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A Generalized Chart Algorithm for Abduction

Yasuharu DEN
ATR Interpreting Telecommunications Research Laboratories

2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto 619-02, Japan

In the research areas such as interpretation/translation/generation of spoken dialogues, an integrated architecture
for natural language processing is strongly required, since no single sort of (partial) information is decisive to derive
appropriate results, and thus there should be diverse interactions among several sorts of information. Abduction is
one of the powerful approaches to realize practical integrated NLP systems. In this paper, we propose an efficient
computation mechanism for abduction based integrated NLP systems. Our algorithm proposed so far, called a
generalized chart based prover, is modified to treat assumptions, and is extended to an abductive prover. We show

details of the new algorism along with simple examples aiming at its application to integrated NLP systems.



1 @FLHIC

A, BASHELEYESNICT X 5 SBOTEH
HEEhTw3 5l ok’ AHANERTELE
B, R BaEE SRS b¢ RIS
RERT 5 BBEOD s FEHEOEM / BN / R &
Vo kBNO D ICEFRAIRTHS. EEDL X AAREE
LEVHROBE 3] ¥ RELTWER, CCTHE
BAEEoOMAS W ALERIRARTH 3. CO=
FA XS & L Hobbs b [6] L EEAT 747
vavHEEHnTw5. AOREHEN, B/ &K/
BEFHIE SR FRUFFICECHBEI L TE Y,
o ¢ X 3 EREMOBREE CAHILT 7
¥7va vHERHRMICTR S LEXD B,
APFETH, HANERTELBERRCEIET Y
X7 va VHEEBHRMICTR 5 FHEICOWTR~
3. COFEAEELORKEIMREFAOLTL v
PVELTIEHTCLRERLLTWE. T7X2
va vHERHEILT 3 AR, KFETRUTOH
BE¥Hw3. ‘

1. B5EREIo ERARIER
2. F+— M X 3WAROFFA

AFH, BB CE{ArohTndFvr—t
oL 23 e B TE, —BLIhizF+—F
EIXFI (TS Y 2> a UK (Generalized Chart
based Abductive Prover, GCAP) LA TWn 5.
GCAP oD AR CIC (1) THAL L. XK
BTl TTCRLARMEHAOFEGCP 27 7%
7 v a vEEOFHE GCAP KHKRT 3 Ko
B35, ‘

AEOHMEELTOEITHS. 2HTGCP DT
AFTEeTATI XLk HHECETT 5. 3 #iT, %
T GCAP kKR T 3 HRICOWTRE~, GCAP
TA=) XA EERES LS. 4 HiTH, M
BApEY AT GCAP oMigEASELE~D
AT A 5. B, 5 T HETR<5.

2 —BEInEF+— FHEIEERTC
TR
2.1 EHRBHEMS

*— VORI A BMA TR /| LABERT
5 e, UToX 5 2RESBEL 5.

g(z,y)

ay (.z'z!.)

Am-1 (3 -.zm-x)

alz,z)

B 1: EFHREHEIEH

m(X, [A1Z]) :- n(X, A, Y), m(Y, Z).
m({(1,0%}, .

h({[AIX],Y}, &, {X,Y}).
h({x,[alY]}, &, {X,Y}).

2: EHRHEIAEOH

FREER HAERO® Y KERT 3 EROFTER
¥ DIk o CHEERERD 4L 3. ’
IAMER VM EEORHICOENL R R RS

Erys(EHLTLES.

LaL, w-vEind MoK HAT5 L E,
BIEEIO L RRERIC X b C ORELFRRT X 5.
i, Bflg(z,y) OBHERRH 1 KWRTECK
373 Thbb, Bfig(z,y) OB 15IM HE
Bl d3BHEa(z,z) L3 T TCoOFER ETHEFE
hTwd PIAETH-COBESYHHT 2681
LEWT, TRTCOBFERKCOVWTH 1 OB O
SFEBAXHMETCEDI L E, COABWRETHEDHE
(head-driven) TH 2 &\ 5. AWKITHEHE-CH
SkhBich, $XTOHUA - By,..., B, Lon
T, AUOXFHOERA B, t ELOERK A D1
SIEME L AThEA bR CoOLE, HIO%E
FOERA L £3 (heads) &FFY, TOE13IBEE
5% (head arguments) &FEE. T X 5 IKEFFE
BERAECRBOBICHEY:D 325, GCP ThHE
BEF A CHAIORR bEF LTV 3. EEERROH
R % MR AY (chain rules), BB ERAAVHRAILIE
PRI (non-chain rules) 2FER. X 2 HEFERD)
BABOETH 5 (AR Prolog DFEEETEL).
AESEREHRO & 5, BREHO LARE
B o TEHERRHCFTRL 3. COoOHEBA
BT EER MY (head-driven derivation) & Ff
FOEEHBEHREHYR 1 YA B
T3 7, BBlg(c,y) 2 OEHT IRz T H



