o
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FALER R 32N Fam IR (20264E3 )

BHEBHGO =228 BUVW: LLM O%EERE

A ER !
ULk 2 EME RS
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AR g 123
3 ENL BT ZEAT LLMC
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e

— BRI TV EEREADORKBBESEET
o (LLM) T, ¥ 7V —FIZEIL v =225
HERHALTW2D08Z W, 2L, LLM
PATC XS HOWSRTWEHGERMD b —27 V5
Hx LM ICRA LS EOMBEMAET 5. 7272
L, REGEMKE LTAAL P75 —Nv 7 (byte
fallback) ZHRHA L, N4 MNIEHT 2 Z & TRA
=27 R HEERAWS, BHEEHMND F—27 v
DEEHCTHIEE LT vy, EENRY T
7 — KB b =27 U381 HWTHFEE LT
TAEREL, #BOERLE X R 7 TRl 7.
ZNZhOEREDIHL, b—2 Y PEDEND
LIM 252 25282 ilE L7

1 IXL&HIC

KREESEET L (LLM) D AN 73 XEIZ,
BE, FECERINZ =27 U REIRICE->T
F—2 UHNCEBEINS. BHED LLM ©% < 13,
H77— K (subword) [1,2,3,4] &FEEN 2 HNLIC
DT =7 v aEERERALTWS. 7T —
FESHWS NS EREEE, EEEE—EIH
ZATEEFRME—7 v OHBEENHITE 2 512D
5. BHHEEEYY 7V — FOMASGOETRET %
T, PIZIXHEFETIEIRA =27 v OFERIZIZ

Biids. LirL, ZEEANZRET L, XFAE
ROZERNED S, SERICE TN VIFLHHM L,

Z DR, b= v HEED N — 27 HNKA b —
I VWREAET L. ZORWITHLT B70, N4 b
T A =Ny T WHIEZIHFDBERIN[5]. N
A M7 =Ny 7T, HIZIEEERICEZTNRWL
NFEBHR L7256, 202 TXRT AL VHEAD
=2 Fe LTS, 2Tk D, v—2 L%
R reEflsiuX, #imlk, ERcaEEshihny
FICERTI2RA N —7 VHEZRETE 3. £1
2, HGEHN YTV — FHEMNO b—27 VEIDE
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R1 b= UREBROBEOIED L BHOE N ON1 b
T F =)L\ ZREHE). T 2 TIRIT synaptic D3TEEIC
BENRVWEEETRT.

18 Neurotransmitter release regulates synaptic
communication.

HA 35 BT Neurotransmitter / release / regulates
/ <@x73> / <@x79> / <Ox6E> / <0x61> /
<Ox70> / <0x74> / <0x69> <0x63> /
communication

Y77 —FK Neuro / trans / m / itter / release

BT regulates / syn / ap / tic /
communication / .

WORIERT.

EEICBIT S THEEY ) 13, XEHRICBI2E
BERWHEBENTHDEZLNTVWS [6,7]. D
728, LLM IZBWTHHFEHRND F—27 VHle L
TUETI2HPNEOERE L DERELPL TR
D, BaRRZA 7 TEWEREERTATRESEDLH 2 &
HMEINS. 2 TAMAETIE, ZORHEMEES
3. BARANCIE, NA b7 x =Ny 7 2IEOR
I s — 27 UxRORMHREM & Lz LT, 1ERAWS
NTOHGERND ~— 7 Y 3Ely, SRE—KI17%
BT —FEMND =2 R EZLLMD F—2 >~
DEGRE LTHOWTETFLEEE L, ZRhZADE
FLDWEEEZ T 5 Z 2T, HEEHMND F—72
VT EID LLM TORHICBWTEIRTH 300 %
MFES 5.

