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$E AT 4AER (BERT), 547 P42 h AR 57 ] TR 4 AL AL 69 20 R P 4R AR e BIAN 34048 F o SR aa s R R A,
Fr iR AR 2 B WAR ML S LR A 5 K 2] T 97.98% H= 99.11%, AARALAAAES £ F1 545714 5] 96.10%
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Heterogeneous Graph Network with Window Mechanism for Spoken Language Understanding

ZHANG Qi-Chen, WANG Shuai, LI Jing-Mei
(College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China)

Abstract: Spoken language understanding (SLU), as a core component of task-oriented dialogue systems, aims to extract the semantic
framework of user queries. In dialogue systems, the SLU component is responsible for identifying user requests and creating a semantic
framework that summarizes user requests. SLU usually includes two subtasks: intent detection (ID) and slot filling (SF). ID is regarded as
a semantic utterance classification problem that analyzes the semantics of utterance at the sentence level, while SF is viewed as a sequence
labeling task that analyzes the semantics of utterance at the word level. Due to the close correlation between intentions and slots,
mainstream works employ joint models to exploit shared knowledge across tasks. However, ID and SF are two different tasks with strong
correlation, and they represent sentence-level semantic information and word-level information of utterances respectively, which means that

the information of the two tasks is heterogeneous and has different granularities. This study proposes a heterogeneous interactive structure
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for joint ID and SF, which adequately captures the relationship between sentence-level semantic information and word-level information in
heterogeneous information for two correlative tasks by adopting self-attention and graph attention networks. Different from ordinary
homogeneous structures, the proposed model is a heterogeneous graph architecture containing different types of nodes and links because a
heterogeneous graph involves more comprehensive information and rich semantics and can better interactively represent the information
between nodes with different granularities. In addition, this study utilizes a window mechanism to accurately represent word-level
embedding to better accommodate the local continuity of slot labels. Meanwhile, the study uses a pre-trained model (BERT) to analyze the
effect of the proposed model using BERT. The experimental results of the proposed model on two public datasets show that the model
achieves an accuracy of 97.98% and 99.11% on the ID task and an F1 score of 96.10% and 96.11% on the SF task, which are superior to
the current mainstream methods.

Key words: dialogue system; spoken language understanding (SLU); heterogeneous graph; window mechanism; intent detection; slot filling
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1 5|

T T3 X 1E 2R 4L (task-oriented dialogue system, TOD) 1] DL AL B4 s A0 FR 4 5 1) 2, 4044 RE R AL 2%
A EESEETIT AL, Horh 5B A% (spoken language understanding, SLU) & i [A4T- 4% ) 1 2 G h i — A TS24 ¢ 1,
T IV 25 VR0 0] 13T 2 490 75 2 T 7™ s (1) A 2 40 SR, TR B 1 B A AR FH P (5 B EA T RS A 1) S A%, FEX 1l R e, T
PR A 20 A £ T VR B SR I — AN 1T v MRS 7 75 SR I T8 SOHE 2. B HORE JRU i 7 ¥ 5 A 4l v SR,
FENTH P B BT 4325, Il R AT 45 Z A (intent detection, ID) FIABATIETE (slot filling, SF), 4371
FFIRBIH 3 BN A SR TE 5 KI5 h SR BGE SCS 2> . 35 BRI B0 ¥ SCUE TR 23 25 10 8, 76 A0 T 200 20 M ik
TE IRV S, Tl 37 15 70300 A 7 B3R 2 90 (token-level) TAEHIIFHIRRCAT S W, JLVERER BB R T AES5 1
Yk,

Wi, B 1 A R AR (BIO 4% 20) 1) SLU iH 7R, MR PRSI 4 B-" R AN bn % 2 Al T U6, AR %8
T IR A 8“1 2 AR B AE RS Y. <O ARAc s oAt ), 5 375 fun A 0 1) 5 4% 4 “Flight”, M) # “Kansas City” il
“Newark” [l {7 {5 B A 7] BEMR IR ) 4 “B-fromloc”*I-fromloc” F1“B-toloc”. {H 41 % 7= B R 25 4% 1K 1) 24 “Ground
service”, U _L iR Bl (5 B AT AT RE AR 0 2 “B-City name”. [A] B, 2448 {37 $R25“B-fromloc”“I-fromloc” F1“B-toloc™ %
IE TR, FeATT AT DL BT AR A iR = B B A “Flight” i A & “Ground service”. [Al, IX AT 45 2 [AI47AE IR 5 1)
R, MEME B RAT S B AT TR, RZIMA.

Utterance Flight From Kansas City To Newark
Slots O O B-fromloc I-fromloc O I-toloc
Intent Flight

1 A R E AR (BIO H4%) (1 SLU 5 1

2 S8BT 55 ) 1) SR 5 AHOGE, —— SEAIF 5 e K i R U R RS A7 S ARAT 55 45 5 B S AL 5527 ST HESE
oh LRI AGE SCRFIE RN L SV 7 25 (8], 35070 6 A 20 T 5 AR T . DA 3 2 VAR ) AR RS A3 L 7 A 45 1) e 4 VR i
0, S e R AT 5 AP BT I SR R (R U0 3, R LA B4 s LT 1 R R R I, [ I A5 40 M7 1D
HSF 2 e fry s U0, U Sk SR R A T R A (R AR, L Sk AR 4 P ) K 4540, Y50 26 R AN AT 45 2 1) RO
TEZE 5. DRk i R R UV T 3 A TR ) 0 SUA AT A 45, T 7 SR 78 A2 B B PR (R R AT 55, BT R R
(RRFAE S A S A ). S R A e ) B 1 A T S 2k, B 5 B 2 Y R4 s R, AN RIS RIS s B AN IR
TiE, JLRFAE AT T4 AN [ [R5 24 i) o U S ] e () S [ 20 T AR AR [ £ 8 AR SR, ol T3 8 P A ] 2
token S SZ A A7 IE 78 A1 55 IRRF 28 R, 10 A SR B AT B 1R 2 A 55, & IR 7SR AR R RIS, G A — Loy
BT VE R B BRI R B, RITE SLU Hh, REALAMY B OCIR IR &, 7] I A AL AR 48O Fl“B-"1-7 HAT Jy s 1 48
P, RI“O”FR2E 2 Bl o0 T 2R 80 tHIL, “T- AR 25 EREAE “B- b 25 R I HR L. DR R A A5 B 4 S 00 tH R SRR AIE.

