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DEVIEW

1.1 &3 thzt A|AE

TaskOCH AR I[=0] HAI2HE

Domain Voice

Experts Assistant

e.g. Al o2t HE =SS dM  HEATHCHHHE|X] HY, ZHEE, 7|

Dialog State 22| Documents & DB HEHEE =0 Service API 91&



DEVIEW

1.2 AOIE AT|HO|A] NLU

Oj0| & L2l E0{FH
AO71E AL / D ZYojylo|ty
HOI L_I-Ml 0.|[[H7 _ .

. N HojH HAE Q
o= A »
= =] S p NAVER 035470
T *l-EI-J_ u-"EOH 295,000 4 3,000 (+1.03%)
]0fH 71 EeqH L I
o o WWWMV
ot 2= =)
il
Ltz ot Lto| Zoto} MzloT
Al B > AMB|A/I]S a4

mapping



DEVIEW

1.2 AOIE AT|HO|A] NLU

AMH|AOA A 88X /oA XHOI NLU 25| e
- Sentence labels F=/2%: domain, intent
- Slots &= 8! ¥}

CHAA| HHof| E[H] 743

5:300{| TV 11X} Sentence Label: control:turnoff
S5A| 30L0]| Elgj|H|™ X2l 7H - Slots: <datetime hour="5" minute="30">
5A| HHoj| E{|24|5] 117| <device name="TV">

CHAAl e =20l E[E0] =0l



2.nlu_scriptl| Er4ll Hf



DEVIEW

2. 1NLU T2 EEIQ= A2 EH 2020

QA =&, Intent category % slot types 22|, B3 X| X| %t

8. ITACK D = Vi
9. Track 11 - 0| A2t
10. Track 6 - 0| A2t

Wizard of Oz testing — The listening type writer IBM 1984

l Dear Henry f

\ % m \‘ \, ‘Ti.
0.
1 AL \W 22::2':,,"’

What the user sees The wizard NLU 0.1.4 ™

User: ORO|=

System: Jt== Ol0|=E] = =22 M DHtE (Feat. ZH0|E! of HISTORY) AHeHEHL|CE.
User: 1°H Zf

system: = =22 M OHt= (Feat. ZM0|E of HISTORY) (HIHM|&?

User: 1°H 2+ 2fL|PF

System: = &= 2 HEM=?

User: ok

System: Ji== okZ| = M[2M= (Narr. Z22|=) F{HEH_|CY.

User: 77T

system: HEEF L= HIHIZE A ZRUSLICH H|=EF HE2ZE ChA| EstiTAl=.

oto|§ XAl A closer I

ofo|R(IU)2] ASA LT

REE
1. A28 - 0[0|R(IU)

.Z2d - 010|R(IU)
3. 22 - 00| (V)
4. Zeze - O10|R(IV)
5. Aff A1t - 0to|R(1V)
6. Red Queen (Feat. Zion.T) - 0}0|R(1U)
7. 9tA - 010 F(IV)

e 8/4 Ul & MG define &1}

o Ul: 1374 8. 0 - 010IR(IU)
R
User: Z4X12 | 20]| Chot CHetE A< StfLp 2 E[? ° MG: 2274
e OlO|RESONG 22 =82

U2 Of: o S0M- 0H0] & =2 Fi 4432
System: ot =89, o Z2S QINGER B =2 # User Intentions Main Goal
System: R2t0 L&SHI0IR f{f:a :‘jjjl 1 add album
User: 7|C}24 2 delete album.name
System: Y| 21 3  down app
OIS S01 0| LSS ( ) HEeHS RE It47HE70pOILITR 4 |download _artist
O|:: f2l EE S X[F2 L7t E2=0|, O{EH| 51 & == USWt O[H ALIZ|2HER () 5 help artist.age
User: tIZ6HE B2 Jj7t ALY 6 move agency

7 play artist.date

Sytstem: AOCARJL|CE.




