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Generalized Chart Algorithm for Abduction-based
Spoken-style Sentence Understanding

YasunAru Dent

Spoken language understanding is one of the challenging research areas in natural lan-
guage processing. Since spoken language is in various ways incomplete, containing ellipsis,
metonymy, etc., spoken language understanding systems should have the ability to process
incomplete inputs by hypothesizing underlying information. The cost-based abduction
model has provided a simple and elegant way of achieving such a task. However, due
to the high computational cost, abduction-based systems are still far from practical use.
In this paper, aiming at the application to spoken language understanding systems, we pro-
pose an efficient algorithm for cost-based abduction, which is inspired by the idea of using
chart parsers as proof procedures. Because chart parsers have many advantages from the
viewpoint of computational efficiency, chart-based abduction algorithm are expected to
nicely solve the computation problem. We discuss in detail three features of our algorithm
—goal-driven bottom-up derivation, tabulation of partial results, and agenda control me-
chanism—, and report the results of the preliminary experiments, which clearly show these
features considerably improve the computational efficiency of cost-based abduction.
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Fig. 1 Concept of head-driven derivation.
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Fig. 2 Example of goals which can be proved by
head-driven derivation.
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Fig. 3 Example of proof process by head-driven
derivation.
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Syntactic Rules

vp(ik,e) D s(ihe)

pplisise) A ep(dhie) A dep({e,e.z)a) D vp(éik,e)
np (i:j:“") A I’(j:k:c) > Pl’(i:ksc:x)

np(ik,z) D pp(ikie,)

prag({#)y) A sem{{cey)s) D dep((cieie)a)

Lexical Rules

soseki(z)%t D np([Sosekilk]k,z)
buy(e)$ D vp([Kattalk)k,e)
0a(e) 5 p([Galtl )

wo(c)*t D p([Wolk),k,c)

Pragmatic Rules
-
writer(x) A write({2,y):)M0 A novel(y)** 2 prag({x),.y)

Semantic Rules

ga(s,c) A ga(c)® D sem(s)

wo(s,¢) A wo(c)® D sem(s)

intend(e) A person(z) A agi({e,z),)%° D ga((c,e,2)s,c)
trade(e) A commodity(z) A obj ({e,2),)% D wo((c,.c,x),,c)

Knowledge Rules
soseki(z) D person(z)
soseki(z) D writer(z)"
novel(z) D book(z)
book(x) D commodity(x)
buy(e) D trade(e)

trade(e) D intend(e)

6 BABOFLSEMFTORDDHEA

TSR AL A R

Fig. 6 Rules for spoken Japanese understanding.
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TR NS, T3bb, BFEA e &2FMA 2
=N chREDBB-THRVBUEHEZRT 52013,
z & ORI S OERARNEREEONGR v EE
L, e,k ylDfiIC (¢ Te—y XINBNE) fALH
OERNBEFELHZEETHS. ERHRICHET IR
i, #lAE, TEROLER LIE LIZZ DFEROED
TNBAEETOANONE] V- LRROBGRE
EHELTHD, BERSESELT, 2=y, 2%, x
BEBEREBVICAOONZBEAHE. BRCET S
BANL, B2, [GEERBET 2TABRHE ISR E
LTRDEE, ZOMFE (AL Tv—2 &h3d~
&) ROFFELTERBILTE S -2 EKE
BREEHELTVS. 35T, —missthd 2350
HBHY, BHEN»LBRINZERBHEOKBER
DBEFEINTN3S.

EHRK A% O LABRF $p i3, ARRET B BRiCTA
INEFARMAERT (BEEAHLBVERRI-Faic
KEBazx b A28HD5, 20X ERBUINERICIIR
XDEINEHDETB). pIWNENEE A BRKEL
R, pHAFVEE A RKELICL L. ARIE
SEICET 278 &R E ORIICE SO BIGEA RE
TABEDI R M $2 LRV, —, BRWKTA
L - BERUAOE=ZL oMt AEKOBGRE

T A o

[Katta] ’ '\\

BT WUEH-7" ORFTTE35 5 — b
Fig. 7 Chart diagram for Séseki katta.
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Table 1 Table representation of chart for Sdseki katta.
[#] Label A-Set Proc | [# Label A-Set [ Proc
1T s(8,0,e)]T ) — 29 [ [intend(B) {8} C:2T+K+13

2 | [71soseki(S)™] ¢ I:1 [?person(S)
2p($,9,5) [?lagi({B,S})-)%2°]

3 | soseki(S)%T a} I:2, 1:18, 1:29 ga((P,B,S),,P)

4 [ person(S) o P:3 30 | [trade(B) {3} C:284-K+12

5 | wriler(S) a P:3 [ commodity(S)

6 | np(9,¥,9) o C:2+B+3 {71055 ((B,S),)%2]

