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Summary

This paper proposes a new method for slot filling of unknown slot values (i.e., those are not included in the
training data) in spoken dialogue systems. Slot filling detects slot values from user utterances and handles named
entities such as product and restaurant names. In the real world, there is a steady stream of new named entities and
it would be infeasible to add all of them as training data. Accordingly, it is inevitable that users will input utterances
with unknown slot values and spoken dialogue systems must correctly estimate them. We provide a value detector
that detects keywords representing slot values ignoring slots and a slot estimator that estimates slots for detected
keywords. Context information can be an important clue for estimating slot values because the values in a given
slot tend to appear in similar contexts. The value detector is trained with positive samples, which have keywords
corresponding to slot values replaced with random words, thereby enabling the use of context information. However,
any approach that can detect unknown slot values may produce false alarms because the features of unknown slot
values are unseen and it is difficult to distinguish keywords of unknown slot values from non-keywords, which do
not correspond to slot values. Therefore, we introduce a negative sample method that replaces keywords with non-
keywords randomly, which allows the slot estimator to learn to reject non-keywords. Experimental results show that
the proposed method achieves an 6,15 and 78% relative improvement in F1 score compared with an existing model
on three datasets, respectively.
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K8 zuvy MEER v bTU—IHER

FEzHHT 5. yf 3T TERSINS.

- 1 (if z; is a context word) 14
0 (or not)
SCIRGEHEE B i % TR0 X 5 1HEE T 5.
hi = Wy (WY Ey () +b7) + b3 (15)
1
P T exp (Wi +15) (16)
1 (if p§ > 0.5)
P = . 17
v { 0 (ornot) a7

EFNDAINIIHGE v, % BB HERBUCER LT B, (2;)
EUEAT 5. WE 5 BEA, 1S, o 334 T ATHS.
NREEHEE BRI B BT O W T SREE D ¥ 5 R HEE T
DT, HEORMEOAZMEHL, RikOXARDORH
BRFEHALRZW. 22T, B, 3Xe&hczra—F¥
% BERT T3/ <, HEEHATTZY 2 — K3 5 word2vec
EHHT 5.
§2 Z2Ov hEEER Ry bD—2
N 2 —BHIHC X o TF—v — FOEDEHRr-> TN
DT, FihXEx—U— N 2h SO SHRE >
YTz a— K33 (X 8)[Kobayashi 19]. 2 DDx
Ya—ROREIREZEANELTFa—FLTARY
FEHEET S, A0y MEEBEO AN f¢ 13% BERT
TIra— R ULRBE, N 2—BHER IR pd,
XHRFEHEE AR D FFERA R he ZHREA LD DI .
f§ = embed(x;,pf) (18)
= E(z;) ®pl @ h§ (19)
F—7— RIEH fFe 13 2 — BRI k> TF—T—
RE&RT & REE SN BETET ff 2L, 2SOy
FRTXKTTOE R MU T %, KAHSRIER £7° 1%
N 2 — AR K o TR FEE S N EF20 ff %
L, ZHLSOETIZRICRITOEBERY M UIZT B.

hke = BDLSTM(fFe,hf, hk)) (20
hg® = BDLSTM(f¢°,he® |, hS) @b
rz’?e = attention(hfe,hke) (22)

ré¢ = attention(h§®, h°°) (23)
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attention 13X 4)-(7) 2 Db DTHB. RITHG
XOHEREFHLT, Sxra—&Fohiei53 2HE
A we,wy, BEHL, ke r$e ZEADTMET 3.

h¢ = BDLSTM(f¢,h¢_,he, ;) 24)
r¢ = attention(h$,h®) (25)
rewn] = W3S+ @9
q = werfy +wpry @7

p° = softmax(W9q + bY) (28)

y® = arg maxp; (29)

J

Wired 3&EaA, b9 13 72 TH 3. ptldRmy b
DI Ngjor KITDRZ MUY, FERIIZERAv Y b
WA AHERICR S.

4.5 AT TH>TIL

FEHEICAe Yy MEESRPF—TY—FEVD =27 T
BEREF—APRFUE, Ay MEESRIZYY 22 b
TRRHEYETERN., 22T, Vo227 T 30E
MHLTF—XEfARTS. ROT4 TV I EERL
Tz 2 FEfkIC, FET—-XPDF—v— F e XREEH
MPHTYRLTGEIRUHFRICES# R 2. B2
NGO IOB FUE 012§ 5% (3R 1). AR L -FEE
XEIHT ATV TNVERR, 2T T4 TV T e
TEDXIEFA U XREFFODT, AMUXRTHF—V—FK
P XIRGEDLZEIZ VP27 b T2 Xk5i1Ic2my M
EdMBFEEIhD.

5. FF @ X B

51 F—4&2 vk

Z ZTi%, Simulated Dialogue[Shah 18](F&5E) ¥ HHH
WINEE LTz ay VY 7k v & — BRI (HAGE)(LU
Shop) D7 —%+t v +Z{#H3F 5. Simulated Dialogue i&
MU D F 5 v b 2 HEA S 2005 (Sim-M), LA +Z V%
FHIT BNEEE (Sim-R) D 2 BEHEOT— 2ty b 23D 3.
HMGEE - TAMT—ZPHAEBREINTVWS. Theh
movie (MLE$) 2 8 v }, restaurant_name (L A b T >~
H) Aay MIRHANY 2a—DEFhTNW3.

ShopldZ7 29 RY = VI TINE L > av B Ik
YR —NDJEH R T 2063 — A TR 2 O 5
DRy "RHD. RIS, MET BIEHOEHEEZIRR
L, V= b R—=RATIEMR L7 MGG R T L e X3ET 21
RCHRFEXLETFAMATTEXRATZHEML, MFHT—
ZEELTZ (XRRAZ ). £z, RAIANY 2 —ZINET
% 72912 item,food,name A2y MIDOWTANY 22— %
DNY 2 —THREKRT 27DDHFEXE AT XA %
FEL72 (RR2Z 2). N)a—F2—FICHHIKEZT
OV, EETIHMHBCEMG T EOTRE LT INEL
oo BRZ 1 TWEEL 27— & 28 - Bk - 7 A M

R2 Shop 2— %2 EEF—XZAvv b Y 2l

20y k& | NUa—fFl
item KE, RE, R, BEF, BHE---
genre BARY, VATV, EEHE -
food ME, A& A7z, A=Y ...
user B, Lo, it
name OQa—k—, AAEH ...

