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A Metric Based on Likelihood Difference for
n-gram Language Model Evaluation

AKINORI ITOt" and MASAKI KOHDA'

Perplexity and cross entropy have been widely used as an evaluation metric of stochastic
language model. Recently, several papers reported that correlation between these metrics
and word error rate was poor when complicated language models were used, such as mixture
model. In this paper, a new metric called LEA for n-gram language model is proposed, that is
intended to substitute perplexity. The major difference of the proposed metric from perplexity
is that, while perplexity utilizes probabilities of word occurences in the evaluation text, the
proposed metric accumulates differences of linguistic scores between a word in the evaluation
text and the maximum score available in that context. The word recognition probability
is estimated using the score difference. Then the average of the probabilities is calculated.
Correlation between the proposed metric and word accuracy was investigated against two
recognition results through a speech recognition simulator and a real speech recognizer. The
result proved that the proposed metric had higher correlation with word accuracy than cross
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entropy.

1. 04000

oobooobooobobOob0d0OngramO0O0OO00O
goooooooooooobboooobooooboDDbo
oboooobooooooooooooboboobo
gobooooooboooooboobooboooo
gboooobooooooooooooooooog

goooooooobooobbooobobooooboooao

gooboooooboooooooocoooooooo
gobooooooboocooooboobooobooooao

fooooooo
Faculty of Engineering, Yamagata University
Y 0Dooo000oO0O00000O0

Presently with Graduate School of Engineering, To-

hoku University

2055

gboooobooooboooobooooobOoobooon
oooooboooooboooooooobooooon
gbooooooooooboooooooooobooon
goooobooooooooooooboooboon
goobooooooooobobooooooooDo
goboooooooooboboooooobbbooo
goobooooooooooooooooooboon
goobooodooooobooooooooooooo
gooooocooooboooooooooooooo
gobooooooooboooboooooobooboo
gooooooocooobcooooooboOoooonn
gboooooooooooooooooooobooo
oboooocooooooo
0000000000000 00O0000%00D0
gobooobooboooooooboooooooboo



2056 goooooooo

00000000000 0000000000000
000000000000 0D00O0O0O0oooo®o
000000000000000000000000
0000000000 00000000000000
000000000000 000000000000
000000000000 0000ooo?Y000
000000000000 00000000D0000
oooooooo

0000000000000 1000000000
000000000000000000000000
0000000000000000000000000
000000000000 000000000000
0000000000 00000000000000
0000000000 0000000000

00000000000000000000000
0000000000 00000000000000
0000000000000D00000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000

2. Jgoooooobooobooo

ooboooooooooirooboooooooon
gbobooooooooboooooooooooooo
ooogo

1
Hy = —ﬁlog2 P(wy ... wy) (1)

0000w ... w, 000000000000000
00000000000000000000
000000000 000000000000000
000100000000000000000000
0000000000

PP =2M° 2)
00000000000000000000000
0000000000000000Y 000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000

1
H(L)=~ ) 7Phlog, P(wl)  (3)
wher
pp =2"® (4)
JodoooooooooOoLooooobooooa

July 2002

OOwhrOQo kOOO0ooooooo 3)uooo Lo
gooobooooboobooooobooOooOooooboooo
000000000 ()ooooooooooooo
goOooooooooooocoOoooooobooo
000000o0o0o00o0oo00n0 LOoooooooo
00000000000 (1)obo 3)ooooooo
goooooooboOooooobooooboDbOobOoD
goobdooooobooooobooobooooogan
obooooooooo0oOoooboooooboOo Loo
goboooooooooooooooooooaon
goboooooooooooocboooobooboooo
goooooooboooobooboooooooooon
gooboooooooobobooooooooooooo
gbooobOooooooooooooobooobooo
gooooooooooobooobbooobo 11000
000 10000000000D000000 (1)oO
(3)0000ooobOU00oooOoooOoO s o0
gooooooobooooooooooooooon
gooooobooooooon
gbobobooboooboobooooooooooao
gboboooooooobooobooboooooobooboon
oooooood
(1) DOoUOOOUOOOUUOUOODODODOOOO
gooooooo
(2) ODOOOOOOOODOOODOOOUDOO
(3) 0DOooOOOoOOOOO0OOUOOOOOOoOoOo
gooooboDbooo
(l1)OOoOoooOooLOOoOoOoOoooOoOooDOOooo
gobooooooooboooboooooooboooao
goboootoooooooooobooooooon
gbooboooboobooboooooobooooooon
gooobooooooobooooooboooooo
090000000000000000000000
oooooo
(2)b000000D0O0D0OOO0OO0ODODOO0OO0
gooooooooobOOoooDOobObODbO0obOoDn
gooboooboooooboooboobobOooooo
gooooooooobooodn
(3)000000D00000O0ODO0OODOOOOD
goooooobooobooooooooboooooo
gbobooooboooooobooocooooooooon
goobooooooboooooobooobooobooo
gboobooobooooooobooooboooooboo
0000000000000 000O0N-best0OODO
00000000000 On-bestD0O0O0OOO0OO
oooobooboboboooooooboooobooooon



