH
121, Unsupervised-SimCSE [16], E5[17], GTE [2] &
FHLEY. EFALOEMIMNRISRLE. $7,

4) FERHIEAER B IR L 72
5) TRTDETIVIEIR—ZAY A XTH5.

— 2756 —

K1l BEFVICEBITS SOCM D, R—Z2DEFIL
POIRELZTFAMEDABZETNVICOWT, FEIIKH
DfEIX SOCM DZ L2 /RT. KFDMEIFHD /RS

EFIL SOCM D4 |
BERT 0.402

— Unsup-SimCSE-mean  0.197 (—0.205)
— E5 0.036 (—0.366)
— GTE 0.025 (-0.377)

INSHDR—ZAEFI)NTH 25 BERT [1] ZfEH L 7-.

5.2 RERFER

EFEDH £11CHEFLD SOCM FHE%ERT.
MABRBDEFTILTIE, R—RXEFALICHRT
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DETFNTIEFE T V7T &3 R E DR
BERETIZ W L B RBT 3.

EMERH E7F R FXRT7IH LT, BERT &
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6 &HOHIC

AT, P TV v 7Tk o THEEHDIAA
EEO RO RN RO FICEH L 7.
T3, ZOFEHT—) T KB RIETRE DR
st L7z, FEBCKD, HERiEEEATT VE
WA CMAAE L2 E T LT, R—ZAET L X
DY ZORRENELDOBWVWI L 2 REBIICHEZRL
7z, SR DRI G R I U 72 D 2 % BGwAT
5 2 I35 ROBIRENHRD—DTH 5.

6) SOCM FRITHITRTD 768 XITTFHE L TW3.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



&!I'I'

i

AHIEIE, AMED O FR#E % 5 TP25wm0625405,
JSPS B & 22H05106, 3 & UF IST A% JPMIFR2331
D EZ T 7-bDTT.

SE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina
Toutanova. BERT: Pre-training of deep bidirectional trans-
formers for language understanding. In Jill Burstein,
Christy Doran, and Thamar Solorio, editors, Proceed-
ings of the 2019 Conference of the North, pp. 4171-
4186, Stroudsburg, PA, USA, June 2019. Association for
Computational Linguistics.

Zehan Li, Xin Zhang, Yanzhao Zhang, Dingkun Long, and
et al. Towards general text embeddings with multi-stage
contrastive learning, 2023.

Nandan Thakur, Nils Reimers, Andreas Riicklé, Abhishek
Srivastava, and Iryna Gurevych. BEIR: A heterogeneous
benchmark for zero-shot evaluation of information re-
trieval models. In Thirty-fifth Conference on Neu-
ral Information Processing Systems Datasets and
Benchmarks Track (Round 2), 2021.

Ricardo Rei, Craig Stewart, Ana C Farinha, and Alon
Lavie. COMET: A neural framework for MT evalua-
tion. In Proceedings of the 2020 Conference on
Empirical Methods in Natural Language Processing
(EMNLP), Stroudsburg, PA, USA, 2020. Association for
Computational Linguistics.

Zach Nussbaum, John X Morris, Brandon Duderstadt, and
Andriy Mulyar. Nomic embed: Training a reproducible
long context text embedder. Transactions on Machine
Learning Research, February 2025.

Sotaro Takeshita, Yurina Takeshita, Daniel Ruffinelli,
and Simone Paolo Ponzetto. Randomly removing 50%
of dimensions in text embeddings has minimal im-
pact on retrieval and classification tasks. In Christos
Christodoulopoulos, Tanmoy Chakraborty, Carolyn Rose,
and Violet Peng, editors, Proceedings of the 2025 Con-
ference on Empirical Methods in Natural Language
Processing, pp. 27693-27714, Stroudsburg, PA, USA,
2025. Association for Computational Linguistics.
Dinghan Shen, Guoyin Wang, Wenlin Wang, Martin Ren-
giang Min, and et al. Baseline needs more love: On sim-
ple word-embedding-based models and associated pool-
ing mechanisms. In Proceedings of the 56th Annual
Meeting of the Association for Computational Lin-
guistics (Volume 1: Long Papers), Stroudsburg, PA,
USA, 2018. Association for Computational Linguistics.
Ashish Vaswani, Noam M Shazeer, Niki Parmar, Jakob
Uszkoreit, and et al. Attention is all you need. Neural Inf
Process Syst, Vol. 30, pp. 5998-6008, June 2017.
Jinhyuk Lee, Feiyang Chen, Sahil Dua, Daniel Cer, and et
al. Gemini embedding: Generalizable embeddings from
gemini, March 2025.

