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e

ARUFEIE, X DD IABIZHNIZFHIHEEER 2 b
)L (Static Word Embedding) 18R § 5. X7 bl %
Hi713 % & 5 IR E X L7z Sentence Transformer
POHFERY ML L, S HIERT I EH
WA ZATS 2 e TXRIUSHE L7 HEERY M vk
Bi535. it S6 fHOEFEOT -2ty b6 S
Massive Text Embedding Benchmark (MTEB) TEB%
70, BIFFEORBE 2 KiEC ERl% Z & 2R L.

1 IILHIC

P, RRAR TR R R (R - 3 - 25 RRY 7
) WIS TRE 2 ST D IA B D E TV DI FEHRE A
WZAITON TV S, BIEFFROFEZ, BERT[1] 5l
TlX LLaMA 3[2] @ & 5 R KBIRFFEE TV (LLM)
BREA IR AT D F XU E T — X T fine-tune L,
ANXDERZRATEBERRZ b2l hs2E
TOEYET S (3,4, LoL, 25 LFiREEL
DIHEBEREZLEL T 50, KEDTF R F 2K
O MTEBICUETZZ 20, AX—b7 42D
FOREEBRIRONGEETET A ZE#NT Z
EHREE L I o TN 5.

Z TTARMZER, )LD IA BITH M 72 F HEEE R
27 } )L (Static Word Embedding) 21853 2. SUHEDIA
H DR AT THATFE X 7z Transformer[5] X — A
D E F )L (Sentence Transformer)[3] 72> HHFEXZ b L
ZHIH L, EigZ ke ERWRD TR RER A ToE
T 5. R, 7 F R R BEEXRS PO TR
I F#8 bag-of-words ET )L TH 57, CPU L TD
ERICEN DS 2 L 23ISR . KRR & 5 56 fH o9k
FEOT—XE v b 5% Massive Text Embedding
Benchmark (MTEB)[6] TAT\, BEAF D &Y EGE X 2
ML OKEE Z KR EES Z e 2R Lk £,
SimCSE[7] D X 9 7 FHE) 72 Sentence Transformer @
FED ERD, ZCH BB 265D R L.
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2 IBEFE
2.1 FRRVEEER Y ML

¥ 3, X DAAITRE(L X 1172 Transformer €7
JV (Sentence Transformer, JUR ST) 2» & EAYHFER 7
kL (Static Word Embedding, DL~ SWE) Z i3 5.
EROEERESV ICEENIHEw eV ORI ML
SWE(w) € R? 218272912, £ KM Web 2 —
2% A (CC-100[8,9) 22 w ZE A% N(=100) X
BTV L, Bz (i=1,2,..N) % ST THD
A, Z LT, Transformer DEEE» S H T E N 3
|z | DT bV (7| Wz, Db =7 B DS B, w
BANENIAMBEORY bLZHMHIT 2. Zhz N
XTZNZNEHEAL, Z0o D Z2E S Z 2T
XAk X N7z w D SWE 218 5. 728, RIS TILEE
BEAV & (INCFEL L 72)Web 2 — 2 TR S HH
SHEE DS 15 T HGE L 8 L 7 72 &, (RBHEEEE 1
ST @ tokenizer TH 7'V — RiZpElaNn 3. 2D
&, Transformer DFRARJETH 7V — FOEEEHD,
Zh%E NLTVE LS D% SWE L AIRT.

2.2 XA RMIVOERD AR

Hiffi©& 57z SWE I E RS 0T (PCA) % 58 i
L, XRFCEDBELIERY ML EERT 2. 7,
HIFi CHW/XEED2 S M(= 100k) X% T ¥ & L
WKWHIH L, X% SWE OFEHTRT. 2L THELN
72 XAR7 FLITH X € RM*4 .2 PCA Z A L,
DMEENTAT5) X - X 2 H L WENS %5 2 175
We R %182, JLORZ FL2ER%Z W TEST
52 TCXDTEPRZRLT 2D, SUHDAAD
RR T THRENYE L. B, X7 L% SWE
DFEETRLTWE 7D, BRIICKHBEweV D
SWE(w) & (X 25\ THh 5)W TEMRT 2 Z &3]
REL722 (CWT(Ly x-b)=L13 WT(x-b).

