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An Estimate of an Upper Bound for the Entropy of Japanese

SHINSUKE MORIt and OSAMU YAMAJIt

In this paper we present an estimate of an upper bound for the entropy of Japanese by
morpheme n-gram model (1 < n < 16). Each n-gram model is interpolated with lower or-
der n-gram models. The deleted interpolation method is applied for estimating interpolation
coefficients. We estimated the parameters from 90% of the EDR corpus and calculated the
entropy on the rest 10%. As the result, the minimum entropy was 4.30330 [bit] a character
with n = 16. The relation between the size of learning corpus or the order of model and
entropy showed that incresing the order decreases entropy slightly and increasing the size of
learning corpus decreases it noteworthily. In addition, we discuss the relation between the
number of parameters and entropy. This is usefull to select the value of n to apply n-gram

model to the practical Japanese processing.
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ADFKMHFE (FECLSTHEL) OBERELFIELL.
®2i, CORBRETHL. B, TITOERICH
WIZRAREET M, REAEZRIILTWAW, ZOfk
Rirb, COEBRTIIHES PR BVERUGEET
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Table 2 Comparison between methods to collect
unknown words.

HWHEAHDHE THHE
stk l-gram | 2-gram | Z®Evyh+ | FAMEy}
1 0.193 0.807 6.303 6.075
2 0.007 0.993 4.113 6.905
3 0.191 0.809 6.307 6.040

WTHolZ e hb. HE2E, oRELDd
2-gram O EFRED IR ICE S, FHRICHVIER
DIEHERIEE IR, ZO0—F, TAFI—/3AD
REZEOFRE I ICE Y. 2L, REFEOM%
BLIRTOFBREEOMELKE S RRD T L2 ER
T3, FE1LHES TIHERICREIZVE, 35
CHWESOBHRECRFEIFLIVREL, 7Ab
- NADKRHAFEOTFHERETIIHEIF LY RN
EVWIERTHE. b, FHICHW-BEZELT
AP T=NADRAFEOMEOFUMI LD EEZL
n5.

4.2.2 BHMEROLEREROPEHE

EEE 1T o 7= BT EE S O A MR O S B TEIL L
ForBYTHL. RAFEOEFOWEFEL LT,
RO FE 3 BH.

HEA TRCORMGERICZOERERICHEIL

THE (X (1))

HiEB BEORABEZRICEL(ES (R (2)
S — S AIFHBE L VDS, BESICRRINT
WHHEIRSED L. IO, FAFIT—/VAICK
HEEE LCEBIBBRTHHEI10E, FEBFFEA
IHOBVERL LI LIERICEGENS, EE
CREIEIC R 200k, BEBEEOEREELTERT 5
WHE R AHEEEGORBRNTHS. TFALOTH
PRBLBEEFLCEINTVALIIERWERE
MrEZOND, T, REBEETVERFASETH
FAEEE, ZODOBERSERAIRTVRITR
B bnv, JITHRNZERTIE, LTO220E
REEAGOMELGL L.

e EDR HABHEREDI ORE LA

o F - AT B RMEEFE

IOER, FANI—NADOKRMEBEOLFEH2H O
TEHEIL, HEA TIE5.9338 THhH, FEB T
5.1403 Th o7z, TOZERZTHEETHHOT, BA
WL DL BHER S TRTORTICHET HEF V&
DHBERLEZONIFEDORLICED T HET IV
BENTND EERTED.
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4.3 WHEFE n-gram OFHMESR
WIE TR RAGEET V2 FFORER ngram £
FNEEEL, LTOHEZHRLERLITo 7
o FFa—NRANKERLITAZYITE—D
FAEE

o n O (BITEFROEE) L7uAT s but—
DR

DLFTR, ShonBREIRRL, FEEMR 5.

#F3 L1, ngram EFV (n=1,2,3,4) i<
IAEBa—-NANKELSL70AT Y POE-DH
BTHs, FITIPLHHPA LI, 1-gram TV
o ruaz s u¥—it, FHI—ADOLFH
2107 ONETERRYBAILTNE, 2D &,
l-gram €7 VEIMNE, I —SA2RECTHE
FTIYWRVERBEFTALIBOND ZLLEKRT 5.
L, 97 OMEMIIEE - SAOXTFHROEH
AETHY, HEE 1 HBEECBH LRSS
210 EDOFEB I —NRAPLETH S L) MITE
BELRITNE RS RN,

R4 L2, n O (BTEZOKRS) L0
ALY bOoE—OBBETHE. 2L, RHEET NV
B—ETH5. T, MERROMEEOME LETHEI,
INHELT 6 KB L R BB E T 7. 20k
Bhs, n OEESLICKECTHILTETFTVOF
BHAHETZ g es,. L, 20REEZED
DTHNTHY, BREBEOIRI LTS, koT
n=16 TOEHRE 4.30330 £ v + %, KFHLTOH
FEOEHED LHROWEEEE TS, /7 7BLUR
7o, FITBERORSER TS I LTI OENES
TEHEIERBEHICTFHEND., T/, REFEETVE
X 2-gram EF S S L) REDOBEVILF n-gram
EFNVICEFETAI LT, ZOEFNEITHILRE
BICFHENE, LoL, TTICRBRLFEFI /A
DAREREIVOAIY OV —OBEBRTYEET D &,
SEFEFOBESRE(TAILILLABIELID D,
LY KERFBEI-NATHVL LI AEBIED
FrFakEn., 20Ihs, RTEROESEERE
CFBILEINE, FHI—NAOKXIRWATS
LD EBREFNVOYUEBLLIVERTILEZOLNS.

