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Voice User Interface

O Voice User Interface (VUI)
- ZREE AARDAREX] 242 7|8IC 2 5= QIE |0 A
- Q2 =MH (Human-centric)0| 1 XtHAA 2 2IE|H0| A (NUI; Natural User Interface):
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Advantages of VUI

- Hands-free : QIE{2{H 2 Bt SO 0|2 J|20|X| 40T &| 1, Y£0| A2 (FEIEIAY Tts)

- Zero-depth : GUI= AHISX0|0{A 2HS| K= S =X

mjo

O|FX[2t, VUIE SoliM= o BHAIS

- Fast: ElO|EEL} 414 = S YHO| HE. (B0t S=0{2| =2, of 3H{2S| £)

- Short Learning Curve : H2X0[7| F0 2 HZ2FS 7HXIH, X[ 2[2]0f| CHeh s =0t

A= AHSE EEE S A AE It

- WOW Factor : 7|Z0j iE M2 QIE4MS MoKl AFGXLE AT ot Q47 H 4 AU
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Spoken Language Understanding

set_alarm

II__I A 7 O| X :Ol‘EﬁF*'lx'l M "
S 100l MAH - E=E (when="10am")

Intent Detection
Slot Filling

O Spoken Language Understanding (SLU)
- CH=h A|AEOM Eot2 2 E o|0|(Meaning)Lt 2| (Intent)E =2
- FEEI A0t= 0)2] Zo|El |0 E4H(Semantic Representation) 2O 2 H S

HEE] AAO| HHS IS5 48 B 4 | o
- YUINOR [} SIIX| ERATIR Lis 4 S
I.

- Intent Detection : &%}Xte| o| & miel
- Slot Filling : si% o| =& s &5t=0| 2 25t Slot It




Difficulties of SLU

Extra- Speech

grommoaticality Recognition Utterance
Error

Out-of-domain




Difficulties of SLU

O Extra-grammaticality
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Difficulties of SLU

O Extra-grammaticality
- = Y Wole 22 & W2 Ch2A| & Ko T HEf(well-formed)?t OFE.
- @it o =z FOOAMELD LO0M ZEA HYs B TS,

O Disfluency

- 20N E| Ciets FAORA| S50, ZEROI(RUA], &, XH), BHE, HXAHE, &= S0l ZZE|0] US.

https://www.youtube.com/watch?v=Fnnahpetxkc




Difficulties of SLU

O Extra-grammaticality

- T2 o= 2
old

O Disfluency

- YoM S| tets REOHA] B4, ZHRO(RUX], &, XH), EHE, HEAHE

I

O Speech Recognition Error
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Difficulties of SLU

O Extra-grammaticality
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O Speech Recognition Error
- YHIXOoZ SlUE

= — O-|
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O Qut-of-domain Utterance
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Process of SLU

O 2d A0 O[5l ZEM|A
- 1. Conventional SLU

- 2. End-to-end SLU
Conventional SLU

Speech 3 Text : Intent
: L
: TURN THE . action: “activate”,
- —-— e KITCHEN object: “lights”,
.. ” LIGHTS ON }location: “kitchen”
Speech End-to-end SLU Intent

----------------------

Y g

. . action: “activate”,
,.....- SLU object: “lights”,

. . location: “kitchen”

. A |




Conventional SLU Pipeline

O S Ao O|8 T2 M|A - 1. Conventional SLU

Conventional SLU

Speech 3 Text ‘5 Intent

TURN THE action: “activate”,
- —' - . AS R KITCHEN object: “lights”,
5 LIGHTS ON location: “kitchen”

- S3UM(ASR) E=2f XjA0] O[si(NLU) 2=0| HEE Ojo| Zefel F12=

- ASR 2=2 Soff 2AIE 2 ™A=l 2otof| sl 2|0 H4H(Semantic Representation) =&
- IOO|EERl f=0|7| IfE0]| SdUAY|0| e|&H (BEeIA @F oY)

