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Pretraining massively multilingual Large Language Models (LLMs) for many languages at once is challeng-
ing due to limited model capacity, scarce high-quality data, and compute constraints. Moreover, the lack
of language coverage of the tokenizer makes it harder to address the gap for new languages purely at the
post-training stage. In this work, we study what relatively cheap interventions early on in training improve
“language plasticity”, or adaptation capabilities of the model post-training to new languages. We focus
on tokenizer design and propose using a universal tokenizer that is trained for more languages than the
primary pretraining languages to enable efficient adaptation in expanding language coverage after pretrain-
ing. Our systematic experiments across diverse groups of languages and different training strategies show
that a universal tokenizer enables significantly higher language adaptation, with up to 20.2 % increase in
win rates compared to tokenizers specific to pretraining languages. Furthermore, a universal tokenizer also
leads to better plasticity towards languages that are completely unseen in the tokenizer and pretraining,
by up to 5 % win rate gain. We achieve this adaptation to an expanded set of languages with minimal

compromise in performance on the majority of languages included in pre-training.
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Cluster Tokenizer Belebele M-MMLU EN Tasks

PRIMARY LANGUAGES

E CLUSTER 41.4 31.1 48.5
WOPeAll  NiveRsAL | 41.9 30.9 48.4
Asi CLUSTER 38.2 29.6 48.2
stan UNIVERSAL | 38.1 28.9 48.1
Middle East CLUSTER 38.1 29.2 49.1
& Indic UNIVERSAL 36.5 28.6 48.2

Table 1: FE=ANRIBAERER) R EIEFWIZWE, i CLUSTER 55 UNIVERSAL 4MAlgR )& M. #H UNIVERSAL 43id]
PR RIS e B AR P ) CLUSTER SMlge R P .

bul cat ces dan deu ell est eus fin fra hrv hun ita lit
UNIFORM 41.0 43.7 42.7 41.5 43.6 41.2 35.7 38.4 34.6 45.0 42.1 36.6 40.6 41.0
UNIVERSAL | 42.1 46.5 45.5 41.1 44.3 42.7 37.9 40.6 324 45.3 42.6 37.9 40.1 43.1
(+1.1)  (+2.8) (+2.8) (-04) (4+0.7) (+1.5) (4+2.2) (+2.2) (-22) (+03) (4+0.5) (+1.3) (-0.5) (+2.1)
lvs nld nob pol por ron rus slk slv spa SIp swe ukr Average
UNIFORM 42.3 42.7 42.3 38.4 41.0 40.8 41.0 42.4 39.5 42.5 42.4 42.9 40.9 41.0
UNIVERSAL | 40.5 42.7 42.8 39.8 43.8 41.2 414 43.5 41.8 43.8 43.4 43.4 40.0 41.9
(-1.8)  (4+0.0) (+0.5) (+1.4) (+2.8) (+0.4) (+04) (+1.1) (+2.3) (+1.3) (+1.0) (+0.5) (-0.9)  (+0.9)

Table 2: 7 TRCAEREB TR, b4 UNIVERSAL 55 UNIFORM FRICHSTE Belebele L. FEFRiCERILR
L BAMEH TGS (67 MBS EEMYRTE), (EESINE. UNIVERSAL ARiCat (5 S A aim i 76
WE, 78 27 FpRCE S 0T UNirorM AR, Hi 21 FRIG T 2.2 FIX0E% (PP 41.9 vs 41.0),

R RESS
-y

o Pretraining with UNIVERSAL tokenizer produces well-rounded models with competitive
results on a variety of tasks for the primary languages, differing from the CLUSTER
tokenizer models by no more than 0.5 % average accuracy across tasks and clusters.

e Our specialized tokenizer weighting that uses language buckets to balance the data
availability, leads to better pretraining performance up to 2.8 accuracy increase as
measured in the Euro cluster model.

TEATT R, FATE AT AT TN AR MR AT EE M, PARAEREE ] UNIVERSAL FRic s
SS9 ERE R, BN AT R A E) I HIE S AR IC RS I, AT RE ST P AE
%

UNIVERSAL tokenizer £ £ 205 F FREZIPERE (ER P IIR 1, AL MRATY I UNIVERSAL
tokenizer YEMIFRAERERIZ 1 5 CLUSTER F LB BEW TS I, FER TS, TIZbERER 2=
SR EZANEIT 1 % HAEEERR. X T21E5115, UNIVERSAL fl CLUSTER tokenizer 2 [A] {5
B RE2E SEAE ME-Indic #E1 Belebele FAUH 1.6 % W TFHIMERZE (38.1 % Xf 36.5 %) . AafAkifi
T, WRATWERFEYHE] UNIVERSAL tokenizer B}, FEERRE T MITERE)LT-BA B .