TEASCH, T I T —Fh e A 45 M HE QLR AR w10 1) 38T, R4 S A P3[R A8 TR BT I 2% (heterogeneous co-
interactive self-attention and graph attention network, HcoSG), %4584 2 Ak 1 [A] V- RN 7] 38 HL 1T, AR TR i 00 2R
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FH B VERE JIHLH (self-attention mechanism) Fl&VE 7 71 4% (graph attention network, GAT) IS B 2R MER AT
o BRI R A A AT 45 U2 ), B ) 4 (GAT) A&l s 1y 45 AR 2 Bl o 2 I 4%, e 2 R o T WL ke sk
AR AR T SRR AR S B sz b, IS S B A 2 R SR T ORI, A R
SRS B (heterogeneous information network, HIN)™L. B 00 M5, 15 B Ak BT A4) )k ) S 449 &l o £ 1D #0 SF AT
5 2 MR 2] LA AR TE S, 2 BIARERAE CA a2, [FIN, b7 BRI ) 7 0 14 43 AT 25, T Rl o7
FEAT: 55 J2 WRAR N 1) 53 28 AT- 55, T BRI AT 0] TR A7 T 78 S MRLJSE 1) 23 2RAT 55, WX PTG IR~ 5 B R A A
[ PR AE. TR, ST AT 45 R R 5 WL N S 38 AT 5 X 2 TR, i 5 2, TAT T X M A sk AE N
—AHE B AR AR B ) R, I HLIK Y AN 55 AH B A S Hr A3 i AN 00 B R ] TR OB M. 5 AR e 1) F i 2 LRI
I 3 P AN (], FRATT A TR 2 A AN () S Y 4 ORI 382 110 e A VR A 1, ] DA e A R 20 e B 4 Tl 145 JE
FE T S T 5 B e A 5 H )3 B AR, FRATTIASE 2 ] USRASQ e R 22 4% i) e A E 41 & HAH .2 [7A]
ANILEE) TS 27 5 BT RUIRON R 8 T L A H8 e 4 Bl vh S 4 M R o SUAE BV = k. 2, T LA e o 28] o
) 1) AR A AL AN RE 2L [RII, BAT IR RS A L Ae AT 45 LR o AL, DLE g b @ R A 25 1 S 30 0% s

FRATAE A A TTHAE 4 ATISU VAT SNIPS! SREAT T 5250, 1500 P AN Bcdhs S 1 5 56 45 SR AT B T BRATTHE S S I
B E R, LT S e M RE. RS 2, IR Tk .

(1) TAHEH T — P i g5 MAESL, % ID A1 SF AT S5 HEATHE AR A%, LA 78 43 5 JER RAT 25 28 B4 1)1y s R 422 P
AR BIARITE SUE . JEERATIT A, AT B 45/ 5] N T SLU 4.

(2) BAIRIAHAE B [EHFVE H LR AR S T AR 1T, DS U R SR bR 2 1) SR 1 L

(3) FAVHAT T T2 (P S0 ACUE I FRA B ) A M. SRR 45 SRR I, FRAT TS B AR /S A el & 1 ST
JSTRERIPERE. RIS, FATRA T W45 BERT, DUE A3 FA 1 RIAE T A SR gt — s 4 5t

2 MXIfE

TE V5 B v 2 AR WU — R 40k T 2 Vsl s 25 ER) s S 43 2 1) R, Ty 37 3 7 32 A A0 P B b v A 55
SLU ek = AR B B AR R 5 T B 4 D 08 SRS, -T2 2R3 TR, LS8R, O T vk Bk 2K, B4
PR T Ry, WS EE AL (support vector machine, SVM)! 144 Bt H13% (conditional random field, CRF)!'®.
I, T R G LI AR RE S i T ARG,

ot T PRI AT 45 R0, Y Ry ) % U208 i o ol 20 o 4% 1) IR 24 107305 5 45 b ke, A A 24 7 10 4% (10 42 ok
FN, 1K 7046 50 B B e i R AR I R MER 2. D T AR S A A B R A4 48, JiEER AR I 4% (recurrent
neural network, RNN) FHK G HIIT1Z M 4% (long short-term memory network, LSTM)2"*2 I 4/E 7% 48 AT 4% 1 358 5 4
2%, KPR AR T B AR AR5, filr, TSR I AF 4556010 R AR, W 4 m 17 = PRSI A 55 11 Fol 4
TR 0, 2B RS R B AR o (0 I B 2 > R 0, T LA BB A s U A B AN 2 ) 7.

RERTIEFRAT S5, WM XAREAESS, & — AT S IR AM AR TP 50 AR 5%, R BAT o] LAYR
H 3k 2 IR [R5 BRER R R LA ZE 23 R 3 2045 5. i FH R R 57 3 70 4o 22 IO 8% 75 2 A0, 4 4 A1 R ATL 32 R B4 44 2 Y 4%,
FEF RNN i 5B (RNN-LMs)™ A LU SR A A1 AR &, 1M AN A2 fa7 # b F000 o], LA o iy 44 Se 4k Agvk
RO SR AE B AT TS0, A 2 b — 90 T AN R B 45 1 X R AL 78T 25 1R 5, R BT RNN #8408 T
CRF J45 P52 54625 (1 FE IR0 5 VA AR ], SCHR [27] S HERL A T [ 45 f0 5 3 FR AT 45 SR At R A S AR AT 45

