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Multi-turn Dialogue Technology and Its Application in Power Grid Data Query

WANG Kai', LI Zhou-jun® , SHENG Wen-bo* , CHEN Shu-wei’ s WANG Ming-xuan' , LIU Jian-qing' s LAN Hai-bo' and
ZHANG Rui'
1 State Grid Jibei Electric Company Limited,Beijing 100053, China

2 School of Computer Science and Engineering, Beihang University,Beijing 100191, China

Abstract With the integration of information technology and traditional industries,it has become a trend to use computer-con-
trolled machines instead of humans to perform repetitive, boring and even dangerous tasks. In order to effectively interact with
computers in natural language, human-computer interaction and dialogue systems based on multi-turn dialogue technology have
become a research hotspot in the field of artificial intelligence and natural language processing. In the grid control system, the dis-
patcher needs to do a large number of query operations manually. To reduce the complexity of existing dispatching system and im-
prove the speed of emergency handling of dispatchers, multi-turn dialogue technology can be applied to realize intelligent voice
query of power grid data. This paper first describes the basic architecture of the task-oriented multi-turn dialogue system,inclu-
ding functions and related algorithms of its three modules:natural language understanding,dialogue management,and natural lan-
guage generation. Next,in order to meet the demand of power grid companies for specific scenarios such as intelligent data que-
ries, this paper designs and implements a multi-module task-oriented multi-turn dialogue system which consists of natural lan-
guage understanding module, dialogue management module,natural language generation module and knowledge base as core mo-
dules. The grid dispatcher can ask the system questions and get answers in the form of natural language. This process does not re-
quire keyboard or mouse operations,which greatly improves the rapidity and convenience of the grid information query.

Keywords Dialogue system.Intention recognition,Slot filling,Dialogue management,Natural language generation
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Fig. 1 Structure of multi-module-cascade dialogue system

F AT 7 Y AT S R AT i AR E S R
HE17 H P R B R A (User Intent Detection) DA K #5 Al 3H 78
(Semantic Slot Filling) . ¥ il /7 i A 19 H 2808 5 5 B T o8
SERAL RO . B TS B — R4 B R AR SO 43 26 1)
B R BUTE A VR R bR R B, R0 B AR B T
F2EAREE N T 5 AR A R e AN TR IR L R G S
Fo W AR IR 22, B AR Jo vk B U0 . G BF 5T
N RIFIGEIATEF IR EE % 2 9 7 i A6 2 B0 0 ) i 4
FEUCT iy ) BB R, AN AT — AT A B R
T T B AT L SRS R R T Y B A 2 ) BT
TR 2 2D I Rz PR ISR L AR TN I g A )
19 A (R 5 2R I SR 7R AR T R B 2 19 3 SR AR
ME R FEABONAE .

XI5 A PR O B AR T F PR AR HAR R G P R R R
T SCREAE Syt A, 225 D s 0 % 35 15 8 R0 N 3R 43 A 3R A5
X T A T SO IR L I 9 0 R BEAS B 10 Il A g L X A A
P E A TR A B 50 I R BRI ER A . RSB B AR
I3 51T A L X RS L R AE T S 1 10 R L SO L
T FABAR S A7 85 X 5 SR W 20 42 75 43 AR AT 25 07 5 X o ) A
SHRREE R 32 B AR 5 LIRS = 255 A5 B A X R
AR Az AT 5 SR o 0 178 SR AR Ay 0 5 4 AR B Ay o A
i 1l 5 A AR He 7= Ak P B [l A i A . X i A B R R A 4
L4 B A 3 HL (Finite State Machine) $% RV 3 T 3 i
(Form-based) {4 X} 15 45 #*2) | 3 F 35 % (Agenda-based) By X
R HE 3 T 3 ) (Plan-based) fy X 35 4 #1120 | 3 T HE 242
(Framed-based) iy X} 375 45 B0 2577 %

PR AR RS B B W] 7 A BLASE B i 194 X 335 SR s A
TR IR AE R A REFT IR R ZiEN, 2
R P G0 AT 55 B 2 58 036 R Geh R B — i SR 408 3
SCAS (AR T 15 Hh A R A R L R AR 3 AR )
AR, NAMRI EEENZME HRIEFTERENA
AT ALK B A2 B — 2L 0 2 A Y 2 4R 45 R 1)
T 3RZ R Y B Y S TE T A 2D SR Y Bl AR s A Y H
RIEFWEER, YAMTHRES AR FEIT LA LT
W27 3 e T R (Corpus-based) ™ ) 7 % L 3 T I
2 S AR ik A

Wil 5 TR BE 27 S I R e B A i RN R B TR E M &




FOOLL G BRI BOR B HAE L 150 4 A A A g T

267

P 2% 4 i 80 0 7 0 A — A S — B AR R b BT P A
AT A R G e BT LR S RS RSB R
AR i B A AT N 4R

3 FBRAW

X v O 9 5 B A R L IO Lk A T AR A A R A Y
B AW KA SO R T — A2 T 2501 £ AR 19 R
BAEAWRSGE, & 15 7% R 5 B AR 28 DL K i 4

FEH
Bl RGN R R
Table 1 Design and samples of system’s intentions and slots
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Fig. 2 Overall framework of system
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Fig.3 Processing flow of NLU module
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Fig.4 Template-based slot filling and intention recognition
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Fig. 5 Bi-LSTM-CRF model for slot filling
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Fig. 6 Attention-based encoder-decoder joint learning model