Hg b, FAIMELF] UNIVERSAL 401 2878 Belebele [ TCHE - 2 A IR T (41.9 XFH
41.4), I HAEWINFE F S T B MRS (38.1 XTI 38.2). 1EMAISNGIE, i C.1 digE
6 S THEINZRIAE, KROTHEREL 2 1% 7E Belebele “F39PERE L. UNIVERSAL 43
T TN Rt A b R IR EOHIE, XA TR KWL P A MRS B
T, XKLL, T UNIVERSAL Z0iA#87E 205 5 A A 2 S8R E 1R TR .
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Cluster Tokenizer Dolly Win Rates ( % )

PRIMARY EXPANDED

Eur 0 CLUSTER 42.8 17.6

ropea UNIVERSAL 42.8 374 (+19.9)
Asian CLUSTER 41.7 11.7

! UNIVERSAL 41.8 29.5 (+17.8)
Middle East CLUSTER 39.7 22.8
& Indic UNIVERSAL 40.2 41.8 (+18.9)

Table 3: £ FEERY I H T8 EARLEFIZRS IR . UNIVERSAL ZMdgf e E20EH LIRS CrusTer #124, IF
TEFTA SERER Y IR = TR R n i B2 5T (i 19.9 %)

CLUSTER  UNIVERSAL

European 27.2 374 (+10.2)
Asian 18.8 34.3 (+15.7)
Middle East & Indic 23.31 41.1 (+17.8)

Table 4: 7£ HAFE N EY BIES B ERR, UNIVERSAL FRiDES1E Fi A 7 thbl H L4 CLUSTER ARiCS% 5 W o 67 Ak g
(RIS 17.8%).

EARcgR b, R E S AR E TP A RE A R B AT B TN ZhbERE. 1R 2.3 A5k
TAR SN ik, FRATE A FE S R AR I BGX 22155, DAT-A 45 1) ml 3k A5
PEo N TUEBX R ZHAEEE, FRATRF UNIVERSAL FRic#f il ZabERe 5 — D REAR D ay
(UNtFORM ) WEATHRE, BELARicasHrE B S WAERYEN, B TIEN. | 109 aitee
SAERCOMERRE P THY) , ZERP FEE SRR REZN . fEhricdslg T, AEHIrEES
(62 fEs; WIFTEEAYRTE), REUEESHNE. ENFE 2 for, fGHES P
U UNIVERSAL FRICESAE 27 FIRGME S 46T UNIFORM JIAL, FE 21 FiE S _EAHXETH T 2.2
% (CF39R 41.9 X 41.0) o #E—HIRUEFNZREE R, WAOTEM R 77 AL T X PIRPRICA7EE
garkRe LA LLEE, 457K UNIVERSAL FRiceRfe sk L4 R T

P WA RS IR, FeAVCEI R 30 %o WL TS0, B A R e s LR B 2 R
BRI T 7 A UL [T 24 EURE
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e The UNIVERSAL tokenizer leads to significantly higher plasticity over the CLUSTER specific
tokenizers in continued pretraining (on primary & expanded languages) with an average
increase in win rate of 18.9 % for the expanded language subsets across clusters.

e The UNIVERSAL tokenizer enables adaptation boost with no drop in primary languages
compared to CLUSTER tokenizer, with a near identical performance (with a slight increase
of 0.3 % on average) on downstream open-ended generations.

FEAA T, FA TR — A FE Y G S U TR IS, SRR AR R &
AR AP SS

i1 [l UNIVERSAL ARic#f 2R RAIYE EXPANDED SUBSET R HLH W5 H m iR, | 2 fi3k 3
SR THENC . SR AR- BB R FER PPAE 4525, &) PRIMARY LANGUAGE SUBSET A 5 Fjif
T, Il EXPANDED SUBSET [ 10 fiE 5@ T HAMM N E. F11ED, S5HH CLusTER fRicgsil
A L, UNIVERSAL FRICESTEDY B T4 DI =AM B A IR P4 m T 18.9
Yoo FAFEREIER B0, HARRI . SEINA AR B R R AR ) R A R T +19.9 %,
+17.8 % Al +18.9 %. AP BT, WnE (+25.8 %), BIHIE (+23.3 %) FI#kEIE (+22.0
%) Ay HAERI . MR AR- BB R ER H AR UNIVERSAL ARic i iP IR KAt .