B, VEZ BT F0R R BRI R A S 7R AT 45 45 & B — DN 2 AT 452 S HERE v, DUIE R A G sl 2 ) P52, —
Loy e T N ID $I) SF R — {5 G, Dk i A B rT LA A A SE Fe S A ) 8 SURFAE. T IALR By R =%
S A e B SN T R A SR 70 AT 45 AR A R HE 40 DU B AT B 0 480 1 4 2 B SUAN R A R A7 4178 Graph
LSTM 7 3 1) s 1) A5 R 00 1l AR 2 o) (5 SCAR S, LA Ik 380 B AMT 45175 JEL I A8 HL T 9. 0, Co-interactive
transformer!* FIl CM-net” $& H 748 FL 5 A4S 0 RRS A7 S 78 AT 45 (R0 RS 28, L7 40 R Y o bl A R 1) A8 R 22 0.
TFP R HUKE 15 140 TR A5 B3 F Transformer 4 % OSSR v - 285 FEUAS U R (7 32 78, 45 v MBS T LA 9 I A
BT b 27 ) B, IR SIS Y ] LA M A R P AN 45 2 TR ) 3L 52 4R, AT 4 A4 e PR A S5 R P e
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5 13k TR LG, JoAT] (RUREIR S — o b Bl 4, T DA 2 A SRR 435 5L L 78 43 % AR [ B 1 0 2
VUL AN A 2 I RS GE N 22 5. RN, SR TR T W LABRe e 1 v b £ J) e e
3 F &

AR T FRATHR 0 P T 225 A0 U 57 278 PR B S BT 2 HE 2 P R B [ 2 %, e i
28, PR TRRTG A% . SRIAE ELVE R ) S A P AR 78 AR SR A . LS S R 8 K R 2 I i i A
TR AE PR PR 28 T, 2 i B A 2 PR R WU 55 PR TO00M0, S 20 B 3 P SR 405 50 56 A1 R/ 2 PR b 5 W N
TR, T R A 1 S S A LY 250 SR KR A N . S A8 LY 75 ) SR AR [ 8, P T B AT
55 (R TR £ JELRIVARAIE . 5 7 P R 70 AR 8% o, 72 TR 00 35 K5l P e S 0 A £ 6L 190 53, DA S 4736
FH T o 2% FRORSEL 60 L T00M. 7E AT o, FRATH VA0 A 28 S LUHE S ) 4L B 2

TR 20 3 P e

I T
1

: 1 |82 %
[t imd et

J—l

T

X,

BIiLSTM

X, AL A T

X3_>

Self-attention

[

FEE R R gt A FSMZHERZ R T A A8
K2 HcoSG 3&AZE

3.1 HEIRR DS

TEARH PRESE 5 BRI AT (57 B 78T 45 JL S ) — AN il 38 BRI T B iR JIHLHIFT BILSTM (bi-
directional long short-term memory) 2 it %42 1% 3K 3R AR T LUAE G4 J I [ e IR A b 7R 3045 B IR 3L 2 iliE R R,

¥ T T B R A 2 LRI b SO B g o0 il S IR AL A R AR, FEAS S, AR BEE IHL
FK A IRBEA token (1) L FUE R X T— M n AR R TEE X = {x,...,x,) , T x XN T —41 query.
key F value [7 58 " AVERE BB X, 1 query 755 BTG H AR R RN key [ —— M A 5145
A x; %o X e A AR N 7S R T R T % A value I INBORT, FEh 43 B 45 1A value IALE
i query SAHN 1) key 1) Softmax BEGHS. Ak, B M H A € R™ (d Fo5 BN H 48 &
RN

A=S0ftmax(Q\/IZ_T)V 1

i, 0, KRV RFEH) X it AT e th 2805 AR RE, d, RERIJE key [M4ERE.
XL LSTM (BiLSTM)2 8 K A1 B AT 12 1) e g AU b e, 48 T IM LISk P il B, B 32 v
T REHRRAC 1) 5. x, N P ARHR N BRI Oy PRI IS, BILSTM 320 x, DA BRI T SO B R A e 41

H= {hl ,,,,, hn} € R"Xd, h; = [ﬁi,;li] = BiLSTM (h;_1, his1, Oermp (X:)) 2)

FATRE BVE R IR BILSTM FA it IERGEAAT A e 22 I i b 7
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E=A|H=/{e,e,,..., e} 3)
Hoh, EeR™™ I H. || RoniEBRE.
3.2 MAEEEMERDER
FEANT Y, BATIAT PR Il A B i, v i e e i P A0 e 2 10 D P D A 55, R AR i 45 P A A R Pl e
RN, FOAT LSS A F S 00 A RS T S AR R R AN RS (K 2 R RN RS S B AR B AT R A Pl A
PR £ ST LA 0 AR S AT A FL2F 20 AT S A b PR R SC SRR E i\ B P K
FIBILSTM 1, DABHAR ST AT 55 2 o
h} = BiLSTM (k] 1!, .e,), H' = {h,....n}} e R™ “

(1) B RS
A B, BATAT 10 2 ) 2 7 RS, R AR AN 1] () Sk T 2 iy i R = . R R e G I AR
(i N, 3 HLIRATAE 1 EAT T S Kb/ I LIRAE G RN T, T
I = LeakyReLU (W, +b,) ©)
yi= Softmux(W,i; =% b,) (6)

Hrb, LI ={1,,...,1,) € R™4) FRoRER i A H1a] (10 72 B Tl 1) ek, HOKe AR R 003 R g i N, DA O A 3 A
BEMIRANZRR. y RN A B BT A, P T AU R EG W, A W R R NZRHERE, b, R by 2 17
Q) RYE s 2
AT H AR 1 W B A B 25K ) 2 25 R kN LA S 07 1 70 A1 4% 0¥l (1 KAL) S 1 2 TR b
B N PR TS S TAT 45 RO B, DR by 25 2% 1 1 0 R AR e o BB ok TR F0 o o T SRR,
DRI g T 3R 1550 3= 5 R B A L 1 2 IR AR B IR SRAIE, FRATPHKEZE 1 B B 1) 2 1R o HE 34T — s AR 4 A DA SR A A5
AN FERRES R A R, FLE R L
T=WiI+b, %)
i=w, (tanh (i)T)+b; ®)