I:IOI__I 1 —

- Rule-based / Data-driven &2ttt



Conventional SLU Pipeline

O S Ao O|8 T2 M|A - 1. Conventional SLU

- Rule-based / Data-driven &4+

- Rule-based Approach : 1 HE3Al 59| 2HCtst JAIS O|2] HO|6H0] THEd OfA

ot A= 0 ot OnS
- Data-driven Approach : Sequence labeling X|2| 2T-AM <& ZH ot (CRF & AE)
Utterance show/|flights [from| Seattle [to| San |[Diego| tomorrow
Slots O O O |B-fromloc| O |B-toloc|l-toloc|B-depart_date
Intent Flight

But, 71247
Al olo
o A O



End-to-End SLU

Speech End-to-end SLU Intent

----------------------

. . action: “activate”,
4...'- SLU object: “lights”,

. ) location: “kitchen”

. . }

----------------------

O SM AHoj 0|8 =2 M|A - 2. End-to-end SLU
- 22to| mEg 2t BHo= K|XS} SHM OfL|2t 84 IIMEE o] HAMIX| HEH o A/xs)
- HAE Hef2 FARlEE STR 22 FYORM 242N RUS S 4 AL,
2P (BP0 2SS, HO{EE, FST % )OIl A QE7f HiM o = = X E E|A2}
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Case Study : End-to-end SLU

Speech Model Pre-training for End-to-End Spoken Language Understanding

Loren Lugosch', Mirco Ravanelli*, Patrick Ignoto?,
Vikrant Singh Tomar?, Yoshua Bengio'*

1Université de Montréal / Mila, ?Fluent.ai
3CIFAR Fellow

{lugoschl, mirco.ravanelli, yoshua.bengio}@mila.quebec
{patrick.ignoto, vikrant}@fluent.ai

O Speech Model Pre-training for End-to-End Spoken Language Understanding

- Interspeech 20190{|A] &5
- Paper : https://arxiv.org/abs/1904.03670
- Code : https://github.com/lorenlugosch/end-to-end-SLU




Dataset

Split  # of speakers # of utterances # hours

Train 77 23,132 14.7
Valid 10 3,118 1.9
® Test 10 3,793 2.4
Total 97 30,043 19.0

O ‘Fluent Speech Commands' Dataset

- Fluent.aidfjA b G |H = S|

- % 97D§0| B}, OF 30HEIB} OF 19A|7He| AR

- AOEZ ALF2|20f|AM Voice Assistant@t QIE{2MHSH=
- Ex) "Turn on the lights”

- Intent 2= : (action, object, location) 37H2| HIE| = O|F0{ Xl 2ot o|O| H4AF (5 317H)
- EXx) (activate, lights, none)

- QoS f{or Chfet o2 Ze[0]

<CO[E{A 2>

0o

g ZF H[O|EAl

- "Switch on the lights”, “lights on”,
- Dataset : https:/fluent.ai/fluent-speech-commands-a-dataset-for-spoken-language-understanding-research/




Procedure & Architecture

i) Pre-train to Predict Phonemes & Words Cction : “activater,
object : “lights”,
location : “kitchen”

ii) Train End-to-End SLU Model :

\ 4 ( \
IT WAS THE

checdeno Iword | msTor »
e | | . | classifier THE WORST OF e —
Ll : TIMES b 5
& l l l J Phoneme | IHTWAAZ . ] ] :
o | | - | classifier DH AH B EH S A\ -
: T AH V T AY i .
- : MZIHTW o N
. AA Z DH AH W NN :
"~ = ER ST AH V : :
R TN B T o Av M 1 I J

*,‘Q” . .t M R I I .
Transfer «.‘*”

“It was the best of times, it"'w.,._Leam‘”_Q.s" |
was the worst of times...” " ' “Turn the kitchen lights on”




