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ABSTRACT

There are such problems for access to grammar in rule-based Spoken Dialogue Systems (SDS):
Firstly, the grammar is often designed by experts, and this work depends on their professional knowledge
and experience, so it is impossible for ordinary developers to finish this work. Secondly, the grammar is
often designed manually, and this work is very cockamamie. Finally, the grammar designed for a domain is
very difficult to apply to another domain. So it is obligatory to design new grammar for every application.
With the development of the increasing social needs and scale of system, it has become a major bottleneck
for development a spoken dialogue system.

Specific to the characteristic of SDS, this thesis took a type of enhanced context free grammar for
Chinese spoken language as object, researched the technologies for automatic grammar inference in SDS.

1. The features and performance of common grammar were compared and analyzed, and a type
of enhanced context free grammar for Chinese spoken language was researched mainly. And then took it as
object according to the language characteristics in SDS to research the technologies for automatic grammar
inference.

2. A method for automatic grammar inference based on sentence segmentation is proposed in this
thesis. The main idea is to parse the training sentences with an initial rule set. If the parsed syntactic tree is
incomplete, the top-most constituents are used to recursively infer the missing rules after disambiguation
and normalization, and then the rule set is updated. The methods of disambiguation and normalization for
segmentations were researched in this thesis. In order to improve the output grammar, the processing order
of the training sentences is adjusted and the method’s process is refined.

3. The domain-specific grammar evaluation technologies were researched in this thesis. And a set
of flexible evaluation technologies was proposed which can be customized for special domain. Some
experiments had been done to evaluate the performance of the algorithm proposed in this thesis in the
domain of weather forecast enquiry. The parsing accuracy of the output grammar achieved 64.8% with an

empty initial rule set and 86.4% with an initial rule set only including rules for date description.

Key Words: Spoken Dialogue Systems (SDS), enhanced context-free grammar, grammar inference,
grammar evaluation
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HIZ I PERERS s . 203 5 InIEI2-1P s i STk, X4 T “John ate the cat.” X AJTEK UL, 7]
PAR 2 5 115 240 12-2 s 8] 1454 CRIVER 5 AR, IR AL 48 S0E1S 2 4
K2-2frr AT a5 B, AR B AR RE S B th n BI2- 1P (1 R SOe ek I,
AR T SRRy — AN — Constituent,  RIZ3 BT i 72 o 1 R 28 45 75 52491

1.S—>NPVP 5. NAME — John
2.VP >V NP 6.V —eat

3. NP—->NAME 7. ART —>the

4. NP—>ARTN 8. N—cat

2-1 =M BRECE

10



BE SORIERAR S K IR i

NP <———— parent

d
ART/ \ cz:;ld

the cat

e

leaves

2-2 AT MR R R

2.1.3 ARV RN

SCER PR 8 % 2 FE LR JLAS J7 T

(1) — Mt (generality), Fi& 32T REIERA 73 A 80 5) 7~V Bl o A S Tt FH HE A 2k
TR . N THRE RGR, TR — MR BIREE I AT 55 75 2L

(2) ZEFE(selectivity), 530N NAER] FIIFFS FuRl. & ERGenerality & B #h
i

(3) "JiE1% (understandability), $53CVEZAS S AT HFREE . RO A AT EPEAE DT 307k
FRIRS R AN 4F 7K o

(4) 3 BEAE pl(over-generation) . — MR 2 SCIERENS IEH# 20 T 0 A)F-Ja l, (HIX
AR L) Tl HARE S h ka1, IR HARE F RG] s SOE i A
HIIR R AR i A e FEIB SR R A7 B P EEE B RIS, A4 2ty Ko B AR iy il . 52
R, AP AR S 3

2.2 Chomsky 3LEKFR
2.2.1 ERE

Chomsky#t 3027 APURZRAL, 520, 181, 28A3HA, BN RREF5/D
[ STV ) PR 1] LG P75 R I SOV PR A1 55, AT AT 25 B8 IR B g Le Ja 5 ) o o X DY Mo0i:
PR 20 5 B T i Chomsky f& £ 11,

11



FIE O 2 4 A0 B shHE S AT 7T

(1) 0Bk

2. LIPS TSOEME S, an A H = AR 2 5 R0 A B AT ey PR, AR
—ANOBLSCIE . B - Chomsky 74 5 H AR FURE 77 8w 5 1 S0 Bl TG 249 SRS BT 5 LI
EE, MRHFONORIE . B Rl R s T

(2) 18303k

MFSOEGHIME R — N ERa - g, MPNER || B, HH|a| ERFF5H
o KB, WIFRZSCk R — MBS0, HAERKESHRAN—MEIES . 55—l 12
SCERIIR R, BATEAER aAB = app RFOR, HE T LLRRERIL: RBA 1B
EF X a_pREMNT, 4RSS Bl B B v o BRI SO AR R SO RS0

(3) 2831k

SFFI0EG, R EREEAERFEEN A IR, Kb Aev,, Be(V,uV,)*,
ARG — 2B, HAERKMIESRA—M280ET . B, 28 3 0EE R —
AT I R — AN B AR 2 S5 R o AT LA, 28 SOR M S AN BRI T
S M O VS N b R TS 7 ol N O i R P

(4) 330k

T EG, MAEREMWERERXHE A>a B A>aB R, Hrf
A Be\,, aeV, , MFRGHRE A&tk manRER e EE7 AL A a il
A—Ba ER, K ABeV,, aeVy, MIRGRE —MEEM L. &M OEME L
PESCE 3R L (BRI S wtE 730, FTLGERIEA TR 5N 373
A TR S RONBRIE F
2.2.2 FEDUENER

NS AEChomsky /& & i AR RGRE T 85, LA ZRIE SO, T DU AR AR, A2
RS A S — AN ARG, IR AE RN S =S, BRIEEEY R T A&
GERY, XFRBHEEER—ANBIENAT . HIATL, EN ORI AR
AR E B AL SRR, DR X R i ST AT BUAR D G BR IR A& SC YK (Finite State
Grammar-FSN).