(name A1 v MIFEED T — X TIXEET 2 EEHGIE

b TWwd)

£R3 Shop a—,82 IV L -6

(a) R 1
AT A KD BRES ZX0ET. ZHHEZE
BENLET.
- ZHERHDOIRDIEZHR L TWET.

AT AT OROEBEE LT TAAT Y b
Ly b BROMD L.

2—H BN 2T .

VAT A TAAT7Y Ly b OBFTEMEHlT Y
7-11TY.

Z— CEELE s

AT A IAAT7T R Ly b OBEEEESIE 000-
0000-0000 T

(b)y xZX7 2

20w b | EHEEG
FYXT—AVEYFERONZEZA

food Q=TI b A IBRATZN

S—HF—HSHADBNLWVE

Sy s Bk d = ARV
item ZDL T =NXIDEZB)E
AFVRSAV—%2EWELZL

OO7I Ly FDITERDHID 720
name I —BIEVAARSYHIZYZ?
ErhEsE oOOBIITE 20

DEIL, EHRRRZ2TRELETF—XETANTF—
RIEM U7z, 3 3 IR LR850 2 g

RHAFEOFFEHFINZ, FEH T —XZEELTVARY
2By ke NY 2 —EW/S L WIFEY, FEh - S
s C OEHAFNIHEEARROEKR B 2 b %
T EDICHEBEITMREZHCTHEBAETERLE VS
HEDD B, BECOWTHET 2 720121%, EEH
PELI—RAPNETH 5. Sim-M,R IFHLE S, HRH
i, LA T B OWTEBOLRT AR L =455
PERAXNTED, FARICHAETEET /0% - Ik
W T o 75l % SEHES 5 7212, Shop 2B ICINEE
L. &7 =&ty by b NY2—0D¥KEPHE4
IZHEE 5.



K4 F—&Rby A X FMAEI=— %)

(a) Sim-M
— . NUa1—#
TR | HEXH B Fr
&S 1,973 2,059(76) 0
TRAE 627 523(47) 62(5)
i 1,364 1,187(51) | 176(26)
(b) Sim-R
. - NYa—#
7T 9 %nﬁyﬁ EE*H 5E§l]
S 6,175 5,415(65) 0
MREE 1,489 1,140(63) 134(4)
7 X b 3,436 2,763(63) | 306 (11)
(c) Shop
— - NJa—#
TR | HEXH 5 %0
T 8,054 4,993 (104) 0
i 1,303 842 (68) 503)
S 8,053 2,538 (82) | 4,359 (934)

52 % M F &
Y 2 — R R Ty MR R 2 2 A

T2, CCTWRFEEPHAVCIET 2. FEIZTLTE
Hahs.
EfRELI=F—v— R
e
B s s R (30)
v ELIF—7—F
P = EfS~LDX—v— R x 100 (31)

AR R

ARETIX seqeval *! [Nakayama 18] % W CTHEE L7,

53 ¥ B A/ &

NY 2 —EHER - A8y MEEROHESEEREL F 1<
1% BERT % {#ff] L7=. BERT ®32%121% PyTorch 1.7.0°2,
transformers 4.0.0*% [Wolf 20] Z{#/ L, BERT &5 /L%

transformers N TTHE XN TW3 bert-base-uncased(¥

#8), cl-tohoku/bert-base-japanese-v2(HZAEE)
PEA L7, IREEHEE SR D HEE SRR B, 1139558
% 5L1Z GloVe [Pennington 14] Z#H L, HAGEET
B ICINE L 27 = 7' a — R A T2E L7z word2vec
EFLEMH L. FEEITIE gensim ** 2 L.

F 7=, FEBaZM ¥ LT Word dropout (WD)[Iyyer 15],
Target feature dropout (TFD)[Xu 18] 23 3. F7=,
FEREBOD D - RLUDERSEMFL LTERT 2. TR

*1  https://github.com/chakki-works/seqeval

*2  https://pytorch.org/

*3  https://huggingface.co/transformers/

*4  https://radimrehurek.com/gensim/index.html

ANTHIEERE R EE 37 % 3 5 IDS-D (2022 4F)

"S5 ERRIA-—X

INFA—H &
BERT Xt 768
GloVe XJt (38 300
word2vec X (HARGE 512
Ny FH A4 X 32
LSTM ¥ A X 128
AU 1
AWV vy T 1.0
Dropout OE|& 0.3
HEER 0.001
R 0.001
B bFiE AdamW
Word dropout 0,0.3,0.5
Target feature dropout 0,0.3,0.5
RKIOT AT~ 2HT 4 7% T | x1, x3, X5

BMEHORWERIZT 3 —-Xiids vy a—-XokEuk
BEANT 5.

EBOTF 4T 2HT 4 TH Y IME 1 DDOFREEH &8
BORGELEERT 2 DARETH 5. 1 DDFFEXL
DPOERT 2 XOMEBR MY, SREEZTHERT
3. HBEIZIIA Y O F VORI L ER I N R
EHAT 5. R5IEFERED T X=X TH 5. Dropout
1% RNN LU DB I3 %. TFD ¥ WD I EFEAIT
W37z, FFRRCEEH L.

ZRTCBVWTEB D> — ME®E SEEHAEL, Y-
DT ZITS. > —RiE, ROT4 7 - 2HT747
P TNAEBERT BB 3y v — 27 OWIEAEE R H
W3, F72, WD,TFD W ARiE Fry 77 b33
HFEZHEIRT 2BICHV .

6. X B & R

61 NVa—1H

AN AN Y 2 — 20 2 YERERTAE 217 5. Sim-
MR CEEFOF—T - FDAEE>ZA0 Yy M 23H 5
(num_people, time, num_tickets). ZNHDAA Y
MIBFF—7— F LoFiked, RAGEZROARENED
v, £, BFEF—V-FLorFLRvews¥HEr
EHALEAPHEE LR TV, 22T, O3 ARy b
DWTRARI T 4 TH 2 INZAER L.