F 72, PCA WXXtHIBO FiEe LTHIEHTE 5.
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ZDHEW DHE 1 ERD P OH & ERDETOHE
ZRHWT d'(< d) RITICHIE S 2 D — I TH %
W, RIFFETIEE k B DD 58 k+d ER5T DEE
FWTRITHIR 21T 5. U, ROIDE k FD %
WD 222X SWEDRENRRL KB ZLH
K [10] TRENTWVWS 72T, ERICAHETH
R DAER & 72 o Fo. TR [10] 1200, & = |55 &
L7z. & ZAT,SWE OXITHITEIX SWE DFEEITH
Y € RVIX4 12 PCA % $ 2 OB —KIITDH %23,
FRROFIEID OHDAADKEENEN L2 2
X, ST DIAATITHEE X D XD EKRD 7 # % HE
ZBIDEETHIILICHERATIEEZONS.

2.3 HIEBER

BRI, ZOTHITE L 72 SWE % HIi%7% 8 (Knowledge
Distillation)[11] T X &I ET 5. HIGH7EE OBl
E 7 OUIET 2.1 T SWE OHHICH W ST, £/ T
WE SWE DT EMDALET N E T 5. R
D2ODXMBEZ N Zh oD a4 VM
EErFEFIHMETVCTHEL, ZOHEEZEEET NV
THETZ 2% X512 SWE % fine-tune 3 5. BAKJIC
X, K(=128) X B 25 I =Ny FIZHLTUTRD
loss Z RT3 k51283 %:

K K

1
IOSSZ_EZ Z q(ti,j)log(p(si,;)),
i=1 i#j,j=1
eﬁ eﬂ
P(si.1) = —— - At = — .
k#ik=1€¢ © k#ik=1€¢ T

TITt; & sy FEREN, BT T NN OARE
EFATHELEZI= ANy FHAD FHE j HEHD
XRZ brpay A VEUETHS. BB, I ="y
FHNDOIEE 2.1 THWXXH) S 7 X LIt s
L. T I ZELETYIOREEZaY P r—IL T E A
PR=T X =T, AMFETIE 1 =0.05 & L7z, 2l
ETNDRI A =R —ZEE L TEFEET VDAL
fine-tune 3% Z £ T, SWE % X 5 [ XH DA AT &
W3 5. b, Xk [121 32 h e FAEOFEEH
W ST 525 BERT @ X 5 72 4thd Transformer & 7L
WHIERZRE 21TV, ZOEREEZRLTWS.

728, #i2.1 ® SWE O & RETDRHIFRAE 21T
IESTICh—OBDBEVWTXAMZANTS
BEDVERLE 2, AN b—27 Y BHZL
72 %1224T (1) ST DEALJE T AT HEE w LIS O1E
% (self-attention IZEX D) ZLFL X S1TRD, ()
B EEETNDOERTE 2 EHM (=38/H) DN
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JRDS o THIERZRE PR EE IR 2, bW Z 2 IR
THEEZOLNS. XOMHICH W CC-100 1% 1
TICEWKEEZED N2 A D120, Thokr
FTFXWRHEL weV 2ELXEREAK 2,000 XF
OHHL, 2055 b =27 VEHBRBDVIZLNVN X
SWE O, FR 578, HIERZAEICH W .
24 HERIMNWOTZIHUTI

B EH DR A R E R 7 B VT, @BET LD
WhE7 370323 2 0aMENRIRTY
%. & 2T, KBFFEIE L @D SWE (SWE,, ..., SWE,)

BTV TIAL, TFAL U TS ICHD
AL Z L RIRET 5!