TN SOV I FRE T, A3 AR B AT I (T S FE AR R, R B AE 4 iR S A
FIRTHE T PO ER O T — /IR . BARIENSOEGE TR, ER ENSOEA G iR

12
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HARTE S 0 — L% WA, Heln S = (ar--abee--c) , HhaflcHI MU e, (HANEHSE .

BRSO RSOEAE SRR R T IE N S, et BB e A RITRT A R SO RSk
INCAIE . — Mok, BB A BT — R B 2RE S, i BT 3R
%, AILM R 2208 5 P4 RE O ) TR T A RTED . I H TR 2 8E
SREE RGIRESE BRSO RSGEFN B R TR S tE Ny, AWERR B,
BRI RCEIA R MR B RE S, XA RBAE S 5B, AMER
WITHETHEZ A

BT TR RIOEROBIE, KRR T R3Ok GE, HEBRRS T
MR, NATTEE 22 3 R AR BEAR LEA R 2 AT

PRI, R0 2 RN 15 5 BRI ST R, BB ARERSGA A TR, AW
FRL IR R AERKBE S, R R IR E AR X SRR EOR, TR AR,
BOOER B HE AR M, T B A SRR A REDR AL 5L PR R 55 X S PR ESR . %
TP, MMIRZESE LR RIGEE IR Lt TR

2.2.3 ETHhER

SIS A s SRR A STV 8 80 7 I AT R ae AR SR o 0 S50 T U4
B GEMANAT, AESOEMN SRR H Gz, R MR IZ A T O0E
WERHE TR, BREA R, —RENATREGEOGEITER, 2
RS, WS HAAS . A1xF B SCRIGE, EBEAT MRS SR s,
—REBTA NRTEE, B REERA LR,

(1) BT B3 Bk

fyEpt i, A R SR . WOGEREIRTT S A MR SGET M, 5t
AAPRE TP AR AL AT EATHE S, BRI ARAL T O RS A 45T, HEALRT &
NG 7 R UL EC R D v 1k . BRI R A B HTIRES, 4R AT ZI AT A 4
JEAEVE T BB B A5 R, A A SCid e S PR 3y ) U,

ZHFEM R =AARE: TRRRSHIR, ERNE P uRE2IMRES, ERux &
RES . FIEMIFIRE(S)D) A, I HA T &R

D Wk RS SR N A, MEIERIMGR 1 5 M B 88— MRS CE 24
W, IR RIRE SR PN %

2) WRCHFEFSH, FHMERLCRAE, WHEIZEEIEH.
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FIE O 2 4 A0 B shHE S AT 7T

3) MRS T LA =i &L 70 Jo AL 2 -
a) WRCHIH DT RALT Gk s) , JFH T MaE TS

AR, WEECH IS E, EH ot g, RS IS m] ek

FIEH %
b) WERCHHIS — M5 RALRT, HT MR TEANFESE, WAHAER
B

¢) WIRCHISE — MRS R AR LR, MM SOE b BT w] B IR X % 28 45

FFATES, IPRIXEHORASIMA T REIRASF R 2.

4 BERFELP,

WUUE M, SBUPERREFE VMRS LGRS, BAERIPITHIRS A A
RORSFIR AN, AFMERE, —RMBIPTEIRESFIRN G0, RN GRS T H
FRIRD S, X R BEAR e 48 R AN B S 1 R P b S

SRR NN = AP RINESTEE

1 EEX Y ADIRASILE T —AMF S, BA B i, AaxtimAnr 2
FiEBAE T Y R

2) M FEACEL R, TR, A2 Mt R S I E T
BERANE o T [ e, AR Bk, LR R A AT E LS R, ATE
REHNEO T B R, (A EASBEORIE T8 418 b o

3) SHESHTE) I R SR L, X R A T4 B B RR D

(2) HJEM LR HTEE

HR I B R, WG FIRE A, ARSRRE 5 B g AT A4, AR
R 7238755, B R RAAEROOERIGRT S, WA LLX A BE, BT TR
SR, R NARER AR ST SR T, BRI N T RIASE R, BEATHES T R
ER TR, W MRN G F ISR IS, R BRSO T A 4

FAAH A P AL

IDIR S DN Y0 AT EA 2 S F S

2) MR —AMFFGHRILE B TR AAT S &, W% 8 X 2
e 5 A0

BRI EIRTNE M, A SFER I, BRI s U i R . R T

14
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%%, HlChart Parser, X Ff ) i1 HVE R SRARE M,

Chart Parseri [ 21| =A™ 3 B 50 45440 -

1) B —chart, ERAAABCURTTA CESITE R 004 R RS, widix
AP, FTRLE G O B RO B 2 A4S, SEIE .