K O6RBEFHMRTHL. N a—MEHBERAT Y M
PEMALTCFEEZEHRLTVS. SEBEFIIBVT,
AL D> — FEZ SEEHEL TRAITL, 5 RBIOFHE
FERFEBEMFOMEE LTHWS., EBEFoHTHER
DA S Fid o Te FEFREMITONWT, FIEZ &
BFETWE. NY 2T Lz LTdRay b
WERICY Y27 M T2 2D TE 3D, MHFKIUIA
0y MEERTIIMD 2B TERNY. 202D 2—
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®6 NV a—MH EBRFER VD ANV 2 BRI PS: RO T 4
7Y > 7V, ML: L, 3B/).

(a) Sim-M
ETI BEX BHEX FE
VD 96.00 95.41 95.71
VD+PS 95.84 96.40  96.12

VD+PS+ML | 96.02 96.50  96.26

(b) Sim-R
EFIL BEE BHREX F@E
VD 98.14  93.03 95.52
VD+PS 95.13  96.18  95.65

VD+PS+ML | 94.92 9593 9542

(c) Shop
TN BEEX BHREEX FE
VD 77.66 85.56 81.42
VD+PS 79.33 89.75 84.22

VD+PS+ML | 79.10 90.08 84.23

BRI EVHRR 2RO L PEEICR 5.
KEHERER 2, ROT4 TV TV EMFERTSZ
CTHBEENMEL, BEEIELLI-Z b2 5. K
HEBESHMETE 2 X510k o~ TR 2 T
5¥Wzb. ¥z L, DR %ER 2 ¥ Sim-M,Shop Tl
SIRPHER T E /=23, Sim-R TIIFERTE d - -

62 2AOvhk#EEE

KizAa y MEEDFHMG%Z1T 5. baseline £ LTHU
3y hv—2 (®7) TRy FEEST 0B 5~ %
ET2FEZMEHT . IBEFETENY 2—MFHiE X
oy MEEEB £ DETNTITIH, baseline lZ 1 DD
ETFNTITS. Fi, HBFEE LT Slot-Gated €7V
[Goo 18] Z ¥ 5.

£ T IIEBERETHB. 2 TlEROy MEAEEEBL
TFEZEHLTWA. FfEHIZDWT baseline & t #7E
21TV, p<0.05 THEENRD bR ICIT %D
UTWa. 7R M7 =223 2 HRE 2 13RI T R
b F =X NORAGEOFHEZIRE 3.

Any MEERFZBRICRS T4 7 - 20T 4 TV
Tk ENEAGEA, WAEALZRITEEmLE. X
0y MEESE VD+PS+ML O Y 2 —fRHEEEF L D
HFTARAGET A b T =X T 2 HEENIRDED - 72
FEBRFEMFDOET IV (R 6) BEHLTHEE L, FEBRGERD
HTHRS FIESE» o LEREZHETVE. AkThHhh
ENY 2 —RHEBOITRTOEFLTRO Y MEERE
FEL, EBHEROFPTRD FENEVWHOEEIRT 3
RETH DD, WELFEWANY 2 -T2 v M
EREFEBLTHHRSH RV BEbNEDT, 22T
WEHERED & 22 5 72 VD+PS+ML DE FIOLICIRE L T HEER
%175. baseline, Slot-Gated % [k H F {HH D o

R7 Aoy MEE EBRER (SE: 2o v MMEEEE, CWE: XkE
HEEM NS: ZHT 4 TH Y T PNS:RS T 4 7« 2 HT 4

7 v FAEHD.
(a) Sim-M
TR LK FRHFE
TN BEE BREX FE |BHRERZE

baseline [Liu 16] 97.25 95.64 96.44| 78.26
Slot-Gated [Goo 18] | 92.99 90.68 91.81| 55.83

SE 96.02 96.50 96.26 | 82.34
SE + PNS 96.68 96.50 96.59 | 82.34
SE + CWE 96.02 96.50 96.26 | 82.34

SE + CWE + NS 96.76  96.44 96.60 | 82.04
SE + CWE + PS 96.40 96.50 96.45| 82.34
SE + CWE + PNS 96.82  96.50 96.66 | 82.34

(b) Sim-R
TR L2 e SR
ETIL BEE BHERE FfE |BR=X

baseline [Liu 16] 98.79 9276 95.68 | 30.53

Slot-Gated [Goo 18] | 98.26  92.61 95.35 | 28.04

SE 9576 9528 95.52 | 56.93
SE + PNS 96.71 9592 96.32*| 63.33
SE + CWE 97.44 9281 95.07*| 31.87
SE + CWE + NS 98.20 92.51 95.27 *| 29.27
SE + CWE + PS 96.62 9593 96.27 *| 63.33
SE + CWE + PNS 96.71 9592 96.31*| 63.33
(c) Shop
T b2k KRR

ETIL BEX BRX FfE |BRX

baseline [Liu 16] 56.11 60.06 58.01 | 40.31

Slot-Gated [Goo 18] | 60.13  37.40 4591 9.57

SE 62.50 6698 64.64*| 50.10
SE + PNS 90.82 89.97 90.39 *| 90.08
SE + CWE 62.10 66.78 64.33 *| 51.28
SE + CWE + NS 7146  71.66 71.56%*| 54.15
SE + CWE + PS 91.33 90.02 90.67 *| 90.90

SE + CWE + PNS 91.27  90.04 90.65 *| 90.60




10
x8 WhoM
(a) Sim-M
EXIN Z0v ~  @E SR
B3] B30
baseline 1 32 2
SE 0 47 11
SE + CWE + PNS 0 46 1
(b) Sim-R
EX3 20y~ @E SR
B30 B3]
baseline 0 18 18
SE 11 89 10
SE + CWE + PNS 0 99 2
(c) Shop
ETI 20w b EE  REH
E10) E10)
baseline 1657 826 703
SE 1590 635 567
SE + CWE + PNS 1 582 20
JAREREPEE TN S.

/e, B ETo. EFABHEOLEF—T—
FOFRTED otz 7 — &% 3EHICHET 5.

e 2By FD : 21y MEEDIRD

o HIPHAA D : EfEF— v — R 2 E9INCERT 25559

DR

o B F— U — FTRARVERT DM
R VEMMTOMD IHHERTDH 5.

baseline,Slot-Gated & tt#83 % &, SE IXHEREDMER WS
RyEDD, AT T4 LR TIEEIRINZ WD,
SE+CWE+PNS 137 X b &K F{H, ARAINY 2 —FHHR
LBIEMRETH D, UIRGEHEERE KRS T4 7 - 2
T4 TV INVEEHT 2 IREFENENTHZ Z e h

RTES. tRERZEML7AEREZ RS, Sim-MIZ
DWTIEEREZEIERBD Sk d - 7228, Sim-R & Shop
WOWCTIIHEEELHRTE .