L, T ESKLTCHEEa(z,2) TBRKT 3.
Kic, cDBRA a(z,z) L M—ILTTRER EREL FF
OBEEHEAl a1 (2,20, »Bn
¥®EL, fitk By, ...; By t8anm_1(z,2m,) %
WATE. otk ERKa(z,2) 2 COHHOK
(pivots) LFEE. ik By, ..., Ba 33T THRANIKC
BHERAD, Ban1(z,2n_,) billEEN3. H
HERg(z,y) LH—LWAER G, B EHEEYH—{L
LCHRONHRETS 3. £5ThrThil, BiH
ELCHURRAZSEH T D ET.

2.2 GCP OiHAFHRX

EFRRY R H X ZeFREISCRYT [ IR ERERE) HEAR
TR LedDLhhed EIBEORRDHIIC
HTL Lo OHEXFHT [ R BBSBOBHE L »
SHERRATI O LARIKC, EXREOTHE
BREHIC YR URERD 5. £CT, HSURIT/ £
BROBE& (T4 khboT, Fv+— b (charts) v
THAMOBFALTRS. XKL, CTTHW?
F v — FRETOR TR OBEOF v— P ik
WLTW3 [4).

:- a(z,z),B,,...

1. GCP oM B EHOEHT IKE K51 & L
CHEERET B LICXoTHAT N OT, B
SEMOBARMEN TR bR ThE A bR\

2. PIBHEFORCABINIBIEZLLT, =
HEMOREZERDO b OB Y L30T, GCP
DIMDEERE (B3 MO V) RBFRBIC K S.

GCP O#HETFHEEL, FLAT v 7F+— FHIX
BROFEY K Lo KT c itk > TBbh
3. M3 XGCPOHAFHRETHS. M2 0xH
BERRAE Y A< BEn({{al, b]},2) ¥ GCP
TATYXhick>CEMTIABRYR 4, X1 IOR
T. HRBCRIMOEREI R, v2 A-DiILk->T
#EEhTwna,

3 —eIhtF+— FMRICETLC
TIEoa L EHE
3.1 BREBEMBETIYISa
TIEI v v, RRSAHEICES C BREE
DERE | BER [ HRIC & >THTH B [6] FAH,
(1) 2ELXS.

(1) IBMHEo*%.

FHEx1l ME[sf] CFEEK[- (7B ]AnD
5. kL, B =bj(z,y) REEREH EFH5IHK
zCHREDLFv— b LOMEY [u] 233,

1 [up] PR CHTCHBAIhENEA LI, LT%
T, BRLPbulCE Y EEDH 3.

(a) F=ToFEKa(z,2) K UIE [v,0] KRIE
Hila(z,2z) %K>.

(b) FrTo3edEBRa(z,2) :~ By,...,B,
5t U AL & [u,0] 1€ 3F # 3K [[7] By - - -[7)Ba)
a(z,z) k3.

2. [up] BFTIKBATRTWEHERLE, HiC

Bt b u KRS ¥ £ %D 3.

FHx2 NEBESHCRBFEEMCED 3. €
De¥ A=CTH3FTXToOHHAA -
A,By,...,B, K LA [5,8] IKIBEEESK [A[?] By -
[71B]JA %32 (n =0 R ORTEUSR A’ %3 3).

FHE3 B [s] CEER ] [7)B;[1Bj- -
[D)BalA%D Y, HE [uv] CRIEHEMC 5 5.
%L, B RREZRK. &b, fiftdrbulc
KA vERDE COLE B =CTHIE
854 [s,0) ICTEHEBK [ -B;[7) By 11+ - [7)Ba)A %3E B
(j=nAOREL A £ HE5).

B 3: GCP 0¥ EFEE

O R BRI S ICH,

1. “IBM” & “B-7” ORElcH@ik e LTERTE
ZEHBRED 5.
2. “IBM” it “IBM OB 3 kLTw 3.