2) BNyl —active arc, FREFICEY R T —HB - EALBA 15 2 e Ja A 25 BRI k2
Bl BRIRRTTIES ML, BTAEA TR EHEAN— DR R, $5R8 NP R ILEC AL
Ho I NP — ART o ADJ NIX563EB0IK, BEfaan T — My R 5 ZADIR & L5
o

3) WHEFK —agenda, HrIHE1F 7 fEagendart, BB EAT OB AL B (1
¥R Nik. IERATA R R L, Chart Parserth g Wi F 8 22 5ms, BIEREE L
JeRIST MRS, Magenday st Se iR (FIFO) B, AIREM I ER, HMagenda AL
BEJEHBF (FILO) B, WA EMR A ER.

Chart Parser 577: 1) L1 :

1) Magendadt BUH —ANEesr, BN 21T ST

2) TESEP AL AT N LA FRAT 5 BRI, A R 2 A UL oAy & D 1Y
— M EBII;

3) MEEFTA LRI A NIRRT 5 g sk, 2B RO RS9, Rt
[RDAE

4) XTLLSET s Nt G — AN LA S s BN, V345 AL Bl DU 3 e I
NS BB, T8 A\agendar;

5) EE AR, HZagenda NZ NIk,

[ JE [f) b 73 BT BRI R

1) WMPEAGE, 24— ANFr R AR RO, 2R AR STV 2 PO S R0 LA
WAL, A E XS SIS S BE A T .

2) T, RN RAAE— R A AT S, BRI 4)
W B B A s, SRB T R AR

3) AN AU S B AE 4, T OR B AT RIS A A R, R RS X
TR A FHEES B G R,

(3) WFMIEm4E &

15



FIE O 2 4 A0 B shHE S AT 7T

RS, BTN RSEER B R R BRI SER S ARG, FTUPE S SRk R
—E 4. E TR T Chart Parser g & H op g AR E L] 1

H T35 "~ FIChart Parser 5Lk i) E 2R 2, 1B AT R —MESIINN, Z3E 35kt
FeAL B IR — N AFASEFT, WIEA AR A LUZ AR 7T i AT 5 B UL AL E N1
RGP IR, NSRS — DRSS, AU Ay R
HITEFESIN: A e 45 R Aefs 2I3L 5, @5 1 2 IR . ] LSS & 1 Tl
AR 3L B0 R o (HREA R & B R A LA SR A OR B B Jm #8  d 4 SR A s
K TR Jay 73 B 48 SR AT e A

2.3 ERXFTKIEEIE

FHEE & B — A THEHE RGP E B A2, P RERIIF IR 0 iE R 4
P BEAT S BPEIOREIA . JRASEH GE Tt iR T8 35 BRAR K 07 i B, (L B AT el
[ IV 75 BRI 710 AR R 3 T U 1) 23 7 77 125 o

PR, SHRMEAR, HiEXE RGP RE A 2R R, b 1k
S BRI, AIE. EE. AR FFREARASIG . JUERREE L DED
SR, SRV E I RSP S EAR T T 0 B, S IR AR T
R SR BRSO A, R ST S ORGSR AR IR — I R A L A
B ARFESE S T ORISR0 R R AT
2.3.1 CEMFERMLE X

[ X 2-1] L F XTI — b IOk G 2 —APUel.

G=(V;,V,,S,P) (2-3)

Hrpve o V2N EE A RS, V BN TTRENAER, VBN TR RONE
KEERF. S eV & MRERIAEASR, RARERTS . P2—MaRM7ERES,
FA AR E Alrule_type] > B, HA A — DN EAZRF, FROAMMNAHTS; S
WAEDIEFEANT=E R EI R Be(, V)* PRI R, HAhEATFS
FRAHUIN A B0 55 rule_type J94ui g vk, A ATTEI B T U0 A6 05 — 2 7T 18] 2-3
MICERIBE ARG T HAE, SRR A 5 — MEG) BT SO R0E L.
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rule_text — rule_list
rule_list—rule | rule rule_list
rule = symbol [rule type] '—> "symbol list
symbol_list— symbol | symbol symbol_list
symbol — symbol_prefix | symbol_prefix symbol_suffix
symbol_prefix — alphabetic
symbol_suffix — alphanumeric | alphanumeric symbol_suffix
alphanumeric — alphabetic | numeric
alphabetic—’ ’|’a’|’A’|’b’|'B’| ... |2’ |’Z’
numeric—’0" 17| ... |’
rule_type—=>’"*|’@’ | ’'# | °~’

Bl 2-3 £ TR EEEICERS MR (iR

ME 2-1 % 2-3 7 u] LU IL, 558 30E 5AR G SR B AR, AT XN BN
TR EYE, B rule_typeRIARIRAI TG, (HIGEA B IFANIR Y 2w PR DhAE, %
MSEBRSLF (0 A BEREAT UGN, IR SRR A — e TR T f ko

2.3.2 8RB MAYYALN R AN BB E X

MR FHEXE RGP P E S AR, TR L1 3G 5 & 1 a0 T V3 40

(1) ST HIT R A E Sk AUAHE . AR, 16 S IR EGR
DRAE, ANARAEIRZEI BENE LABkIE — &0 R sUBGL e AT, U #8 2 )  wT DAAS S A ok o

(2) 0T A A o TR R G s 70 DA T G P UL i 838,y SR A [3] 05t F F 2
B M — SR A, EIRZEI A FERUN A AT 5 7R 1] B RS Ja U, I8 3K A i)
A ] AAS B R o

