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Abstract: Domain-specific natural language understanding technology is one of the core technology of vertical search
engines , domain-specific question answering system and other applications. This research focus on a novel constrained se-
mantic grammar and its automatic learning methods based on an existing domain-specific question answering system. An er-
ror-driven learning method of semantic grammar is proposed. The method first partially parses the ungrammatical sentence
based on the core semantic grammar,then it attempts to build a complete parse tree,including predicting the top-level node
of the partial parsing tree, generating and verifying hypotheses of new grammar rules. Learnability metrics is used to filter
sentences in the training corpus to improve the overall quality and efficiency of grammar extending algorithm. The proposed
algorithm is applied to two domains of different scales. In the interactive learning paradigm, learning efficiency are compared
in different domains. In the batch learning paradigm,the paper compares the accuracy , MRR and recognition rate of the ex-
tended grammar and core grammar on twodatasets. The test results show that the proposed method is effective.
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fEE BT AR OB R BRI R O R R A RS
H R B4 FE pre-terminal 25 B H U 1 non-terminal 2 &Y
FEI 5 (2) B Uk AL 32 £ ( Verifying hypothesis) , Bl %}
FRMMB R AR A v 9 Jr A 90 D00 647 30, 5 B0 D0 4 o 11
AT A LU 56 E 2 UL, DU TA Ay R RS ) AN 5 B, B i
JIL AR S X T SIS A B R0 43 50 SR AN (] ) 5 ik
T5 k.

3.5.1 Pre-terminal B!} 0| 538 iF 75 5%

HA A LHS 1) pre-terminal R Y RHS ja
S [a] L], 3 4 3] 5 A A ] SR Bl S . 5]
AFAE RO 5 — A 5 — M S (B AATER)
[F) SCIR) 2T i in) ) B AL AR BE. A AN AHARL, RT3 J iy
FRWTCRL, ez, WA R ik sl ). —AN il 5 — AN 4G
AL E SCInTT .

sim(W,w,) = z‘u/f(sim(wi,w,))/l Wil (6)

Hrpr,
0, t>threshold

f(r)y=4" 7
(t) {1, t =threshold (7)

Hrp, W e A 1R SRS w, R AL A RHS. A7
RLRE BE 5t 5k vl 38 T3] (35 B8 40 A, 115 R Z 18] ) KL
BB (R BN AR LR B R ) , an=Xi(8)
D(p, ) = z]p]u)logi;ég (8)
o py,py 43 X N P AN TR B B R R o A Sk Tl

P B X6 F B AN TR ELAA X FR I 1B el B 2o
Div(p, [Ip,) =D(p, IIp,) +D(p, [l p)) (9)

T SCHIBURE 22 SLANF

sim(e, ,e,) =1/Div(e, || e,) (10)

HRYETE SO L X (10) , oF 5330 30 2 [ %) o SCAH
BLEE.

3.5.2 Non-terminal 4 #} | 36 1F 77 3%

XFFRN L—R, 32 ZEI00E 2 > 2 (3 HUN 2 & TR
BEE S, S TFIUA RIS S5 LR,

EX6 3EEX BRECH AN L-R, H
RA M F1ET N:Gen (R), # X TAEA s J& T
Gen(R) ,s A LA B SCIE AT, B R BT i S0 e X
i L1—R1 A KB B SCk 5 A T 1 L.

EXT XERHE BEHIMARINS L>RL—
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R, i1 R A T8 5 0 Gen (R) , %F T BLA SCHE E
HIAE N L1 —-R1L1I—R1 , %7 Gen(R) J& T Gen(R1) ,
JEH L1 = LL1 = L, AT R R TR 1.

EX8 FREexp(R) P ELE exp(R) ZE X
E(XUV) " EWFIES, BRG0E R AR A4 ES
RLEEEAT , R A A FN 0 29, A R B R A S
A2 R L R

TETFSCH P(s, L) FRFF5 s AL LHS 2 L Y
FHL 0] DT .

I ORI X% T R T A3 5 exp(R) , FIFHBLA
SR LA FH i A 8 1 SO A 2 i A S X AT i A
R TALAT r J& T exp(R) , AT LA i BUA STEfRHT , R 1X
AT SCIEIE R s LI R, 25 L1 L, WA R i A
SCEGIA T B 33X —J7 BB E A2 exp (R) MY RS
Gen(R)/MRZ 4 TRUE.