2 BEHEMHE

B 77— REA I B LHETD = 2 — F VB EH
BRTIE, P27 U OENFTICHERMNTITOATE
72 18,9, 10]. Z D, FERICEENRVHEGEX, K
HEEZRIFHR N —27 > (] 1 <UNK>) ITEZHZ S
NTW, 207D, EBEHOBRERI N —27 >
KOBEBOMD b L — RAI7HHEE 2o T\,

L, YTV —-FIZ&B =27 URET
i, XEEZXFLIDKREL, HEEX DN VWHLL

D EEE THEE OERDVETIIRVD, HisPT St
BEELTARTIE THEE WO HBEEZHVS.
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KHEILY, zhoolladbtr LTiHEEZRET
502, ZOMMAIZED, BHEFEX1I DD M-
7 v LTRFEEINL T L, (BHHEESRAGEIIHE
BoOY 77— ol LTREHEINZ X 51275,
SentencePiece [5] 1%, BrgllF LB W F =2 ¥
FEEHNE LTIREXIN Y 7Y — R8I FES
XY —TH 3. HiiDHZEEIRZE A IEHRIC MK
FET, ETFAM2OEZY TV — FiEEELHE
TEB3HICKM» 2. ZofEIckd, Z2A%ZH
WHRWEFERR, HEEGERSIEETR VT F X Mokt
LTHh—BL =27 ol eiRits 3.

¥ 7z, SentencePiece 3 NA b LNJLRBZEA L
TED, PHERIGETNEOVFINILTD,
XN N NINCIRT S5 Z 2 Th—2 U 7EIT
x5, ZOBWHEEEANAL N7 =Ny 7 LIRS,
BT — REMNTO =27V HEICBNT, BR
ENTAAL T r =N 2 THBH, LIRIOHEE
HAID b —27 YR EIDOBRIC S BRI S Lz wi
», HAGHLETHHARETHZ. KFETIE, Z0
WEEZFHL, N4 b 75—y 7 &DHGER
D b= v REIEFHT 5.

3 b= RRNERDIERK
3.1 E&EHAE

HEEHAID b — 2 >93] (Word-level Tokenization)
&, 7V — FEAOFEL R U TRIEEAN DX
JGRENNZ S % b DD, HFEOREKE BERIICET L
DANELTHAZ E VWS HEDDH S, RHZET
&, ¥7 V- oEETDY, B 20X E b—
7ML T B =2 v aBIE e HBET 5. BRI
i, 1 =272 L TRET 2 HEERD» O R DEE
TREERL, —MEETEMT 2. —7, HEICEEh
IROER AR ESHEEICOWTIE, N1 b7 x—
NNy 7 2HWTRIAT 2 FEZHRHAT 5.

3.2 HEHEE

HEEHN D b— 27 Y DEIROGEREE LTHWS
HICHEREZER L 2. M2 iEsRE L LT,
—REE R BV E TEE T % Oxford 3000 3 % 7
L7z, XA M7= Ny D256 ERZEDTEE
3231 B0 H R B WIHREE 2 L /2.

2) HHhLEEINRVEETIE, HEXDAEREACAS

LEdbH 50, T TIEHEMLELTHELTWS

3) https://www.oxfordlearnersdictionaries.com/external/
pdf/wordlists/oxford-3000-5000/The_Oxford_3000.pdf
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WIHEFEFICHEE BN LT, RIAJRERGERE T L
BRLU7z. EERRILIRICH 7z - T, smollm-corpus [11]¥
ZEE 45 fineweb-edu-dedup ¥ 7 v Mo X EE
HHIL, 22T 2 HEE 2 HENRICEEHE L 7.
SEEHEEH 2 — A0 o il U HEE 2, HBEE
DEWIEICEFFENBINT 2 2 & T, FBE%E BRI
PER U 72.

3.3 #WEETA

HEEREE ORERIR 21T ICH D, WYIREE
BEPETIHENRDZ. HASEIIBWTUX,
T I BEE SR GENICAE R X B 7=, FHERIICIZEE
HRESIIERTHS. —5HT, —BKEEIHBHYAER
RESGYLTIZONZDIZHL, BEBEHAFPEM
FERBRR MY 2 e WO HE RS, ZoZt
o, —REECEEERE 2 BARICEE BT 5
Z T, D ROEEEBTTERRZRILZ AIHEIC
TE32EZLNS. ZOX5BFMEREZ?
Y, PEEBUREEIMXBBIC, a— 2T
ZHEER Y ORRE I N—T & 23 9% EBINFHE S
LZEHNEETHS.

