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WEFST-based Language Understanding
for Rapid Prototyping of Spoken Dialogue Systems
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MIKIO NAKANO,? KOoTARO FUNAKOSHI, 2
HirosHI TsuJiNO,™? TETSUYA OGATAT!
and HirosHI G. OKUNOT!

Language understanding (LU) modules for spoken dialogue systems in an
early phase of their development need to be (i) easy to construct, and (ii) ro-
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bust against various expressions. In this paper, we describe a method for con-
structing LU modules easily without a large amount of corpus or complicated
handcrafted rules. An LU result is selected with Weighted Finite State Trans-
ducer from an automatic speech recognition output that may contain speech
recognition errors. We designed several weighting schemes. A weighting scheme
is determined by using training data. Since these weighting schemes are simpler
than conventional methods, our method does not need a large amount of data
for determining an optimal scheme. We evaluated our method in two different
domains. The results revealed that our method outperformed baseline methods
with less than one hundred utterances as training data, which can be reason-
ably prepared for new domains. This shows that our method is appropriate for
a rapid prototyping of LU modules.
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Fig.1 Relationship between our method and conventional methods in spoken language
understanding.
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Fig.2 Example of WFST for input and FST for parsing grammar.
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Table 1 Example utterances including FILLERs.

oooooo
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Ooo 00000 0000 oo0000 OB oo
000 000000 00000 00 0000 oo
ooo 0000 o ooooo0o oo oo o

000000 = [month=2, day=22]

02000000000 O0O0O0O0O00O0O0O0O000O0

Table 2 Language understanding results for input “Every Tuesday please.”
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<keyphrase-class name="month">

<keyphrase>
<orth>0 0 O </orth>
<sem>2</sem>
</keyphrase>

</keyphrase-class>

<action type="specify-attribute">
<sentence> {000 O} [*month] *day [0JO]
</sentence>
</action>
03 Ooooood

Fig.3 Example of grammar description.
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(1) word(const.): w, = 1.0

(2) word(#phone): w, =I(W)

(3) word(CM): wy = CM(W) — 6y
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0000D00D0000D00 WDOOOOoo™ eM(W)000000006, 0
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pogoboooboobobbobobooboboobobbobboboobbooboboo
0000000000000 D0000000000D00000 FSTOOODOOOOOOO
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(1) cpt(const.): w.=1.0

(2) cpt(CM):

ZW (CM(W) - 90)
#W

We =

(3) cpt(#p-CM):
S (CMOW) - UW) —0.)
H#W
wiooboooooobooooooooooow o wioooooooooobooo
#W O wiodoooooooooooo
cpt(const.) 001 0000000000000 0U0OOOOUOOODUODOODUDOOD
cpt(CM) 000000000000 O0OODOOODOOUODOODODOODOOUOOOO

We
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03 U0000000 word(CM)Ucept(#p-CM) DO0O0O0OO0OO0OOO0ODODOOOOOO
Table 3 Example of weighting for a parameter setting: word(CM) and cpt(#p-CM).

gooooo ooo ooo O ooo goooo oo
gooooo | FILLER ooo ] ooo goooo oo
CM (W) 0.3 0.7 0.6 0.9 1.0 0.9
(W) 0.3 0.9 0.3 0.9 0.9 0.6
Concept — — — month=2 day=22
word — 0.7—6, 0.6—20, 0.9 — 0y 1.0 — 0, 0.9 — 6,
cpt — — — (09-09—-6.)/1](1.0-09—-6,+0.9-0.6—06.)/2

OU000O0OOcept(#p-CM)0000000DOU0ODO0OOOOOOODUOUUODOUODOO
O0000o0oo0o0ooe. 00000000 OODOOO0DODOOOOODOO

34 OOOOOOOOOO

0000000 N-best OO0 ¢0001<e<NOOOOOOOOOOOO0O0O00O0OO
0300000 wlw,O0w. 000000 «' 000000000000 000000
OO0 wrSTOOOOOOOOOOOOOOODODOOOOOOOOOOOOO0O0O0+:000
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000000 = LU(argmaxw') (1)
w' = max w(p;) (2)
pi
w(pi) = wh + o Z W + Qe Z We (3)
WeA,, WecC,,

ODO0O0LUG) O N-best D i 0000000000000 0000p00:000000
00 WFSTOOODOOOOA,, 0p00000000000000C,,0p, 00000
00000000D00000000000000

0000« 0000000 300000000000000000000000
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00000 O000D000000000000000000000000 aw(4.1 - 56,)
000000000000 “month=2" 000000 . (0.81—6,) 000000 “day=22"
000000 a.(0.72-6,) 0000000000000000000 a.(1.53—26,) 00
000000000000000000000 v’ 0 wl+ aw(4.1 —50,) + ae(1.53 — 26.)
oooo
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ooooo oooo ooo oo 0o
oooooo oooo ooo oo oooo oo oo
CM(W) 0.978 0.757 0.152 0.525 0.541 0.521 gooooo
(W) 0.73 0.46 0.09 0.46 0.36 0.36
[RR] oooo ooo F F oo oo month:6, day:3
ooo oooo 0ooo F F oo oo month:6, day:3
oooooo gooo ooo F oooo F F month:6, day:3, car:FIT

[DoOoo0oooUooO0oO0’FrooUoOoooo
04 O00DOO0OOOODOOOOOODOOOOODOOO
Fig.4 Example of language understanding with WFST (rent-a-car domain).
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0000000 w=w!+0.6600000000000000 w=w:-0216000000
00000000 [month:6]0[day:3|000000000000000000000000
00000000000000000000000000000000000000 [car:
000O0]o0o00o0o0oo

3.5 00000000000000000
00000000000000000000000 WFSTOOOOODOOO FSTODO
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05 0O0OO0O0O0O0O0 FSTOO
Fig.5 Example of FST of a domain grammar.