Horp, BAEH 1 € Rifw<dems S TR RN, B [Tgp| T8 BRSO ; W) € Rrxden FI W, € ROVl JE 1] 1| 250
LRV . X R TA I H S 50 A PR R R A AR A T R AR A IR R R Rl 5 1 B B B
]SRN E EALAE B, ST DLREA T S 1 R B g AE . BRI, 28 2 M B B RR AR 7R T L
Tt S R A I 7R 55
3.3 BMREFENE

LR R TAFE ML A% O b T R AN 2 ) 7 I 20 A 55, TR A7 SR A8 2 TR 0 1) A b A 45, DALt
KA = BEAR DG AR S5 HA AN R R RS . e d A8 HLvE R D0 2R FH BV B I LI FH 1 3 00 W 2% B BE A TE X,
W BB F TR A7 A7 RN R i N BB RI A B2 ) IS HESE b FEIX R iy v, R A M R 67 S 78 A 55 00
TRAEAN A (75 S, AR A GE SURFAE AR SRR AL 15 85 T axX Fiya 3 00 S5 40, A HESE ] LA JR] I 2% R8T ORI A2 1) o
FEPE. AR, AT IR & DOALEIEEAT 1/ 2080, DURE U M A 30056 1 v 1) JR SRR H PRI T 52 % B R T, BAT A I
iRy I N e =L ST WS & A LR v

L555 3.2 5 R IEE BILSTM — 2, JRAT ISR ] BILSTM A i bR A Bk ik A\ 27

K = BILSTM (A} .k, e;), H® = {I,....h}} € R™ ©

(1) 5 LTI B R T

BAT % COPLHI B = B e TR AN Sl (AT 25 e 18 U R, JE o RIS B R, B FE
HER BTG, LIRS R 2 [ W OO0 &R A2 % DIRLHI P, & R/ g 8 SO 6, ol LG 4 Ay Be i
1 RUITHT P G A AR B SRR, 1 N RS T B RO SRS T
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Os.Ks,Vs = H' W, H*W H* W} (10)
0Ky
S = Softmax(fwindnw (_ VS (1 1)
Vd;
1 a, ay e Ay
a, 1 a, RN )
fwindow(') = a a, 1 o An-3 (12)
ay-1 ay- ay-3 I 1 NxN
BRI fruinaow (1) Tm — N TR B IAE R mask FFE, K g, = 1,a, =0 B HA i€ {l,...,6); j#i, HK

T BT A AN T S AR T K & X FLAHAR bR SO s A A O, AR AT SR T AR RE,
R mask %F B HE 25 450 4001 SUTTA G S BCE, FRET Softmax 354E. 2 VEE ) AVIBRLILF DGk B AN
o7 B AN ) 7 143 TR 45 J8 U2 DR, AT TR 22 Sk 3 0 HLARISRAE 1 58 4 (1 0L A 2 L. o8 3 i PR 7 3 7 1
RRTFFIES =(S,,...,S,) € Rrxdem I S48 45 44 o 35040 AR BT

(2) A HHTT

Pl 3 1 2405 2 L 420 19 245 1) — TR A A, B i ) SR % 30 74 i 5 SR AR 2 I f T 2 e il 5 20 S SR AT 1
328 TR B, FAT I8 T ISR B BRI B R IALE, T AT LA 3] T AR ) 4R Rt S Al 45 A R RN AU
BV, IR X AT T AR 1 R 3 A R BT s RN

G BT R I NG KT — AN n NS EER, H=1{h,....h,), b e RF & XK R T K11 4
NEET S, Gt — 2 M5 BASH B G 2 st o B = (7, k), B e RFAETT SR ANE R FEAERIEER
JIWLHIA] LA R

- K ~
W= kjla{zafjwfh,) (13)

exp (LeakyReLU (aT [W;Jl[ | W,k ,]))
Z exp (LeakyReLU (aT [W,ﬁi I W;Jlk]))

keN;

(14

ij =

e, o Ron BAE B E (140 Sigmoid BREY), || RARERIRAE; K Ron 2 It B Sk INEER; N Ry sl i (M40 )E
WA (WA A S); W, e R ZEATINZBUEREFE; a € R 2 Al IR i B ) ) i, AUE R B o) 2 AR
PRIKD, X R P AN 1T 2 DGR B (9 SR FEAN ). i 1 sl R T B AR A R [ 8, AT LA o A J R B R 2R
B0 RO A RO K F AN, DUREATTH AN AR A5, 1A 70 BESRAEAL 0K 23 AN .

2 A T UL 0 18 R R Ie TR 3, FRATTRE BT 0 W 26 B RO LS I 25 h Gk o AR S AN )
(Ko AR S, IF A EE AT, Wi 2 B, ML e AR 45 1] 20 1 o2 AU (1) sP 3t il o i e )
AU L5 2 A () s P e B 1 R 2 Y A9 31 10, T Y R AR B AR 7] — S A B R AT A L S . FL ik
A, BT 3 AN 05 RE bR R T B, TR 190 2 S Ve . S AME 242 A IS AT A,
T 28 A AN B R AR 5 10 A AT T s LA R 75 A G = (VLE)

T Vo A TRATDR A AN 3 P b e 2 ) IR A8 AR S HEAT GBI, FATIAE A B P AT e DT, JErP n 05 TR
AR P S TE, m = Dl A2 5 RS AE AR, 5 B AR RS M N 270 MR R N 2703 T L 23 Jal ik 5 Ml FRLAE DAy ) 45 6L
A3 A7 B IR

WE : BATFTHEH ) S2AL LG 3 RS L 4L

(1) H i B DNRIVRE (7 S 78 A 55 i AT O, JRATTHE 4 R Y i 1, A FRORE Y sl DAREAT PN 55 AR B AE T
FUARUE, BRI RO R DT R P AR R 1Y o DA N A AT 5GP AR R
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(2) TA O B ARAETT RIS B ARAS (R I 0C FRBEAT AR, DL T AR A Bk 1) 78 SUEAR B
(3) X T TA) (34, FRATIN A T 3 A o LA ) B g BR e LAk &*ﬁ)ﬁZlEJH‘VrHEEE\)&E, EHEN )
DL LA — Pl Geids (an &1 2 o SRS R B B 2 T,
@‘Tﬁﬂ“ BATVHE —ANGE— [ HE L2 v o) 2ot TR IR A7 A5 B HEAT B s e %'“Filff B R AR RS A
I={1,.... 5} R 2 o FIARAA8 A SR, 0 AR NN S 0 HS = (B, kS )} A8 ELAG Rl R A A
S WE(HS W