TORKEM X F R T AT R exp(R) , FIFHIA
SR AT P il A 8 1 SO A A i A A8 X AT A AT
G TR r & T exp(R) #F AT LA BUA SCE BT, Ik
PRI SCHETE 3 ( LI—R1 25 L1 = L, WA R 8 mA
HSCEGIA T IUAR.

Non-terminal FYHLIN {14 3 R385 An 503k 1 .

&% 1 Validation algorithm of Non-terminal rules

BN :Rule R;
i : FLAG : Redundant | AMbiguous | OK ;
PASS : True | False ;
Begin
(1) Generate exp(R) :
(2)Set grammar-check mode,and exp(R) as input;
(3)For every r e exp(R)
If (Exist Le G,P(r,L1) and L1 = =L)
{
FLAG = Redundant ; PASS = False;
!
(4)If (Exist reexp(R) ,exist Le G, P(r,L1) and L1! =1L)
i
FLAG = Ambiguous; PASS = False;

|
|

(5)FLAG = OK; PASS = True;
(6)Return FLAG ,PASS;

(9) Return ListIntentions ; ListSemRep ;
End.

3.6 EFTFIEERNKT BIESIHS
AR AT 420 P FE RS 500 0 7 9 W
FATTAI 5 FEDE L 2 2 HOK, 18 50—
TSRS IR HEAT H 0 09 BB, KAy S0
] RN FLEI A SR SEE 9% ) FL B O
O TEIME AT A G

JFE i, AT 22 > 1 e ) R A DR i ) B3 A 2 BB
SCEFIN, Je 2z, AT 2 2] AR Y ) - — T >R 2 2] S0k
U R BAR, ) B AT 2% 2 PR T DU R AR AT
.

BHIE1 AFHESRE

—AMa) R A T R AR Y ) AT SRR
2o I, 2 > B AR O B — k. ) A R
PR e (5, G) FE SRy

fmmpm(S,G) =length(s) + branch(s,G) (11)

Horprlength () 3Rs/m) 7 B9 EE , branch (s, 6) s F
W 3% G W) s BEATER 3 AT I, ELAT o e 140 Y
o3 AT 1) 23 SCRCH

FHE2 MR SRBEE

I I8 3 i A 235 SR 0000 1) T 2 MR 1 st 1) e AR
FRAE AR )] 2 S PR S , BE S0 B0, i &
8% R0 4 MR Y AT A B BRAIG, R T R R
DA AT A R A, TR U

P, (s,G) =MAX/{p(root) lroot e predictlist, .} (12)
Horp predlist, (278 Z2 G0 MKAE 1T 9% 030 G 00 Y
A s B IR THUZME ST SR, p (root) Fos &5 11
root [ T AE 32 0.

FHIE3 KRERAH

Ao ) 1R A B Sk TR B 22, Sk T g 1Y) LA
O, I (13) k3R

N,.(5,6) = 3 00V(w,G) (13)
Horp 231 w J& — N ESMEE, 00V (w, G) =1, 2,
00V (w,G) =0.

FHE4 A FERS RT3 (B ( XMatchScore)
FRAE SCIL 3.2 749
BT LA ETASRRAE, PEA— > A 5 B AT 2 ) PR
BRI e (5, G) 7E SCUNE
£ atnabie (s,6) =wl x f(:()mplex (s)
+u2 xP, (s,G)
+w3 xN_ (s,G)

((((((

+ w4 x XMatchScore(s,G) (14)

P B 50 i A W BERLBR B ML U 445

F,0<y<1 MHEFEEPBIEEE <x,y>,0sy<I

Horp x FORA)F, y FoR BN TARE M A] 2% 2 P AR,

PR ~ 5 Ar AT AR, 1 SRR Al 27 S PR IR, 5 KR
-

BET Rl ) P SO R i ) B N R 2
P,

#&3%2 Grammar Batch-Extending algorithm ( GBE)

BN U B AL SGE T R M ) 73455
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L: 2 A TAREE BRI A 5 F &) s anF.

