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Frequently the messages have meaning; that is they
refer to or are correlated according to some system
with certain physical or conceptual entities. These
semantic aspects of communication are irrelevant to
the engineering problem. The significant aspect is
that the actual message is one selected from a set of
possible messages. The system must be designed to
operate for each possible selection, not just the one
which will actually be chosen since this is unknown

at the time of design.
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Algorithm 1
Input: T :=n random articles from Wikipedia

Output: H := Shannon entropy

fori < 1tondo
Token «— BertTokenizer(T;)
Type « set(Token)
for each type; € Type do
for each rokeny € Token do
if type; = tokeny then
embj < BertEmbedder(tokeny)
dict < {type;:[emby,...]}
end if
end for
tsnej < tSNE(dict[type;])
clusters;,n_meanings < DBSCAN(zsne )

for | — 1ton_meanings do
num(clustersj;)
b1 < num(tsne;)

end for
Hj < 2 pilog, pi
end for
H« 3 H;
end for
return H

31 F—4

MR FTBEEIE, R1ISRLE12EEBTDH 3.
BikoH 77— FoENCEA L T, HEEz I oE
T570, phEX XM THEE WO H
NBERINTWVWEEEL, TOTHRVEETEN
EENDAREMD D 2. ZD=DARWFETIE, R
PHEODHBH X 2T St RE L 7.

FRALET—REZ, Sy Xayr 7Y 7Ll
Wikipedia DFEHTH 5. AL TIE, FSiET ~
R L X7z 100 Ee B2 R, FEEOSH %
it 4 EF o707,

3.2 HJTU—F5E - FHRRA

% SFEICB U CTHAY¥E %17 o 72 BERT OEH
AEFL P ZHWT, BohETFRFF—&
DY 77— RE|, RUSTHEBROFEEIT- 7.
BERT £ 7 V&3 2B, BRDOEREKHEE
D=2, XMREEBELEDEHEREZ —2 228

3) https://huggingface.co/google-bert/bert-base-multilingual-cased

— 1598 —

WD, ZhE XA TICBII 3 HHEEDRD Ot
BICAHAT2 2 QBEICENVTWI L TH S.
¥ 77— K DENLIE WordPiece TH D, 77ENREIE,
ETNLORENEDORMEIEE Wiz, 8 DR
X, 768 RotONRZ b LTREINTED, Z
DEDZ FARY VI RITBRETEL 120,
tSNE 12 & O KITEAEZ T o 72

3.3 FERBOIETE

=7 T B MER LG %, The X
AT T TRARY) T RITH LT, YT
UV — RIZBI BEBRBOWEEZITS. 7 7RAX)
Tk oTHEBNTZYZ 72X —BHEREIHY
L, &7 7 AX—DRBZITIZ, HHEEDIM
PHIERTES. I 2 TCHEIEBRIUROER %
EBERLIDDTH L7, [FEERBEOHZERA
720 TRL, XOMPrVWEKRDOEDFERICEZ S Z
EMWTES. R TIX, FRNCZ 7 AX—EDR
FELRWFENEFE LW, RN 7 AR —
% H %517 % DBSCAN % fu7-.

34 v/ >xI>hOoE-—

v/ YOBREERICBII Y bu—IX, X
ROWMEREITTIC, HELEROBENENIZFREL
IoVhEk, ERILLIEMETHZ. —MBKINC, i &
HOFERDPRET IR p, THDIHE, = bn
v—HI%, DFosfEXcRans.

H =" pilog,pi (1)
i=1
INEBERATDI AR v IEER I LR
FTBILT, ZOXA THRENETHE—/EROER
CREUEOVWTWE G LN, BENIZ, £To
2 A TOMEDEE %, ZOSEDMEE L THBICH
H53.

4 FHR-EE

MREK 1IORTEY THho72. K 11E, e
SiE%, Mlllcy rovY—%2@WTBD, 4
DA THELNIMEDA, HARKDH DI L TIHIZ
WARTWB,

¥R i, R RIWEDIEFED ~ 0.410
ThH?s. T baE—FEN2 THINEEL - T
WARHDTHA056, 1L, ¥ 77— RKIZDOEHN
1.329 fHDO BRI MIE L TWDE Z Ik 5. KR

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



English e oo e
Swahili q e o
Turkish q L] * =
French - [ 11
Finnish 4 [ -
% Hungarian - L] [ T ]
g‘ Russian - *® 0
Kazakh q L LT ] L]
Tagalog ] [T X ]
Urdu ] (I [ ]
Hindi q LN L] ]
Hebrew - -
0.30 0.32 0.34 0.36 0.38 0.40 0.42
Entropy
=1

BRO/NEhol2EN, YLEy—FED~0324Th

D, THE5EFY 7YV —FY7=DEETH 1.252 @D
BRSHIELTWS Z Il D, EREOERZ RS
Y, EFEIHROEBICETOEEINE > T3
25,

—7.2_"'6, %um@ﬁi%LkE%ﬁHék TNnE
NDIFEFITEWERI S S DONZL HB Z e b
5. ZDOZ s, SHEOEMER, SERIMcxIE
WA NEBICIN E > TW 3 23, FIRHICZ O WiE
BT, SEEIREOEAEZR>TWVWS, W0
ST EREEING.