}.
= I_( [Za” f ]+Softmax(fwindow(iq—\/3k)]](HsWf)] (15)
:Ij [Z% g’+Z%thS] (16)

Lrp, A5 (15) W) o, BBl i i8R T BT 00 T PR RO, 55 2 4B, A3 (16) N of, RN BB
S BT T AR 5 RS IR ROIBCE, VAL o Bl A2 A 3K (14) IRDUES. [FI, 230 (15) i FiEE )

SR AT B U0 EIVER IS ) ol Wl R Sl Wl T4 i A T B

N) \m

FOB T 572 2, 90 D, 1 D S8 7% 25 PR B 705 0] MY 15 2 o) 0 i m 5%&&, i A2 MR R il E
[y 3 FEBIER. K Fom % it B A kAR, §7 = (ST, 87} € RO R = {11, 1) € R O3 kAR T B

{11 3] 25 K 7 5 PR A I AN R
3.4 EERAEE TS
PR LLE, ToAT 145 20 5 5 107 S5 8, Heh AN S O RS TR R RIS L. b T SEB SRS R A

FEIHFE R, FATVCE T A P IC KA P 25 A i 85 SR A ] A B R R SRAE T, TRl — R R R R
A7 T RER R FIARAE, JF M R B RoR AR 3 108 1 iR ERE R e AR 55, TE R

pl= max(i 1o (Tow) > 0.5]] (17
0= {fp,SI ..... S }=Transformer(1 1S9 (18)

o, p! RORT S0k A8 4t i 4 4k 5 A 0 O 3 % J KA AE 2 ) 3000 B8 IR N AE R R IR 51, BT, Ro” ok
=L 1) PR pl R ERR S NS, Transformer() 2677% 1 VE 25 7 BT L ATRAFHY S5 4 A RS

R B LR OB L5 H @ OPUEIN BER I EE 8, E O A 6 ), § =(8,,...,8,) ARSI A
FoR, FAVERE AT AEAT 45 B0, BT bRt 45 P B LI S22 TR AR Rl
0, =WsS:+bs (19)
D XD 01,3 0)

(20)

4 Z Z xS () 0))
AR IR, Wy Dy nTUIZRRERE, by A IidhIR 55 F iy, O) M yiy By, I0EH O BUR R EL, y° A2 T
I PRI RE AR SE 7 A2 3.
3.5 BR&IIZ
TR TR 22 3o 11 e Atz /I T PR 00 R 37 AL 7 1) e 28 T2 47X BUBAAR I o R 0. L 7 PR AR 0 AR £ 33
78 H AR R B

ZZ?”log @1)

Jj=1 =1

=y Z&’,’ log (»/?) @)

Jj=1 i=1
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Horr, 340 i gtS 23R N TR IE A R AR AR m FoR bR SR, T Ron b2 o, e G 4
ReRE R

L=AL +L, (23)
Hrp, A WBESHL

2a

4 £ W

4.1 HiEE

T ATV FRATTEE HH I 2 1 Pk e, FRATAEPI S A L EEAE ATIS F1 SNIPS FFAT 1S54,

ATIS™ L fii 45 28 W AT 75 B R 48 (airline travel information systems, ATIS) Fi4E K301 Lk — 5 4 I/ 135 51
FRAIFEAE. VIR 4478 NETE, BAEAEMA 500 ANETE, MRS 893 MEE, IUH 120 A R bR
121 AR R B 2RI

SNIPS!': Z 54 42 /2 N SNIPS AN N5 B T APl 8L 11, BAT 72 ML bR AN 7 AN BRI DIty
13084 MiliiHE, BAE4Ea 700 ANMEE, WRER 700 MiGiE.

4.2 IR E RITHIER

FEW I, BFT ATIS I SNIPS 4L, 1l ik A\ I 4EE0 R 300, P ANEBAE 1% B =) ol o 4 25a 2
1024. A, BATEEG KNG K2, & M 1, R EER)EREK BE S 8, & FUB A7 i g5 A v
EABICRBBEE N 2. S H A WE R 1 FATESR FAEAM L, IEN{ES 1x 107, dropout i &y 0.2. oAl 14
H Adam™ A0 2 $0 5t BB I 2R B0 100 7K.

EF 6] = BREAT 55, FAT TR FMERA R (accuracy) K VTA 7 BRI o T 00 5 fi -

TR TR AR5 A B

o A UHER 2R (Intent Acc)= eymyET (24)
EF XA SE AT S, FATTRHA F1 20 Bk Pk A A7 JE 78 16 F00 2% -
veoe o TP
BHEFR(P) = TP+FP (25)
2 _ TP
AR R) = TP+FN 20
MR B (F1) = 2D XR @n
P+R
Hrb, TP ILIEBIAEL, FPOIBOEBIANEL, FN A ERAGIAEL
[R]Es, FRATISR A S AR & (overall accuracy) #1560 1) 1 24 i X HEZE MM #EATVEAL, AL FRIR A
S FE (overall accuracy) = A5 P RVRR A8 TR A P71 (28)