G: RGOS0
YRS SCE G
Begin
(1) Repeat Times =1000;
(2)Repeat:

(3) N¢select(U, G, flearnable) ; // 33« n] 22 21" Fedf-14) A) 1

(4) GL&SGE(N,G); 7/ 2] SGE

(5) UU-N;

(6) G&G+Gl;

(7) RepeatTimes — — ;

(8) Until TEST (L,G) > THRESHOLD or (U is empty) or ( RepeatTimes
<0);

(9) Return G;

End.

/1% AR

AL T A RATEAN LIS, ¥ I
AR (AT A 45 R 2 B Ok — B R k. A2 5P
LR, S DR ST I A SCIE PR A T SR, BT DL g
S5 Ah SRR AR, Gl A7 S A8 0 g B0 58 i N A
A IFHIA.

4 XK

ARSI Aop s 3 (5 L ORI e e 50 7
P R FH U AT I, 752 A, 3k 10 S A
05 ARG AT AL L, AR A Hd R D SR AR O H B
i A8 3.2 1P R E — AR A A RS LI R
LB TR , 5 3] 4 T EPEHE P O AR 9 258103, 4 R
TR B B R T80 BE, WA 5 P b AT 2 H,
RS JER g F P ol P R e 3 e — Ay e A Y
AT A AEA i 2D 0T R i - AT T A
IR BE R e AT 2 o PR i ) 1 R AT SCEE T RS
2J I HUBA% O 1 SCSCEE R R 5 1 1 S SCEE AR 3K
£ F YRR AR
4.1 RIGHIERER

T 3CEY 2 2 1 S M 4 (%45 10w 2%

i 4E 1:BSC Data Set, B4 4 1) ) 7 & K T 5
ANERAT B B0l 5 1 0, B A 56 T i o B
REC K TLL 98 55

Hd4E 2: MSC Data Set, BHi 4 o i 4] T2 & F
ANTEAE A F A7 e 55 B, e T FALEJE
Hb A 1) I B A R 55 %

FESCIEY 2 2T i, BEALAM BCH: o i) — 21 R )il 25
8, —PAERIRAE (T1). [RIEF, S T 5 S0k B 2
RSB SO R ARG E W B E RV i 4R (T).
4.2 JiRIEER

AR A 2 R, 3R 1 A LA 98 bR ok
HRAGNE TR (1) B AW EA] T (NQuery) :
FHP 22 31 2 G0 109 A T EIG (2) 2% 2 IREI( NLearn-
ing) : P RSB R G810 1004 F B0k R G024 2] IR
¥ (3) 5 & G358 TR B ( Ninteraction ) « JLEL
Hill/N, B R GE W B 2 2 BE s ; (4) 4GP
(31545 ( NChoice ) - IUEL H 4%/, UL R G0 1) A 24 ) g
17 5 (5) 2% 20 B 0 HLUWEL( NRules ) - 2% ] 1) (1 37 #1
.

FERE B 2 2 K b, T PR 3 T S0
NLU R GEPERE T8 bR 0045  HERA R  MRR GRS | x4t
FEBR I LR WL SR 31 ].

4.3 MiKER

(1) 2 H AT

222 B3 4307 kN E] MSC A BSC i,
A5 R G058 5 R G EUE SETT. 1E MSC 43
2 )BT 52 AN (Aol 4 ASEE L) . 7E
BSC Sl 2% ) 3 1 38 B (Hoh s 9 NEE W
BRI . F340, 2 2 B RN EL B 2 2] R A8 BB
GWA EHEXRR, KA Z TR — K2 S W BN &2
STEVATAT T 0 ), A AT R — Wk F ) ad R  S B £
R EL.