(3) —SOMED (X EMES W LUE OS5 M G /B 5 $oe) B “RE” 1
Bl EAEKERR, i “Feeend” FCR e 5EUMIEIEAR, B4R
(1) 5 R PR 20 A ) B R OC R L), 1T HLHC B BRTE B AR A, IS4 i A — o
) JoE AT L PSRRI 0 AT KRR VA SE, IS4 S P S B A H R RR A

(4 WRKEUMSWAEE, HTBSES R BRI, H8N ARERIL 57
MBI ZE R T B AR A3 1] E AN AE X, X I 7 ZEAE R & 1t hn A4

(5) M T R DRk, B — RN & ML RS R A A% 4 LR SOGE A RE A
OIS S T2 N 57 |E R R [T VA= e~ B

BT, R 0] )48 5 s P A A S BARAE g NI SRR, AT AT DA 3 A S R RN
ez Cup-tying) « BEERTY (by-passing) . KAE% (long-spanning) . &%
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1B 135 28 Gt P AvE RN 1 ShHE S 0F 7T

(up-messing) LA KAZ XA (over-crossing) o

TEVLIH XSRS R 52 S22 R, Sa v — L bk ARED.

[ X 2-2]f)F-Sentence: — M) T2 —ANHIET IR AR ICAHRB , X B
AR TCHRFR R R IAZE (BRI o ATBUE R sent = (K KooK, ), HFng
ANATREE, KRS CERERED BiF2E, 0<i<n, R K, 2SR A LR .

[ X 2-3]4r & -Position: ] T sent = (K,,K, -+ K, ) & 45 7 K, 167 B 52 SCA
P =[i,i+ 1, Ho<i<n. MARALRCHIAEE NP =[p,,p,) HH p =min{b},
p, =max{e}, XH [b,e) is the positionof aleaf nodeof C, 0<i<n.

[ X 2-4] &5 hL-Occupation, HHAHIMHRERZE: H) T sent = (K, K, K, ) F &L
KBS EXNESEO={}. MIELLEHFCH HME XHNES
0, ={o|ois the occuptation of aleaf node of C}. FRFA 5420, 5 O, #HE M ZE, 2 HAN Y
(@e0,,ImeO,l=m) ; K O 5 O, M H xx & , % H X H
(F3,1<i<2,3I,me0,3ne0, ,,(I<n<m))) .

AR —ASCERTEATY [rule _type]l > YoY, oY, s C 2 Y, I— 2 BT Se il i 47
C,HILLE NP =[p;1, p;,)» HMANO,, Hi0o<j<m, HA LRSHMHELINISER AT E Lan
T,

[ X 2-5]%F %R (up-tying)# M. FK Y[rule _type] —>Y,Y,--Y,  Ju— " ZIR I HL,
R rule type, X THA VO<j<m, C, HARLEXEEs, JHH
(VIS j<m=1p;,=Pju) o HRFRCH—AEF LB

[ X 2-6]Bk K2 (by-passing) ¥R :  FxY[rule _type] — Y,Y,=--Y, . A— P BRER AL,
W rule typed (%) , XN THAVO<j<m, CHARZEXEMY, HH
(V1< j<m-1,0<p,,,, — p;, <thres), Hrithresjg— 54 & MMME . BLRARCH—A
R B o

[ X 2-7]KFE & (long-spanning)#E M :  FRY[rule _type]l - Y,Y,---Y , ~N—AKFERH
W, rule type ~, X THAVO<j<m, CHANRZEXMMI, IHH

(VI j<m-1p ,<p,, , .o BEEFRCH—PMKER A .
B ] ,

18



B SGRRREAREE SO IR Hr

[5& X 2-8] T & (long-spanning) B :  #RY[rule _type] > Y,Y, =Y, . N— DT F A M
W, ¥ rule type@, X FHAVO<j<m, C ¥ARLE XA, IHH
Vi< jk<m, j=k, OMO MANEMZE. HWNFRCH—NTEFRKIT-

[ X 2-913% X & (long-spanning)#M: FxY[rule _type]l =YY, =Y, ~N—23 XM
W, i rule_type="#, T VI< jk<m, j=k, PHPIYREAHITR, BLIFRC
N XS -

BT L FIRE L, SFRAEUN D RE AT LB IR g (L) =2 R R A
AL IR RN, FoRIELEANE R AR @SBRI R R (2) BRERAUIIN 5o 7
2H 13 S e R G (R % PV G 2 TR /D B I R Ry, P DR e 1A o IR R O
BOGEA SR . (3) KAZRIBUI 50V 2H BT i g o 1 8% AR R oy Z A AT = H
RIS E Ry, FLUR R s R B E R A IEIL S . (4) TR fo V4L Rl
K7 (% BN S R BT AR R, F LA RDOE DG B FPRE R i ). (5) AZ XA
FRIU) 50 VF A BB v 2R 73 B 8 VR R AE ) 7 AL A SUEAN SR, HA& AR S fa
WFAT R, FHCMERDUE 3L A B, G g e 2 7 1 “feeeeee gy ? 7