7 | pp(9,9,P,S) {a P:6 wo({P,B,S),,P)

8 | [np(2,¥,5) o P:6 31 | [intend(B) {a, 8} C:29+L+4
[Mp(¥ k)] person(S)
pp(®k,c,S) [71agt({B,S))**]

9 | [pp(®,¥,P,S) {a} P:7 ge({P,B,S),,P)

(op( ¥k e) 32 | agt((B,5), )P {e} I:31
[71dep((P,e,5)a)] 33 | 9a((P,B,5),,P) {a, B, ¢} C31+M+37
vp(P.k.e) 34 [ [9a({P,B,5)s,P) {a, B, €} P:33

10 | [16uy(B)™] é I8, 19 [7lga(P)®]
vp(¥,[],B) sem({P,B,S),)

11 [ buy(B)™ 3 1:10, I:27, 1:28, 1:42, 1143 | 35 [ ga(P)™ <} 1:34

12 | trade(B) g P:11 36 | sem((P,B,S),) a,f,€6¢ -C:34+N+35

13 | intend(B) 4] P:12 37 | dep((P,B,S)a) a,f,€,C C:26+J+36

14 [ w(¥,[1,B) 8 C:10+D+11 38 [ vp(9,[.B) {o,8,¢,C C:15+E+37

15 | [pp(2,¥,P,S) {a, 8} C:9+C+14 39 | s(4,1,B) @, B,6,C P:38
up(V¥[],B) 01T a,B,¢C C:1+A439
[dep((P,B,S5)a)] 41 | [prag((S),NV) {a,7,6} C:16+F+25
vp(¢,,B) [Plsem((P,B,N),)]

16 | [[7prag((S)p,x) ) I:15 dep({P,B,S)4)

[7)sem({P,B,z)s)] 43| [(7intend(B) ) T4l
dep({P,B,S)a) [7person(N)

T7 T 2ras((S)5:5) % L16 [flagt((B,N),)*2]

18 | [[Nwriter(S) ) I:16 ga({P,B,N),,P))

[PJurite((S,N),)310 43 | [7]trade(B) ) Tl
[novel(N)%] [?]commodity(N)
prag((S),. ) [lobi((B,V),)%]

19 | [writer(S) {o} C:184G+5 wo((P,B,N),,P)

[urite((S,N),)310 44 | [inlend(B) {8y C:427P+13
[?Jnovel(N)31] [?lperson(N)
prag((S)p,N) [’lagt({B,N},)%%]

20 | write({S,N), )10 v} 1:19 ga({P,B,N),,P)

21 | [writer(S) {a,7} C:19+H+20 45 | [trade(B) {8} C:43+P+12
write({S,N),)810 [?lcommodity(N)

[novel( N)31) [?obj ({B,N),)%2]
pmg((S);,,N) wo((P,B,N),,P)

22 | novel(N)3! [} 1:21 46 | [trade(B) {8,6} C:45+Q+24

23 [ book(N) [} P:22 commodity(N)

24 | commodity(N) {5 P23 (?)0bj({B,N),)%?]

25 | prag({S),,N) {a,7,6} C:21+1+22 wo({P,B,N),,P)

26 | [prag({S})y,S) ¢ C:16+F+17 47 | obj({B,N) )% {n} 1:46
{2lsem((P,B,S),)] 48 | wo((P,B,N),.P) {8,6,77 | C-AGFR+47
dep({P.B,S)4) 49 | [wo({P,B,N),,P) {8,577 P48

27 | {[intend(B) 2] 1:26 [7)wo(P)83]

[lperson(S) sem({P,B,N),)
[7agt((B,S)-)**] 50 | wo(P)® 15} T:49
ga({P,B.5)s,P) 51 [ sem({P,B,NV,) 15.6,1,0] | CA9+5+50

28 | [[f1trade(B) ¢ 126 52 | dep((P,B.S)a) @,8,7,6,7,0) | C:41+0+51
[2lcommodity(S) 53 | vp(3,[,B) «,3,7,8,1,0} | C:I5+E+52
(71065 ((B,S)-)%% 54 | 5(9,],B) « 0,7,0,7,0 P53
wo((P,B,S);,P) 55 | T o, 3,7,6,1,0 C:1+A+54

& = [Soseki,Katta], ¥ = [Katla],

o = soseki(S)%, B = buy(B)S', ¥ = write((S,N),)310, § = novel(N)3,

€ = agt((B,5)r)%*°, ¢ = ga(P)®, n = obj((B,N);)*?, 6 = wo(P)%3
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IRET HED I A ME $20 EFV. TTTEATY
ZRW GELFBESORBRICOVWTE LTV SR
M) TR, BZFEOTACOOTHETEEHEDI
WEEZZT, 2 X M ACLDEAIRHEELTNDE*. —
Bic, 2 X PAEBYIERETSOREETH B0, L
BUIE D CHEMRTOFROLI DI SRR
L7cONBa 2+ THEEEX LB LI, EfFa—1R
OFEHERD S BYRL 2 2 2 HBICRETE SR
bbb,