R2 BRULSEREFATERPAZERESIT

Ul U2 u3 U4 U5 U6 u7 ug u9 U10 Total

NQuery 17 13 11 15 21 19 16 25 9 13 159
NLearning 4 3 3 5 9 6 5 8 3 4 50
Nlnteraction 3 2 2 3 4 2 2 5 2 2 3.0
NChoice 5.3 4.0 3.2 4.30 5.2 4.5 3.2 4.4 4.1 4.2 4.4
NRules 3 4 2 7 8 6 8 6 3 5 52

Fh i B 0, MSC 45Ul AR EF BSC 4R ok 4, 4048,
BES 2 MR JE8 PR S ok R 4%, Ak LA 45 K
WIHR WA 0 SCIE B ME ST 4 78 o FH P 1 1) T 38 3k A HE -

(14 J A i SO A& TR 1) 5 2R T L, IR T MISC 4
TEAERCH P AR A, 22 S YO 2. d T4
SRR, 55 P S EL N, B B4 TP 114 3o 0 At 45
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Z. MAER/IN B SR, i T U & 8 A, s
Jos P MR TR 11 5 A% 5 B, 400 i 1) A% SRR AN B
By BAS A AESOEY A I i 5 TP S8 B

ARG RAERR A R8T LB Ml W], A SC
JIr it B S 7 2 20 B AR A o) iR S 0 R B
L SCEFE IR,

®3 RTULSEREFATERPZERESIT

Ul U2 u3 U4 Us U6 u7 U8 u9 U10 Total
NQuery 17 21 15 10 13 12 18 17 14 16 153
NLearning 5 4 4 3 2 3 6 4 3 4 38
Nlnteraction 5 3 2 1 1 2 3 2 1 1 2.3
NChoice 4.3 3.8 4 3 4 3.5 4.2 2 3.0 2.0 3.4
NRules 3 5 3 4 3 2 8 3 4 3 38

(2) b = =X

X TP S B B , 26 T3 SO Z T, Sl A%
L SCEXPEAR AR HEA TN, A5 T IS 1 SOk A A
RATHEL. ASCHR H AT LR C++ 1B S S,
FHH A LLZTTT windows -5 1 Unix - 5,3 4 5 1
FIF I A PR A S ) 000 2 4% 00 SR P e TR AL
FIELE N Pentium IV 3. 2GHz, il i 15 6} ) - 34 10 2R
8.5 A I R 25 A1), Horp , MSC i3 i) F- ¥ R iir
B 312. 83ms, Fr KA FH K o 1321ms, BSC 40 35 19
P fEATE1E] A 23. 2ms , S ARATIAC 52ms.

F4 BOCEGIT IR RBATEE

H T U D, O AR TR B, I DA SR R A B H
ABUNYBC, GE3CEY 22T, R Y SO BEB K
REHETE ST X I I Te) REUAE T AT 0 HE A 3540 i) 48
BT 23%fM2.6%.

£S5 MSC Data Set i 45 R

Index\Domain MSC Grammar BSC Grammar
Non-terminals 6823 582
Terminals 9540 2230
Rules 12961 3520
Intent-Non-terminals 520 132
Average parsing time 312. 83ms 23.2ms
Maximal parsing time 1321 ms 52ms

P O30k | BRGNS | 030 | BRI
/% (T1) | ¥/%(T1) | /%(T) /% (T)
e =% 81.5 82.6 81.3 82.8
MRR 90. 2 92.3 90.3 92.6
AGIES 91.9 94. 4 91.7 94. 8
% 6 BSC Data Set it &£ 8
s B30k | RS | b3t | ERNE R
/% (T1) | $/% (T1) | /% (T) e/ % (T)
g ES 85.3 87.6 85.2 87.8
MRR 92.7 93.5 9.5 93.6
P 94. 1 95.6 93.7 95.8

X S A A Bk e ) o) P AT T

5 MR 6 B 1 R 9 S0 LA RO SCETE
PN INER  r

MAES FI 6 1] LT H, BOBTE B9 SOE AT R
ERIARSCHE R B HRAS T —E SR, R R TR LB ER
19 MSC Uk , BB e 19 SOk RE A B0 R A S5 i 428 3 3Gk
X ABTOME & I o AR W B i L (EUJE il T S i 2
KRBE N N SOEAR B BAT BRI B U, I &
Je B SCIEAR B A BOR B 5 S, B LAY R S 149 33 %
BURAR TU AT A HER R LRI T L 1% 1 1. 5%. 1
XEFAERUBLE /N BSC UK, 0 5 19 A% 0 SCRE A B %
T FL A e T B i R (R B LA A 1 R
28, X TR R A4 TR 551 A A MRRAE 52 TH 0 B2 552/ 0. T