5 %558

AR T, EROMHEZ % & L 7= 5550 EHEM
FHlZ B L, BERT EF L EEH T2 T, H
B RINY 72 b OREFRECOWVWT, 12 FREM DL
B a2 o7, &I, Z ORICREROEMEMIC
BILT, RERENRRONRDI oD, £EBIEZ
NZENIFFIWCEWVEZ RS Z e EhoTz, TDZ
ED ORI NI-DIX, SIEOEMEMEIZIEE TN
FEBICINFE 2235, ZOMHEBANTESHEIRE D
A Z ORI REETH - 7z

XoR2BHEE LT, IDZLOFEENRIC
THZEeREZOLNS. FRHIARIFRIE, WHRe T2
SEHEEL D DLHEZITIDDRREL TV
B, ZI5TRHRVWERILKRREFOFFET B RO
DRONDDD, DT E2HEND 5.

ZHCH LT, SEAT- oM OFiES, HEE
DHEEXLRVWSEANDZDEEICHAEETH 5
FHHATRZWZ 23, fEr LTHEITFohs. 7
TV — RADTENBE LT, RiKRDOENELZF
sEF L OZY kb, YhRE T EERE5E X300
WRBLTYH, khimspEichseEION%.

— 1599 —

HEF
AHFZ21Z ISPS BHF 2 JP24KI193 DB % 3213 7=
HDTT.

BE R

[1] Fenk-Oczlon, Gertraud and Fenk, August. "Complexity trade-offs
do not prove the equal complexity hypothesis." Poznan Stud-
ies in Contemporary Linguistics, vol. 50, no. 2, De Gruyter
Mouton, 2014, pp. 145-155. URL: https://doi.org/10.1515/
psicl-2014-0010.

[2] Ehret, Katharina and Szmrecsanyi, Benedikt. "An information-
theoretic approach to assess linguistic complexity." In Baech-
ler, Raffaela and Seiler, Guido (Eds.), Complexity, isolation,
and variation, vol. 57, De Gruyter, 2016, pp. 71-94. URL:
https://doi.org/10.1515/9783110348965-004.

[3] Koplenig, Alexander, Wolfer, Sascha, and Meyer, Peter. "A large
quantitative analysis of written language challenges the idea
that all languages are equally complex." Scientific Reports, vol.
13, no. 1, 2023, p. 15351. URL: https://doi.org/10.1038/
s41598-023-42327-3.

[4] Sapir, Edward. An introduction to the study of speech. Citeseer,
1921.

[5] Hockett, Charles F. A course in modern linguistics. Macmillan,
1958.

[6] Fenk-Oczlon, G and Fenk, A. "The mean length of propositions is
7 plus minus 2 syllables—but the position of languages within this
range is not accidental." Cognition, information processing, and
motivation, 1985, pp. 355-359.

[7]1 Juola, Patrick. "Measuring linguistic complexity: The morpholog-
ical tier." Journal of Quantitative Linguistics, vol. 5, no. 3, Rout-
ledge, 1998, pp. 206-213. URL: https://doi.org/10.1080/
09296179808590128.

[8] Juola, Patrick. "Assessing linguistic complexity." In Miestamo,
Matti, Sinneméki, Kaius, and Karlsson, Fred (Eds.), Language
Complexity: Typology, Contact, Change, 2008, pp. 89-108. URL:
https://doi.org/10.1075/slcs.94.07juo.

[9]1 Bentz, Christian, Alikaniotis, Dimitrios, Cysouw, Michael, and
Ferrer-i-Cancho, Ramon. "The Entropy of Words— Learnability
and Expressivity across More than 1000 Languages." Entropy,
vol. 19, no. 6, Multidisciplinary Digital Publishing Institute, 2017,
p.- 275. URL: https://doi.org/10.3390/e19060275.

[10] Shannon, C E. "A mathematical theory of communication." The
Bell System Technical Journal, vol. 27, no. 3, Nokia Bell Labs,
1948, pp. 379-423.

[11] Devlin, Jacob, Chang, Ming-Wei, Lee, Kenton, and Toutanova,
Kristina. "BERT: Pre-training of Deep Bidirectional Transformers
for Language Understanding.” In Burstein, Jill, Doran, Christy,
and Solorio, Thamar (Eds.), Proceedings of the 2019 Conference
of the North American Chapter of the Association for Compu-
tational Linguistics: Human Language Technologies, Volume 1
(Long and Short Papers), Association for Computational Lin-
guistics, Minneapolis, Minnesota, 2019, pp. 4171-4186. URL:
https://api.semanticscholar.org/CorpusID:52967399.

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