Sim-M,R 122\ T SE+CWE+NS ¢ SE+CWE+PS %
s 2 &, NS O EERDE L, PS O HHBHR
DEN. AT 4 7H IV EHT 52 L THEMRIE L
FeF—U—FR2VIzI PIEBBRIENTESLLIITKR-
7R, RAGED Y P27 PLTLE-> TWVWSDOMHEKA
ReBbhd. RIOT 4 7V INEZOYWTRAGE
V=7 b LEBWKE, BEMHOU Y =27 b23HEDT
X2\, SE+CWE+PNS 13 ZNZFNDX Vv b2 5 £ L
MEIE2ZeNTE, ARk o Bbhs.
£ 8% H % CWEPNS Ziif L7z Z & TRt H 2Sis
TETWAZEeDbhb.

—757, ®iPHEE D X Sim-M,R T3 baseline & H 3,
baseline 13228 7 — X ICEHEENHRORAGEIXIZ L A LM

ANTHIEERE R EE 37 % 3 5 IDS-D (2022 4F)

HLZzw, 2079, @R EREICODILORVF—T —
FiZig e A YBH LW THBRE D 3Pz w». Z2hiC
X U CTHREFETIIH A HEE R ARAGED M T 572
», HHEEDNPEZ L, ZORERES®EM baseline & 1K
{roTW3, MEZRPL R T VZIFERDEEDS
RBEFEVEAINEZ V. FHIMEIZIIXED X 5 BEHD
Giel-, WHERE T2 2LV, IREFIETH
PHEA D 1T/ o 72F — 7 — Rl baseline TIEL { #HEETZ
TVWEDHIITIERL, MHIATOWARNIZ N2,

Shop Ti& SE+CWE+PS 23 b i, RIT 4 7H >
TN ANDE Z e THENAILLTWS Z b2 5.
SIM-M,R IZKRHNY 22—k 12Dy M -72D
T, Ry MEERHIZRAIANY 2 —IZREDRAB Y b2
ED LB TR TED o725, Shop ERHANY 2 —IiH#
Ykhzay N 2RIRTZDEDRDHE. 2 HT4 TV
MERey MEEOMEEICIEF S LRVWDT, 2FT 4
TH Y IARRTTIERa Yy MED IR TE S, K7«
TNV EEHATS I TAR Yy MEEBERMLEL
7eEZBNS. £8%HTH SE+CWE+PNS 13211 v
MR D DML & D KIEIcA 4L, REIANY 2—DRBa v b
HeEMRED M ELTWB Z e 2ibh 3.

RIS NREBEHEE SR OISR 2 RS 5. SE+PNS &
SE+CWE+PNS @ F{E% tt#3 % ¥, Sim-R Tid SE+PNS
HENA, fthd 2 DD 3 — X Tk SE+CWE+PNS 735
V. Sim-R Tl “good” £ W5 N) 2 —=23H 5. good 13
XRPCTHEHEINZ DT, RFEL L TbhT\3.
XHRFEHEE 85 % Fl W72 HEE CLICUIREE & L CTivb il %
BRIV 27 bR X5 FEETADT, good XV =
ZEPEINTLES ZeDEL, PRUEN TV E
2505, FAUSND I — AT IREHEER 2 R
TAT I HTT 4T IVEHHT S 2 e TlEREALE
THEIENTET.

iz, EERDNRI XA —-RDEBIIONWTEET S, #£
A1 IZE A=A TR BRED E D - TR IOV T, 5
BT X —R e 2. TFD LR FEDOHAEDORIZ
HEDMRD Lol Z 30D, BEFRETF—T—
P2 EREOHFETEZZ, TFD I Fry 7 v b
T3, F—U—-FHRERERICEEIZ 2 &5 FHEIX
BTV B DT, Bz &5 BRFELHAGDOE T ERED
ootz Bbhsd. 2T LT WD IZX2tk
PEEICFRYy 777 b T33O TRETFE L DMHAED
BTIDRWVERERH T oA TER. F72, RA2K
RIOT AT AHT 4 TH Y TINDEREEZ IR %
HEs. KT 47 - 2 TT 4 TV TAOERITET
NXE VWS DI TIERL, RBEREERD S ZLh
bbb,

KT, Any MEERPIELL VY =2 b TELMIZ
N

* Assistant, please locate a restaurant for me.
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* I need you to look up restaurants in middletown.

* Perfect.

e 7Y Ly FTHLDH—EAVWE CBZHZT.
cSIERDDRE AN INT T 4 —=DHRDB L Z A
o F—X T —FPARNLNLBIETIHNE CIZ?

NV 2 -SRI L, 2oy MEERPY Y=
7 N LR % TR TR S TERM 28 A T v
A7 x03?) BEDXMREEE LIz 2Tk o TLEEH
MBI EZ 6N S, TO XS IR LD
ZA0y MEERTY Y=/ P TE S EDHERTE .
i Te ) TeZa) B3MR&FET, SR *—
7 — FOREENDH 2. BIRIEHFRI CHFEN D F — 7 —
P THIUIHHATREZ A3, LIRTOFHEREHFICH 558134
FETRIHEETERY. 25V o LGEIINEEEEZ H
WTBIREZHET 2 0ENDH 5.

6-3 FRERMBIFRD OTE

BUH TN X 5 ICHEEIRMRI T a0k - TERERMNT
WHEDKRIIThbI, ZhLDMY DHELZIT L. KRE
BET F A P AN SN 2o TV B DTHF Bikin
DIFFAE LR WD, TERERMNED IRET 2. £,
HEE BRI O £ 7OV WHEED AT X 3 TREME D
H%. ARTIZHAFED BERT EF/MZHVWSLNTWS
MeCab *5% F\ T RER MM % i L 7. Shop a2 — %
2 OWTTRERNRE D 23D 5 X — vV — FOo¥E HE
TR L 25, %8 M7 —& TS5, 7AMT—
2T 33 D -7z, FEREZRMTIIO S « h X F 5
T DHFBONENCKNT R e L, [BI/XE/I7Y
FITRUIZR XY REDEY DD o T=. [EEt - v
AIARKEZTRILEIN I HES VO - hEXHFT
RSN 25E03H D, TWEREMBERD BFRELRT L.
FRERMMTEA D 23 % L HGE DRI b il o 7oKl %
5352, ZO3BEOF—TV—-RFEGOXDFZYF—
T — RIZOWTHEAREZEMN Lz 25, baseline Tl
31%,SE+CWE+PS Tl 65%72 - 7z. AFETIERIC
FHLUBNZ2IToTED, ¥—v— N ORELER
Br - HEBEDBIERBOMD OFELZITIC VWD, 20
FIOWRELLKHETE Z eI TE .