E() = ——— [a\f(Ey(2). ... arf(EL(2)]. (1)
\/ZiL=1az2
Ei(2) = ) SWE(W). @)

CIZTCfRERZPAD VLR VICIERLST 24
Ba; >0 3B ETNVDEARINILT S AH T —
i, #L C [x1,..., xr] W& oxn, ., xp BAfEAE LN
7 MNERT. EQ) T2O0OXDONIEEZI?S &,
SWE,, ..., SWE;, TZHZNEELIzay 4 VHEM
% o THEHAMNIT LMERGLRD, 73T
e KR TCREEDED a1 = =ap =1
THEEBREITS. BB, STO7 U I IidE R,
AFEIEDAADHEIX M ZHFDHIFERETT
ICERATER L WOHRELD 2. RERS, FHGE
w € VIZDWT SWE(w) = [SWE{(w),..., SWEL (w)]
CHENIHE S L TEBITIE E(2) & SWEw) Ol %
o 72RICEET VDRI TENENILERLT 5 2
T, HEICRDENE 5 TH B Y

3 528

3.1 EFI

ARBREFEO¥EHICTHWS ST & L T GTE-
base)[13] BIEAT. ZDEFNIIKEL 2 T ~OLAT
& 57— &% H\WT BERT % fine-tune L72H DT, R
7 RIVDRITEDS 768 & LLR I & 72 2% & Massive
Text Embedding Benchmark (MTEB) [6] & FEiX 5 XX
N7 MVEHHEF— Z 2BV TEWEEZER L TW»
%. %3 GTE & SWE % i 2.1 OFETHIH L, i

1) https://github.com/microsoft/BlingFire % A\ 7=
2) 2L BEUERREOIR MRXEY —HBERIIENT 5.
3) https://huggingface.co/Alibaba-NLP/gte-base-en-v1.5
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2.2 T PCA ZHWTRILE %= 4’ = {256,512} £ CHI
U 7. 8 2.3 TIEFEE 0.001 O Adam[14] &= W
TRR3IFAT Yy T¥E U, BEAET — X D loss B
Mo I FEEZ L7 E2E L7 — X%
fi2.1 THWEXD» S 7 Y X LI L.

RREFE L BRELEATEER SWE DRX—X T £ ~
¥ LT GloVe [15] ¥ Sent2Vec [16] Z#EATZ. €T
LB TR LDa— R EFWTHEDHLEE
MEPICICEEXINTZETLTH B, Sent2Vece 154
ATOE D XHDIAAICHEMBETLE RS> TWVWS,
F 72, BEBEFIE L RIFRIC ST 2 HWT2E L 7= SWE
DERIT 2 ODHEK 2 GitHub 1Y = 7 F TR &
72728 (WordLlama® [17], Model2Vec? [18]), Z 415
HR—RA T4 VIZEDFHEI L7z, 7272L, Ch5DE
FILICIRRXPHEALB L R— FDFEELEVWE D,
FERRER L E OME LIRS 2 DL WE L 72 -
TW%. WordLlama /& LLaMa 3[2] D A @ Tibi
% SWE ZHH L, 22 fac R I\ ET—X%
FWTH#$ % £ 7L, Model2Vec 1, BGE®[19] 12
weVE1IHETD XRZLT) AL THAX
NBRZ hL% SWEWw) E AR L, BIZ, [TEOXE
BGE WX AN LTHAIZIN B XART MLy SWE O
ETHEONBZXRT LD AR RIMET 3%
B & fTU SWE(w) 22X 3 5. Model2Vec 1% % D%
I\Z SWE DFERITHNZHR LT PCA & L TXICH|
BZITWV, mIRICE (K SHEFED 2 L A% /NE L (K
% <) T 5 &S Y7L heuristic Z FWVWT W 3.