Brown 5338 6 XL FOFEF 21— /S AR HWTHE
B LT T EROBRE LT, LT ¥y b eiRE
LTWah, Th77y MRIZ96 & LTWADT, Zh
REBLUTHRETA L, HARGER 96 DLFETRLIS
BOILFH 1Y) OIEHREIL 4.30330 x 2225 = 2.22
7% 5. Brown SHPBEWLREBI—/NADOKE SN
1087 X ThHI LERTHE, HAFOEREL
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Table 3 - The relation between the size of training corpus and cross entropy.
FEED— )NADKEE 2.56 3.23 3.85 4.45 5.06 5.66 6.26 6.86
1-gram €7V 11.9769 10.3021 8.7935 7.6972 7.0243 6.6247 6.3905 6.2586
2-gram €7V 11.3875 9.3900 7.7457 6.5839 5.8277 5.2788 4.8565 4.5437
3-gram €7V 11.3986 9.3708 7.7079 6.5316 5.7651 5.1958 4.7337 4.3514
4-gram €7V 11.4034 9.3673 | 7.7031 | 6.5239 | 5.7547 | 5.1817 | 4.7139 | 4.3217
FRI—NADKE S LFHOE RN B
F4 noOfEkr7ORLy O — DR
Table 4 The relation between the value of n and cross entropy.
n 1 2 3 4 5 8 7 8
1E 6.25854 4.54374 4.35139 4.32174 4.31302 4.31098 4.30956 4.30765
n 9 10 11 12 13 14 15 16
e | 4.30575 4.30450 4.30386 4.30356 4.30342 4.30338 4.30333 4.30330
12 12 100
- - 6
;g:ﬂ = JARIL hOK—+ ke
10F 3-gram -&-- 10} FEONTA— OB~
4-gram e // 80#
7 7 e EF
o8 08 e )
Z 2 // 60/%
I I o 7
> 6 > 8l % p
T CT\L . '
O o s 140,
g4 £ 4r pd )
| ! yd #
2t 2 - 20
,-’//
0, y - ; y p p 0 . p ’ y * 0
100 10! 10? 10° 0% 108 108 107 0 2 4 6 8 10 12 14 16
FPEA-NIADNFH n
B1 FPI-NAOKEELrOATY OE- DR B2 nofftrraxybod—opfk
Fig.1 The relation between the size of training corpus Fig.2 The relation between the value of n and cross

and cross entropy.

LTFEADPERL TWAEIL, Brown b DR EFE
T5.

n-gram €7 NV OEFICLELE () RKi3, B
FITEET ZDOPEEPOBRETH HD5, TOHBAI
X, O(e™) OEBHEBISLETHE., D7D, JA
PNy Y ahEDT - FEBELRHAVT, EFHa -
ANVCEBRHBET 5 LFHIORE T 2B T 580D
FEhk ohb, COBEORBEBOERELS n
XFUTFOXFFIOBEHEE 2 IKMATHAH. &
DT TTPL, VAMRNy Y ahEOT - iEER
EHFHTIUEBB L% O(n) OFREHEE T n-gram
EFIVNEETCELI NGNS, F2, K4 LK 2
13, EBIC n-gram TFVELAT AT, BYIC 0
DEZRAIGIEE 25, 72k 21E, 2-gram €T V%
3-gram EFNVICERELHE, 7HAZ bo-
L) HHETH 4.23%DHE L % BN, HEROLSE
CHEE % HEREESIIN 22T RS,

3 ETHRNZE IS, HEE ngram 7 VL, B

entropy.

BELTFHT 585 L RAFEOXFS ) FHT 5550
Wb, EFNVERTRAPLONE LI, b
B OERNOFEGEMLIEIETAI L TE S,
5k, COXHICLTEELA7mAZY P OE—
DERFTORRTHSD (n=16). COKERETARB L,
FANT=RAGTE7OAL bR E—2iE, B
BEYrFHTI2E0PR ) RELFESELTNBE L
BErh, LoT, EHNICLYRWEETT VEHE
BT B700iE, TOWFPERETAHIEPEETH
LEEZONE, 201D, GFERLLE L EDL
EHST VA LA THDEELLND. &
7z, ngram EF NV L) SHREOHNET VAW
HTEvEZOLNL. RPN, RAFBOXFH %
FRTATTIEBTEIENLET L. ZOBAEI
b, XFD0 7 I A% EERMBESCHERURE B30E
% ED n-gram EF VL) DHBEOBVET IV T A
WL ENEZOLNL, Tz, L HRERMIIC, XFETF
W IBEPLBER (B3 oERERAET L

-
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Table 5 Component contributions to the cross entropy.

TN DRSS YORLY B
TEREF T 3.92692
RBFEO LT 0.37638
&aFr 4.30330
DERIEVRETH 5.
5. bV
REmL T, BEELHEALAL L7z ngram E7 VI

LHHAEOLED ) OEHELEHET 5 HEH
BIL, EDR 2= A9 2 BT EROERT ]
Bz, a—8AD 9 FpHHfEE L 7 ERER 16-gram
EFLVEBNT, BYOI—SAOXTHT 1) DIEFR
BB LER, OREOBHREO LR (F7uxx
Yho¥—) 2L T4.30330 By b EWwWIHfEERR/.
$72, FEI—RNAOKESELETVOREICL S
DALY+ O -0 LEFIHER, ETLVOXREK
2ETAI LI BBLERMNTH LS, FEHI—
NAZKELTAHZ LICEBEALBIEIRESE 2-gram
EFNTHDPLEYHBE LNV T LG roTz.
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