AT, FERBZ BRENICHENE B 2ED
= XA BRI 5720, HERY
B LCEHII L 7=, BRI, FEECaEhsH
BOAEHWT, fffia—AFDOTF A MEY
OREERITE202RITIEETH 5. FHEHICIE,
smollm-corpus @ fineweb-edu [12, 131 %7+t v & H
W, SEEHEE NI o — 2B HEL
7=, @HIEEE ¥ L T Oxford 3000 % f\, FE&EI %
ERFERNCHRIR LR 23 6, HK 100,000 35 £ THER
ZEHHIL 7=.

X 1%, R BRSNS BB oE R
DHERZRL TV 5. FEEBOEIMIMH, HER
FHIIC LA T A EAD MR TE 52— T, ZOH
MRE—ETRERWZ e 5.

3.4 WEFRICODVWTDEE

X1 &b, FBERED/PNIWVEETIE, HERIA
HICHEMLTED, PBOBGEREMNT 527210 T,
FHilia — XA DZ K DFEEFITHAN=TETH
5220 hB. TOBRMETIE, —REECEHEERE
DEEINCFERARDIAFNTNE Z e 2 KL T
W3eEZILNS.

4) https://huggingface.co/datasets/HuggingFaceTB/
smollm-corpus
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B1 FEE L EROBR.

—HT, RBEEPRKRELRDIIONT, #EED
HIMEIRFITEERC» 272 5. FRIE OB R ZIER
L= TlE, sBEZKIEIEML T3, HERON
BWIREMNTH 5. ZOFETIE, FIEHHEE
B GAPBMEINTED, 206050 — 22K
WEDBEEIWNINZ e B TW3,

D EofERiE, EEBOBIMIEY, BFEAREE
ZEMT 5 Z 22 X 2 EROEE R L T
W 2 ERLTWS., DI ik, EHHER K

FERY LTEBTZ L ICBRERMELRD S
—/T, BREEESEAESGFAT 1 b= LT
ST DHFEIIRENTH2 Z L BEKT 5.

Z ZTTARMIZE T, FIIAREE o0t L CHIBRBEEIE
WCHEERBIL, WEROES K E WHEBICE S

ZFEBEFRDICL P—2 v LTRRT 3 HGERE
EREEL, ZNLANDFEICOWTIEANA b7 3 —L
Ny 21X BRBICER DT E2HRHAT 5.

4 RERRE

2&%@%%@ NAPNT =N Ny ZZERLT
RHALO M= Y REIERE Y T — NHLO - —
7/ﬁﬂ%tw%ﬁﬁbfﬁﬁbt$%$ﬁﬁé%
TADOHEEEZFHMEL, ZO20D b—27 U 3EIEED
SIRELBMGET 2 2 2 HWE T 5.

4.1 LEBNR

MP E7 )L HiEICHIH L -fFEriEse LB
BN b= Y EIERE VA, BBRICEENR
L\ﬁaubiéfzvf b7 =Ny 212X h XA N
L Tibhs.

SPM EFII FHESDODLIMIZ T HVWSLHR
27— FHEMND M= UoEIRERHW 5.
SentencePiece Z ] L THEER T 5.
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42 HAFERTETIONRE

ETILT—FTI9FY N—RDETLT7—F7
7 F x—13 SmolLM ZHH L7z, %7/, EF ¥ A
X (T X —ZH) 1 135M B3R L 7=,

2YTF—4 FHiFEHO¥E -2 LT
%, 7T—XOEMNHBIN R & XN 3 fineweb-edu
a— XA 13 ZHEIR L Z2ORD T — X &I,
Chinchilla /b —JV [14] IZ9E > T, HIBRDET AR
X—RTHD135M DB X Z 20 FICHYET 2
27B b= ¥t L7,

EEN FHAEROEEEY LTI, 18kB &
L35k D2 ODFREXTRALL. 2H6DZ5560D
X, K1 OE»S, HER 94.1%B X 1 96.7%
DRETHZZehbhrd. ZOXHIFEEa—N
AR b= v e o RN D P —2 U
KFEELEDIFETH 5.