7. & & ®

RHGEE]D 2 e P TERHEREMAFIEE LT, F—
U — FeXRZEERT 2 FEZRE L. RAIANY 2—
THo>TH, MFRR Y bDOANY 2 —THIUXFE Uk
THEHENE Ze20nid, XREREZFEHTLZ
TRAGEZMH T2 e TE 3. L, XURERE
HHELTHBET2 2, AIUXRTHIUZF—T — FED
WEARBEEBNRETHMHLTLEY, BRHIEZ S

x5 https://taku910.github.io/mecab/

WO MENDH D, AFETEANY 2 —HH - ey b
HEEZ R A DEFATITWV, RNA4 T 54 Toh MK
EHEAL, ¥R —XHOF—V—F %27 X LIZHID
HERICBEEWR 2R T4 7 - BT 4 7V T iH|
U, XIRIERZFA L CTRAGEEZMRH L, 382K
W3 2 FEEREL.
Sim-M,Sim-R,Shop @ 3 ffHD 7 — 2t v b THEEL
AR, ThzhoF—&+ v T F{H25,96.66, 96.32,
90.67 £72 b, RBEFEOMELHRL . BEFHER
FHER, FHIARHBECHT 2EHENE L, RAGEHNE
LAMHETES XS ICho/zzebhrd. £/, Uk
WEHT 22T, ¥$—U— FOFRERMFNRD - HEE
TEERBLOD O ELRRTZ 2 Z L 2R L 7.
—H T Sim-M,R IZBWT, HEAERIZ baseline & D B
RVigERE 2D, Y o ofER, #HEmRDAZVI L
Bhholz., MEZPL AN VEREDEVWF—T —
FOHFAZELLHET 2 Z L ZS5HROBETH 3.
SENIEFREA D I3Z R TEREIT o 208, 5%
WE RS R COMEREREE 1T o T L. EHRHD
ETMIEENTOVRWRAGEIIEL LT 222 H
TERVODT, HFEHMETVICAIEINS F—T—F
DB AHEEDR DS, F—V— FHRELL GHEMTE
Bholze LT, WiEOXRMBIEL K F#HTETVh
BHET2ZeAEETH S, 27210, TO0 WS B
EEBIRDFTNLTOERA.] 2WVWIIREERRTEIC TO
OJ I3 FER IR D L VW SRS, £, &
FRBETNMCEETNTOWARVWLSIEL BERH#TE
BODD, SVEBHIELL BEHEMTE200% 21—
FITHWTT 2 Z B TERY. SHBIZT 50V o 72500
BERBLIEAEES AT HIOWTHMHETLTWL.

Z X ®O

[Abujabal 19] Abujabal, A. and Gaspers, J.: Neural Named En-
tity Recognition from Subword Units, in Proceedings of INTER-
SPEECH, pp. 2663-2667 (2019)

[Bahdanau 16] Bahdanau, D., Cho, K., and Bengio, Y.: Neural Ma-
chine Translation by Jointly Learning to Align and Translate, in Pro-
ceedings of the 54th Annual Meeting of the Association for Compu-
tational Linguistics, pp. 1054-1063 (2016)

[Bharadwaj 16] Bharadwaj, A., Mortensen, D. R., Dyer, C., and Car-
bonell, J. G.: Phonologically Aware Neural Model for Named En-
tity Recognition in Low Resource Transfer Settings, in Proceedings
of the 2016 Conference on Empirical Methods in Natural Language
Processing (EMNLP), pp. 1462-1472 (2016)

[Cao 20] Cao, X., Xiong, D., Shi, C., Wang, C., Meng, Y., and Hu, C.:
Balanced Joint Adversarialmi Training for Robust Intent Detection
and Slot Filling, in Proceedings of the 28th International Confer-
ence on Computational Linguistics, pp. 4926—4936, Barcelona, Spain
(Online) (2020), International Committee on Computational Linguis-
tics

[Chen 16] Chen, Y.-N., Hakkani-Tiir, D. Z., Tiir, G., Gao, J., and
Deng, L.: End-to-End Memory Networks with Knowledge Carryover
for Multi-Turn Spoken Language Understanding, in Proceedings of
INTERSPEECH (2016)

[Chiu 16] Chiu, J. P. C. and Nichols, E.: Named Entity Recognition
with Bidirectional LSTM-CNNSs, Transactions of the Association for

OB



Computational Linguistics, Vol. 4, pp. 357-370 (2016)

[Cho 14] Cho, K., Merriénboer, B., Caglar, G., Bahdanau, D.,
Bougares, F., Holger, H., and Bengio, Y.: Learning Phrase Represen-
tations using RNN Encoder—Decoder for Statistical Machine Trans-
lation, in Proceedings of the 2014 Conference on Empirical Methods
in Natural Language Processing (EMNLP), pp. 1724-1734 (2014)

[Dahl 94] Dahl, D. A., Bates, M., Brown, M., Fisher, W., Hunicke-
Smith, K., Pallett, D., Pao, C., Rudnicky, A., and Shriberg, E.: Ex-
panding the Scope of the ATIS Task: The ATIS-3 Corpus, in Pro-
ceedings of Human Language Technology (1994)

[Devlin 19] Devlin, J., Chang, M.-W., Lee, K., and Toutanova, K.:
BERT: Pre-training of Deep Bidirectional Transformers for Lan-
guage Understanding, in Proceedings of the 2019 Conference of the
North American Chapter of the Association for Computational Lin-
guistics: Human Language Technologies, Volume 1 (Long and Short
Papers), pp. 4171-4186, Minneapolis, Minnesota (2019), Associa-
tion for Computational Linguistics

[Egorova 18] Egorova, E. and Burget, L.: Out-of-Vocabulary Word
Recovery using FST-Based Subword Unit Clustering in a Hybrid
ASR System, in Proceedings of 2018 IEEE International Conference
on Acoustics, Speech and Signal Processing, pp. 5919-5923 (2018)