TehEBLIHBILERDS. LhL,
POERBNICRERE LAY LA,

chbREE

1 SRR EFER TR LB 2.
sem(E, X) :- object(E, X).

2. 4R c MAOBRIIRR TR LB S.
“metonymy(X, Y) :- produce(X, Y).

o 2 RABEAVT, XKEThTWwIHE
sem(buy,product), metonymy(ibm,product) % 3%
B3 % {R 3 object (buy,product), produce(ibm,
product) *H B CHR L AT IEAbE W Co
HRRAT 77X 272 vTdh5.



® 4 n({[al, [6]},2) OB CHRINEF v — }

#£ 1: m({[a1, [b]},2) OHHTHEINEF +—}

# ] Arc
1 | h({[al, [b1},a,{03,[b]}) -
2 | h({[al,[p]},b,{[a],0O0D -
3 | [h({[al,[b]},a,{0],[bIDD 1
[Pm({01, b1},Z1)]
m({[al, [bl1},[alZ1])
4 | [h({[a],[b1},b,{[a], 01} 2
[?Im({[2],[1},22)]
m({[al, [bl}, [blZ2])

From l

5 | k{03, 61},b,{00,0 3
6 | h({[al,[1},2,{00,00D 4
7 | ({0, 0p1},b,{01,00) 5

[P ({03, 01},23)]
n({0, [bl}, [b}23])

8 | [h({[21,01},2,{03,00 6
["m({01,01},24)}
m({[al, [1}, [a]24])

9 | =({0.0},0D 7,8
10 | ({0, [0}, [b]) 74+C+9
11 | m({[a], {1}, [a]) 8+D+9

.12 | m({[a], [b]},[a,b]) 3+A+10
13 | m({[a],[b]},[b,al) 44B-+11

3.2 GCAP OHNTHRX

TIHE2va v REBOMBERB C L HTE
3. ¥hbb, BOBRGEHHATIRDICGE
E#FHELTREBTIE S REYHEAT I L
XoT, HMBHERT /¥ va vHEIBTE
3. LkdHoT, GCAP oHEFHEL*E, M3 KD
7% GCP O0FEH &1 BT, EUMOBERR
bi(z,y) 2 LERBEb; (2,y) ¥ BAT 8IEL BT
rick-otBbhns.

CoLE BALAAERIRNEELE LTHS. 2
%9, GCAP KHF~TEMNEEEZL2FHCHEDL
h3. —#ic, BROBEERIC TR L HEH
BT HERFACTHS. ERHFHELRE 3D,
TESIAEROBH RO L E, ThbOWMELTT
flidaBoEBLL LD XS RIEWMIEVELO NI H
HERINDZ] L5 ETHE. LL, TOX5A
BHORXOMBERT 7¥ 7 va viIck3EE LR
Bc (B4, ax b BMERE [6] % & ICESnT)
TRo0T, HELWIBAI LRI, BPLF
EEXFFT 2Bl AEN. bbDA, TTIXIrvay
CENCHHORE OFflERIEE wID, Fr—
FHOMIC B ONE LT B HOEE (Thd
b, HIEHICE>TEHONARICE DX 5 KRR
BREL T ) BEHINTC 30T RH L. £
DB, GCAP TR, Fv— b LOMCRHES
(a.ssufnption sets) ¥ B E ¢ 3. BMORBEE L
KDX5ICLTRET 3.

1. EBTRIEHEL A OEBHREH (A} TH 5.

2. BERNEEN A ORWREEE ¢ (BEE) TH 3.

3. (RBHEE S A FFONEHMA 1OFHEX 2K Lo
THELH 331 B OEBIREE S TH 3.

4. (RBWE S) HFOEHM A, LIRBWE S, £ FF
DOREUM A, OFREILCL>TELN B
B DIRHEER S1US, TH 3. '

BlEDHEER L . GCAP OFEFHEEIHS ©
X5whs (MA:S D S HEHPERET).

3.3 {REFREMDEAR

X5 KB GCAP Dt EFHEE T, 7T
DERA KB ATHE (assumable) TH 5 & Lk (7
L, ERAFRZLCL->TORHAIRDZIDT,
HEHAOEHREETRETZ V). L, AEO
FIRRETRECAERRAEE IR I OXYE



FHEX1 B ([s] CFEREM[ . [7B;- - JA XKD
5. %L, Bj =bjlz,y) REELEE. £H5IN
T TCREDF v — F LONEE [uv] &F 5.

iz, BiRt2bulcRIVEEDT 5.