UNIVERSAL 73 Al#E L MERE LR THERE. SR UNIVERSAL Zpid] g red ey s AR pt T2
FE, EAERE 2 b, FATEEITERTA = A5 E 20 AT P EBEE I 2 el 8% Z TR LT
W TEECR ARy, PrA e P i EEOE S R ZE RO 0.3 %, H UNIVERSAL 73 g3 H
FAEN . AT ME-Indic B 435I CLUSTER M) #8085 0.3 %. 0.1 % 1 0.5 %. Xi2H
A, PRXRIIETE LR, A UNIVERSAL 433 g8 R 20— O R i) 32 2515 5 Y
IR A Al Bt e A AU
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e For the targeted language adaptation through SFT, where only the expanded language
data is introduced, the UNIVERSAL tokenizer is much more performant than the CLUSTER
tokenizer with 14.6 % average increase across languages and geo-clusters.

o UNIVERSAL tokenizer enables multilingual plasticity not only for languages seen during
tokenizer training but also for fully UNSEEN languages with an average improvement of 2
% on 7 under-resourced languages over the CLUSTER tokenizer.

— A ARF AL TR R SRR R MO B I T, Hrb R A (URED M) EXPANDED 15 1%L
o O TR, BAEOO ATE 5 TR A BB ROR @ i TR OL R, PEEFRAT
T I 5

Y JRIEF ER B PRGN H, UNIVERSAL ZMilge il CLUSTER ZMElgs HA RS M. £ 4 B
N TR MBS UNIVERSAL fil CLUSTER 43l F- ¥ % . UNIVERSAL Sl 2R ERIGH . I
PHAN R AR- B AR A P AH B CLUSTER € 0 il # 3 ISE L T 10.2 %, 15.7 % F1 17.8 % FAHXT
HEZAETE. FEE 3a o, FRATAZH T ERMAEREH 2B T 1AM A5 . MXTT CLUSTER -1l #s
UNIVERSAL — FLBEMS 50 B B =g 0wl 3 1, vl B b o 0 30l 070 v AR X G 2 40 Sl v ik 22.0 % Al
20.0 %.

UNIVERSAL 73 il AEF 0 58 4R Wad i 5 AR 0EA T H Aol B i tafy s T ARCK I as . e st s )
BCE A, TG T IA TR AR T IR Y T g R O 2 v R DL ad i TR E I B AL .
3b WR T 7 AR WG E F W IO LI s R . 2 EEE, PTA X SE I R IR LB Z
H HIX A W R AR B PRE H IEAT R, PO AUER IR AN AR S 5 P I e BR 6«

RN BEE S, UNIVERSAL ARicer AR WIS RS TR T . FATL I UNIVERSAL FRiCER1E
KILTEF FAR T CLUSTER FRicaf il 7ot , P8I T 2.0 A% pypR, Horelei/Ris b
TH2 5.0 % T HTXEES AR ATIZ sz B B S 20T ik Re R AK, PAKER
] HIPEZBR (AFFPIE AL 15k) , RATIA X B AR — A BEm i, R FER
TG bRiC g 5 — A B .
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Figure 4: SRR AER, HWROEZ RSB B B5E 5 IE Y. (CVA). T2, CLUusTER FRicdswlit
UNIVERSAL SRICHTF, PREIEZARCHIHRA, H EFRICE 2 BP0 AA ML ( random ), BEAGE L2 AR PI(ER) dh 1L
(mean ). UNIVERSAL FRICETEY IET [T TWA CVA Jrik.

KHETIE
T T R I LR
(.

o UNIVERSAL tokenizer outperforms cross-lingual vocabulary adaptation (CVA) by 7 % in
the expanded languages where the vocabulary is replaced (before the continued

pretraining), and the new tokens are initialized by average embeddings of the shared
tokens.

e CVA through tokenizer replacement fails to achieve competitive performance even with the
CLUSTER tokenizer when the new tokens are initialized randomly. CVA (random) only
reaches 2.2 % win rate in the expanded languages and falls behind the UNIVERSAL
tokenizer by 35.2 % relative drop in win rate.