RTINS
4.3 HLEHR
AT AP FRATT T HR Y HeoSG, FRAT TR BATT B b5 DL SR 2k U vE AT T L.
Slot-Gated " $ H T — Bl I THLA, AT LL&VE T2 ) i RAEE & ) 1 B2 M A OC R, DMEDE I 4 )R itk 3k 13
TS SCHESE 45 .
SF-ID Network! S45if; T X0 I S Bz, b P45 B eI 42, 3 B e A TAH ek
CM-Net (collaborative memory network)"” 5 LAFME (K77 20 N ACHZ Hh i e a2 - (o Rk a2 2 1Rl (RO RR A, 4R
S A X e (R FAE DR 5 ]R8 T SO, FEBCIERT L, U5 S vl LAS | SR R FROR 7 RS B A R il B 2R,
Stack-Propagation” 14T token 2 5l () PRI, LA e 2 UG DN T R - 30E— 20 SR 1AL 4
Graph LSTM!HE H T P& K Jid B e 12 190 28 SRR Rk M55, 81 S04 SCAS e e PR, 8% T R T30 JE A i L o)

© TEBREEEEIEDT  htp/ www. jos. org. cn



KBR & —FATE O AH 6 OB E W 4 1893

e 2 FT IR,

Co-interactive Transformer®'$ i T W5 [F) 28 FL AR B, 38 220 78 95 N AH AT 45 2 1) ekt 7 X7 36 8 5k 2 e AT X%,
LR AN I R LA AR EAR R
44 RIFER

5 LRI BRI AR — 5, TAMEH F1 A0 S0PAG 10 75 B LR A7 35 78 v B R, (5 A YRR RE VP4 2 AR
PERE, DASAS FH AR HE A B EAT 7) 7 05 SCRESAR BT U4, % 1 BoR T RAEE H B BLTE ATIS #1 SNIPS #idis 5
AR AR, FRAT TR IRATISE Y HeoSG IPERE 5 AT A 24 77 kAT T LLER. IE QNP I AR, FRATI S B A0 7y
AT ISR EoR, B RO T CL BT SRR ISR PR, 4F ATIS $dl&E b, 59 T i
IS BRI Co-interactive Transformer ™A b, HeoSG {EREATIEZATS FIW F1 4 80RE T 0.20%, 2 I
FERESE i T 0.28%, BEAAKG ERE i1 T 0.62%. X T SNIPS %dls 4, oAl 1M HE AR I AR AT 2% 1) FL 2040 T
e SEHET72: 0.21%, (E 5 EAIAER RS LHEET T 0.31%, 7E3ERUERA B 387 0.05%. SXAEM T 7693 2% [E AR [T
S-SR R B TR WA R U B A 2. BATHE I R T BATTAE RS 78 03 R 1 R0 9008 SCRIR 44 5+
R R, T LABE Lef b 5 408 i BURG T IR DG &R, (AT 45 BRI B 78 4 M EAT (5 B A L, DASRE SR 20 1) A 2k

X1 7E ATIS FI SNIPS A4k I HeoSG 5% = B MU RIS 7 S 78 AT 45 5 3L 4k 7 kM LS (%)

Model ATIS SNIPS
Intent Acc Slot F1 Overall Acc Intent Acc Slot F1 Overall Acc

Slot-Gated"” 93.60 94.80 82.20 97.00 88.80 75.50
SF-ID Network™ 97.09 95.80 86.90 97.29 92.23 80.43
CM-Net ! 96.10 95.60 85.30 98.00 93.40 84.10
Stack-Propagation®™” 96.90 95.90 86.50 98.00 94.20 86.90
Graph LSTM"! 97.20 95.91 87.57 98.29 95.30 89.71
Co-interactive Transformer™ 97.70 95.90 87.40 98.80 95.90 90.30
HcoSG 97.98 96.10 88.02 99.11 96.11 90.35
HcoSG+BERT 98.10 97.61 90.21 99.55 97.45 93.38

4.5 B—AMHRASIIR S O

FRATTHAE FATT 5 L PRI IR TR 21 18 et A5 R 1 B0 38 (1 2 P R sl A5 R P 3RS T S22 1, o R
BORAT A5 32 28 T2 10 0 PR B R, X MA B3 iy 10 2 16 (0 SCERAR. AEACTT R, AT A LA TT 1)
WFTCIRATIORER, BATE S AT T 00— 2 BT T LIRS 2 BA THE 28 b AN [ 2L (R RCR AN 5 W, JF 20 Bt B e i
[CAREIR VA AR P NG E A T

(1) PIZR I PR 5 R ST

AT, 193 20 0 P g i T AT L 265 1 B BORT T S U BEAT VR TIUIN, 110 28 2 9 BOR S5 36 S U 1 24 Al
e BBRZE IR AN R s, FRATTIE L R 50 2 2 P e A 480 D0 A5 P M 2R 400 N B DR AT A PSR P B 25 i A R
AR A R AT L Z 8 23 B ARSI T R SE R, IR 2 AT DU, /5 ATIS A1 SNIPS Hifiadie Al F1 734000~
BT 0.53% A1 0.49%. [F]I, 75 P Hedh A L PR A D0 #AE Tl JRE M AAHETf AT T ik AT 90 SR DRl B 2 3
A HER L R B R, A R B AR B 20K T T A SCRAE, 5 ORI 1B 2 18] FR 8 SCOORIRFA 1L, M A7 3R
FEAESS IR RE T B o S A T BRI 10 Ao ARSI A 25 A 1 T o

(2) AR H SR Rl S

SRS T3 S 5 ARG UE 7R SR PR AT 2. BRATTRE A SR TR O [l S5 4, RIS P P i W R 9 i )
HUi 3 3 AT R B DR (A5 S A L. # 5, AT ELHR R PR IR AR 7S B IR PR AR B R, #H4Eh
EVER I RICHIsN, DOEATER 1 /AN RS, 638 2 Ao SRR AUE AT B L. JATAT OS2I F1 5y
BAEMA A TFEAREE L7000 T FE T 0.10% A100.21%. [AI 2R 2 AN s 6, JAT [ IR 2 B AR 28 1k A\ 27 A1 2%
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RSN B AR W4, AR BATHR I DU B T M 4% JATTRT LR 2R F1 B 230
B a3, JEAL 34T, BATTRE AL A A5 I OL A DT EE LI T CLAER i S 170 45 17 2 18] (RReALE, T Pl i
D7 W44 T LUKEAT: SO m A B A 45 i 204 i, O HBCE ANIL == [N, SRS HT 7 i i 2 20 10y S 4 P 1) 3 .
KPR TS VEAE AN ] (2 SR, R DA [ [ U o R e A G DR A o PRS0 R R B2 11 1) 4 3 SR AT 55,
AT TECFS S AR ARORE 2 R3] 2 53 AT 55, X PRI 4515 R B AT A L OGO AN [RDRE A5 B PRI, Ayt S g FT LA
AR PRSI [0 5 A5 6, JF ELAERE R 5 A2 18] rh 2 59 P A SR IR e (1 AR T B e 1R A0 IR, AN [RDRE BE (1R
SAF B ) FRAE R IR A T SR A