(a) F_TCOHEHKa(z,z) K LAE [u,0] CRIE
A a(x,2): ¢ 3R 3.

(b) ¥_ToIEBMYERA a(z,2z) :- B1,...,B,
s UL B [u,v] lo 3 # 3K [[7]B,- - -[7]Ba]
a(z,z):¢ %E3.

(c) Hril [u,v] KAIEHSR B;:{B;} 2 3.

2. [uy] BRI CKBAIRTWENEBELLE, Hift
roultRf v ERDPDB. Ebic, B; B¥XK
BAZRTVEWESE L, R [u,v] KREE
3K B;:{B;} ¥i§3.

FHRX2 (BT ELERCSED 3.
TDLE A=CTHBTRTOEBA -
A,Bi1,...,By It LALR [s,8] IKIE#EK [A[?])B,- -
[71Ba]A"S %383 (n = 0 & b RIELEM A':S % 3§
3).

FHE3 B [st] B[ (7B [ By
[7]BnlA:S1 5B b, HE [u,0] K RIGHM C:S, 25
$3. kXL, B BBEZD. Xbic, Hifitrb
vlKRf v ExH3. CoLi B;=C-ThilE
815 [5,0] ICTBREI [- - -B; (7] B 41+ - [?)Ba]A:5, U S,

L [up] BEUOCHASLEUEALE, BT%

FIEB (= n & OTIEEBL A:S, U S; £33 ).

5: GCAP o g%

TH5. FlILHE, s(X,2) :- pp(X,Y), vp(Y,Z) D
X5 2GR BN ICEbh < ETH Y,
pp(X,Y), vp(¥,2) HIRBF<ECh\. ZCT, B
KA O IRETAEY (assumability) % AT Ic R T
3. ok ¥, GCAPOFHEX1 0 lc H 2 Hik
BIZZ95T B; BRETRERBEICOLEREh 3.

BRR0 S bRETMEER b O e BT 3. #
A, TEBRBEGR & R IC RIS B SEigE Rl
(2) sem(s(E,X)) :-

buy(E),

product(X),
@ object(s(E,X)).

KHn»T, BHRHK object(s(E,X)) BIRETRET D

Y, buy(E), product(X) B{REFTAETA W T C

<, RETEERRELCHLTTRAL, BRLD
HEBCS L cegshsctcxEe k. +4b
b, FIUREAYHOERRY, »5HAlcrEE
BETHY, SIOHAITRIRERREAROHDE. Hix
i, “Eoi” OB (3) 0L 5 AAlciiATE
525, % THERA buy(E) RIEETMETH 3. —
#, COBRIEHA (2) CRIEZTAETSH - 7.

(3) vp([E-#%1Z], Z, E) :-
' @ buy(E).

RETRERE OB REIKT EORKDE SR LT
$5. RKEAREAERRR, TIWESREKCTs L
CE>THLLIBOR2EREEST (AN biEbh
ZEER). A, (3) 1 “Hok kw5 MR
Bi< T iikcXoT, buy(E) % 2 HAEE OF/ELGHE
WeLTEOhBZ EERL TS, —F, KEREE

REERL, LERACHCEsTWAGRE R bR

WEHERT (AR R 2 HER). A, (2R,
sem(s(E,X)) 2»b object(s(E,X)) ¥{RET 3 KX
AR buy(E) 3 X U product(X) @A I A Thid
ZbhnT LERLT3. EhWi, RETEE/ K
RRaXMFET IS a v flesdiax o
&/ scBihsticd 3. : «

MO ERG, T HHI 3 BICHR L L<iibh
PERK AR HoOWIERG, oBHBARCEWT
BREENZDDOTH->ThHbAW. TabL, HHK
DOWIEROBEHHEBREHA L TL . ChIIES
DEFAE (factoring) KX T 3.

4 HEMBEREHELE~DEH

GCAP oA BERTHELBE~DIEAHL LT, #
3/ B EERLEOKS ® Y ki 5.