PSR F WL M. (CVA) [Yamaguchi et al., 2024b] B 7EiH 4 B0 IUA 1) 43 il 4% DA I 5 i
5, FEIIEE, 2B AWmE NV X EHES, s aMiE %, CVA BRI
AIDATESS 6.2 4k E| . FEXANEmhse gy, A4 @ UNIVERSAL 4rialgs 5 CVA #Lt, 7E
T NS T B A ?

HT SR —RIN LA — A R RueE, FRATRA T H CLUSTER 4 #$ I 20 il
211 Euro £EBERIT . /iR #8402k UNIVERSAL 43ii]#%, CLUSTER F1 UNIVERSAL 43 #82
[ L AR TR AR B, AR iC 2 i M IE S 1 R AERENLI IR 1L (random ), B AL
FEIRAREIE (mean ). FEFRNCEEFIAMCHIMGILZ J5, FRATEEEES 2.1 35 shhk AR R 4k 2L 1
VESuy N

XA SR s A 4 FR. FRATEBL, SFEVLRI IR FbRiclr, CVA (brics#eie) HIfE
5 CLUSTER Hric gl bt E PAIS BIA 24 p9 ke, IF H2 & 75 /5T UNIVERSAL bricds, &3 245
S EE S P AR A BRI 2E 15.4 % F1 35.2 %. (HAARERE, Asiirmm (| 4 b
mean ) WAL HARCHT, T THHIEL . BARCES S (mean ) BARZERN CLUSTER
FRiCestEd s S P RS T 12.8 %, {HILATHY UNIVERSAL FRicgsilid F R 7t 7
% (37.4 % Xt 30.4 %) SEEL T EAFHEECIERE . AERASE, CVA (mean ) ¥F F3IET PNk
RREMAERE T 2.1 %. BRI, XELEREH, MMl UNIVERSAL fric#s ELAE TSk
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i e BT BRIV &S

o UNIVERSAL tokenizer enables +8x faster adaptation in terms of sample efficiency and +2x

higher performance for downstream adaptation compared to CLUSTER tokenizer.

FEXATH AL, AT UNIVERSAL 3R] gS - A 738 I R A 2. SRRl b B
BT D BRSO i EE A YOS F AR DAY R S 7w A R 1 AR A I
o

NT VBN ERE, 5 CLUSTER i@l FATIERLSEXT Euro SEREBIUIEAT OISR ), *F
YRR IR AR S T TR 1B 1 BN T 10 RhYRE T B AR, U 300
4, UNIVERSAL 7l itis®] T CLUSTER 7 2500 I HIPEREKF-, Bcily +8 f A& Ly
JEo 2T 300 AT 150K A (FHEET 2500 A2IfH) 1.3M), UNIVERSAL J31l a8 5 25
REE R IA ) R A A A M REA R R, ESE T FRATTESOT R R

PN GRS :pA: Sid

e The UNIVERSAL tokenizer demonstrates effectiveness without compromising pretraining

performance for primary languages, but it necessitates a large vocabulary size, such as
250,000 subwords, to achieve optimal results.

fEZ i E T, ATET UNiversaL 5 CLUSTER (40 RI#§ H0EE, BL THEZ 6 5 nl 975 1H
M SE R PR RE . TERCIHRSE I b, FRATI : O Tk A EEFINAE S _LROPERE R, UNIVERSAL 43
AR R IR MR DT

T EBARTFNLE N, FATHAT TN ZRLs, Hoh FATRARC &R/ AL 100,000 4~
AR EE R 250,000 ANEbR, [FESEEARALSE, AR IIZE S50 BECR PR R A AR . FRATTI-A
T FEFIIESAE Belebele AR, 45RNE Sa fras. A CLUSTER ARic g Il 2 il Ak 7l
PEREI A KRS, I HAE/MANC &R/ (100k Fl 175k) B T UNIVERSAL FRic#f. AT,
UNIVERSAL FRiC#8i0 MEREFE & 1V S B 2 71, HAEmRNE &R/ 250k BT CLUSTER
bricas. AT A SEmsE—20, FHRIFLER AL [Tao et al., 2024; Huang et al., 2025]
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, RSO T8 MR C AR A3 0T 5 SR PO AR PR 18 4 B T TR AR A s, 3,
IAE TR Grazt T P A 250k AR &R KD

WONZRAP Y e = TSR RATAE
(S

o The UNIVERSAL tokenizer achieves a performance boost of 12.8 % over the CLUSTER
tokenizer for the expanded languages even there is no pretraining data is used for these
languages. However, including a minimal data up to 5 % increases adaptation performance
on the expanded languages from 12.8 % to 19.8 % win rates, without hurting performance
in primary pretraining languages.