€ :*back[6]/
a(0.53—0.)

€ :xback[2]/
c(0.72—0c)

€:l\v—x/ € :xback[1]/ [SH -] € “sback[1
aw(0-3 — bu) c(0.09 — 6c) aw(0.9 = 0u) *::(0[,5]4/—90)
€ F/0 €:€/0 € :F/0 €:€/0
AN Hh/EH
FIZZ 4 5—%%7

06 OO0 WFSTOO
Fig.6 Example of WFST for an input.

goboooooboooo

O500000000FSTOOOO 60000 WFSTOOOOOOOODOOOOO
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€ :xback[6]/1.0

€ 4back[1]/1.0

€ :F/0 E:€/0 € :F/0 E€/0

€ :#back[7]/1.0

€:2—&/1.0 €:*back[1]1/1.0 €:125/1.0 E:TY/1.0

€ :xback[6]1/1.0 € :xback([71/1.0

€ :xback[11/1.0

€ :F/0 E€:€/0 € :F/0 E:€/0

€:*back[1]1/1.0

€:125/1.0

6]/1.0 € #back [71/1.0

]
€ :F/0 E€/0 €:F/0 E€/0 €:F/0 E€/0

07 N-best 00000000000 OOOOO WEFSTOO
Fig.7 Example of WFST for an input with a weight for ASR N-bset output.
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*1 http://julius.sourceforge.jp/
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04 0DO0O0O0OO0D0OO0O0OO concept error rated CERO
Table 4 Concept error rates (CERs) in each domain.

oooao gooo ooo goooooooo goooooooooo

oo gooooooooooo O 22.1 51.1

oo gooooooooooo O 22.0 43.7
oooooooo goobooooooooo O 16.9 28.9
oooooooo goooooobooooo O 17.0 26.4
oooooooo WEFST — 13.5 22.0

gooooooooooooocoooooboooboOoboOooboobooOoboOooboooDooOoOobo
goooooooooooboooooooooboooboOoboOooboobOobOoooooDoboo

0000000o0oO0000ooo0o000 CEROODOOO0OOoOoooOooooooooo

goooboobooooooooboooooooobooobooOobooooooobooocooooooDooboo
gobooooooooooooboooooooo
gooobooooooooooobooooooooboooooooboboOoooooboooobo
goooobooooboooooooboooooboooooobooboobooooDo
FSTOOOOOOOOOOOOODOOOOOCOOOOOO0O0O0OoooooooooOoOO
goboooooboboooboobooobboobooobooooooboooooooobobooooDooOono e
000000000000000000000000000000000 66.3%0000
000000000 432%0000000000000000000000000000
gooooobooooooooooooooooooooboooooobooboooooDoo
gooooooooooboooooooobooooobooboooobobooooDoo
goooooooooooooooooooboooobobobboo0ooooobooooooDooo
gooooobooobod
400000000000000C0O00OOOOOOOOODOOODOOODOOODOO
0o000ooO0o00oo0o0oo0o0oooo0ooO0o0ooO00ooCEROOOOOOO
goboos2bdiodooobooboboooooooo 22200000000000000A0
oooooOOoOoooooboso0b0O0000173000000000000OOOOO0OOODOO
gbooobooooooooooooboobooooboooobooobOooooDo
gooooboobodooooooooobooooooobooooooooooboooooooo

gobooooobooooooooboooboooooOoboOobooOo0oobOooobbOOoboboOooDoboo

goboooooooooooobooooooooooobooooboooo
oooooOoOoO0O0OO00000000000000o00 WESTOOOODDOOODOOO
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Table 5 The optimal parameters in each domain.

oooo N [o7 Wy Qe We
ooooo 1 1.0 word(const.) 0 —
0000000 | 10 | 1.0 word(CM)-0.0 | 1.0  cpt(#p-CM)-0.8

06 0J000O0OO0OO0ODOOOOOODOOO CER
Table 6 CER when the optimal parameters are exchanged.

goooo 0oooo/CER
N | ow Wes e we 00000 | 0000000
1 1.0 word(const.) 0 — 13.5 25.4
10 | 1.0 word(CM)-0.0 | 1.0  cpt(#p-CM)-0.8 18.7 22.0

goboooobooboooooooobooooooooooboOoon 35000004400
OO0 CERODOOOOOOOOOWFSTOOOOOOOOOOOOOOOOOOOOOO
goboooobooooooooooboooooooboooobooboooon
OsbO00b0o0ooboooobooooooboooboooobooboboboooobOOooobooboDo
gobboUb ee=00000000000O0000DOOODOOOOODOOODDO
oooo0O0ODOO0OO0O000o0CCoOOOD0DODOOO000000OoOoOoOoOO0On0 N-bestO
gooooobooooooooooooboooooobobooooboboooooDOoboOoo
gooooobooooooooboooboooooobobooooooobooooooooDoDo
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Fig.8 Accuracy when training data increased (video domain).
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Fig.9 Accuracy when training data increased (rent-a-car domain).
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