[Gao 19] Gao, S., Sethi, A., Agarwal, S., Chung, T., and Hakkani-
Tur, D.: Dialog State Tracking: A Neural Reading Comprehension
Approach, in Proceedings of the 20th Annual SIGdial Meeting on
Discourse and Dialogue, pp. 264-273, Stockholm, Sweden (2019),
Association for Computational Linguistics

[Goo 18] Goo, C.-W., Gao, G., Hsu, Y.-K., Huo, C.-L., Chen, T.-C.,
Hsu, K.-W., and Chen, Y.-N.: Slot-Gated Modeling for Joint Slot
Filling and Intent Prediction, in Proceedings of the 16th Annual Con-
ference of the North American Chapter of the Association for Com-
putational Linguistics: Human Language Technologies (2018)

[He 03] He, Y. and Young, S.: A data-driven spoken language under-
standing system, in Proceedings of 2003 IEEE Workshop on Auto-
matic Speech Recognition and Understanding (ASRU), pp. 583-588
(2003)

[He 21] He, H., Lu, H., Bao, S., Wang, F., Wu, H., Niu, Z., and
Wang, H.: Learning to Select External Knowledge with Multi-Scale
Negative Sampling, arXiv preprint arXiv:2102.02096 (2021)

[Heck 20] Heck, M., Niekerk, van C., Lubis, N., Geishauser, C.,
Lin, H.-C., Moresi, M., and Gasic, M.: TripPy: A Triple Copy Strat-
egy for Value Independent Neural Dialog State Tracking, in Proceed-
ings of the 21st Annual Meeting of the Special Interest Group on Dis-
course and Dialogue, pp. 3544, 1st virtual meeting (2020), Associ-
ation for Computational Linguistics

[Henderson 14] Henderson, M., Thomson, B., and Williams, J.: The
Third Dialog State Tracking Challenge, in Proceedings IEEE Spoken
Language Technology Workshop (SLT), pp. 324-329 (2014)

[Hou 18a] Hou, M., Wang, X., Yuan, C., Yang, G., Hu, S., and Shi, Y.:
Attention Based Joint Model with Negative Sampling for New Slot
Values Recognition, in Proceedings of the 9th International Work-
shop on Spoken Dialogue Systems Technology (IWSDS 2018), pp.
3-15 (2018)

[Hou 18b] Hou, Y., Liu, Y., Che, W.,, and Liu, T.: Sequence-to-
Sequence Data Augmentation for Dialogue Language Understand-
ing, in Proceedings of the 27th International Conference on Com-
putational Linguistics, pp. 1234-1245, Santa Fe, New Mexico, USA
(2018), Association for Computational Linguistics

[Hou 20] Hou, Y., Che, W., Lai, Y., Zhou, Z., Liu, Y., Liu, H., and
Liu, T.: Few-shot Slot Tagging with Collapsed Dependency Transfer
and Label-enhanced Task-adaptive Projection Network, in Proceed-
ings of the 58th Annual Meeting of the Association for Computational
Linguistics, pp. 1381-1393, Online (2020), Association for Compu-
tational Linguistics

[Ishiwatari 19] Ishiwatari, S., Hayashi, H., Yoshinaga, N., Neubig, G.,
Sato, S., Toyoda, M., and Kitsuregawa, M.: Learning to Describe Un-
known Phrases with Local and Global Contexts, in Proceedings of
the 2019 Conference of the North American Chapter of the Associa-
tion for Computational Linguistics: Human Language Technologies
(NAACL-HLT2019), pp. 3467-3476 (2019)

[Iyyer 15] Iyyer, M., Manjunatha, V., Boyd-Graber, J., and
Daumé III, H.: Deep Unordered Composition Rivals Syntactic Meth-

ANTHIEERE R EE 37 % 3 5 IDS-D (2022 4F)

ods for Text Classification, in Proceedings of the 53rd Annual Meet-
ing of the Association for Computational Linguistics and the 7th In-
ternational Joint Conference on Natural Language Processing, pp.
1681-1691 (2015)

[Jackson 91] Jackson, E., Appelt, D., Bear, J., Moore, R., and Pod-
lozny, A.: A Template Matcher for Robust NL Interpretation, in Pro-
ceedings of Speech and Natural Language, pp. 190-194 (1991)

[Jaech 16] Jaech, A., Heck, L., and Ostendorf, M.: Domain Adap-
tation of Recurrent Neural Networks for Natural Language Under-
standing, in Proceedings of INTERSPEECH, pp. 690-694 (2016)

[Jiang 21] Jiang, T., Wang, D., Sun, L., Yang, H., Zhao, Z., and
Zhuang, F.: LightXML: Transformer with Dynamic Negative Sam-
pling for High-Performance Extreme Multi-label Text Classification,
arXiv preprint arXiv:2101.03305 (2021)

[Kayama 10] Kayama, K., Kobayashi, A., Mizukami, E., Misu, T.,
Kashioka, H., Kawai, H., and Nakamura, S.: Spoken Dialog Sys-
tem on Plasma Display Panel Estimating Users’ Interest by Image
Processing., in Proceedings of the 6th International Conference on
Intelligent Environments, pp. 4—13 (2010)

[Kobayashi 18] Kobayashi, Y., Yoshida, T., Iwata, K., Fujimura, H.,
and Akamine, M.: Out-of-Domain Slot Value Detection for Spoken
Dialogue Systems with Context Information, in Proceedings of 2018
IEEE Spoken Language Technology Workshop (SLT), pp. 854-861
(2018)

[Kobayashi 19] Kobayashi, Y., Yoshida, T., Iwata, K., and Fu-
jimura, H.: Slot Filling with Weighted Multi-Encoders for Out-of-
Domain Values, in Proceedings of INTERSPEECH, pp. 854-858
(2019)

[Kolachina 17] Kolachina, P., Riedl, M., and Biemann, C.: Replacing
OOV Words For Dependency Parsing With Distributional Semantics,
in Proceedings of the 21st Nordic Conference on Computational Lin-
guistics, pp. 11-19 (2017)

[Lafferty 01] Lafferty, J., Andrew, M., and Pereira, F. C. N.: Con-
ditional Random Fields: Probabilistic Models for Segmenting and
Labeling Sequence Data, in Proceedings of the 18th International
Conference on Machine Learning, pp. 282-289 (2001)