A1 T U5 R A K L AR B T T R A 22 FIT5 e [Blevins & Zettle-
moyer, 2022] o [, AH—FMEERILE “H (07T AE MR, AT 5 — YRt e seiee,
Hy T AR e BRI R B, RT3 TR 3R, Fefi 16 0 % . 1% F 5
% AWy K MO L BIERT T IPAl, EE XN RE

K 5b Bon, BMEfERES (VRTHE) R 0 % 2155 WOl HEASFIES T, UNIVERSAL 43
TR IR E I CLUSTER A il3e e T 12.8 %. (AR, BiZsims 5 % A
FEFINGES MR, (HAY BIESHENEREM 12.8 % MR E ] 19.8 %.
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MK TAE
LTS

SRR 2B B — A B, R BT AN R AR Z [ B ARALRN 22 57 . Petrov et al.
[2023) o, VFZPRUEREASETE A T OB e AN B B - B SRR T A, At Az il 5
YT B NS 16 AhRic. X EONA AT BE S B bR R, flansEhn APT (LA [Ahia et al.,
2023; Petrov et al., 2023] , ZERKHEFREIE] [Hofmann et al., 2022; Sun et al., 2023] , I/ PIEFEIE
EEWAH B SCHE O [Velayuthan & Sarveswaran, 2025; Ahia et al., 2023] , DAL T UL S
PEEE [Goldman et al., 2024; Gow-Smith et al., 2022; Fujii et al., 2023] . Ab, FEFIEE T HERL
SV A 2 SN A RS 5 68 % (Al et al., 2024) .

AT X2 BEF M, mTh BRG|I AT — AN HEHAFERERTEER 250k SentencePiece falil, i iR
FERAEETIIZ T 101 MiE, PO IR ERIE S [Xue et al, 2021] o AN, HiEiomt
TR T BEE L Z TS RE SN 50 k. fln, ET5IEM2E, A Unicode
PN R T AL, BEN TR (GPE) [Velayuthan & Sarveswaran, 2025] 5 MYTE
ZRWITE, —REET IR R FIRNE [Limisiewicz et al., 2024] , 24t XI5 RGN LT
TR

T S IR

WEE AL (PLMs) W55 G MNIEE A 2 M. NG TE, Seemilgs (CPT) FllkE M
(SFT) @fc# R 1E. AReR il ghiy O s & kR Il 25 [Han & Eisenstein, 2019;
Muller et al., 2021] , {HiXFFERERIESE, X T HREARIIIE TR U] BETCE IR . B oMt
T MRER T [Kumar et al., 2022; Adelani et al., 2021; Cahyawijaya et al., 2021] , FraE$#EL
CPT /b, {Hu]gESEGRmHINZREE 1 X [Rolnick et al., 2019; Chaudhry et al., 2019] . 4575
&, IR L REAE R S ERBERE S M A2 B [Gala et al., 2024] o KT WELE ULE SR
&1 Ebrahimi & Kann [2021] &8, fEMTA#E Y, CPT H SFT AR, 1 Yong et al.
[2023] KA R A E5 R .

— N EB PR AE T g PR SRR AR ANE S . SRS TENLEN, (CVA) @i Bk A 1
SRRERRAINESMNIE T [Yamaguchi et al., 2024a] , FH-552AE HARE 5 T ARSI 25 DA FE 438 Y.
[Fujii et al., 2024] . CV G FME LAY /LY R, B H briE 5 Has g a7 5 5 3t
=ZiAlil. [Wang et al., 2020; Pfeiffer et al., 2021] , B{iai 84, HPseaBiail. Hrin % i i ialix
AT PABENLRIGGAE , 5 3 A i dr) 7 A Y — 285 B 3] 3 E ) 5 & a3 [Minixhofer et al.,
2022; Dobler & de Melo, 2023; Downey et al., 2023] , BiETHiBFRL [Ostendorff & Rehm, 2023]
o ARG RGN — R AT BERY S B W GBI 2% KT 40 Tl g ) Tl T R ) B A 3]
A [Minixhofer et al., 2025] o XFh VAT BARSEYIZEAGE/IMEREZE/E, (H RIS 40 Bt At O g el
B. WHBBRES HENPLT PR AR TR A [Muller et al., 2021] , {HIXFpr 32 KR
THENERM.