DEVIEW

2.2 control =M|2!= A H0l= GF

‘THS @7, “A2| " 22 B Wt Q6]2] O 27 98I UL
- 7| 24M(using key-value DB) At
- Grammatical Framework £ 2!

concrete FoodEng Food = {
lincat
Phrase, Item, Kind, Quality = {s : Str} ;

FZ0i0| inflections TAFE T/40{0]

lin Vi V2 V3 V4 V5 Vv

Is 1tem quality = {s = 1tem.s quality.s} ; 1 oAl ot 3 o o =

This kind = {s kind.s} ; 5 = ~ o '01' x5t T Ct 7|

That kind = {s kind.s} ; : e == = = 2

QKind quality kind = {s = quality.s kind.s} ; Sak i = = =) =

Wine - {s o B =& 20 At

Cheese = {s } o 3 T — O =

Fish = {s } o 6 =He HE &

Very quality = {s quality.s} ; 7 Z0 g x| ZAMAL

Fresh = {s } o ey =0 =X

Warm = {s } o 9 = ~ oL}

Italian = {s 10 = o127}

Expensive = {s = T M=

Delicious = {s 1 =t

Boring = {s




DEVIEW

2.3 A}, A2t £X} Hste| Lt

Schema @A 124 1
o|2|(?)e] BtA: rule ?|HIO 2 & 99%0|| 7/t HAS A=

2020 712 e 50 3228 3¢ 4=}
datetime duration duration money

- year="2020" - days="10" - month="3" - value="4"

- season="FALL” - day="2" - currency="USD”
CEE OIS EQ % 22 3A|0f O & 114| Et 0|20
datetime set

- month="+1" - days="1"

- week_in_month="LAST” - part_of _day="NIGHT"

- week_day="1" - hour="11"

- part_of_day="PM” - minute="30"

- hour="3" - mod="AFTER"



2.4 foma fst &7

DEVIEW
2020

Foma: finite state transducer 2E4AA 2(0|HE{2]
- Xerox regex2} 2 2tk|= AFZE 2 X|&

foma[@]: def ANIMAL [T QF O|]:CAT ! [ZF OF Z| ! 7H]:DOG:;

|

|
defined ANIMAL: 567 bytes. 6 states, 7 arcs, 3 paths.
foma[@]: regex ANIMAL+;
599 bytes. 6 states, 10 arcs, Cyclic.
foma[1]: apply

down med up
foma[1]: apply down
apply down> 11 QFO|
CAT

apply down> 11 QFO|
277

slot &0 Heloo? > X
slot Zreofl Hyetor? > 25 J8 ks

GFELC}LI2I1? >

~J
Bl
IE
rlo
in
A
H
12



DEVIEW

2.5 nlU_SCript ng—{lg *lx—ll- 2020

Requirements
- Regex match?} O|F0{X|™ sentence labelZ FZ5l{Of oL}
- Slot type and range HHEE F&=||0F SHC}
- Slot0]| StLt O] 2| attributeS “F2lot ! Frzke  UO0{OF SIC}.
- $HR0{0f| 2| o] = RSO R 5| B3tE| LR AL HAIL 4+ 10{0f St
- PR & = U =S FHO0| & £H%0[0{0f SIC},
- HAlE XHALSE 4 QL0fOf BiCt
..foma2= AAO0| ¢t L} =0|? TransducerE H2t0f| A= A X|2F
ME=Z syntaxs S2|ot1l parserFE HMZoHX| 252 2F E| =
OlA| 752 e21? E B2Z L7} QT eI TENEZ

| -



3. Machine Learning v



3.1 AR 7|20 2HH

0| 7X9| of2{

20 3 A2

.25 F HAEQ 08{=
E43} 4|8 25X

. Out of domain &4

. Wildcard slot 3 &4

DEVIEW
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DEVIEW

3.1.1 ML Cons. H|0|E {1=2] 024 =

- Schema 4474|: S2I% BUO| S5 WAIS B2 SO0f7| 44}
_ |__-||:| H XSt I:Il-%x| E|-|7I jl.Ol : AE_I_=| | .75-|_+_ 2= OlM— AQ
=)

=
X7t oI ErE 73 /EE| HEX lolgsHLo 2 SI}

O} - weather= E{4 Schema A Schema B

| > chato 2 Ef2 Corpus *® Corpus
\/_ \/_

= LFU =
EEl'é‘
= LFA _75_
EEl'é‘

74 Lo & "FXA"S person2E Ef Y

" " Framework A Framework B
OIMOo| EHE L2l > "SA|M"S musician@ &2 EfA

Code ® (Code
CH NSRS > "2k 2O S Sl slote@ B S

S XY > "B RS B2l slotC 2 EfY M= 220 2%t...7

HI MO



DEVIEW

E *l 7 I_ 2020

= LS, Sl ofF0l 272 A2 48
- 28 dec £ 02 MH|A SA] X0 = AHE
- 8 282 Floll I V|5 =3 B2B 2+AIY tis S0 =4




