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Abstract: An integrated semantic analysis system is presented, and the structured language models are proposed
based on it. The semantic analysis system can automatically tag semantic class for each word and analyze the
semantic dependency structure between words with the precision of 90.85% and 75.84% respectively. In order to
describe sentence structure and long-distance dependency, two kinds of structured language models are examined
and analyzed. Finally, these two language models are evaluated on the task of Chinese speech recognition.
Experiments show that the best semantic structured language model—headword trigram model—achieves 0.8%
absolute error reduction and 8% relative error reduction over the trigram model.
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/Dd15 /Ael3
/le0l /Hj28
English: These years, Doctor Yang pays alot of attention to the popularization and application of hisinvention.

(Wi /s): /Call /Ka0l /Gb21  /Aa04 /Hc05 /Dal4  /Kdo1l

(a) The sentence tagged with semantic classes

(a
T
experigrter
time
C)M{n: \
degree
restrici ‘de
regfictive restrictive | gepaqdency coQrdination
[Yang] [Doctor] [theseyears] [alot] [his] [production] [popularization]
[pay attention to] [invention] [of] [application]
(b) The semantic dependency tree
(b)
Fig.1 Semantic dependency structure of a Chinese sentence
1
(wi/s): /Dd15 /Ael3 /Call /Ka01 /Gb21  /Aa04 /Hc05 /Dal4  /Kdo1
N1e01 IHj28

English: These years, Doctor Yang pays alot of attention to the popularization and application of hisinvention.
(a) The sentence tagged with semantic classes

€)
-1
Modifier (i) HeadWord (Ha) : :
Index Word Index Word Semantic reiation (R)
1 /Y ang 2 /Doctor /Restrictive
2 /Doctor 5 /pay attention to /Experiencer
3 /these years 5 /pay attention to [Time
4 /alot 5 /pay attention to /Degree
5 /pay attentionto | -1 -1 /Kernel word
6 /his 8 /production /Restrictive
7 linvention 8 /production [Restrictive
8 /production 10 Ipopularization /Content
9 /of 8 /product //'De’ dispemdizrey
10 /popularization 5 Ipay attention to /Target
11 /application 10 /popularization /Coordination
(b) Semantic dependency relation list
(b)
Fig.2 Semantic dependency relation list of a Chinese sentence
2
12
121
W ={w,, W,,..., Wy} S={s,,S,,--1S\} T = RL ={SR(D), KR(2),...,
SKR(N)}, P(T,SW) , , (@)
N
P(T, SW) = [ T{P(s¢ I Ti1s St Wiea) POWi | Tt S Wie)P(Tes 1 Teas S Wi} )
k=1
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[10] ,
(Experiencc-::r,right)
(Timeight)
(Degree,r’ight)
(Target left)
(R;strictivé,right)
(‘De d}depen’dency,left)
(R&strictive;,right
: \ (Coordination, eft)
;e;stri itive,right) (R(Hricﬁvigm) / \
[Yang] [Doctor] [theseyears] [alof] [his] [production] [popularization]
[pay attention to] [invention] [F'deT) [application]
Fig.3 One of the binary semantic parse trees for the semantic dependency treein Fig.1
3 1
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(6]

Trigram model

1 2 3 4 5 6 7 8 9 10 1

(a) Traditional word trigram model
@

Headword trigram model

tifhe
degree restric ‘de
regifictive restrictive | dency
1 2 3 4 5 6 7 8 9 10 11
(b) Headword trigram model
(b)
Fig.4
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(15)

%71 k-
Py (Tt Sy Wiy = {H [P(Sj |T171r Sj—l'Wj—l)P(Wj |ij1r Sj 7Wj1)]} {
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1
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T939%4 ,
T9394-SDN
SCR). SCR=
( W, W, R) ,
( W, W, s R) ,
SRCR). SRCR=
SSCR). SSCR=
(Sem class tagger) .2
(2% Dep parser ,
( (M 9) .3 4 SWT ( (D)

Tablel Resultsof semantic analysis system

1
SCR (%) SRCR (%) SSCR (%)
Sem class tagger 91.41 - -

Dep parser 100 67.25 76.87
SWT-Parser 90.85 66.50 75.84
WST-Parser 90.20 66.32 75.66

SWT WST SWT

0 wsT SWT
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P(s1s.2,S2), SWT WST ,
, ( 33 ) ,SWT WST

3.2
THSP ,THSP 11 ,
6 5 ) 120 , 25
[6.7]
Ri(W) = AR W) +(1- )R (W) (18)
; Pr (W)
N
B W) = P(Wl) P(Wz |W1)H P(Wk |Wk721Wk71) (19)
k=3
P2 (Wi W 1) = AR (W [Wi_1) + (1= 2) B (W Wy, Wieq) (20)
321
(PPL) . , ,
l K-1
PPL = exp(—? D log P, (W, /Wl,...,wil)j .
i=0
, o2 PW W) =1
31 . SWT- ( (20) A ,
2. ) )
A=04 Trigram 28.11%, 10.17%.
Table2 Perplexity of headword trigram model under different interpolation weights
2
2 0 0.2 0.4 0.6 0.8 1
PPL 276.31 250.34 248.20 253.32 267.11 314.44
322
: 2 - (6]
( (1), D(Ty4) h, W
kS ' ) gl 21
P(d) = > 5D, d) o, S0 ) (2
k=1 i=1
PTELSAW,) (15 8(xY) : x=y ,8(x¥Y)=1; ,5(xy)=0.
THSP , 5 . 41%
2, 2.733 637,
323
, 45 MFCC , 14 MFCC 1
, DDBHMM (duration distribution based hidden Markov model)*¥ ,
, (trigram) , 100
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, 31
3 ( trigram) 1 (1-best) n (n-best)
0.6
0.5
.. 04
g 03
£
0.2
0.1
0
1 2 3 4 5 6 7 8 9 10
Depth
Fig.5 Depth distribution of headword trigram model
5
Table3 Chinese character error rates of 1-best and n-best paths of baseline (%)
3 1-best n-best (%)
1-best 5-best 20-best 100-best
10.20 7.66 6.24 5.08
4 3 ( (FSDM) (BSDM)
(HTM)) :
Table4 Results of all semantic structure language models (%)
4 (%)
CER (relative error reduction)
FSDM BSDM HTM
SWT-Parser 9.56 (6.22) 9.40 (7.80) 9.39 (7.94)
WST-Parser 9.87 (3.19) 9.89 (2.99) 9.37 (8.14)
(FSDM) (BSDM) ,
, SWT-Parser  WST-Parser
7.80% 2.99%.
(BSDM) (HTM) ,
3 . 3
( 67%) :
) 2 )
1 , )
0.8%, 8.14%. ,
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: (13 67.7%. ,
) [6,7] ,Chelba
WST
1
, .Chelba Upenn Treebank ,
2.
—SWT WST . ,
, Chelba WST
3.
( @,
. 6 ,
Chelba 2.208 588, WST 2.733 637.
, Chelba 10.08%, WST
9.37%.
0.7
0.6
05
>
% 04
§ 03
02
01
0
1 2 3 4 5 6 7 8 9 10
Depth
Fig.6 Depth distribution comparison between headword trigram models
with and without our normalization method
6
5
[10]
90.85% 75.84% . ,
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10.17%. , , 0.8%,
8%.
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