2.3.3 XA

ChomskyPJTE il 5 BEG FEA K 2« A1)+ DS AR 2 R, F005 ph 0 A i) 4 A,
T3] T LAAZ T E 70 AN R R3] 28, BR e AT DA i) SR 415 07 SRR &) T B 45 o AR
FEIRKIE, 8 & S AUNBGEE R B om Y, (1) Bez ™ 8 U O LD B
BN KR RFEER R A, DOBEER R e R AR S K. TSR R E
o AFR. SRR (2) WSEMANERS I8 REELEE M. mahial, TR
APEETEM L, BEEAREEARE, ZREER, —E %4 MiErEEiES.
(3) B P AT LA 2, DUBMIA Sk Z A2, A)E EEEEF KA FSRAI . R
PEIEIE (L PR IE S 0T &R RIF M A IIE 5™, IBABGEER KRR |,
U — MR A B R ETE S

DRI, SCRR[L] 5 37 TR AR SO, FIE SRR YR 5 S0k, FE45 e AT 45 1O
B IE RS BRI IR PR RE

T TR I B ) 24 5 7 RN AR 2 G5 55 76 A 5] B0 13k 28 ¢ v 23 B A 0L A AS [] g A
A, {HA T LR

19



FIE O 2 4 A0 B shHE S AT 7T

(D8 SR TAE AL ST o 18 SR 745 WU AN R B RIR B B B/ N
ZREEAT SERR_ESR U N I SRR 2R, — N IRBEASE N AT NN R, BT R
AR ARG E

(2) BUINE I SCER T AU A ] A ok 3R A BCBOR TS LS T, AR AR ZETT

(3) HA AL 58 RS PRIh BE T8 SCARTC RO R) T, MRISCIE P R I 1) 5 v B 4+F

o

2.3. 4 HEEASESHES

2.2 NI RA EGEE F USRI, RS DL 7 iX LAY
BRI bR ST, RS I L G T SR SR, B X ER A RSO
SSCIE MR AT RS B . 0 2.2 WA, TR OISR T S S
HHg, —BATN T, ZRAKRA L, Z&NE -EEE ENEE, X3 PRI SE R

%o

PR TE R BB ARV HEBLR, AMUESRSGERIR R S5 m, BRI 2
A RE, DAECRIR R AT RER B HE B . R B SRR Rk m 1 o0k
(78 o B2, (EL A0 SR EE SERm B FH S S5 BB B AF S AR, AT SRR AN IS . STHR[L]
XTH IR F ) Chart Parser HE3E4T 1 4, Wit 7 Marionette /34T #%, BEUENH 2 LR
SCCVESG SR SVE B o R, R AT REAR B B A s R DA IS . BEIA AR
2-4 7K

HATUL N PR E % agenda A=
1) AR AN W, R LG R 24 U R FR 7 Cws A7\ agenda
o ¥ Cow AL E IR W IR FH AL E (plp2). X THEMEN, Ak
55 BT 1 AT LR 43 o
2) K #agenda A A, {EHELH agenda HEE— N4> C, HEAT R ITHIF D
2a) A HELEIVE BGLFE Algorithm2.2;
2b) WHIY L Algorithm2.3.

2-4 Marionette B kR FE-Al gor i thm2-1
TR it R R/, SsSB4 1 o
[xE X 2-1017&sh 9K AL B -Position: 75 217KY [rule _type]l = Y,Y,--+Y,, oY {7 B & X
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AIXIE R =[p, =min{b;}, p, ={e;})» 0<j<I.
[%E X 2-11)i&BhIRAY & Az-Occupation: & shALY [rule _type] — Y,Y,+-Y,, oY, [ 57

EXNERO, = O, » HH&EAO, &Y MM, 0<j<I.

0<j<l

46 A B IS FE Algorithm2-2 40 &l 2-5 7, HHp i 46945 (1) 2 VL BC Az B A0 5 3))
K. P &L FEAlgorithm2-321 B 2-6 T

T AL E N (py p) W C, ML R A WA R M
X[rule_type] - X, X,**X, :
1) WERHNTE I X*— CX,eoo X, WHE(py, po)Br B I — AN 5 %1 B3 3 A

X*—>oCX,* X ;

2) WARMMIE I X — CXyoeo X, WAE (pr, po) b8 0 — A~ Bk K 2 3% 2l 90
X —=0oCX, X, s

3) WERMNI N X ~— CX oo X s WALE(py, po) @0 — A K2 AL B
X ~—=oCX, X,

4) HIEHIH X @ — X, X, Co=X, , WTE(pr, po) b —ATE 5 A5 )
X @ —>oX, X, +-Coee X,

5) HFHTEAN X #—> X, X,++C+X » WAE(py, po)AbHRI— A28 X ALE 34
X #—>0X,X,+"CX .