i A T AN SR AT 2 ) 1 i (baseline ) | DL K 7E
A 2 2 e AP OR AN [ 0 i 21 A ) 3 SRR 1) 5
M. 367 A% 8 S A4 T 7B [ BB EOE 48 1)
HERG R HBIRA MRR 8. Hoy, R ) 57 %
(f1) 3P, 2R T T J2 45 25 AR () L IV, 67 A
KL (fy ), XMatchScore 35 7 A1) - &8 43 i B 1% 43 {EL
(f)- NEHRRTLLE Ok F A7 2 24 MR AE 9 T 22 2]
JEE B AR AN SR FH AT 2 2 B e B o 2 X g, 1R
AR M LT A6 0] 2% 2 P B 5 b 38— 38 e
I, HERf R PR MRR (XA $2 5, IR I3 F
] 2 o P B (Y SCHR B R 2 o) ik o 2D B SOk RE

58 T e 20 0 438K S [ P EL A 4 T ) 400 7 5
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RT SMTHEITLER (MSC #HiELE)
FHIE\TR bR Accuracy(T1) MRR(TI) PHRBZE(TL) Accuracy(T) MRR(T) SR (T)
Baseline 78. 1% 87.2% 89.3% 78. 6% 88. 1% 90. 1%
N 78. 4% 88.7% 92.4% 79. 6% 89. 4% 93.3%
fi+h 80.5% 90. 4% 93.2% 80.7% 90. 7% 93.8%
Si+h+f 81.4% 91.3% 93.9% 81.8% 91.8% 9%. 1%
fi+f +fs +fa 82. 6% 92.3% 94. 4% 82.8% 92.6% 94.8%
=8 EMFIEST L LR (BSC #iB%E)
FFIE AR Accuracy(T1) MRR(TI) PUHIA(TT) Accuracy(T) MRR(T) PUIF(T)
Baseline 83.8% 89.2% 91.8% 84.3% 89. 4% 91.2%
A 84.9% 91.1% 93.2% 85. 1% 90. 7% 9%4. 1%
fi +f 85. 6% 91.6% 94.1% 85.7% 91.8% 94. 6%
i +f +fs 86.5% 92. 6% 95.2% 86.3% 92.1% 95. 1%
fi+fh +fs +fa 87. 6% 93.5% 95.6% 87.8% 93.6% 95.8%

4.4 KIS

A LR S 25 SR o3 M, A SR Y A SO R
By ) U7k EEAFAE LT R L : (1) AT L%
JEHE 22 IR AR ) AT ] 2 o MR I R DAHEBR B
H U R 19 ) 15 (2) A AT e A o, 6 Bk a1 ) 1
JROTREA T EE A A, LS Mk Ak T SO
KRBt 1 B BEAT T 00, A5 Bk 19 o3 PR L )
A Bk 3 2 R A BSGH A AT R TC 8 B 0 1 R
(3) AT L2 S i 2 37 LU 1% 19 (L 2% 1 A OB 9 3 58 D
R IRl s (4) ] LA et ) 1 #EA T T8 LR, DLk
AL B Bofs — 2647 SO R R0 IT 5 (5) AT A%
JEORE FE A v B TR A B SOk b AR v MU 5
JEE 5 (6) %5 B S0k LY AEREA 727 ~] LASE w5 SCIE B ofe
PR L AR T BiAR .

5 #Rig

ARSCHIRGE T — b T 4 1R B 3l 1) SCSCE LN B
BN ESE ) T5 i B ST A A% 0 SO X i Ok W) 1
PEATHR 3 e AR AR b, 512 3 b o ) 0 o8
FERAFOARE , ELH TN P ot AT 5 SR ) T 5 AR OB
JESCEE B B Bk B 15 45, I X 97 =7 ) I 3k
AUMEATICACKE DN 45§ 0T i i ) 1 1y ) 2 o) PR
ORI e >0 o G2, LA 8 SCTA YT Ji o >0 1o B A o
AR 33 0T EE 1 S8 i B 306 R O Sk A
PSS A G PERE R A, IR &5 R R, A
SCT A 7 1A R
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