R7&21102 (1) 2AFHIC X - THF LICBICE
SNBF+—FTH5D., RhOEBRITEMN, B
TEHIL, SR RA vaERdT. Nholicsdh
7B ERROEROFNCEHN I BFELHIE LTV 3.
I, EHEXAMZ B, B—OERTCEEIRD
BORREEMD 2 oM EH 2B A, MOBEZOD
HEX MEe0bORELLTEIR L., Ko
Label (290D 5 N, A-Set |Z{H#ES, Proc 3£
OUBEDY (EHA vV E) HEEOTFHEIK KT
fEontchiET. 2R, 2likB0T W20
Proc #o 1: 113, 2hM 100 BAFHE &
I-oTEoNZEARZ LTV A, FAffic, 4D
Proc 0 P:3i3, 2 35 FHIFm EIc K-
<leontzcEEEL, M6D Proc o C: 2+B
+3 13, FnHR2 E3 ERS v 2 BhoHATFR
Fiek-TEs N EERT.

AFETIE, BRI & ER - ERRERIIERII
Fbns., D%, AFHEICK > THIULEE Bk -
ZRHZLEZ1IDOBBCHEAINSE. NTRID
HAINBEAELTHS,. CORBWL 3ARL
A->THBIIKRAZBEH, W 2LOWRIKHSYT
EZBEMBLDT. %B| [Soseki, Kaital DAL
BHLESNTVAIL2, 6, 7, 9, 15, 53, 54 iF
BB THONI2BTE2ET. Ebo5bd b kD
2, ZOBEBIEABF » — b3 —Y K BT ERE
LALRALTHS. CoBR0&ED (G156 ZIL 530
B Lk - ERREROEENSREE-TVE, &
Bl {S), ODNEDSELSN TN AN 18, 19, 21, 25 (3,
FiE) ic & 2 BREERT 2882 RT. ZOE
BB OB I BT, THAEDAD KT 25k

* T, IR MRS T—ETHELDLSIT
o TWBY, TOFRNEHHTIREY CRkick-T
i, KA 2588 LBIETRROE S BEEL S 3).
SIRIGBERAZOMICLTI R MCRBREEE 013, B
WEWEETH 20, ATOHEALZHEIZDT, 4%0D
BEEE L2
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LG NS A X NREE novel(N) (K 22 1CH0%) 3
feohd. Bl (P,B,N): DNEIPLESNTNS
i 48, 45, 46, 48, 49, 5111, BFEAE B (BH) &4
FHEAN (Uhgl) oo (PTv—73ha~NE) &§
B ERABRT 2 BEAET. COBRLEDRRE
I BWT, [REL 0bj({B, Ny.) (47 ICHHE) LR
wo(P) (3 50 1cHEY) BeEnEha A+ $2 & 83T
RESNS. chid, TIAL & TE 7] oD
P OBBINFBVZTIMNa 2 b $5 THRRKIC
BRANIC ERE®T B, Rikic, VT ERD
250 40, 55 2 DD 2 ODBEET. IR

b $25 RO THESA»EE o] £V
BIRICHIS L, 22 b $18 2Dl 5543 MEELFM
WAHDOAEE ~Tc] EVIERICHIET 5. Licd-
T, BEEITIa X FOBWEETH D,

3.4 7Y zUHHEIE

AR METTE S v a ViTBOTE, TRTOEE
KB C EEMTIRIE S BB ERD 5 EER
HOT, BBREDENCE DTS2 —Y AT 4 v
I ERERFLEEBEAEDEBCEZEHTHS. A
FHETHE, Fr— =3 THEELAOLNTVET
U ¢ V& HIEE (agenda control mechanism) %
FIET2CEICE-T, COEIRE2—YRFT 1 v
J FREBBICEETE S,

F v — MEOBA/TR/MEETFRECE - THIZIC
Eonfziliz, —B7 Y = v& EEETN 5 EBICEM
XNB, TV VEAHOMRIBALHLDOEE I LT
MoTIDF DY AN, Fv— MBMENE.
} - & & MR, T7Y = vAROWTRGRE
AIEENBRID I R ORFIMBBR/NCIEEHD%
FE] EVABDOTHD. chiRbw 2EFEE
(ordered search) T 5.

JEFEERIZ, BHICROPARNRERTH AT L
HAREET B, BT UGHENTH S LITVAIR.
7T, BRRERERPE - L FHRO XD sk A
FREE LB X D ERNREREALDONAT ED
2z b5, BEETIR, chs0EEECOVTIR
HUTOIEODS, TV v L EIESEEE AT
KBNT, TOXIBERNTHRRELBFBICERTE
L EIHLDTHS.