Vol. 43 No. 7
go0d0ooooooooooooooooooooa
3. dooouoooood

0oooooooooooboOooooooooooo
00000000000 D0007000000000
o0oo000OooooooooooooooooDon
3.1 SMR-perplexity
ocooooooooobooooooooooooo
SMR—perplexity[IDDDDDDS)DDDDDDDDD
000000oo00oo0oo0ooooooo0dosSMR-
perplexity 0000 200000000000000
obooobooooooOoooooooooooooo
oooooOoOO0o0ooOOoooOOoOoOooooooDoOoonoOo
oooOooO0000oooocoo00ooooooooo
oooooooooooOoOooObooOoooooooo
O0O00000000SMR-perplexity 0 00000
goooooOooooOoOooDooOOOOooOooODOO
3.2 000000000

Iyer D0 0O000OOOCODODODOOOOOOO
goooobooobobOOoooboboooboooooo
O0o0O0ODO0O000 trigramO0000000O0O0O0O
00?000000000000000000000
O000OO0O0Iyer0O0D0OCOODODOODODOOOOO
O0000oO0O0O0Oooo0o0oooooooooboooon
00 000unigramO trigram OO0 O0O00000O0OO
0000o0o00o0o000000on ngramd 000
ooooOoooooOoooooooOoOoooooon
ocoooooooooooboooooooobooooo
oboooooooooooboooooboooooooo
ooooOoO0oooocoOoOoO00oooooooboOoooo
o0o0o0o0Oo0o00ooooO00000on

3.3 M-ref0 AWER
Chen0O000D0O0O0OO0OOOOODOODOODOO
00 20000000%0100 MrefOODOOOD
ooooooOooOoOoo10000000oO0O0o00
goooOoooooooOM-ref0O0O0DOOOO
oooooooooooooooooooooooo
oooooOoooooo 2000000000000
oboooooooooboooooobobooboooooboo
oo00ooooooOOooobobO 2000000000
oooooooooooOOooO0o0ooooooOo0O0O
g00o0ooooooooOooOoOoooOoooooooo
00000000 00oooo0o0o0 M-ref00OD0ODOO
oooooooOoocoDO0000O0o00o00O000o
ooooooooooOoOooOoooOoooooood
gooooopooOOooOooOoOoooOooooooo

0000000 ngramO0000O00O0O0O0OOCO 2057

00D00000000000000D00000000
000000000000 D0000000000000
Chen0 0000000 10000000000000O
00000000000 0000000000000
0000000000 0000000000 AWERD
0000000000000 00000000000
0000000000000 00000000000
0000000000000 000D00000000
0DO000O00O0O0o0o

00000000 3)0000Chen0D00O0OO0
0000000000 00000000000000
000000000 000000000000000
000000000000 000000000000
000000000000000000000000
000000000 10000000000000
000000000000000050000000
000000000000 000000000000
00000 100000000000000000
000000000D000000000000000
000000000000000D000000000
0000000000000 D00000000000
0000000000 00000000000000
0000000000000 000000O00000
mixture model® 00000000000 DOOOOO
000000000000000000000000
00000000000000000000

3.4 0DO00D0O0ODOD0OOO

Clarkson 00 00000000 0ODO0O0O0OOO
0000000000000 00000000000
000000000000000000000'YYWaon
00000D0000000000 (1)D00000(2)
0000000000000 00000000000
0000(3)000000000000000000
000000@O0D00000000000000
000 40000000000000000000(3)
oooD0ODoOoO0o

H(wi™") = =) P(w|w;™")log Plw|w; ™)

weV

0000000000V ODDO0O0O0000000

00D000D000()0 (2)000000000000
()0 (3)000000000

Clos(X) = 1+ D {-MH(w{ ™)+

(1= X)log P(wilwi™")}
D000A=010000000000000000



2058 goooooooo

goooobboooobcoooooooooooo
gbooobooooooooooooboobooooo
gooobooooooooooboooooooobooboo
gboooooooooooooooboo

4. 0O00O0OO0OO0O0ODOO0OO0

O000oO0oo0oooDo0ooooooooooooo
ooooooo
(1) 0OO0O0OO0OODO0OO0OOO0 SMR-Perplexity 0000
000ooo0o0oooOooo0oOooooon
o0ooO0oooOoooooOooooao
(2) ODoOoOOoOoDOOOOOOOOOOOOODO
oooooooooooooo
(3) 0DOoOoOoOoOoOOooOO0D0OO0DO ClarksonO
O0o0O0oo0ooooOoooooooooon
0oo00ooOooooooooooooooo
00o0o0oooooooooooooooooooo
00000 LEAOOOOOOOOOOOOOO0O0O
000oo0oO0o0o0O0o0o0oooOoooooooo
o0ooooo0oOoOooooOoooO0oooooooo
oooooOoo0oo0oooOoooooOooooooo
ooo0oo0ooo0oO0ooOooOooooOooooon
ooooooooooooo w0 oO00OOO0OOO
0oooooOooooOooooooooooooon
ooooo0oo0o0oooo0oooooooooon
00000000000 ooooooooooooo
ooooo0oo0ooOoooOoooooooooooo
00oO0ooo0o0oo0o0oooooooooon
oooooooo
O00oO0o0o0oO0ooO0ooOooOooooooooooo
00000000o0o0000000n wy,ws,...,wN
000000000 w 0000000000000
00000 hOOOOBigramOOOOOOOOO