3.2 FT—X ¥

D A A D FEAM I 1, Massive Text Embedding
Benchmark (MTEB)[6] Z FH W\ 7. T D F — X 7
D X R 7 (classification, pair classification, cluster-
ing, reranking, retrieval, semantic textual similarity (STS),
summarisation evaluation) % #4#% 3 % 56 {lil O %FE D
T—Xty FTHRINTWS. §Hiis2ET LI
HT—REy FDOTFRAMEANL, BoNiRD
M7 ¥ X MEOBELEF R HE ORHE
ELTHWS. nHGEDEEEIIMTEB DI A4 7 7
) —NEBTHEIT/ThbNS. ZL T, ZAZhDX R
7 - EETHEZREHL, 27Xty FTO¥E
FEEE (Avg) TET LV OFHEZAT 5. HIZ, AFFETIE
456 7— & D55 Sentence-to-Sentence (S2S) ¥ X
&z, A7 F 2 S HrE W 33l 7 —

4) https://github.com/dleemiller/WordLlama
5) https://github.com/MinishLab/model2vec
6) https://huggingface.co/BAAIl/bge-base-en-v1.5
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Rty N TOWEEIEE (Avg-s2s) b LIS 5. U,
1,000 HEER B Z 5 X5 REBWXER SWE TRTD
WFIEEICKEET, HFE O HERNTRVEDTH 3.

3.3 @R

FEEAERZR 1ITRT. RAIID 3 ETLIE ST T,
ZHLUEIZ 4T SWE TH 5. SimCSE”[7] % BERT
N— 2 DRFER 7 ST, GTE-base 1R R FiEDHHT €
TV, % LT LLM2Vec[4] & LLaMa 3 (8B) % fine-tune
L7STTH3. RHBRT KT, SWE OHF TR
ZF1E (OURS) 28 Avg R TF Avg-s2s IZB W TR b FF
FED3E & 2o 7=, AT, OURS %3 SimCSE DFEE %
LRl 72D3EXDERTHZ. 727210, oiE )
72 ST I LTIE Avg TREL RE-TED, K
Retrieval DX A7 TRKEL EZEZDFo6NTWS. Z
3, Retrieval TIXHERDOZ WX ENA TS
WL GEIEEEETE/2W SWE 128 o TAF]
RN O TH B, FHE, Avg-s2s TIE ST £ DD
INELBRoTED, AHTFAMPEOVEFIIBW
TIXSWEDBERITH 2 Z L WfELD ST,

BB D 21T1Z, OURS (256) L R— 25 4 V% Hi2.4
DFETT VI TN LEMRTH 5. OURS HiK
& Le# U T, FFIT Reranking & Retrieval THE DG
L7z 256D &X A7 Tl WordLlama 23 b FEE D
BEWSWE 127280, 7 3 ¥ 7 X D OURS DF§5
BN TEREEZISNS. —FF, WordLlama
DI TF72 Classification = STS TIIHEE LR ENL
72720, 1 DEA q; EETIVDRAIZIL T TH
ByHZ T, BRHEENEPRFTES.

RIZ,STS 7—&+tw +D1DOTH3 STSI5 TD
P EITHE R R 2 THB L. &FID 22D ST
CHARNTREFEREIBETPRLH2DDD, CPU L
THIEFICERICX DAL Z B TE 5.

4 o

fi2.1,2.2,23 TH 5% SWE DME (Avg) 1%
NFN44.1,49.7, 51.9 TH Y (d' = 256), PCA & HIik
KECTRHEINET MR Ro7. £z, Hi22T
IRARTEY 5B 1208 d FRDETEHWTRT
HITR S % L fi 2.2 TORGED 49.7 0 5 48.7 1AL
L,PCA Z3BR/THNCHEH T % & 48.1 \ZHEL L 7=

HBBETSWEDRESZ{L L TWEA 0 ERT 20
W, FHEO NV LADEICEH L T ETT-
7=, LUK, #i2.1,22,23 BT 2HEwW D/ LA

7)  princeton-nlp/sup-simcse-bert-base-uncased
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Class. Clust. PairClass. Rerank. Retr. STS Summ. Avg-s2s Avg

