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at the time of design.
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Algorithm 1: JZ3X — EBR DX IGREfRIZ DWW T
DY rurE—FH
Data: Input: 7 7 A b % T, XAROEEZ w
Result: Output: = @ '—H
1 for each ¢} € set(T) do
2 for each t; € T do

3 if t; = ¢; then

4 c—T[j-w.J]

5 cr —T[j+1L,w+1]

6 Cjecr+tj+c,

7 E; 3 e; « ContextEmbed(c;)
8 Freq; « count(t})/len(T)

9 E>E;

10 F > Fregq;

11 foreacf E; € E do

12 ClstDist; « Cluster(E;)

13 for each clst; € set(ClstDist;) do

14 L P; 3 py « count(clsty)/len(ClstDist;)

15 PBPi

16 H——Z Fregq; 1 n(Pi)

17 return H

Pilog, pi

3.2 RE&

AEERTIX, BFEEEZMRE LT, 10 338 (K58, ¥
V> vk, ARA VEE, HEEE, FxailE R4V
iG, HAGE, 77V R§E, ~NTI745E, v 7B O
k21T o 72, XREE B L 72 HDIAARB Z £ H
FEN—27 I LTS 2D, EEIEAD ELMo
ETAEMHLE. ZEERIT Z2CHL-T, ¥

B % AE 7LD ELMoForManyLangs [13][14] % {&#
L7z, ZHENAIN TV 4 SEEDFEFEAE
THTHD, IFTIE 10 FEDOET LEMHY, T
L #HT27 2%, a—R2A0oMEELI
X ra— KLk ?%mmmi%@%bt.%

a—RRAHH LT —2DERE, FOFNE I,
F2.1F D7,
F1 a—R2OHE
a— 2% FEREEL
HE enTenTen21 52,268,286,493
U vik elTenTen19 2,342,091,029
ARA VEE esTenTen18 16,951,839,897
HERE enTenTenl7 13,531,331,169
Fx aiE csTenTen12+17+19  11,722,066,502
KA VEE deTenTen20 17,512,733,172
HAGE jaTenTenl1 8,432,294,787
75V REE frTenTen23 23,874,070,858
NT T AEE heTenTen21 2,775,686,699
a7 s ruTenTen17 9,034,837,939

Fx2 fFHT—2OME

HhH BEEEL (/10,000 )

JiGh 1,377,225

XU yviE 1,646,915

ARA VEE 1,697,552
HERE 462,993

F x azk 1,164,488
KA VEE 1,395,315
HAGE 731,999

75 v REE 1,571,260
NT T AGE 202,686
oY 7RE 1,219,047

792K v 7FEE LTIE, BDSCAN % fifi i
L7z, 77 AR —EERAOBERLBOHEEME LT
FHAT 2720, 77AX—FETORET HLEH
HNFEEHW:. 25 L TEoNiz, 77 AR—
W33 b= D0 frs, Tk —2EH
L7.

4 R

BHHXNEREEIODVWTOIY fabr—iE, M
1oM@Y THo7z. 2K LT, 05 Kfo/hxiz
fEZRLTED, R/MEDNF = 3FE (= 0.0938) T,
RAKMED 7 T > A58 (~ 0.4496) TH o 7=, T ZTak
BlLlzrybab—iE, 0oV E—x—REzim
<, NGEWE 1 DD EE L T2 DDFEFEIC
MELTWEZEREKRLTWVWS. ZOEKTI,
YosEi@Ed 1 20FERICHLTE, 12 E2o
RKiMDFERD ADPE LI OVWTED, Iz —2
Bokkl, BHEZNSEFREZRTEEEROAR



Chinese - ]
Czech L

English - ]
French 4 L]

German | L]
Greek - ®

Hebrew L]

Japanese L]

Russian ]

Spanish - ]

T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Etropy

K1 > bhob—Lhig

oz,

—/T, FxaiErad 7OV TIE, &Ko
HTH R, 0.1 RifDEZRLTWS. 2D
Zeh o, BREBEROMIGEFED, W T—h—
FHENERER D B Z e AR E 3. iz, ¥
R - BROMIEBERICEBT 2 SREOEMEMX, M
WKEWEZ RS SEEEWD, skt T, Xb—
B — XM W BT 22 S SRR 2 RO BREDFE S
5Zr, kU, SEOFEMIEZZNZEHROIEE