4.3 FHBEXRRY

ARC [15] ¥ QASC [16] I3\ b RIS
ZEBMINET—&Z12y b THB. ZDHH ARC 13,
HFEHBFLNLD TARC-Easy) ¥, Xh#GEDE
W TARC-Challenge| ¥\V9 2 0DH 7t v + THIK
INTW3. &ERICE LT, ARCIZ4IRXTH
20123 L, QASC X 8 D DIEIR A & [H]75 % 38N
FTEEREZ->TWS., WIhLd, HEEIZ X 2 Mk
B I UOHERRREN RT3 2 72D IA FHVwShTWw»
ZREMBARYF =TT —RTH .

5 RERERCEZ
5.1 EERIER

QA XA ZIZBIF5 MP ET /)L ¥ SPM ET LD
AEE%Z K 21RT. AKX, #RZ Z 2 TSPME
THLNER=RTA Ve LIGEDEMREDES %
F£LTEBD, EPEDE ZIZMP ETF LD SPM E
To% LRIZMREERT I 2 EKT 5. Ml
SPM E 7 VD IERIIHIGLTED, XA BX

QRBRILZ 212, MPETIUIC K 2 MEEZ L% AR
ftLTw3.

MP E7 VX, ¥7vV—RKpElEZHWS, HFEHR
MNThr—2 U REDYTEIRIITHE20, "—2
A4 THLSPMET ALK T B, H—AN
WHT 3 =2 VIROBATRIIATH S, —
HT, HEEL b—=2 Y O—N—XItIc & D, FEDE

nlm
Eii
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B2 %2Z7Z2dDMPEFNLYE SPM EFILDHAE

BREALD W XN TITRFE I NS & WS R #¢
D, ZOfER, ARC-Easy 3 & UF ARC-Challenge @ 2
RZZIZBVWTIE, MPETFTMIZBWTHEER EA
fRENiz. —HT, TRTOXRAZICBVWT—H
L=t B R S N=HiFTldZ <, QASC Tl
MP E TN —2 T £ > DMREE RE - 7=,

5.2 FHE+EIE

HREZAEMD AN XD b —27 F 4 XZEHDEWE LT
POEIRZHENTWE RN 5. AEHTIX MP
EFNMCERL, [E@Y Y IV RERY Y L%
DEELTZ BT, N b7 x— Ny ZREBEEY L
TEHL, ZOMBEMIIOWTERRITS. N4 b
T x =Ny ZRX ANX2IKICBITS F—7
VEBDSE, N FLARAL =2 UREDREER
T, N4 P 7 a— Ny ZTEBENEE, AKX
RO =7 LTREINS Z e AR
B HEED, HEEBDONAL FHEAD N —27 VEHNZ 0 fE
ENTANENTVWBE I 2EKT 3. Thbb,
HEEr WO XEDEKRME LN T 206 1k
TR DB H3IIEPERVIRETH B L EIRT
x5.

53 EE

£21Z, MPETNLVIZBITANA N7 53—y
7R EfRY Y T RIERY ¥ T3 TR
T, WTRDZRRAZIZBWTS, RNE@EY > 710
FIEREY > TR TANA N 7 =Ny 7R
PEWEADHEZRTE 5. N4 MEMOERBETIERE
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K2 MPIIBIFBAAL b7 r—nnNy 7R

MP 18k MP 35k
RAY i AIEfR R AR
ARC-Easy 0.3105 03138  0.1462  0.1528
ARC-Challenge  0.2808  0.2880  0.1666  0.1794
QASC 0.2828 0.2869  0.1920  0.1988