4. EBREIUERE

AFHOBEEA RS o OIS ER AT - 7.
COERTRRDADOTTE 7 v a VEEEE LK
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% 2 TD, HD, GCF, GCO ok (25 v 7%%)
Table 2 Comparison among TD, HD, GCF, and
GCO (steps).

4 TD HD GCF GCO
1 285 162(0.57) | 141(0.49) | 111(0.39)
2 832 467(0.56) | 273(0.33) | 206(0.25)
3 1916 1070(0.56) | 417(0.22) | 274(0.14)
4 4082 2269(0.56) | 585(0.14) | 399(0.10)
L.

TD TEAE+REGEL+28R

HD TEEERREET L F28R

GCF FBEWHA+EBEDD +Lo8R

GCO FEEENEE -+ HBEDH D HEFEER
TD 3 TREABHAFEIBEBRRD BTTFH D,
HD B FHBHREH 2 EIBEERROBTT b0
THs. GCF BoefEk (Y= v fimEL) o—
BIEINIF v — rETHD, GCO F—pib3ni:
F ¥ — MEELJEFBRROEAETH B,
FERICAOIHERNL, FLUSEBIFOF 214 VT,
67 DOEFIER & 48 OIEEGIRAD 518 B HILV/AK
RHEOTHS. BRI 120HFE 1~ 4 HOLE
Mo PR (DO X310, 28R UES
D RERRIZ LR ORI UTIEBic# k3 5. &
E®i3 SS10 ET SICStus Prolog 2.1 ZF\\TiT»-
fo. BEAR2ICRT. FMIRF v 7 EK T - 7
(ID & HD TR#HORF v ¥, GCF & GCO ¢
BESNIROR) . FEMWNO/NNKIZ TD & gL
BADMURELRTHS.
EPLHLDR KT, AFHEDO 3 DO L -
TEESGEIRESHEINTWVS, 57, TD »5
HD ~0%ER, B 10EETHsBIERS LAz
Hickab0ThHD, CNIRE>TRT v 7D 40
¥ % BRIk, &wic, HD 5 GCF ~pthEd,
F2OMYTHIEIMEOENDEFICLZHDTH
D, TNIKKX>TAF v PPEHMNE 51T 10%-40% i
dhic. B, GCF s GCO ~oH%EX, %23
DEBTHATV 2 VA HIEEECIZbDTHD,
CNICE-TRAT v 7EBX BT 4%-10% Hlmsh
7o, AESERIERROBEATHIOFicKEINT
AV

Wi, AFEOERWEHHERBICDOTEELT
BB, Fr— MEREDSSAFEOFERIT, $HER
A—=FThH5b. 1L, ChRANTXDEI LT
TR, Fv - MCEAINIEOHICHLTT

H3% ANXOESERBIO¥ & 0 BRIE, o0
WERE 2~V AF 4 v/ BEROFHELE > TEEE
ETHE. 710, BREODIVRRESROR
WEa—=Y2F 4y 7 BREFNDCENTENIT,
KEIOBRANIXOEIICH UTHEBTS 205, IF
BREOZVHAIEHROE L 2 — ) 25 4 » 7 B
UBHWS Z ENT EirhiE, R0z Ao
RJCHUTHREINTHRT 5. Lieai-T, AFH
DHEBRIEZHMICEEBIRAE ICKET 2. Tb
L, AFEOHER C 1B, F+— rphoRioAE
n, ANXNDEE:R [ £35&, RATEINS.
C=Kxf(n) n=g{)
COXSBHERBOEAD L RT, AFHD 3 DDE
BicX 28R o%ERL, UToksicEsions.
1. B PR RBHEHEA — Lo B 2y —
(¥ K) 28ET 5.
2.HAROBEAOBFEIHEL — & (B f) %k
BA—F o BERA - L ickETE 2720,
F v — bPHORBIDEK » ITHLT).
8.7V = VARIEBEIATIXORS [ 1t bk
Blo¥ n O¥EROHTT (BA¥ 9) #%ES 5.

5. 8 bH b I

AT, aXMITT7E 7V a vicBY BEER
ROMBEIDOT, BANTEBNIERELIREL
7o. AFBRDTO 8 DOMgA -,

o HEEERE) _RH RIEH
o IRDEN DB
o TV = VA HIKE
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FEOMEICET 2REFFIHTE 20O AEFE
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TNENRBOTOH 0D, COFHENFINET
REMEIL »* [ 2. SRR, WMoe (T, «
DOHAE) BRA Y 2> THRINTHE0T, #
AFHEMIFINBEBIL »° THB.
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