2-5 Mar ionette FARIETNE BOITFE-Al gor i thm2-2
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XL E N (P, p) IR C, BLAEZNICY [rule _type]l - YY, =Y, » iR

k<m-1: CH A thl A1 th2 2 AT A 1 BB ED

1) X TR A A E AN @, po)BEZNIY*>YY, Y, oCoe0Y, R
0<p—p'<thl , W 7E (po, p) £ B & & I ¥ i 35 ;i
Y* Y)Y, Y, ComeY, ;

2) XN THAAMEN@P, p) IESINY =YY, oY oCooeY R
O<p-p'<th2 , W 1E (po, po) 02 & & & o ¥ & 2 ;N
Y 5YY, Y, Cos-Y_;

3)  XFHTELLE Mo, pr)HITEEIINY ~— Y Y, Y, oC-=-Y_, Wi p,'< p, »
MLE (po, pRL EALEIFEZIINY ~—> Y, Y, =Y, Co--Y

4) T ETENLE Ao, pr)ESIIY @ > Y)Y, Y, oY, oY, CY oY,
wmEp'<p,, FEHCHMY MM EEARLE, WIEP, p)hi B ATIIHE
HIY @ > Y)Y, Y, CoY, =Y, Y. Yo

5) T RLE Ao, p)EEIINY #—YY, Y, oYY, CY, .Y,
mE C MY WALE BEAMR, WAL, p)he & 47 I i 3 K
Y #5YY, Y, CoVY, oYY, Y,

6) LB IRAARKk=0, BVEINICRELEI, TLEERAE RS 1ZEZ T
R

7)) ERBIERPIIERK =m=1, TREIMFESII MR (po, po) i B AL N
WA Y, FHAEA agenda Fil chart H,

2-6 Marionette LY EI1TFE-Algor i thm2-3

L4 (f)Chart ParserfH L, Marionetteq W1 i (%RF i (1) &5 70 i HORR s X 4] 1
AEE 52 BB 4 1) T B T, T OR B T R AR B T B a5 R, SRR RS B
DAME S . (2) By BRI SE R ANl T4% Gesiis v B or A1 B 0% 2 1 5 AT
N5 PR Al A T R AR AR R U 2RI AN [R R BRCSE Dy RS VA 5 S, AR VFEE N E H
I E L A A s

2. 4 KEINE

B T SR FEARRE S SH W UGS, 70t 1 3R AR B R 55 5
A T AR DO B R I A BT SO R R0k, Hid T IR AL E SO
SRR RN R, fe /vl 1R A R SCTE R 98 SOE B I Chart Parser 8.
F——Marionettep s, # VBRI EENRF . bR R IGEE R 7 RER> HHEHL
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Z, N BERARGEDOE DEX I R G HE S R R, PUZOGEAN R, WS SRR
H BhE 3 5k
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[mat_city_name]Copy
Jt52->bei3 jingl
£3k->baol tou2

K4 ->chang2 chunl
K ¥b->chang?2 shal

B #R->cheng2 dul
Ki%E->dad lian2
#BH->zheng4 zhoul

=5k
[mat_weather_typel]
KA ->tianl qi4

[mat_weather_type2]Copy
R iEL->qi4 wenl
MR EE->wenl du4

I=ERA
[mat_weather_status]Copy
T ->xia4 yu3

#ill X\->gual fengl

4 X ->you3 feng1l

4 Mi->you3 yu3
fi&->qing2

FH->yinl

11’5 RAH IR (8]
[mat_date_rel_day]Copy
KHiK->dad gian2 tianl
Al K->gian2 tianl

WE K->zuo2 tianl

A K->jinl tianl

BH X ->ming2 tianl

Ji K->hou4 tianl

K Jii K->dad houd tianl

115K If 1) ) 29 8 R]
[mat_date_about]Copy
X JLK->zhe4 ji3 tianl
IX LR ->zhe4 xiel tianl

X K->zhed liang3 tianl

i JLR->jin4 ji3 tianl

I K->jin4 liang3 tianl

AT H->jin4 qil

1T Bt->jin4 duan4

it B I A] ->jind  duand  shi2
jianl

[tag_i_want]Copy

i & R F->qing3 gao4 su4 wo3
L AH ] — T ->wo3 xiang3 wen4
yi2 xia4

3 A8 %0 18 ->wo3 xiang3 zhil
dao4

[tag_may_i_ask]Copy

JR I & — T ->ma2 fan2 cha2
yi2 xiad

H T — T ->qing3 cha? yi2 xiad
W& | — T ->qing3 wend yi2
xia4

i 1->qing3 wen4

[tag_exist]Copy
H->you3
2x->huid
fE->neng2

Al §E->ke3 neng2
+&->shi4

[tag_exist_or_not]Copy
2 A 425->hui4 bu2 huid
A RN fg->ke3 bud ke3 neng2
JEANAE->shid bu2 shi4

[tag_y_m_y]
A %A ->you3 mei2 you3

[tag_question_mark]Copy
n4->ma0

AN£=->bu2 hui4

ANT] BE->bu4 ke3 neng2

[tag_how_many]Copy
% /b->duol shao3
J1->ji3

THi
[tag_measure_w]

JZ->du4

IR
[tag_measure f]
Z->ji2

IR R AR
[tag_weather_description1]Cop

y

A ->leng3

H->red

HE F->nuan4 huo0

A =R L
[tag_weather_description2]Cop
y

r=1->gaol

fik->dil

[tag_what_about]Copy
B4 HE->zen3 me0 yangd
EFE->zen3 yangd
Wifal->ru2 he2
WEFE->za3 yang4

[tag_de]
[]->de0
[tag_probability]
A §E->ke3 neng2

[ato_month]
H->yue4

[ato_day]Copy
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‘5->hao4
H->ri4

[ato_week]
#LFE->1i3 bai4
R HH->xingl gil

[ato_week_zhou]
J#->zhoul

[ato_week_tian]
R->tianl

[ato_dgt_week]Copy
—->Vyil

—->erd

—->sanl

PY->si4

Fi->wu3

75->liud

H

[ato_ 1 m]
JG->yuan2

54

T E S e ]