Models (d)
# Data Sets 12 11 3 4 15 10 1 33 56
Transformers
SimCSE-supervised (768)  67.32 3343 74.90 47.54 2182 79.12 3117 62.86 4893
GTE-base (768) 7717 46.82 85.33 57.66 54.09 8197 3117 7151 64.11
LLM?2Vec-LLaMa3 (4,096) 75.92 46.45 87.80 59.68 56.63 83.58 3094 7294 65.01
Static Word Embeddings

GloVe (300) 5729 27.73 70.92 4329 21.62 61.85 28.87 52.63 4197
Sent2vec (700) 61.16 31.75 71.88 4731 27779 65.80 29.51 56.33  46.29
WordLlama (256) [WL] 60.06 35.87 73.59 52.68 3241 7225 30.12 59.99 49.74
Model2Vec (256) [MV] 64.67 32.94 76.62 49.72 3043 7324 2920 60.67 49.74
OURS (256) [OURS;] 67.21 36.76 78.72 50.86 31.03 75.88 30.04 6376 51.87
OURS (512) 68.07 36.17 79.14 5090 31.50 75.65 29.82  63.82 52.04
OURS; + WL (512) 66.23 37.25 79.14 52.61 3336 7561 3022 6382 5248
OURS; + WL + MV (768) 67.12 37.17 79.03 52.09 3397 7528 30.27 63.86 52.72

F1

= \;ﬁ i 2l
Models (d) 0 FTRE B)

GPU CPU
LLM2Vec (4,096) 0.88 30.3 >10,000
GTE-base (768)  0.87 34 527
OURS (256) 0.83 - 0.5

K2 HETFNLDSTISIS TORE (A7~ > OMHBERZR
B p) B OVFEATHEE. #HE1X NVIDIA A100-SXM4-40GB T
GPU & D /72 LT 3 N2 ET L, EH 2 - 72,

Zn(w),m(w),n3(w) Eit3. 72, w & HEATERS
& 7' 1) X 4172 Brown Corpus[20] ~C {8 FH 8 & 23 i
HEW 1 HRBICRET 5. 23, m(w)/n (w) D FAL
100 HEE 12 % < BN 2 maal X EhE (23), ATEE (19),
NP4 (8), be B (7) LA XD TAL 3 HGEIZ
of, to, an T - 7. — 75, EAL 100 HFED FhGa 13 £
& (71), EE % (19), BiE (5) DNET, A7 3 HEEX
railroads, orioles, churchyard 72 > 7=. 2% D, PCA I
Xo THIBERAPHEBARLEDXDERKICHEDREL
BOEEED/IILLDNE<ED, RPICHFAD /L
LRI BRBZI 2L LTWS. b, Sk 211 1%
ST IZHHFADIEHRE Z S HDIADLNA T ADD 5
TEeEHELTWS. 72, n3(w)/m(w) O KL 100
BAGE O Sl B (16), AFMRAE (14), %8 (13) D
BT, O 3 BAEEZ they, we, it TH o 7=. HIFKE T
W, 7o ZAFATH-o THERELZDHE D20
HEED IV APNEL 22 XWX Twa

8) iR D B BRI B AN A 2 B U7z

— 3874 —

MTEB TOEEFER. HIMNOBFEIBETNLDRY ML DRITTH (d) 2R T .

EZoND. —7, BAL 100 HEE D §hEE L B
(25), %F (24), TE R (18) L Bk & T, A7 3 BEE X
which, unable, provide C & - J=.which X° unable (X5
HEETHL2DDOD, ANTCEMSREEN T EN
LEMESIDDERLYICKRIGERDHLDT, /L
LR E GBI NIARENED B 5. WRiRIC, HAFE
DOHBSEE X nyj(w), no(w),m3(w) DAY 7 < > DJE
NAHRE % % L IEIC —0.34, —0.36,-0.37 T, E5HEE
DI IVEDPIRRIWINE L BRD Z e Db o7

5 BEiEZE

SCHR [22, 23,241 0%, Hi 2.1 RO FEEHWT
BERT HDEFEET L5 SWE ZHH L, 2k B
FE7 J 1Y — (word analogy) D & 9 RHFEL X)L D
X2 TFHELAEMEZRL. XHDIAAET
NDIFFRIZE AT TN S DD, EEIFHE
a 2 b & EAE L 72 LLaMa3([2] *° Mistral[25] 2 D
LIM R—ZDFENEHEED TWSE. — 77, §1HE
a2 DRV SWE R— 2D FiEIF D7 <, d B 72
£ 7 LTl Sent2Vec[16], £zt Tl WordLlama[17] %°
Model2Vec[18] 73 GitHub _E T X NEERE L 72 o 7.