RIER TR S Wiz, EE R ORI
T Z QA RXRAZIZBVWT, EFADNRT 4 —<
VAPMK RS 2ERE 2 D1§5,

PIERY > TNITBWTAN, B 7 5 =Ny 7R
P EWERDS R SN2 s, ANHDIFHRSAN
A LNV N =T INETGRINDBIZY, ETNLIC
Lo THIRWIZ K WERIR & 72 o T\ 2 AJREMEDVRIE X
N5, BiREZX, ANHHEE (BHREA) & LTHR
Fah, SBERN—Z7VE L TRENIRETE
i, #EmcENIcE Wz EZLNS.

QASC T, IEfEY > TNV TH o> THNNA b
T d =Ny ZTENEIE L, MP ETILHEE
T 5EHRBEATORBD, AL Tibs L
S L TOWRWIZ ERBEI N5, QASC 1XE
HEDOEVEERSLEATEDHIN T 2720, FFEICER
INTOVRWVEERENZ L, N b7 3=y IH
BVWEIGTREL-EEZONS.

COFER, HEEHRMTORELERELZ WS MP
ETNAVDORMEARTMCHEBEI T KR, HREK
RO - 7= ATREMED B 5. FEFKIZ, QASCIZH
WT MP ETLVDWRENRN—XF 4 V& RAl-7z8
WORERIE, ColEnrEET 3.

6 &HOHIC

AT, 77— NEAOD b—2 V0 E
MOKBBRFFEET ML, 1ER—RINTH -7
HEEHALO b —27 Bl Z BB L7z, Z DGR,
—HBD & R 7 CIIHEERTERED A L3 2 RIREME DS R
XNT=—T7, N4+ T F =Ny IREFT LM
TIEIMERE TR SN, AREOFEERTIXIHE
BN HERTE R o220, FlElEEZMMIC
PEREZ BEE L TV E 720,

HBREL C, HEEEMD b —27 v nElOF X, 7B
B LTI RA D ZHEICHETE 2 8ICH
5. ZOWEE, "y x—yarofiibieicd
FHETHAREMELN D 5. SHRIEX A7 BRI Z,
HEEHNLD b — 27 Y EIDER & 72 5 5F12D0WT
HET LTV ELW.

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/).



Egﬂ

¥

AWFZEIX, ISTLA—> > a vy FRIIGERHRHE
JPMIMS2011-35 (fundamental research), 3 & TF, &R

L

BOWBEZE T4k Al ST ILOHEIAM - (E18

M DRELRI AT 7= FLR R TR DB E 20
72 DTY. AWFERERDO K, N KZEIEHRE
BTt v X — R R X T a0 T
FH ZRHLTEONTZDDTT.

BE

(1]

(2]

(31

(4]

(5]

(6]

(71

(8]

(91

[10]

Rico Sennrich, Barry Haddow, and Alexandra Birch. Neural ma-
chine translation of rare words with subword units. In Proceedings
of the 54th annual meeting of the association for compu-
tational linguistics (volume 1: long papers), pp. 1715-1725,
2016.

Taku Kudo. Subword regularization: Improving neural network
translation models with multiple subword candidates. In Iryna
Gurevych and Yusuke Miyao, editors, Proceedings of the 56th
Annual Meeting of the Association for Computational Lin-
guistics (Volume 1: Long Papers), pp. 66-75, Melbourne,
Australia, July 2018. Association for Computational Linguistics.
Benjamin Heinzerling and Michael Strube. BPEmb: Tokenization-
free pre-trained subword embeddings in 275 languages. In Nico-
letta Calzolari, Khalid Choukri, Christopher Cieri, Thierry De-
clerck, Sara Goggi, Koiti Hasida, Hitoshi Isahara, Bente Maegaard,
Joseph Mariani, Hélene Mazo, Asuncion Moreno, Jan Odijk, Ste-
lios Piperidis, and Takenobu Tokunaga, editors, Proceedings of
the Eleventh International Conference on Language Re-
sources and Evaluation (LREC 2018), Miyazaki, Japan, May
2018. European Language Resources Association (ELRA).