P(wilhi) = P(wi|wi-1) (5)
trigram OO0 000000
P(wilhi) = P(w;|w;—2wi—1) (6)

oo0o0o0o00ob0000ngram 000000000
gooooooboobbobooooobooboo
goboobooboobobobobooboobobobo
000w, O0OOO0OO0OO0O0O0DOOO0O0O0OVO
goooooooo
We(;y = argmax P(wl|h;) (7)
wev

wHW;

0o0000w.; OOO0ODOO0O ;000000000
000000000 ooooooOP(wlh) 00O
00000000O0w.;) 020000000000

July 2002

gooooooobooboboboobobooooboobg
Uwe UOODODODOOOODOOOODOOOO
oboobooboooobbooboobooobo
gooobooboooobo0 ws O000O0O0O0ODOO
ool , o0obbobbo0ob0bw, OOOOOO
P(z;lw;) DODO0D00O0O0DO0DO0O0O «0000OOO
o0 w, 00000
L(w;) = log P(zi|w;) + alog P(w;|h;)  (8)
uoooodtfw OOOOO
L(weiy) = log P(xi|we(i))
+alog P(we i) (9)
00000d00w; 00000000 wey 00O
goooooobooboobooboob0 w0000 O
ooo
L(ws) — L(wu) > 0 (10)
oobooboboooo
d(w;|hi) = log P(ws|hi) — log P(wesy|hi)
(1)
Oo0ooo (100000 e0O0OOOOOO
L(w;) — L(wee))
a

= d(wilh;)

(12)
. log P(@i|wi) — log P(wi[we)

(0%
(13)

oooo

00000000000 00000000000
0000000 d(wlh:) 000000 log P(a:|w;)0
log P(zi|lw.;») 00000000000000000
00000000000 0000000000000n
000000000000 000000000000
0000000000 0000000DO00oogog
00000000000 000 w; 00000000
0000000000000 000000Oooog
0000000000000 00000000000
0000000000000000000000000
log P(xi|w;)0log P(zi|lw.;)) 0000000000
N(uc,0&) 0 N(up,0%) 000000000 (13)
ooooog

2 2
HC — D 0C + 0D
N | d(w;ilhi) + , 14

gboooooooo

_ jc — D
p=— (15)
ol + ot
o= —Ca2 D (16)
g = d(wilhs) (17)



Vol. 43 No. 7
Pe(glu.0)
1
[0 el /
0 . 1 . .
—u-36 —p-20 —u-c — —1+6  —p+26  -u+3c

9

01 Pu(glu,o) 00D
Fig.1 Overview of P.(g|u, o).

O00O0oO0oo (ooooooooo

_(t—g-p)?

202 dt (18)

1 oo
Pc(9|/£70):m/ e
0

atn
! /‘U -5 at
= —— e
V2 J_ o
goooopP. 000000 gODDDODODODOO

gobooooooooobooooooo10000
obooooooooooooo

Llpo) = 5 > Pdwilhlue)  (19)

oooofLO0000oooOooOoDoOoooOooDoOooo
OO0do0d0oOoOO00oo0obobOoooobooboooa
0 0 [ Linguistic Estimated Accuracyd LEAOD O
opooooobo
gooooooboboboboboobood pOd o
0o000o0o0o0o0oonooooooin wee OO
goboooooboobbooooobobooooo
wey 0 w; 00000000000000 0w, O
gooooOooboooboobobooboobobog
goooboooboooa
ODUO0ODOLEAOUOODOOOOOOOOODOODOODO
gooooa
(1) ODoOoooUOooUoUOoDoooo
(2) 00w 000000000000 weyy OO
oood
(3) w; O wey DOO0000000000 pO0O
00000000000

5. 0D Ooogano

0000000 LEADOOOOOODOOOOOO
gooooooooooooboo0ooooooboooo

0000000 ngramO0000O00O0O0O0OOCO 2059

01 00100000000
Table 1 Corpora used in the experiment 1.
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Table 2 Language model conditions for the experiment 1.
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Fig.2 Cross entropy and word accuracy.
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Table 3 Corpora used in the experiment 2.
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Fig.5 The interpolation factor A and word accuracy.
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Table 4 Analysis conditions and acoustic model

conditions.
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Table 5 Correlation coefficients between the word

accuracy and various metrics.
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Fig. 10 Relationship between p, o and correlation

coefficient.
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