ARSI F Rl AL B A 5e S R, M e@ AN UG R 22 Bk Tanzer et al.
[2024] P e e bl SRMAY R BRSO, ERIRSEIR . sea R LI BoiE = a1, &
FEAEAR RSl FZE S EE B i R 3¢, Cahyawijaya et al. [2024] BSETT M _E T 028, 78
SR G| K B A [ SR S AL 55 s B, DASEEIATE 55 e BE T MR BT IRIE i TS

TEX T TAE R, FRATTERIT T e T 25 Hh W0 28 B Af 1) - S0 e T DATE R IO AL B B3 m R s . 841
AT T T RS, B RO RI AR SENS . =AHE SN, IR T IS 70 AR RNE S
HER T R R AR . RATAI, ETARE T, MHEA) 2155 BN UNIVERSAL )¢
Y25 B RS A% B - b B 2 BRI R e 2 AMTE S, PRI R Ek 202 %, I HAEY JRiE
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FHE B e T 17.8 %o BIGEAESE 4R Wad 5 5 iR A BEAE R IR BE PR, UNIVERSAL
iR R RIE 5 % BydEaR. [, X R EBONE S AR R n] DA AT R EE
T AR 215 5 0 I A E T 58 N5 TR A R .

Jri RV

EE . NS & 69 FiEE, W © ZHMIESHSCT RS, RANRGHITI ¥ 2iEE
BRI . BN TR GREE YL, B A E2HIES, XH
BT T AT BTN TAERE S e foe ek T8 S A SE B B 2 i 5 P

PSR FERXIUTAES, FATBOE T idd I 2k BPE 53k, X2 el m g bR
ZAMR T, X h TN SR A S T RS, REREATIRRIR. 2R, AT
ERNT KT ZiE 5 B RS T HAl 7%, 40 Unigram 733l [Kudo, 2018 273y e
FFAA 53] [Xue et al., 2022; Clark et al., 2022] o FATRFXFDHR B RFARAIDIIL

BREARRL . TIPSR SRR A E A 3.3B SRR Edtfy, (M pPMCHEE s 1008, X
C 4 — AT SRR S AT 5 AR R ST . T IR S RAE IR 2 ARy, el
T EATHE T R B R AR IO TS, IR BIB9S [Biderman et al., 2023;
Longpre et al., 2024; Aryabumi et al., 2024] ,

FA1EET Julia Kreutzer., John Dang., Roman Castagné, Aakanksha DA A Cohere f1 Cohere Labs
) At [R] X FRATH SRR AR Rt (Al FRATT /i Shayne Longpre i il ElAS Y 5215t .
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openai_public.py#L95
“https://github.com/huggingface/tokenizers
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Asian ME-Indic

CLUSTER UNIVERSAL CLUSTER UNIVERSAL

ind 56.5 46.5 arb 37.5 43.0

jpn 52.0 40.5 heb 38.0 39.0

PRIMARY kor 46.0 40.0 hin 41.5 38.0
vie 49.5 39.5 pes 46.0 42.5

zho 52.5 45.0 tur 35.5 38.5

arb 16.0 27.0 deu 18.0 35.5

deu 25.5 27.5 ell 10.6 29.5

ell 9.0 29.0 fra 28.0 43.0

fra 31.5 35.5 ind 24.5 46.5

EXPANDED heb 6.1 24.5 jpn 20.5 46.0
hin 5.1 27.5 kor 19.0 37.5

pes 13.5 33.5 rus 20.5 41.0

rus 17.5 38.0 spa 35.5 46.5

spa 38.0 43.0 vie 16.0 38.0

tur 13.0 27.5 zho 35.5 54.0

Table 5: Jl i FFEE T ZRiEAT I 5 G I &1 5 8 R R

Asian ME-Indic
CLUSTER UNIVERSAL CLUSTER UNIVERSAL
arb 16.5 30.5 deu 20.5 35.5
deu 20.0 30.5 ell 19.1 32.5
ell 13.1 32.0 fra 27.5 39.0
fra 27.5 37.0 ind 20.0 46.5
heb 12.1 32.0 jpn 16.5 41.5
hin 9.1 25.8 kor 16.5 37.0
pes 17.0 41.5 rus 22.5 39.0
rus 20.0 37.5 spa 39.5 46.5
spa 33.0 43.5 vie 16.5 43.0
tur 15.5 30.0 zho 34.5 50.5

Table 6: HApiEE iGN IER

FIBTHER TR

<system_ prompt>
You are a helpful following assistant whose goal is to select the preferred (least wrong) output for a given instruction.