Ivan Provilkov, Dmitrii Emelianenko, and Elena Voita. BPE-
dropout: Simple and effective subword regularization. In Pro-
ceedings of the 58th Annual Meeting of the Association
for Computational Linguistics, pp. 1882-1892, Online, July
2020. Association for Computational Linguistics.

Taku Kudo and John Richardson. SentencePiece: A simple and
language independent subword tokenizer and detokenizer for neu-
ral text processing. In Eduardo Blanco and Wei Lu, editors, Pro-
ceedings of the 2018 Conference on Empirical Methods
in Natural Language Processing: System Demonstrations,
pp. 66-71, Brussels, Belgium, November 2018. Association for
Computational Linguistics.

William D. Marslen-Wilson and Alan Welsh. Processing inter-
actions and lexical access during word recognition in continuous
speech. Cognitive Psychology, Vol. 10, No. 1, pp. 29-63, 1978.
Shirley-Ann Rueschemeyer and M. Gareth Gaskell, editors. The
Oxford Handbook of Psycholinguistics. Oxford University
Press, Oxford, 2 edition, 2018.

Ilya Sutskever, Oriol Vinyals, and Quoc V. Le. Sequence to se-
quence learning with neural networks. In Advances in Neural
Information Processing Systems, Vol. 27, 2014.

Sebastien Jean, Kyunghyun Cho, Roland Memisevic, and Yoshua
Bengio. On using very large target vocabulary for neural machine
translation. In Proceedings of the 53rd Annual Meeting of
the Association for Computational Linguistics and the 7th
International Joint Conference on Natural Language Pro-
cessing (Volume 1: Long Papers), pp. 1-10. Association for
Computational Linguistics, 2015.

Minh-Thang Luong, Hieu Pham, and Christopher D. Manning.
Effective approaches to attention-based neural machine transla-

(11]

[12]

[13]

[14]

[15]

[16]

— 3634 —

tion. In Proceedings of the 2015 Conference on Empirical
Methods in Natural Language Processing, pp. 1412-1421.
Association for Computational Linguistics, 2015.

Loubna Ben Allal, Anton Lozhkov, Guilherme Penedo,
Thomas Wolf, and Leandro von Werra. Smollm-
corpus. https://huggingface.co/datasets/HuggingFaceTB/
smollm-corpus, 2024. Accessed: 2026-01-08.

Anton Lozhkov, Loubna Ben Allal, Leandro von Werra, and
Thomas Wolf. Fineweb-edu: the finest collection of educational
content, 2024.

Guilherme Penedo, Hynek Kydlicek, Anton Lozhkov, Margaret
Mitchell, Colin A Raffel, Leandro Von Werra, Thomas Wolf, et al.
The fineweb datasets: Decanting the web for the finest text data at
scale. Advances in Neural Information Processing Systems,
Vol. 37, pp. 30811-30849, 2024.

Niklas Muennighoff, Alexander Rush, Boaz Barak, Teven Le Scao,
Nouamane Tazi, Aleksandra Piktus, Sampo Pyysalo, Thomas Wolf,
and Colin A Raffel. Scaling data-constrained language models. Ad-
vances in Neural Information Processing Systems, Vol. 36,
pp. 50358-50376, 2023.

Peter Clark, Isaac Cowhey, Oren Etzioni, Tushar Khot, Ashish Sab-
harwal, Carissa Schoenick, and Oyvind Tafjord. Think you have
solved question answering? try arc, the ai2 reasoning challenge.
arXiv preprint arXiv:1803.05457, 2018.

Tushar Khot, Peter Clark, Michal Guerquin, Peter Jansen, and
Ashish Sabharwal. Qasc: A dataset for question answering via
sentence composition. In Proceedings of the AAAI Confer-
ence on Atrtificial Intelligence, Vol. 34, pp. 8082-8090, 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/).