F 2 YIRS (%)

e ATIS SNIPS

TR Intent Acc Slot F1 Overall Acc Intent Acc Slot F1 Overall Acc
HcoSG 97.98 96.10 88.02 99.11 96.11 90.35
P 2T AP R 248 T S 56 97.53 95.57 87.34 98.85 95.62 89.43
A B = AL 97.76 96.00 87.68 98.71 95.90 89.73
ASUASE FH Pl i ) P 4% 97.42 95.89 87.23 98.85 95.88 89.88
Tl UM LA Rl S 56 97.74 95.82 87.12 98.57 95.82 89.43
7 P VR R 7 e D 285 Y i 2 97.54 95.67 86.90 98.71 95.65 89.29

WBAb, IX 8y G K 5 2 FH A SR AT 45, R T IR, 45 38 PR ANRE AT 45, BATTRRE AL m] LA 2% 3] s 4% rp oy i
AR 2 1) AR TS . — S AN (R 52 AT 45 A P 11 T 40 S A 43 HLAT S0 K (A0 3 . Sl 1Y o ) T i A
B PIRph , B R P A R A . oh PR S R (A AN I (1 2 SR, DLk m DK ] A 5 R
5 A g0E 5 BAG G

(3) T UL Fil i

AR WO AT T LI AR50, o AU RBR T AR SIHLEIT fno () BB THAE. % 2 R E D
WU Ry SIS G Pk BRI 06 T 1. NS BRI LU, BT (R PPN 4R AR T B T, X R TR AT 20 1 A4 45 )R A if
TF ML 6057, B0 220 17O A 25 0 HE B PR R 1 DA B B 1= Bk U E Jd 38 . A7 L 7 R PR ARG 0 it
ANFHIAEAR R AT-55, ) A 1) o i Sk T DA A M A A 3 s P, AR AT USRS b R BT A B ok R
EIPUIAESS

BATETE SNIPS BidladE BT T % 0 R /NS, DL AE AN [A) B 11 K/ ISR B AME S5 1R 5 . JRAT I B /Ay
IR ORI A — AN R NIRRT S5 S5 R 3 B, AT AR R e A R G R BRI
IR/ 6 BB N 2 08 7 B R S S MR AG 28 R 1 AR & D KN e W 1 R SEBL et B, AT IvT LR
B, AT F1 A EC 7 RS IR A 20 0 A 2 3B A T 11 KIS (8 n sl i R e, 9 HL > Sk g A b v
HAERE M DK/ 6 BB 0 N FEIUA W . IR S E DOR/MEE N 0 I, XS Ui s s BN
SCHIARAT AUREATAS B, A RSl AR i B R AT 8 N R, K T ORI BRSO BRI A5 L. RN, 347104
N T PR AR AR A AT — S PR R IR, AN T 11 2P ] A 2 5 IR PR SR i WL AT LAY A bt R
AT RIARC, T 1 KIS R 358 A 3 TT DB P b TG A s S5 R o 3 4R 1 R S0 k.

992 £ 96.2 90.5
£99.1+ =0 #J | 960} w0+ S 900} =0 0
5 99.0 R 958t &895_
E 989} K956} =
Loggt 18954 | i 890r
98T} Hosat o885t

98.6 L— s ; ; 1 F950l s ; ; s 88.0 L— s - s s

o 1 2 3 4 o 1 2 3 4 o 1 2 3 4
RPN R R
(a) 7 Pl HER 2 (b) HESHTE F1 2041 (c) LR

K3 SNIPS Hudlidk EANANES LR/ RUEIVERA L . AL IS F1 20 BRI AR TR A B S
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(4) T PR TR RIS ST e s T Rl 5 26

N T I TR PR R R LTS A 4 R AT 28V, FRATTRS B 13X AR AT i, 110 2 BB s 57 ) PP e 1) ) R i A\ R
P T S 4IRS AL FE T AT 55 423 2 v, FRATTAT AR EE 2] ATIS A1 SNIPS Kbl 42 1) 8 AHE AR K 35 T & T
1.12% H1 1.06%, IXAIE B T 5 P S R A S50 7 g s P M R . FRATTIN A 3 DAL Ay A 1 R 5 4R T
P REEIRRAE, I B0A FAE R IR 151 AR, 5 BOL R TE — L00] e A (7 5070 TR0 A R 0 A5 1

TR N F T iR AT 5 IR R A 5 5, W LABR i DB A Ik .
4.6 ZAHIERMKES SR

TEE 4.5 1, FATK ISR T HeoSG I & AN KBRAL M, UL T — AL 1A Rk, ZEAY o, IRATTE
— AT Z AR AL, SR BRI PR BR 2 A% O AL, HS R RIS AN AT TR A HLAE AR R
MFETH T S