<user__prompt>

Which of the following answers is the best one for the given instruction? A good answer should follow these rules:
1) It should have correct reasoning,”

2) It should answer the request in the instruction,

3) It should be factually correct and semantically comprehensible,

4) It should be grammatically correct and fluent.

Instruction: instruction
Answer (A): completion_ a
Answer (B): completion__b

FIRST provide a concise comparison of the two answers. If one answer is better, explain which you prefer and why. If both
answers are identical or equally good or bad, explain why. SECOND, on a new line, state exactly one of ’Answer (A)’ or
>Answer (B)’ or "TIE’ to indicate your choice of preferred response.

Your response should use the format: Comparison: <concise comparison and explanation> Preferred: <’Answer (A)’ or
’Answer (B)’ or "TIE’>.

AT WAEHEAL 2R i B, AR R4 %S Command-A [Cohere et al., 2025] Hfi 1A FF
M ZIET s T IR . R EBARTE /DN (AT RAL) _EIRRSCE, 1 BPE
AL — 454 [Gage, 1994] o FE4ER A a8 2 B E4EE, BT RARK E 28 o0 EIAR, 48
FART 1 Fm— o Aes A EAMMNES . 2l TSR RS SERMRE, THEENTS
PERERH KA EF [Goldman et al., 2024; Gallé, 2019] , JAEBARK LA 2 A7l 1) 520 4%
4 [Schmidt et al., 2024] o #R1T, KFFKERIFHEXES AT —MIr X, Mo R#s s

32 www.xueshuxiangzi.com



tokenizer

0.8 == ours
mmm yniform
=l
=
Coe6
c
o
‘n
wn
< 04
E
o
(&)
0.2
0.0

me-indic euro asian

Figure 7: A1l de fIBE LG —r a0 AR . AT 788 G —FRRRIR AT ¥, AU DN ZRE0E 2 A 5
SR (§ 2.3 ), MIMTSEBUE ARG GBATBT) .

[Velayuthan & Sarveswaran, 2024; Ahia et al., 2023] |, HHX B2 —NFHES FHFHE—E BN E
LHE L

3 VR T IBORT 448 HE 1 52 01

VEREL, AV T8 —EF AL, I H ST s se T g, Hh NG a0EH T
B TAIE S SRS . R 48 3R 2 4% FineWeb-2 [Penedo et al., 2024] i 43 1 v FF A
Command-A [Cohere et al., 2025] #2115 S 1A e VT E M

B 7 SRR TR AR . ATLAR R, FATH A ) 2 i LG BRSBTS A R 4. TR
B, XA Command-A ST @ SR EAEIERE, RO ENTHE S E & # s
AT T NS

P45 FUX T i PERERY S0

K2 8 SR T (] UNIVERSAL FlIl CLUSTER 73] g% 32 BOM REE 5 2EA T U 2R IR U SR AL 2 1Y
RG-SR Z R R AR . ] cLusTER WY JRIE S RIMB R ESILL, Wl 1, RV
WIS PR T OB s o RIS, X 28T 5 B RS T 48 H AR 2 2806 . SR,
UNIVERSAL JM ) g 7E 2 2 RETE 5 S L AR e B SR A AR A . XS5 R A T
AR ST UAEREZ M R R, Hh UNIVERSAL JpTaldi 16 5 G B PR L T RN 4EE .