[Lee 21] Lee, J., Sung, M., Kang, J., and Chen, D.: Learning Dense
Representations of Phrases at Scale, in Proceedings of the 59th An-
nual Meeting of the Association for Computational Linguistics and
the 11th International Joint Conference on Natural Language Pro-
cessing (Volume 1: Long Papers), pp. 6634—6647, Online (2021),
Association for Computational Linguistics

[Liu 16] Liu, B. and Lane, I.: Attention-Based Recurrent Neural Net-
work Models for Joint Intent Detection and Slot Filling, in Proceed-
ings of INTERSPEECH, pp. 685-689 (2016)

[Liu 20] Liu, Z., Winata, G. L., Xu, P, and Fung, P.: Coach: A Coarse-
to-Fine Approach for Cross-domain Slot Filling, in Proceedings of
the 58th Annual Meeting of the Association for Computational Lin-
guistics, pp. 19-25 (2020)

[Liu 21] Liu, L., Lin, X., Zhang, P., and Wang, B.: Improving Cross-
Domain Slot Filling with Common Syntactic Structure, in /CASSP
2021 - 2021 IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP), pp. 7638-7642 (2021)

[Louvan 20] Louvan, S. and Magnini, B.: Simple is Better!
Lightweight Data Augmentation for Low Resource Slot Filling and
Intent Classification, in Proceedings of the 34th Pacific Asia Con-
ference on Language, Information and Computation, pp. 167-177,
Hanoi, Vietnam (2020), Association for Computational Linguistics

[Luong 15] Luong, T., Sutskever, I, Le, Q., Vinyals, O., and
Zaremba, W.: Addressing the Rare Word Problem in Neural Machine
Translation, in Proceedings of the 53rd Annual Meeting of the Asso-
ciation for Computational Linguistics and the 7th International Joint
Conference on Natural Language Processing, pp. 11-19 (2015)

[Makazhanov 16] Makazhanov, A. and Yessenbayev, Z.: Character-
based feature extraction with LSTM networks for POS-tagging task,
in Proceedings of 2016 IEEE 10th International Conference on Ap-
plication of Information and Communication Technologies (AICT),
pp. 1-5 (2016)

[McCallum 00] McCallum, A., Freitag, D., and Pereira, F. C. N.:
Maximum Entropy Markov Models for Information Extraction and
Segmentation, in Proceedings of the 17th International Conference



F—U—F - XRTERD NI ZAREIS T 5 7 — LR Z I U 72 RAIGE IS IG 3 5 G EMR T 13

on Machine Learning, pp. 591-598, San Francisco, CA, USA (2000)

[Mikolov 13] Mikolov, T., Chen, K., Corrado, G., and Dean, J.: Ef-
ficient Estimation of Word Representations in Vector Space, in Pro-
ceedings of the International Conference on Learning Representa-
tions (ICLR), pp. 1310-1318 (2013)

[Nakayama 18] Nakayama, H.: seqeval: A Python framework
for sequence labeling evaluation (2018), Software available from
https://github.com/chakki-works/seqeval

[Nisimura 05] Nisimura, R., Lee, A., Yamada, M., and Shikano, K.:
Operating a Public Spoken Guidance System in Real Environment,
in Proceedings of INTERSPEECH, pp. 845-848 (2005)

[Ouchi 18] Ouchi, H., Shindo, H., and Matsumoto, Y.: A Span Selec-
tion Model for Semantic Role Labeling, in Proceedings of the 2018
Conference on Empirical Methods in Natural Language Processing,
pp. 1630-1642, Brussels, Belgium (2018), Association for Compu-
tational Linguistics

[Pennington 14] Pennington, J., Socher, R., and Manning, C.: Glove:
Global Vectors for Word Representation, in Proceedings of the 2014
Conference on Empirical Methods in Natural Language Processing
(EMNLP), pp. 1532-1543 (2014)

[Prange 15] Prange, J., Thater, S., and Horbach, A.: Unsupervised In-
duction of Part-of-Speech Information for OOV Words in German
Internet Forum Posts, in Proceedings of the 2nd Workshop on Natu-
ral Language Processing for Computer-Mediated Communication /
Social Media (NLP4CMC) (2015)

[Rajendran 18] Rajendran, J., Ganhotra, J., Guo, X., Yu, M., and
Singh, S.: Named Entities troubling your Neural Methods? Build
NE-Table: A neural approach for handling Named Entities, arXiv
preprint arXiv:1804.09540v1 (2018)

[Raux 05] Raux, A., Langner, B., Bohus, D., Black, A., and Eske-
nazi, M.: Let’s Go Public! Taking a Spoken Dialog System to the
Real World, in Proceedings of INTERSPEECH, pp. 885-888 (2005)

[Raymond 07] Raymond, C. and Riccardi, G.: Generative and Dis-
criminative Algorithms for Spoken Language Understanding, in Pro-
ceedings of INTERSPEECH, pp. 1605-1608 (2007)

[Ribeiro 18] Ribeiro, E., Ribeiro, R., and Matos, de D. M.: A Study
on Dialog Act Recognition Using Character-Level Tokenization, in
Agre, G., Genabith, van J., and Declerck, T. eds., Artificial In-
telligence: Methodology, Systems, and Applications, pp. 93-103,
Springer International Publishing (2018)

[Schuster 97] Schuster, M. and Paliwal, K. K.: Bidirectional Recur-
rent Neural Networks, IEEE Transactions on Audio, Speech, and
Language Processing, Vol. 45, No. 11, pp. 2673-2681 (1997)

[Seneft 92] Seneff, S.: Robust Parsing for Spoken Language Systems,
in Proceedings of 1992 IEEE International Conference on Acoustics,
Speech, and Signal Processing (ICASSP), Vol. 1, pp. 189-192 (1992)

[Shah 18] Shah, P., Hakkani-Tiir, D., Tiir, G., Rastogi, A., Bapna, A.,
Nayak, N., and Heck, L.: Building a Conversational Agent Overnight
with Dialogue Self-Play, arXiv preprint arXiv:1801.04871 (2018)

[Shin 18] Shin, Y., Yoo, K. M., and Lee, goo S.: Slot Filling
with Delexicalized Sentence Generation, in Proceedings of INTER-
SPEECH, pp. 2082-2086 (2018)