[ato_1_dt]
—->Vyil

[ato_2]
—->erd

[ato_3]
—=->sanl

[ato_1 2]Copy
—->Vyil
—->er4

[ato_2 3]Copy
—->er4
—->sanl

[ato_1 10]Copy
—->yil

—->er4
—->sanl
PY->si4

F->wu3
75->liud
+->qil

J\->bal
JL->jiu3
~+->shi2

[ato_1 9]Copy
—->Vyil
—->er2
—->sanl
VY->si4
F->wu3
75->liud
+->qi1
J\->bal
JL->jiud

[ato_10]
~+->shi2
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Il File Name: WeatherForecastl.grm

[Lexical Analysis]
0

[Rules]

DR

dgt_ m->ato_1 m
dgt_m->ato_1 10

dgt m*->ato_10ato 1 2

JASKG

dgt d ->ato_1 10

dgt d *->ato_10ato 1 9

dgt d *->ato_2 3 ato_10

dgt d *->ato 2ato_10ato 1 9
dgt d *->ato 3ato_10ato 1 dt

IIH

sub_month *->dgt_m ato_month

AS|

sub_day *->dgt_d ato_day

ITH B H 3

sub_month_day -> sub_day

sub_month_day *-> sub_month dgt_d
sub_month_day *-> sub_month sub_day

month_day -> sub_month_day
month_day->sub_month_day tag_and sub_month_day

HJE I

sub_week day *-> ato_week ato_dgt week
sub_week day *->ato_week zhou ato_dgt week
sub_week day *-> ato_week ato_week _tian
week_day->sub_week_day
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gmESir *-> ato_week Ambiguity3

uZ4VOM *-> ato_week Ambiguity7
XADKCG6 *->ato_1 m Ab4Alr

Ab4Alr -> ato_month [1] Ambiguity7
DGDx3L -> mat_city_name [5] Hh3mF5
Hh3mF5 -> mat_weather_typel [3] tag_what_about
KUCcni -> mat_weather_type2 [5] Nn216D
Nn216D -> tag_what_about [4] mat_city_name
QZBZIX -> Hh3mF5 [5] mat_city_name
UB2Pgh -> mat_city_name [5] X4BE9C
X4BE9C -> mat_weather_type?2 [5] tag_what_about
_H1BSX -> mat_weather_typel [5] cisrtg
cisrtg *-> tag_weather_descriptionl gMOgbB
gMO0gbB -> tag_question_mark [5] mat_city_name
jor5VO *->mat_date_rel_day UB2Pgh
m_03w7 *-> Ambiguityl2 qurTes

qurTes *-> Ambiguity14 t5_I'YN

t5_I'YN *-> Ambiguity7 ato_day

wHaxy7 -> mat_city_name [5] zbZvhr
zbZvhr -> mat_weather_type2 [5] DNpk_M

DNpk_M *-> tag_weather_description2 tag_question_mark
GpZ9B6 -> mat_city_name [4] JTp_Kj
JTp_kj -> mat_weather_type2 [5] MuQX2D
MuQX2D *->tag_how_many tag_measure_w
Q60MEY -> mat_weather_type2 [4] TAPCmi
TAPCmi *-> tag_weather_description2 gM0ghB
Wecor5C -> KUCcni [1] mat_date_rel_day
ZOPoOX -> H1BSX [5] mat_date_about
cineph -> mat_city_name [5] fUO38C
fUO38C *-> mat_date_rel_day ivmORW
ivmORW -> mat_weather_typel [5] m_NRs8

m_NRs8 *-> tag_weather_descriptionl tag_question_mark
pBmGat *-> H1BSX mat_date_rel_day
sdNvUOQ *-> zbZvhr vHdsu7

vHdsu7 -> mat_date_about [5] mat_city_name
ziMids *-> JTp_kj vHdsu7

CVCc7XN -> mat_city_name [3] FOLXx6
FoLXx6 -> mat_date_about [3] zbZvhr
10cVgr -> Hh3mF5 [3] MCLKZE

MCLKZE *-> gmE5ir mat_city name
P5bzAZ -> mat_city_name [5] SIKpii

SIKpii -> mat_date_about [5] ivmORW
Vjam1D *-> KUCcni ZOJbDY

Z0OJbDY -> Ambiguity11 [2] Ambiguity3
bpalli -> KUCcni [3] eOBZ4C

e0BZ4C *-> ato_week_zhou Ambiguity7
hvOONX -> Q60MEY [2] mat_date_rel day
IGAEQ9 -> mat_date_rel_day [3] GpZ9B6
0J8t6u -> vHdsu7 [3] ivmORW

rczqQO *-> JTp_kj vO8fr8

vO8fr8 *-> mat_date_rel_day mat_city _name

y(qz59t -> mat_city_name [5] BU7VTN
BU7VTN -> mat_date_rel_day [5] JTp_kj
EwySt7 -> JTp_kj [2] I76]1cs

I761cs *-> mat_city_name mat_date_rel_day
LBxXWN -> Hh3mF5 [5] OdZmwZ
OdZmwZ *-> ato_week RPxkfj