i
Table 7: FZET , WIRHUIZRIEC. FE/EIIZRA A S (8o R RC A8 = PO 1R LRI Y i

ISO Code Language Script Family Subgrouping Resources Cluster In Post-Training
afr Afrikaans Latin Indo-European Germanic Mid - v
ara Arabic Arabic Afro-Asiatic Semitic High Me-Indic v
amh Ambaric Ge'ez Afro-Asiatic Semitic Low - X
bel Belarusian Cyrillic Indo-European Balto-Slavic Mid - v
ben Bengali Bengali Indo-European Indo-Aryan Mid Me-Indic X
bul Bulgarian Cyrillic Indo-European Balto-Slavic Mid Euro X
cat Catalan Latin Indo-European ITtalic High Euro X
ces Czech Latin Indo-European Balto-Slavic High Euro v
cym Welsh Latin Indo-European Celtic Low Euro X
dan Danish Latin Indo-European Germanic Mid Euro X
deu German Latin Indo-European Germanic High Euro v
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ISO Code Language Script Family Subgrouping Resources Cluster In Post-Training
ell Greek Greek Indo-European Graeco-Phrygian Mid Euro v
eng English Latin Indo-European Germanic High Euro v
est Estonian Latin Uralic Finnic Mid Euro X
eus Basque Latin Basque - High Euro X
fil Filipino Latin Austronesian Malayo-Polynesian Mid Asian X
fin Finnish Latin Uralic Finnic Mid Euro X
fra French Latin Indo-European Italic High Euro v
gla Scottish Gaelic Latin Indo-European Celtic Low Euro X
gle Irish Latin Indo-European Celtic Low Euro X
glg Galician Latin Indo-European Italic Mid Euro X
guj Gujarati Gujarati Indo-European Indo-Aryan Low Me-Indic X
heb Hebrew Hebrew Afro-Asiatic Semitic Mid Me-Indic v
hin Hindi Devanagari  Indo-European Indo-Aryan High Me-Indic v
hrv Croatian Latin Indo-European Balto-Slavic High Euro X
hun Hungarian Latin Uralic - High Euro X
hye Armenian Armenian Indo-European Armenic Low - v
ibo Igbo Latin Atlantic-Congo Benue-Congo Low - X
ind Indonesian Latin Austronesian Malayo-Polynesian Mid Asian v
ita Italian Latin Indo-European Italic High Euro v
jav Javanese Latin Austronesian Malayo-Polynesian Low Asian X
jpn Japanese Japanese Japonic Japanesic High Asian v
kaz Kazakh Cyrillic Turkic Common Turkic Mid - v
khm Khmer Khmer Austroasiatic Khmeric Low Asian X
kor Korean Hangul Koreanic Korean Mid Asian v
lao Lao Lao Tai-Kadai Kam-Tai Low Asian X
lav Latvian Latin Indo-European Balto-Slavic Mid Euro X
lit Lithuanian Latin Indo-European Balto-Slavic Mid Euro X
mlt Maltese Latin Afro-Asiatic Semitic Low Me-Indic X
msa Malay Latin Austronesian Malayo-Polynesian Mid Asian X
mya Burmese Myanmar Sino-Tibetan Burmo-Qiangic Low Asian X
nep Nepali Devanagari  Indo-European Indo-Aryan Low - v
nld Dutch Latin Indo-European Germanic High Euro v
nor Norwegian Latin Indo-European Germanic Low Euro X
pan Punjabi Gurmukhi Indo-European Indo-Aryan Low Me-Indic X
pes Persian Arabic Indo-European Iranian High Me-Indic v
pol Polish Latin Indo-European Balto-Slavic High Euro v
por Portuguese Latin Indo-European ITtalic High Euro v
ron Romanian Latin Indo-European Italic Mid Euro v
rus Russian Ciyrillic Indo-European Balto-Slavic High Euro v
sin Sinhala Sinhala Indo-European Indo-Aryan Low - v
slk Slovak Latin Indo-European Balto-Slavic Mid Euro X
slv Slovenian Latin Indo-European Balto-Slavic Mid Euro X
spa Spanish Latin Indo-European Ttalic High Euro v
Srp Serbian Cyrillic Indo-European Balto-Slavic High Euro X
swa Swahili Latin Atlantic-Congo Benue-Congo Low - X
swe Swedish Latin Indo-European Germanic High Euro X
tam Tamil Tamil Dravidian South Dravidian Mid Me-Indic X
tel Telugu Telugu Dravidian South Dravidian Low Me-Indic X
tha Thai Thai Tai-Kadai Kam-Tai Mid Asian X
tur Turkish Latin Turkic Common Turkic High Me-Indic v
ukr Ukrainian Cyrillic Indo-European Balto-Slavic Mid Euro v
urd Urdu Arabic Indo-European Indo-Aryan Mid Me-Indic X
vie Vietnamese Latin Austroasiatic Vietic High Asian v
xho Xhosa Latin Atlantic-Congo Benue-Congo Low - X
yor Yorubé Latin Atlantic-Congo Benue-Congo Low - X
yue Cantonese Han Sino-Tibetan Sinitic Low - v
zho Mandarin Chinese Han Sino-Tibetan Sinitic High Asian v
zul Zulu Latin Atlantic-Congo Benue-Congo Low - X
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