AR 1Y) 4 B 2 4 WL ] LSTM 538, 5 75 31 Ky £, X
] LSTM 45 B R ] (04 55 H O 514 Bionvarat » Brorwaraz » **
J 1] B F 508 Biciovarar s Biacisaraz > *** s Biaciowara, « W A8 FH B, =
[Rtorwerd i > Bactowara + 1 BIVRT 100 5 S5 0 18 5 05 1) 35 0 o1 1) BF 2
{8, ARy G 5 I B A i . A B B B R IRAT: 45 08 L, 22
i 4% B2 2 | softmax H— b 15 51 22 & (14 48 R 40 A7 L i R K
AE SR JF 7 1) 2 B AR 455 A 58 SO A e . I TS A
i LSTM 5 BUE R i i 4% , % LSTM A5 80 F h, 34790 4R
b A A 3 Al PE . B [slot, hi oo ], Ho b slot
FE 7R B — A R A AR T 09 B ) i kSR A Y B BT
G5y i e R EZ MRS RN LT XM

’ hforward te

iR = A W (1
=Ya.h, 0
ji=1
., = /cxp(e,,J) %)
Zexp(e,,k)
k=1
e,_,\,:g(s,vfl,hk):thanh (WS;71+vhk+b) 9)

/ﬁétiﬂ,s,ﬂﬁ%ﬂﬁ’a LSTM BRI i —1 MRS .50 % Th, . g
A5 Y R R AP 28 B 4% (Feedforward Neural Network) , w,
w,v,biiﬂﬁ/ﬁ:é%if&o S 70 0 4 o A FH 4 3% B2 2 X i ol o
FT4E AR AL 4l softmax 5 — 1k g M 23 A o 4 I 28 X 3t

ST A AR TR B 451 2k Sy T TR R0 R0 R SR TE P R 0 Y 4 K
Z A

4.2 MEEEER

H T R P AR A i) R S8 Y T S R AR R P oK A
AL 0 L TR R G R T 3R T 2R BB X O A B iR
BEAS TR A — BRI A 2 B, 3 B HP ) 25 TR 2 T 1 T )
T3 F) R SIS R L A T TR 0T I Y 3R R v BT R R (9 SR AE R
PR AEZ R X o, X35 2R GORE U Y R (A X R R
DUH B R, R BRI R R B 1R P R (E Y



FOOLL G BRI BOR B HAE L 150 4 A A A g T

269

X T R W 5 2 R PR T R U I R SR AR HE R SR P R R O
FAXS A1 45 FUBEE 1) 0 FBB0HE 127 2 ) T 15 22 000 4% R OBOHE L O
[ 52 5% W R FH P 5 900 £ 800 S AT 4 T — S AR B BRI A A
Pehb 3,

of 17 A BEAS HOR A BRARTS B sh P O ik ik A7 X IR S
) T 30 R0 A 5 I 100 A s S IR S 0 3R ST R IA n 5% 2
G CREFEA FE AR MBI R 3 gl XEER AR,
INIT FR 4 GRS L it 3R 48 3 U0 30 A P i 2 /1 PRO-
CEED %78 £ 58 O 2R BRI F P 1 22 TR LI 28 1) %o iy 6 B
WA G L R B — 2D 055 LUK BURE (i ; OVER 3R 2 &1 i X
o7 3 B EL 28 U L R T EORR T R AR SR A
T AR A ) BT T A A

# 2 XA
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State Description
INIT MEMMERS  REA N L ERE
PROCEED B g PR ELR B AR R R A
OVER B PR E RS Rk
* 3 FMRIT
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Event Description
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Fig. 7 Dialogue state transition diagram
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Table 4 Samples of NLU templates
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Fig. 8 Structure of knowledge base

5 RHEXI

M & i R G IDEA T E K Java i SRS il
H Spring HEZL 45 7 J5 v Ik 55 38 43, i | MongoDB # # % 4is
P& i il Python i & 1 TensorFlow JE Il A8, I 2 5¢ B I



270

Com puter Science

TFEPLEE Vol. 49, No. 10, Oct. 2022

P ASEAL G A pb i I SO DAL R 0 S8R A 9 R S8R
HL 9 B A i R X AMEE HTTP 0. RS IT N
WAR #% 3, 7] IF B A AT Y Java Servlet 45 H,
HL o S0 A R G R A 9— B 11 B, HihE 9
95 T A I 2R B 0 X IE AR ] T 10 4R T A AR R A
6 B X TE AR B L ] 11 25 T iR AR R A% G A 1 X T AR

ERSERAR DA E

TEEEAERRATHINE,
EAEEERaEEE?

3 -
TFEEaRRRAIT R,
CEEONARERR—LIEE

—£ SR ER—ERE—E

RS AR?

wE—X E
EESERRGTTHINE,
LB -8732019-05-1
7 00:00:00Z2019-05-17 23:59:

SOmBAREEH200
9 i 2R % 1 i A 4]

Fig. 9 Dialogue samples of query power line load intent
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