RPxkfj *-> ato_week_tian mat_city_name
VjY9YE *-> KUCcni YVwZzZ
YVwZzZ *-> ato_week Ambiguityl1l
axXXhi *-> Ambiguity14 dOwMOD
dOwMOD *-> Ambiguityll hCXBCY
hCXBCY -> ato_month [1] kevrkh
kevrkh -> Ambiguity14 [2] Ambiguity7
nIiWo3u *-> Ambiguity7 rkudMP

rkudMP *-> Ab4Alr uwVv3n9

uwv3n9 -> Ambiguity14 [4] Ambiguityll
XXmT5t *-> ato_week A1VQPO
A1VQPO *-> ato_week_tian UB2Pgh
EDIFg8 *-> mat_city_name HfUv8t
HfUv8t *-> Ambiguity7 KJKKSN

KJKKSN *-> Ambiguity3 ivmORW
NkThs_ -> JTp_kj [1] RXk7bk

RXKk7bk *-> ato_week UqTXUE
UgTXUE -> Ambiguity12 [3] mat_city_name
X2jUvZ *-> ato_week zhou ESKej
_ESKej *-> UqTXUE ivmORW

d7izXE -> JTp_Kj [2] gKJoyY

gKJoyY -> mat_city_name [2] jlimgi
jlimgi *-> ato_week Ambiguity7

nQJb_D *-> Ambiguity12 grh0IQ

grhoIQ *-> Ambiguity3 GpZ9B6

t2IRj9 *-> ato_week_zhou wxgOZ2u
wxgO2u -> Ambiguity3 [3] wHgxy7
A8HDLP ->JTp_Kj [4] DLgsm9

DLgsm9 -> mat_city_name [4] uZz4VOM
GeHi4t -> QZBZIX [4] JQffOO

JQFffOO *-> Ambiguityl2 NsG408
NsG408 *-> Ambiguityl4 ato_day
QW6V7k *-> Ambiguity7 TYFKRF
TyFKRF *-> Ambiguity14 W96Hr_
WO96Hr_ *->Z0OJbDY DGDx3L

_EFxak -> X4BE9C [5] cfomTE

cfSmTE *-> Ambiguity12 fREjuZ
fREjuZ *-> Ambiguity14 jl49cj

jl49cj *-> Ambiguity7 mXEZWE
MXEZWE -> Ambiguity3 [5] mat_city_name
pz40xQ -> _H1BSX [1] s2DMfa
s2DMfa -> Ambiguity12 [2] wE3BZv
WE3BZv -> Ambiguity14 [5] Ambiguity3
Fmud1u *-> KUCcni JY22KP

JY22KP *-> Ambiguityl2 MrtSI8
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MrtSI8 *-> kevrkh Ambiguity3
P31I3t -> mat_city_name [1] SFSFNG

0iCqXu *-> ZOJbDY X4BEIC
TP X DL S JH BB — A R e

SFSFNG *-> Ambiguity14 W90un0
W90un0 -> ZOJbDY [1] Hh3mF5
ZLskék *-> Q6oMEY bmOhQF

bmOhQF *-> Ambiguity7 eRréq_
eRr6g_ *-> ato_month isSX9k

iSSX9k -> Ambiguity12 [2] Ambiguityl14
14gMSE -> zbZvhr [2] UqTXUE

oyRJtZ -> mat_city_name [3] s9qzbb
s9qzbb *-> xADKC6 vVMRoVvV
VMRoVV *-> uWV3n9 Hh3mF5
yfpdwQ *-> JTp_kj BSQbea

BSQbea *-> m_03w7 mat_city_name
FtoOYv *-> ivmORW IXPQGP

IXPQGP *-> Ambiguity7 LzoFh9
LzoFh9 *-> Ab4Alr OaPD _u

OaPD_u -> Ambiguity14 [4] mat_city_name
SFfsJH *-> mat_city_name VgOhkO
VgOhk0 *-> xADKC6 Y Tef2l

YTef2l -> ato_day [5] ivmORW
amN4MG -> JTp_kj [2] eYeUm_
eYeUm_ -> mat_city_name [2] hANK5k
hANKS5K *-> xADKC6 uWV3n9
uTMbRw *-> Ambiguity7 xnc8sR
xnc8sR *-> Ab4Alr BZDZab

BZDZab *-> Ambiguity14 wxgO2u
EBbOUv -> mat_city _name [1] H4CDCQ
H4CDCQ *-> Ambiguityl4 KGaAda
KGaAda *-> isSX9k OiCgXu
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Ambiguity7 ->ato_1 10
Ambiguity7 ->ato_1 9
Ambiguity7 ->ato_2 3
Ambiguity7 -> ato_3
Ambiguity7 -> ato_dgt_week
Ambiguity3 -> ato_day
Ambiguity3 -> ato_dgt_week
Ambiguityl4 -> ato_10
Ambiguityl4 ->ato_1 10
Ambiguityll ->ato_1 10
Ambiguityll ->ato_1 2
Ambiguityll ->ato 1 9
Ambiguityll -> ato_1 dt
Ambiguityll -> ato_dgt week
Ambiguityl2 ->ato 1 10
Ambiguityl2 ->ato_1 2
Ambiguityl2 ->ato_1 9
Ambiguityl2 -> ato_2
Ambiguityl2 ->ato_2 3
Ambiguityl12 -> ato_dgt_week
Ambiguity7 ->ato_1 10
Ambiguity7 ->ato_1 9
Ambiguity7 -> ato_dgt_week
Ambiguity7 ->ato_1 10
Ambiguity7 ->ato_1 9
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