6 ¥R

ARFZEIE, XD IAARICH N R EFFIHEFEN 2 b L
(SWE) %182 L /=. Transformer O3 DIAAE T L
5 SWE Rt U, 700 & HEZEH T LD
FEEZED . DA B DREN 25 7 — &
MTEB T, BIf#® SWE X D fEENE NI & 2R LT,

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



BE Xk

(1]

(2]
(3]

(4]

(5]

(6]

(71

(8]

(91

[10]

[11]

[12]

[13]

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina
Toutanova. BERT: Pre-training of deep bidirectional transform-
ers for language understanding. In Proceedings of the 2019
Conference of the North American Chapter of the Asso-
ciation for Computational Linguistics: Human Language
Technologies, Volume 1 (Long and Short Papers), pp.4171-
4186, Minneapolis, Minnesota, June 2019. Association for Com-
putational Linguistics.

Al@Meta. Llama 3 model card. 2024.

Nils Reimers and Iryna Gurevych. Sentence-BERT: Sentence em-
beddings using Siamese BERT-networks. In Proceedings of the
2019 Conference on Empirical Methods in Natural Lan-
guage Processing and the 9th International Joint Confer-
ence on Natural Language Processing (EMNLP-1JCNLP),
pp- 3982-3992, Hong Kong, China, November 2019. Association
for Computational Linguistics.

Parishad BehnamGhader, Vaibhav Adlakha, Marius Mosbach,
Dzmitry Bahdanau, Nicolas Chapados, and Siva Reddy. LLM2vec:
Large language models are secretly powerful text encoders. In First
Conference on Language Modeling, 2024.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit,
Llion Jones, Aidan N Gomez, L. ukasz Kaiser, and Illia Polo-
sukhin. Attention is all you need. In Advances in Neural Infor-
mation Processing Systems 30, pp. 5998-6008. Curran Asso-
ciates, Inc., 2017.

Niklas Muennighoff, Nouamane Tazi, Loic Magne, and Nils
Reimers. MTEB: Massive text embedding benchmark. In Pro-
ceedings of the 17th Conference of the European Chapter
of the Association for Computational Linguistics, pp. 2014—
2037, Dubrovnik, Croatia, May 2023. Association for Computa-
tional Linguistics.

Tianyu Gao, Xingcheng Yao, and Dangi Chen. SimCSE: Sim-
ple contrastive learning of sentence embeddings. In 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 Computa-
tional Linguistics.

Guillaume Wenzek, Marie-Anne Lachaux, Alexis Conneau,
Vishrav Chaudhary, Francisco Guzmdn, Armand Joulin, and
Edouard Grave. CCNet: Extracting high quality monolingual
datasets from web crawl data. In Proceedings of the Twelfth
Language Resources and Evaluation Conference, pp. 4003—
4012, Marseille, France, May 2020. European Language Resources
Association.

Alexis Conneau, Kartikay Khandelwal, Naman Goyal, Vishrav
Chaudhary, Guillaume Wenzek, Francisco Guzmén, Edouard
Grave, Myle Ott, Luke Zettlemoyer, and Veselin Stoyanov. Un-
supervised cross-lingual representation learning at scale. In Pro-
ceedings of the 58th Annual Meeting of the Association
for Computational Linguistics, pp. 8440-8451, Online, July
2020. Association for Computational Linguistics.

Jiaqi Mu and Pramod Viswanath. All-but-the-top: Simple and ef-
fective postprocessing for word representations. In International
Conference on Learning Representations, 2018.