[Siddique 21] Siddique, A., Jamour, F, and Hristidis, V.
Linguistically-Enriched and Context-Aware Zero-Shot Slot Filling,
in Proceedings of the Web Conference 2021, WWW ’21, pp. 3279—
3290, New York, NY, USA (2021), Association for Computing
Machinery

[Simonnet 15] Simonnet, E., Deleglise, P., Camelin, N., and Es-
teve, Y.: Exploring the Use of Attention-based Recurrent Neural Net-
works for Spoken Language Understanding, in Proceedings of Ma-
chine Learning for SLU and Interaction NIPS 2015 Workshop (SLU-
NIPS 2015) (2015)

[Sutskever 14] Sutskever, 1., Vinyals, O., and Le, Q. V.: Sequence
to Sequence Learning with Neural Networks, in Proceedings of Ad-
vances in Neural Information Processing Systems 27, pp. 3103-3112
(2014)

[Wang 18] Wang, G., Li, C., Wang, W., Zhang, Y., Shen, D,
Zhang, X., Henao, R., and Carin, L.: Joint Embedding of Words
and Labels for Text Classification, in Proceedings of the 56th An-
nual Meeting of the Association for Computational Linguistics, pp.
2321-2331 (2018)

[Wang 20] Wang, Y., Shen, Y., and Jin, H.: A BI-Model Approach
for Handling Unknown Slot Values in Dialogue State Tracking, in
ICASSP 2020 - 2020 IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP), pp. 8019-8023 (2020)

[Wolf 20] Wolf, T., Debut, L., Sanh, V., Chaumond, J., Delangue, C.,
Moi, A., Cistac, P., Rault, T., Louf, R., Funtowicz, M., Davison, J.,
Shleifer, S., Platen, von P., Ma, C., Jernite, Y., Plu, J., Xu, C.,
Scao, T. L., Gugger, S., Drame, M., Lhoest, Q., and Rush, A. M.:
Transformers: State-of-the-Art Natural Language Processing, in Pro-
ceedings of the 2020 Conference on Empirical Methods in Natural
Language Processing: System Demonstrations, pp. 38—45, Online
(2020), Association for Computational Linguistics

[Wu19] Wu, C.-S., Madotto, A., Hosseini-Asl, E., Xiong, C.,
Socher, R., and Fung, P.: Transferable Multi-Domain State Gener-
ator for Task-Oriented Dialogue Systems, in Proceedings of the 57th
Annual Meeting of the Association for Computational Linguistics,
pp. 808-819, Florence, Italy (2019), Association for Computational
Linguistics

[Xu 18] Xu, P. and Hu, Q.: An End-to-end Approach for Handling
Unknown Slot Values in Dialogue State Tracking, in Proceedings of
the 54th Annual Meeting of the Association for Computational Lin-
guistics, pp. 1448-1457 (2018)

[Young 13] Young, S., Gasic, M., Thomson, B., and Williams, J. D.:
POMDP-Based Statistical Spoken Dialog Systems: A Review, Pro-
ceedings of the IEEE, Vol. 101, No. 5, pp. 1160-1179 (2013)

[Zhang 17] Zhang, Y., Zhong, V., Chen, D., Angeli, G., and Man-
ning, C. D.: Position-aware Attention and Supervised Data Improve
Slot Filling, in Proceedings of the 2017 Conference on Empiri-
cal Methods in Natural Language Processing (EMNLP), pp. 35-45
(2017)

[Zhao 18] Zhao, L. and Feng, Z.: Improving Slot Filling in Spoken
Language Understanding with Joint Pointer and Attention, in Pro-
ceedings of the 56th Annual Meeting of the Association for Compu-
tational Linguistics, pp. 426431 (2018)

[Zhong 18] Zhong, V., Xiong, C., and Socher, R.: Global-Locally
Self-Attentive Encoder for Dialogue State Tracking, in Proceedings
of the 56th Annual Meeting of the Association for Computational Lin-
guistics, pp. 1458-1467 (2018)

GHYZEE ek k)
20219 A TH =



O & ¢

A, EERERO&M

KA1 EBREROSM

F-gtv k| EFL | f&% | WD [ TFD |
Sim-M VD+PS+ML x1 0.0 0.3
Sim-M SE+CWE+PNS | x1 0.5 0.0
Sim-R VD+PS x1 0.0 0.0
Sim-R SE+PNS x5 0.3 0.0
Shop VD+PS+ML x3 0.3 0.0
Shop SE+CWE+PS x5 0.5 0.0

(f&3#:PS/NS/PNS D {3, WD:Word dropout ,
TFD:Target feature dropout )

RA2 KIT 47« 2HT 4 TH 2 TNOERICK MR

(a) NV 2 — ey AR

F—=REYy bk | ETI PS/NS/PNS &%
x1 X3 x5
Sim-M VD+PS+ML | 96.50 | 96.00 | 96.27
Sim-R VD+PS 96.18 | 95.84 | 95.63
Shop VD+PS+ML | 89.65 | 90.08 | 89.38
(b) 2u vy MEESR FE
F=2EYy bk | ETIL PS/NS/PNS &%
x1 X3 X9
Sim-M SE+CWE+PNS | 96.66 | 96.59 | 96.63
Sim-R SE+PNS 96.28 | 96.29 | 96.32
Shop SE+CWE+PS 90.30 | 90.28 | 90.67
ZEEZE BN

E BECERS)

2004 FEHUR T ALK AR T2 SRS > = 7
LERIELHRET. FE, HZREMEHRAR &
HER—LT T4 7 v ARAEH) Atk 2008 k2
HEZ A, EENGEOMILCEF. BT HEHREEYR,
BRI, SRE.

A5 il

2020 FBRGHERF R L BRI T FERMER ¥ T K
BEERBET. FE, RAXMREAML. FHEMFHOWE
it "R, 2H

ANTHIEERE R EE 37 % 3 5 IDS-D (2022 4F)

A K

2013 G THERERFBE BRI T RHE R 5
HygT. lt (L% . FE, RRAKHFZ AL &5
EEAHE, EREEUHE, ERNGEEY T LD
15,

B &R

2005 FFHEBRFRFHEMBR AR A 7 4 7R
BELRRET. MFE, WASHEEAL. SR - X
AONIFICIEE. ETHREEYR, HHER, SRR

=R F=|a

2008 FEHU TR A FHe B T ER e RHE R T ¥ %
BIETFRE T, FIE, HRASHBTZ A, EH GOt
FITHESE.