DEVIEW

3.1.3 ML Cons. 2= 9 HAEQS| 0|82

HEH8: A=T 7| AB testE o'H CHEFe| diff /4

- Diff= Af2to| &1™ H{ A =0} A LIHitfX] 21 H|= = *x—l

- @M, BEX| Fo/HH S RE MM HE

- test case RX|E H|E0| F > #2 &LV 0gig > 83, HE[E =H =9

@  (CiFIREI "NoptE Bojat
2P| o R

- »

r




DEVIEW

3.1.4 ML Cons. Es2t H|E2 &4 2020
“HifOfHHtOF" Hholof| CHek
O|EHO|| LAFOJIM A& intent label= M 2|SH A
'C-device'o]|C} US| FIlol 282 R.

"HOpOy 2t WY

@ ®
FHEE MR —
E I Il Of 20| L intent2}

= LA ‘85 Kot 20|H

=H| 7|12I2 3F8E...?

XIF XXl TmIQSE A O]
H|O|E EHA 2X|, schema == 24 &5... ij =80l =RE T **013'[




DEVIEW

3.1.5 ML Cons. Out of domain &4

7.5 - .
5.0 - 5.0 -
2.5 A 2.5 A
0.0 - 0.0 -
o —2.5
o -5.0
e —7.5
—10.0 A —10.0 A

O|At (ideal)



DEVIEW

3.1.6 ML Cons. Wildcard slot & &4 =™

HI2, HA[X] ELR2], Y S2| =H[Q
S22t x|of 'WoiE 2x|, O LO|= 2R, wiEIGI0| O} 27| ofH T

108 14 M| ZUCIT 2R > EM|?
Sz AP | HIZ Sl > £37
L3 E A0o{71=0[2tn o2 > 247
AL|H HY O IARICID HZSHE] > HEE?
7PM2| 25 7A[2| H&L XY’S ~> H&?



DEVIEW

3.2 Rule ?|=2| 4|7

1. ¥ <o H, Wildcard
2. FX| 22| 02 S

3. No Robustness
4. =O|M Z=O|A =o|MIII



DEVIEW

3.2.1 Rule Cons. & =22 &, Wildcard

- Wildcard& QF AT X{Z&rot =9 HH2|X] (=low recall)
- Wildcard& M H: X{&ot 59| MEZ|E (=low precision)

A8X|0re| M S0
if re.match(’.x=M|. %", query): AMMIX|C] 10]Ie| UM]
'Bol?| 22 EM| XS

] M FHAIR

o

return ‘weather’



DEVIEW

3.2.2 Rule Cons. X242 025
Regex®t MX2|/ZX2| A} F|41Q1 ANAIE| AEI} (7| Ak

Oi|A]: memo slot {0| B2}
(D E HERD} BO| X¥]£ 510 pseudo codeZ CHA|EIL|CY)

morphs = SEjA EM A
slots = Regex search Zdi}=

if slots[2]0] “memo” LHE:
if slots[0]e] HO|Z} “2t12” or “7|” or “A|”:
if 00|} L R|ol= HEfLATE £
if ofoje| o] HEfATL SAF or FHO[Af:

slots[0] A3t 4fel 20 "7’ ECQlCt
e-l_i_[; O'|D|7|' ::7|n or ::7_"}3:
return None




DEVIEW
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3.2.3 Rule Cons. No Robustness

- 2324 @R £9| open-set slot, open-domain &2}
- QER HIEJ} =2 QEF= UYUO| CHSE 4 QICHR|DE,
- Unseen slot: AF2XPO} 2l M5 Hets| R EM? WildcardE ME7t?

Pattern: {musician}(2|) {song} EX$|
- gl FEE A LE= HH S0H

- 3Z 0P| 40f SOI

Pattern: {musician}(Q]) .* EX{F|
- H[2 Q| 23 S04

- SjAF BEJH|C|Q S043




DEVIEW

3.2.4 Rule Cons. &9|A =0|A =O|AMIIl ™**

- Search: 8t= 227% O[S0 E3| 2 F29|/d
- Match: ZHEIXT X|¥H S open-set slot2] S2|A &5
Datetime patterns Pattern: {song} EHF  Pattern: {name}(0]) (&) A&l
- AE<2=> 7*”' - MZ7| Eom - EHE 24
- AR A>2 e - 0j|o{AH Z -9t A4

- Hi<O|X>E55h) TV EO'|-r-|
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nlu_script:

L

= [

—
N |

T OTT OTTOHN

|
4\

2 -D i Lae

& [o v

T
A3

|

- " L
2 U I|5 A

o_l_

ko/sentl

p-

i =

- |
L{,»J =
)

2l

q’r‘] >
o — M
= Mo o

ﬁjﬁm
[T

7l
A [

~ |
oh »»

Ot |

(
]

VOLUME_S <volume value=[1}2}3;2:1}0]:2;4r:3] (unit=[TtA||2j|%]:LEVEL)

Extract

value=[St:1|5:2| A|:3] unit=[THA|| 2| ]:LEVEL

value=[10/20;30|4!:10;0| &1 :20 | AF41:30] unit=[I{ | Z 2 | HMH E

up.volume -

nw

MHL [

)
4)

7~
L)/\

down.volume

(
)

1|
i[\
-
S
.

Parse: 74.522 ms
SlotPattern: 3.920 ms

Transform Expression: 65.642 ms

Build FST: 296.849 ms

compile ko/sent/1 script done

=& FHA 234

up.volume:

S 30=

=5 <volume value="2" unit="LEVEL">SCtA|</volume> =2 F

e o

up.volume: S2F <volume value="30" unit="PERCENT">30Z= 2</volume> Z|H

Input

% ]:"PERCENT"> ;

Compile

DEVIEW
2020



DEVIEW

4.1 =8 % 7l 21, A

=
- AMH| A0 2Rt AR, OPE 82 7[EH2 2 Rulel| O F0H
H

External resources2t 14| 7ts: Slot

- Regex= CHEC| JHN|E S 22|52 |0 X g
- Regex2t DB+ lifecycleO| CI2L}: &t2|= L2, 2MA| 52
- External resource matc

B, PoS-tags

j —
[
o |
ke

A0 =10 regex 2|/



DEVIEW

4.2 AA| 3! %1: Regex Compiler

. AIEFISH
ParS|ng <volume value=[¥:1!0]|:2|4AF:3]> ;
[Concatenation] up.volume ( ) [23150{]::(3) ;
[%%F_A: VariabIeJ [Optional] [Union} [DisallowSpaceJ [Optional}
[Union] [VOLUME_S: VariabIeJ [”%ET’J [-:-_.:=0:|] | "] I
["éE_l"J [ll%%”] [M%EOF"J [Slot] [ Value"J CrOSSPrOdUCt %l" ll1"
) ( CrossProduct o "2"
["volume"} {Attribute ] LUHIOH > O
CrossProduct = enicH

. J \\ J ——




DEVIEW

4.2 AA| 3! %1: Regex Compiler

AglBEIS2F .

2 a8 I oo »

Transform(1) cvolune value-[®l:1{0]:2}4H:3]> ;
[Concatenation Up-voLune =
[%%F_A: Variable] [Optional} [Optional} [Optional] [Union] [Optional}
[Union] D [VOLUME_S:VariabIe] D [%31] [gﬁ:oq] @
["Z.&EV’J [%%] ["%%F”J [Slot] “value” :CrossProduct: E Z

(" ) ) )

V. CrossProduct [—{"01* 1 2"
["volume”} [Attribute Union \> D
CrossProduct [ " | 3"

- J — —




DEVIEW

4.2 8| % F1o1:. Regex Compiler

Transform(2) [Concatenation] (\ [smt]
/

["volume”] [Expression]

[CrossProduct] [Expression} [CrossProduct]

L L

[Epsilon] [((J {Epsilon] [Concatenation]
Begin-of-slot marker [ ; ] ["volume”} ‘ >>"\ ["1": SIotID]
Expression and slot-type separator End-of-slot marker

(> Regex: <volume 123>
Input: “3” - Transformed: [1:“¢” [1}2}3] []1:“ : volume ) 1” - QOutput: “ { 3 * volume ) 1”



DEVIEW

4.2 8| % F1o1. Regex Compiler

iallEEIQEF .

I a8alooc »

FST COnStrUCtiOn <volume value=[H:1;0]:2{4F:3]> ;
- transformed tree= FST-convertible up.volume ( ) [ I (F)
down.volume ( ) [ (] (FH) ;
€
A ‘ E—l _________________ ‘ :| &
A Partial FST | | ) | N |
@ C @ . forsot - = O x|~ eu~ ep O exm— €:e O
€ SO |
= ‘ =1
o
@ i E
: 2 AE P TRONY
_ " Partial EST | | ~ ~
@ C @ o forslot S o x|~ ed aa:o(> £:m— a::e<>
% ‘ EOI: _________________



DEVIEW

4.2 8| % F1o1. Regex Compiler

HE210 .
AE"IEEII:I%F J

FST mlnlmlzatIOn <volume value=[¥:1]0]:2}4r:3]> ;
- match/search & 9} up.volume ( ) (2T (3) ;

down.volume ( ) [WHed 1S ]::(F) ;

€ : : A
o c of ~ F “Teu—ep
‘ ~ ‘ ‘ Partial FST ‘ =

\ 1
\ l
.\ O Ot !