Matt Kusner, Yu Sun, Nicholas Kolkin, and Kilian Wein-
berger. From word embeddings to document distances.
In Francis Bach and David Blei, editors, Proceedings
of the 32nd International Conference on Machine
Learning, Vol. 37 of Proceedings of Machine Learn-
ing Research, pp. 957-966, Lille, France, 2015. PMLR.
Wei Zhao, Maxime Peyrard, Fei Liu, Yang Gao, and et
al. MoverScore: Text generation evaluating with contex-
tualized embeddings and earth mover distance. In Kentaro
Inui, Jing Jiang, Vincent Ng, and Xiaojun Wan, editors,
Proceedings of the 2019 Conference on Empirical
Methods in Natural Language Processing and the
9th International Joint Conference on Natural Lan-
guage Processing (EMNLP-1JCNLP), pp. 563-578,
Stroudsburg, PA, USA, 2019. Association for Computa-

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]
(20]

(21]

[22]
(23]

— 2757 —

tional Linguistics.

Sho Yokoi, Ryo Takahashi, Reina Akama, Jun Suzuki,
and Kentaro Inui. Word rotator’s distance. In Bonnie
Webber, Trevor Cohn, Yulan He, and Yang Liu, edi-
tors, Proceedings of the 2020 Conference on Em-
pirical Methods in Natural Language Processing
(EMNLP), pp. 2944-2960, Online, November 2020. As-
sociation for Computational Linguistics.

Seonghyeon Lee, Dongha Lee, Seongbo Jang, and Hwanjo
Yu. Toward interpretable semantic textual similarity via
optimal transport-based contrastive sentence learning. In
Smaranda Muresan, Preslav Nakov, and Aline Villavicen-
cio, editors, Proceedings of the 60th Annual Meeting
of the Association for Computational Linguistics
(Volume 1: Long Papers), pp. 5969-5979, Strouds-
burg, PA, USA, 2022. Association for Computational Lin-
guistics.

Keshav Santhanam, Omar Khattab, Jon Saad-Falcon,
Christopher Potts, and Matei Zaharia. ColBERTv2: Ef-
fective and efficient retrieval via lightweight late interac-
tion. In Marine Carpuat, Marie-Catherine de Marneffe,
and Ivan Vladimir Meza Ruiz, editors, Proceedings of
the 2022 Conference of the North American Chap-
ter of the Association for Computational Linguis-
tics: Human Language Technologies, pp. 3715-3734,
Stroudsburg, PA, USA, 2022. Association for Computa-
tional Linguistics.

Nils Reimers and Iryna Gurevych. Sentence-BERT: Sen-
tence embeddings using Siamese BERT-networks. In Ken-
taro Inui, Jing Jiang, Vincent Ng, and Xiaojun Wan, edi-
tors, Proceedings of the 2019 Conference on Empir-
ical Methods in Natural Language Processing and
the 9th International Joint Conference on Natural
Language Processing (EMNLP-1JCNLP), pp. 3982—
3992, Hong Kong, China, November 2019. Association for
Computational Linguistics.

Tianyu Gao, Xingcheng Yao, and Danqi Chen. SimCSE:
Simple contrastive learning of sentence embeddings. In
Marie-Francine Moens, Xuanjing Huang, Lucia Specia,
and Scott Wen-Tau Yih, editors, Proceedings of the
2021 Conference on Empirical Methods in Natural
Language Processing, pp. 6894-6910, Online and Punta
Cana, Dominican Republic, November 2021. Association
for Computational Linguistics.

Liang Wang, Nan Yang, Xiaolong Huang, Binxing Jiao,
and et al. Text embeddings by weakly-supervised con-
trastive pre-training, 2024.

Omar Khattab and Matei Zaharia. ColBERT: Efficient and
effective passage search via contextualized late interaction
over BERT. In Proceedings of the 43rd International
ACM SIGIR Conference on Research and Develop-
ment in Information Retrieval, New York, NY, USA,
July 2020. ACM.

Matthijs Douze, Alexandr Guzhva, Chengqi Deng, Jeff
Johnson, and et al. The faiss library, 2025.

D C Dowson and B V Landau. The fréchet distance be-
tween multivariate normal distributions. J. Multivar.
Anal., Vol. 12, No. 3, pp. 450455, September 1982.
Cedric Villani.  Optimal Transport: OIld and
New. Grundlehren der mathematischen Wissenschaften.
Springer, Berlin, Germany, December 2009.

Gabriel Peyré and Marco Cuturi. Computational optimal
transport, 2020.

Wenhui Wang, Furu Wei, Li Dong, Hangbo Bao, and et al.
MiniLM: Deep self-attention distillation for task-agnostic
compression of pre-trained transformers. In Advances
in Neural Information Processing Systems, February
2020.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A SOCM D3R
AEITIX, §4.2 TEA L SOCM
SOCM(d,,, ds) = (1 - d,)ds )
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45 (a) DEEBA  1E (a):d, = 0Ads = 1 & SOCM = 1
ZALBAS 3. dy = 0D ds =1 Dk F, SOCM(0,1) =
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