(1) FSD+Self Attention/FSD+GAT

S AR R 43 (1) 22 24 T B S, FRATIAS AR B T A 28 o B T AR 8 P 26 1 AR AL 2% (first-stage decoder,
FSD), & K1Y mif5 BRI E AR T 2, (8] I AT TIP3 4 A8 EL v 3 07 2 v ) e ) 45 4 5 48 Dy TR A &85 44,
I LI e PRl IS Rl L 7 A 0 2% . 46 3 BTk, FSD+Self Attention 515 5 A AV A0 & 58 1 0 IR RIS 28 R0 B v
77 AR G Ky, 12 ) ) 225 A VR i N T XA T IS P A 78 P 2 i N R V8 B i N B PR T 2. #H A b, FSD+GAT
HR I (R R &5 R A B R R 4. A R TTOR, 3 ANMRFR A B T B ATV TEIX A W B, B4R AL
B RGBSR B AU, BB 5, = S S BE LA U5 A R AN B 2 1 A0 AN HE A 4 £ 4 52 e Al o7 B
WA 022 2], S EOEE ) 205 2 00 A MG B, TR 7R RS AL S 78 AT 25 11 2% 2] i AR o, B ms B ANkl
AT, H O LI AR B 4 5 i B B T, X 3 BT IR PIAMT S5 R s A e M AT A FL 2% 3] LX) 1D AT SF
L5, R 2 4.5 W 450 — 3, S5 M5 B 0T LU B I R b SR AS [ 28 R RIAS [RDREEE 59715 0505 6., TR R S g 5 pg A
KPR E T XA DL G 5C R IR R, X B2 il 15 e i 45 B M 2 B R G M nl, 51 S5 =K
T SO T B3] 7 SC TR PR e R 5 A SR e i 5 M vh B I 3 RS B 03, LR 1) e BT M % 18 T AN [0k
G AR ROC R, JFE BT A RS Tk FR . 75 Pl A R S 7 At A 4 L A 3o 00 7 sl R0 o i e 8 I T R A7
S FAT S5 WA, A A A A 17 B NAR R 5 S M 1 8 PR AT A8 T S B0 e 2% A A A 0. 27 b, FRAT TR B TR e
RO A P 0 R AR 2 e R A8 T v T ) ) R R U R S e R 8 S LR B A R AR Y
ARPERE, 2 B BATIE T 2036 2R I = BRAR SR 2R . AN RN BE A5 B 2 IA) 1) A AR L AN T 7 Pl 4 S Al A
R .

K3 AR (%)

N ATIS SNIPS
L Intent Acc Slot F1 Overall Acc Intent Acc Slot F1 Overall Acc
HcoSG 97.98 96.10 88.02 99.11 96.11 90.35
FSD+Self Attention 96.78 95.57 86.23 98.08 94.22 87.56
FSD+GAT 96.35 95.52 86.04 97.85 94.45 87.80
FSD+Intent-Aware SFD 95.93 95.42 85.81 97.69 93.87 86.63

(2) FSD+Intent-aware SFD

RIBABATEHE XL 1 WEE MG (FSD) A B BN H 78 i i 25 (intent-aware slot filling decoder,
Intent-aware SFD) SK#E4T ID I SF AF 5% [ G0 TAE, RIEE 1 2% 5 P AR 5 248 0 AT 075 1 48 A 5 L 170 J0, R g ¢ it
H I WA A ) R N R s AT S BN A SR R N i 5. S5 RN 3R 3 o, AR LI 1k B IA B e 1K, A1 A BT A
ST H ) VAR A R N 3R 7R 1T A 22 I 5 IS AR S 70 A 25 rh B, DA AR A 1 R TR N R, (R
SEAR D RO R 1) R P AR A RN R R L HA R A R R, Horh R AR % 3= TR SUE B BB R, X
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A B 2 W RS I AT 25 Pk R, RIS B a4 AT DAZ i 55 1 20 e R A i o8 100 2 T T 4 25 1 e K1 b ) S 6
AR I S AR 1N R R v] AT s P AR AR A S AR AT 55
4.7 WKL

0T T B T AR R PR AT AR 2R v R ) A T G T DA B AR FH e A 8 ) R B [RDRE AR B AT
FERL R ANAT 2% 21, FRATTHE — RS R T A1 = AR A5 BB AT AT A ARAE, il 4 PooR, 16 3B FE 91 SNIPS
Bnde. BEAARR A T E IR B, ARRR R 7 AN AR, [ o 27 S b 4 W) R 3 1) 4 SO0 T T AR AT )
FIEFREE, B R FL O EFE . FE B [ X6 1 “please play me a popular track from 1984”3 A 17 LIy & M 5
BT T AT N AR B I TR R R S A A E IE A 1 R “Play music” b, IR RS FRATT 0 A4 HL G AT BA
YO B BAS RO A4S B 2 ) (W 3L iR, FF IR0 R) A S B 48 SR A I R AT 45, FR, 255G RIRSER 45 L &
7, B UG RYE AR RS AR X A TR R I S5 R R S B X, B HATAS B B RR A I N R 7R AT LA 7 43 ) Al
PAF DA TRAE 2 2], LAk BIMER R = - 1 H 1.

Add Toplaylist - . .

Book restaurant -

Get weather -

Rate book -

Sear chcreative work -

Search screening event -

¥ S &

F B T
Q\éb ® < QOQQ\ &&Q’Q CRRN

K4 mrite

4.8 FHGRIEE AT

B, BADEYRDT T BONZREAL (BERT) O BATTHESL (K 5w, ZEATT oy, oA TRHR A G 1525 £ 46 9 BERT 2
TR, JF5 FATT AR R R R AT 1] B Z ORI AL, FATRNZ P B AR AT T 556, SIS RANHT3C& 1 frs. A
S A5 R AT DU Y, FATT RIS IR A R P TR0 A5 1 [ I e 7 70 1) e S 2 (K . BRAT RS L 051 DA o i
AT LAS A T SCRFAE, LS sy P Tl AE 55 1O SE 4 0 R PERE.

5 4 1

FEATSCHY, FATIPE T — 7l 1 30 5 5 AL DU AN A7 SR 78 1) SRR A2 TG54, " 78 7 Al 17 PSR SRAE 55 1
e R b s SURE R S A SR AN = . ek, FRATIHE AR WL R 1 2 LA, T s 20 R AT R A A
SR EE S, HERRR R SRR AL, 75 A B AR A SESR 45 RAUEW] T BATHr S AR 2R A 2, IF HAZAE
SRSZOL T BSEHERIPERE. BEAh, FATITHR th AORERL 5 TN 2R 8 BERT AR5 AORCR il LMEEPE gt — 2L 5Tt
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