\ I ’
N ./
'\ 4
o e
‘oL .t
~ -

-

| ; .
P 2~ ] T ead™ s:o'O
match &=&: ™+ Tms/sentence A

(Z=H: importE2 A%t 8~ 1M = J1EF9| nlu_script regex)



DEVIEW

4.2 27| 8! 5191: match and search

Input to FST-input, FST match/search, FST-output to Ouptut

vector<Result> analyze(query, externalSlots, posTags);

Call "analyze " function with arguments:

- Query = "2|H|H HF
- externalSlots = [{

type: “device’,

beqg: O,

end: 4,

attrs: {"name”: “TV"}}]
- posTags =[]

FST-input: “{device:name=TV}4 Z{F”

" Minimized predicate :
FST turnon.device {device} (&)

FST-output: “{device:name=TV}4 7{F|:turnon.device”



5. AH| A




ML-based
Named Entity Recognizer

<datetime>E=A| Bi</datetime>0j| &zt

nlu_script (match or search)

<datetime hour="2" minute="30">%A| Bt</datetime>0j| &k

DEVIEW
2020



DEVIEW

5.2 Slot= =30 ML-featurez 2t&

Character embedding Slot-type embedding

Me EA mol ¥

L

< datetime (from nlu_script) >
< musician (from DB) ->

SRIOCH CHEX|T, AEHOR 1~3%MHK| A5 84t 7|0 Tk



DEVIEW

5.3 Hybrid NLU: Rule and ML

High-precision 282 Return if matched
N Rule-based NLU :
R 0BIE EHop B I

ML-based NLU

!




DEVIEW

5.4 AHBRH M| 717|H/18 2
MLE 7| 022 24| (Wildcard 2|2t H|=3t 0|])

{user_device} type external slot
-2 NLU input@ 2 M=

predicate

Hlof 217]

Z2{0, ADIE 25 XE7| v

0] oAl

2018.6. 2L ADIE AL|H & A| X2 AFRX} XO| 77| X|L



DEVIEW

5.5 Wildcard &&: 0|2, tHH H|A|
H 2 EOQ12 HO]/EA FHL2X] nlu_script?} He

- SHA| AZRALD] SAJHIATS "B AR 9 20| ChA OjAISH ES 3|2
- 2RHE= “YHE A2 0|2

<memo value="¥Htl A} ending="? "> Al2t1</memo> 0| 2 5HF



DEVIEW

5.6 HIZHEXIE NLU 2ol &0

- Schema A7), GlO|E{ #21 A/U 2k 23, OODEXIS HHE LA} IS
o LIO|E: MEA HE? 402 M0 4| & & Y £
- NLUEIO 2 20| 22| 424t 215}

- 7|2IX} 9 3rd partyQ| AIRLE L A&H0| Jts
Torreta bot builder: nlu_script + DM + NLG



DEVIEW

5.7 O|RIE-8 =O[Q! JHE
B

ELM9 ZHE &

I-.IJ

IMLERNE

IELH9 BHO| BL= 2020.3. =4
LI | Al BXA} CHH| 2 BiFE CHS

(PNl 212Xt =2 FAI=ELIC)

=1

g "IEANHQ "cl= HEOI LIz & 2U=I 29U,

B & (=« O I



DEVIEW

5.8 57 717| g ¥ 31

Skill 40| invocation name =82 (00D &4 8l

- ML-based skills: “22H}, xxx0l|A] yyyysiZ|"
- Rule-based skills (in specific device): “22H}, yyyysi "

RZALe| 7|7|0f 22HIS SR AL S| 98

- 226} 7|2 SEZ TAGHD YL A HojM)
Of J

=1 IL
- llgjl_E"’ "XRé%” %% 7|7|/*‘|H|é J_l_IQI_
- 23535 94520°], 2&/OoE

= ,



DEVIEW

5.9 NLP AfH|A Zdr

Voice assistant?| OfL|2t,
NLP 7|=0| ER%t AqH|AZIH OC| =



Thank You ‘