TRV, EWS ZehRBINRS.
5 fhea
AR, SHEEEROEMMNLUET 2 FERE

Ho12ok LT, R -EKOXIGEKICERL,
THIEEm I B D MR EORRE, NUZE
B OBEHM LR ITo 72, Ry LT, BR-E
RN EBIRIC BT 2 FREOEHEMEE, MR E W
HxE/RT SN, itk xT, &b —xf—xt
S I DV BAE 7 S SRR 2 FE OB REDIFEIET 5 2
v, RO, SHEOFEMEITENZEROEETIX
WV, WS Z eI N. SHOMEE L
T, RMFETIE, 10 SREOADTIICEF - 727
@ FEHBAETANRAINTWVWDS 44 FEELT

DRBRETH 5. Fiz, RFEIXHE LiH
&m%%f%otﬁ BAZEDIAL D BN B JEIR DI
FETh3. ik, HFEX WS HEMAHIIAEICERT
XRVERE (e.g, HAEE, HEEE BV TIE, B
ERELDOVWTWARIERRIIOH A & LT, HEENZ
HBTHE20ENZE, HETIIRW D THS. ik
2, BERZBEANC LR TV VWED, EE
LTEToNS. AT, ERBES 7AX—
BUT K o THEE L7223, BRI, EFRITEREDR
HIRZFENELTVWEEEZLNS. 5%, 2K

TLZERNSHE DA TN HERBZAMA L, Ee
HifEE L TORRE DIERRERR E LT @b
BERD5.



EF

ARBFEE, IST XA E PRI SE 7 e 75
2 JPMISP2123 D EH 21372 DTT.

SE Xk

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

Charles . Hockett. A course in modern linguistics. Macmillan,
1958.

Daniel L. Everett. Cultural constraints on grammar and cognition
in piraha . Current Anthropology, Vol. 46, pp. 621-646, 2005.
Christian Bentz, Ximena Gutierrez-Vasques, Olga Sozinova, and
Tanja Samardzi¢. Complexity trade-offs and equi-complexity
in natural languages: a meta-analysis. Linguistics Vanguard,
Vol. 9, pp. 9-25, 2022.

Claude E. Shannon. A mathematical theory of communication.
The Bell System Technical Journal, Vol. 27, pp. 623-656, 1948.
Christian Bentz, Dimitrios Alikaniotis, Michael Cysouw, and Ra-
mon Rerrer i Cancho. The entropy of words— learnability and
expressivity across more than 1000 languages. Entropy, Vol. 19,
p. 275, 2017.

Alexander Koplenig, Sascha Wolfer, and Peter Meyer. A large
quantitative analysis of written language challenges the idea that
all languages are equally complex. Scientific Reports, Vol. 13, ,
2023.

Alexander Koplenig, Sascha Wolferl, and Peter Meyerl. Human
languages trade off complexity against efficiency. Scientific Re-
ports, in press.

Christian Bentz. Beyond words: Lower and upper bounds on
the entropy of subword units in diverse languages. In The 16th
International Cognitive Linguistics Conference, Diisseldorf,
Germany, 2023.

Tomas Mikolov, Ilya Sutskever, Kai Chen, Greg S. Corrado, and
Jeffery Dean. Distributed representations of words and phrases and
their compositionality. In Advances in Neural Information Pro-
cessing Systems, Vol. 26, pp. 3111-3119. Curran Associates,
Inc., 2013.

Tomas Mikolov, Kai Chen, Gregory S. Corrado, and Jeffrey Dean.
Efficient estimation of word representations in vector space. In In-
ternational Conference on Learning Representations, 2013.
Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina
Toutanova. BERT: Pre-training of deep bidirectional transformers
for language understanding. In Proceedings of the 2019 Con-
ference of the North American Chapter of the Association
for Computational Linguistics: Human Language Technolo-
gies, Volume 1 (Long and Short Papers), pp. 4171-4186, Min-
neapolis, Minnesota, 2019. Association for Computational Lin-
guistics.

Matthew E. Peters, Mark Neumann, Mohit Iyyer, Matt Gardner,
Christopher Clark, Kenton Lee, and Luke Zettlemoyer. Deep con-
textualized word representations. New Orleans, Louisiana, 2012.
Association for Computational Linguistics.

Wanxiang Che, Yijia Liu, Yuxuan Wang, Bo Zheng, and Ting Liu.
Towards better UD parsing: Deep contextualized word embed-
dings, ensemble, and treebank concatenation. In Proceedings
of the CoNLL 2018 Shared Task: Multilingual Parsing from
Raw Text to Universal Dependencies, pp. 55-64, Brussels, Bel-
gium, 2018. Association for Computational Linguistics.

Murhaf Fare, Andrey Kutuzov, Stephan Oepen, and Erik Vell-
dal. Word vectors, reuse, and replicability: Towards a community
repository of large-text resources. In Proceedings of the 21st
Nordic Conference on Computational Linguistics, pp. 271-
276, Gothenburg, Sweden, 2017. Association for Computational
Linguistics.