Procedure & Architecture

i) Pre-train to Predict Phonemes & Words / e \
object : “lights”,
location : “kitchen”

i) Train End-to-End SLU Model . ’

s N
IT WAS THE
l l l Word BEST OF ™
Ry PSSy Y _ L s O s
e | | | . | classifier THE WORST OF \ ............. —
: | | : TIMES e *;,_
5\ l l / Phoneme | 1IH T W AA z : N :
i N | classifier DH AH B EH 8 : @ .
. : T AH V T AY : :
: I : MZIHTW o )
; : AR Z DH AH W |, :
RS - ER ST AH V : :
U T T o e 2 iU J:
*‘,” e .
Transfer  ..°] *4'..,”
“It was the best of times, it"'n..'.‘earn'.”,g.v" |

was the worst of times...” " QJrn the kitchen lights oy




Procedure & Architecture

Iy Qe I _Word”
e N | classifier
-\ J:

3 ‘ — Phongme
(0 - | classifier
A\ )

“It was the best of times, it ..

was the worst of times...”

IT WAS THE
BEST OF
TIMES IT WAS
THE WORST OF
TIMES

IHTWAA Z
DH AH B EH S
T AH V T AY
MZIHTW
AA Z DH AH W
ER S TAH V
T AY M Z

i) Pre-train to predict phonemes & words

ST

sh& H|0|E : Librispeech 24 H|O|
( http://www.openslr.org/12)

- 3LX : Convolution 2{|0|X{2} recurrent H|0|HE
HHE B A AFOFA 2t 2 A (phoneme) 2t THo{(word) 0|

- 2 =2 github 2|Z0||A St5El 20| E X|s

CX| &0 E= (24014 Sh

o
= —L—- O —1\Oo O =

MI_

- Y OFYof| Cet O == YEo = NN2 |2 O|H ==
HtAl S SFILX|Ql SincNet layerE AR

- SincNet0j| CHet XpAjot A
https://ratsgo.github.io/speechbook/docs/neuralfe
/sincnet




Procedure & Architecture

{

Shject : Miighter, ii) Train End-to-End SLU Model
- 2ob 52 Wo| & jojoIx| ofefBte SAS B
p N - oI5 H|0|E @ Fluent Speech Commands
N - TR

Nl - Ol2| ehget 2924 2E0] intent 255 B

;./. '-\..: - (action, object, location) HlE{Z O|F0{ Xl

| L multi-label &@Alo| o|0] HAMS flattendtod

> < 31749] single-label 25 HAl0 2 Sh&

: L (2+ action, object, location2 S&/%{0|X| Yo,
e e e e autoregressive S12| TH2)

[gr‘rs]frf; ) *,.,” - Word/Phoneme & 7| softmax 2| bottleneck I A&
- 1A = 30h O BEE0| H B2 §ES oMK &

Turn the kitchen lights on . 0 BImE| g|AA 2HA



Experiments

. o B IS, NN B R S
g i 5 . : :
= : : . = . . . : :
g z ; - ‘ g | [
< 0'4 .............. ........ I No pre-tl'aining < 0.4 .............. ........ R NO pl‘e-training
——  No unfreezing ——  No unfreezing
0.2 _ ................ ........ —— Unfreeze word layers - 0.2} fofe ........ —— Unfreeze word layers -
—— Unfreeze all layers ? ? —— Unfreeze all layers
i i % 1 i » i 1 i i i
0 0 5 10 15 20 0 0 20 40 60 80 100
Training time (epochs) Training time (epochs)
(a) Full dataset. (b) 10% of the dataset.
Model Accuracy (full) Accuracy (10%)
No pre-training 96.6% 88.9%
No unfreezing 98.8% 97.9%
Unfreeze word layers 98.7% 97.9%

Unfreeze all layers 97.2% 95.8%




Practice
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- Code : https://github.com/daydrill/end-to-end-SLU-langcon2020
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