Geoffrey Hinton, Oriol Vinyals, and Jeffrey Dean. Distilling the
knowledge in a neural network. In NIPS Deep Learning and
Representation Learning Workshop, 2015.

Jiahao Xu, Wei Shao, Lihui Chen, and Lemao Liu. DistillCSE: Dis-
tilled contrastive learning for sentence embeddings. In Findings
of the Association for Computational Linguistics: EMNLP
2023, pp. 8153-8165, Singapore, December 2023. Association for
Computational Linguistics.

Zehan Li, Xin Zhang, Yanzhao Zhang, Dingkun Long, Pengjun
Xie, and Meishan Zhang. Towards general text embeddings with

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

(23]

(24]

[25]

— 3876 —

multi-stage contrastive learning, 2023.

Diederik P. Kingma and Jimmy Ba. Adam: A method for stochastic
optimization. In Proceedings of the 3rd International Con-
ference on Learning Representations, May 2015.

Jeffrey Pennington, Richard Socher, and Christopher Manning.
GloVe: Global vectors for word representation. In Proceedings
of the 2014 Conference on Empirical Methods in Natural
Language Processing (EMNLP), pp. 1532-1543, Doha, Qatar,
October 2014. Association for Computational Linguistics.

Matteo Pagliardini, Prakhar Gupta, and Martin Jaggi. Unsuper-
vised learning of sentence embeddings using compositional n-gram
features. In Proceedings of the 2018 Conference of the
North American Chapter of the Association for Compu-
tational Linguistics: Human Language Technologies, Vol-
ume 1 (Long Papers), pp. 528-540, New Orleans, Louisiana,
June 2018. Association for Computational Linguistics.

D. Lee Miller. Wordllama: Recycled token embeddings from large
language models, 2024.

Model2vec: The fastest state-of-the-art static embeddings in the
world, 2024.

Shitao Xiao, Zheng Liu, Peitian Zhang, and Niklas Muennighoff.
C-pack: Packaged resources to advance general chinese embed-
ding, 2023.

H. Kucera and W. N. Francis. Computational analysis of
present-day American English. Brown University Press, 1967.
Dmitry Nikolaev and Sebastian Padé. Representation biases in sen-
tence transformers. In Proceedings of the 17th Conference
of the European Chapter of the Association for Compu-
tational Linguistics, pp. 3701-3716, Dubrovnik, Croatia, May
2023. Association for Computational Linguistics.

Kawin Ethayarajh. How contextual are contextualized word repre-
sentations? Comparing the geometry of BERT, ELMo, and GPT-2
embeddings. In Proceedings of the 2019 Conference on Em-
pirical Methods in Natural Language Processing and the
9th International Joint Conference on Natural Language
Processing (EMNLP-1JCNLP), pp. 55-65, Hong Kong, China,
November 2019. Association for Computational Linguistics.
Rishi Bommasani, Kelly Davis, and Claire Cardie. Interpreting
Pretrained Contextualized Representations via Reductions to Static
Embeddings. In Proceedings of the 58th Annual Meeting of
the Association for Computational Linguistics, pp. 4758—
4781, Online, July 2020. Association for Computational Linguis-
tics.

Takashi Wada, Timothy Baldwin, Yuji Matsumoto, and Jey Han
Lau. Unsupervised lexical substitution with decontextualised em-
beddings. In Proceedings of the 29th International Confer-
ence on Computational Linguistics, pp. 4172-4185, Gyeongju,
Republic of Korea, October 2022. International Committee on
Computational Linguistics.

Albert Q. Jiang, Alexandre Sablayrolles, Arthur Mensch, Chris
Bamford, Devendra Singh Chaplot, Diego de las Casas, Florian
Bressand, Gianna Lengyel, Guillaume Lample, Lucile Saulnier,
Lélio Renard Lavaud, Marie-Anne Lachaux, Pierre Stock, Teven Le
Scao, Thibaut Lavril, Thomas Wang, Timothée Lacroix, and
William El Sayed. Mistral 7b, 2023.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