6 3.1 Hi (1) BRI 30 PBEALETD
3. AREHAIECErITE ), PHEORE L.
REREHT BFLREROBUN R, BFOTFT
bk soTtrE<, RIZFOHc LT
HEEND (LAH->T, HENCREBEOKTEEX L
BHEOMICHR Y ZIHRILLEZ). #HSHERE,
RERX PRRT 8L Y HIARBES L LT X By
ZEU) LBAXKRT INE E Lol b0k
SRBARSRILT 2B AR b ILo. BHEEEL LTl
BEAC~— 7 EhB b D LHF T T~—2 53D
DHEBY, PEASHRINTVAW(RELTW3)E
BRvwFhicb A DB HT~v—2 XN D EERBIE



% AHREHA BEERM % R % BRI
s(X, Z, VP) :- np([1 BM|Z], Z, NP) :- sem(s(R,E,X)) :-
pp(X, Y, P, ¥P), {inst(NP)}, ga(R),
vp(Y, Z, VP), ¢ ibm(NP). ga(s(E,X)).
depend(d(P,VP,NP)). p([% 12}, 2, P) :- sem(s(R,E, X)) :-
s(X, Z, VP) :- {inst(P)}, wo(R),
np(X, Y, NP), © wo(P). wo(s(E,X)).
vp(Y, Z, VP), vp([BE» %121, Z, VP) :- sem(s(E,X)) :-
depend (d(VP,NP)). {inst(VP)}, ga(s(E,X)).
© buy(VP). sem(s(E,X)) :-
pp(X, Z, P, NP) :- wo(s(E,X)).
ap(X, Y, NP), % BRI
p(Y, Z, P). metonymy(m(A), A). ga(s(E,X)) :-
metonymy(m(A), B) :- buy(E),
YR YKok i} o] company(4), human(X),

depend(d(R E, X)) :-
metonymy(m(X), Y),

{inst(B)},
© produce(s(4,B)),

@ agent(s(E,X)).

sem(s(R,E,Y)). @ product(B). wo(s(E,X)) :-
depend(d(E,X)) :- buy(E),
metonymy(m(X), Y), — R R product(X),
sem(s(E,Y)). company (X) :- © object(s(E,X)).
ibm(X).

6: HEAE / K / BEARRHIAIOF

&, E 3t THE5 (buy))l £4 7OBESDY 2 [ AR
(human)J) £ 4 7DBETH I L WS EHFEOD LT,
fTAER (agent) KHERCE S, —F, FTw—2 &
N BEHMRE, E 25 THS (buy)d £4 7 OHED
2Y # B (product)] £ 4 7DEEKCHZ L5
S0 b LT, WBIK (object) KERCE D, %k,
X BY 28R 3B, X 25 T4 (company) ]
A 7DEKTHI LI REDOD T, EEFX
EBEY ORI (produce) & LTHRTE3. #
B, AEHPD {inst (NI BEPXC2=—T KV
KAZHE D ETEIFHETH Y, FLEELHEEY
HAT 2 HRECHEST 3.

M6 oAEEHWTHEs([1 BM, Eofc] f1,s)
% GCAP 7A=Y XA K> THHT 3BT,
F2RERFT (XL, TTTCRTHBFR 7412
(top-down prediction) IC X »C, #WHERICO%RN
LEVIKOBAT BRI TN3). M LHKEE/ B0k /38
FARLBABEEICADEATWIRTFXEbR2. E#
S [ BM, Bori] ofiErbHTw3i 1, 3, 4,
8, 29 HBEEME AL T BTFRET. coBD
BZEPRRESURRAR & FRICEEL. T b b, (3 “IBM”
DB ELOLIAED, DWTEHREA “Bo%&", &
LICENLOMOR Y ZTIBIRELEL T, BRVIC
H&Es([1BM, B-%1,01,p) ¥ @HF 3. —4,

E#H5 [ n(a) OB HHTWEK1L, 16, 18, 20
REARLEREATHCRTEET. CoBRBT
tt, BEfE “IBM” 318 b 2 {KP ibm(a) kRRHE
RO AR company(a) T B CHHAL, Fk
IR 3% produce(s(a,c)), product(c) ¥{HET 3 C
LtikcXo>T, EHfimetonymy(m(a),c) #ilHT 3.
Ebic, E#T M s(o,c) DUERLHTW33K22,
23,24, 26, 27 i, b (“Bo%” 2R T35E) & c
(“IBM” #3428 L T\ 38T “IBM of&” ¥ %T)
O OEHRBEREHERT 2 MBEEEA T RTEE
+. coBHBTH, “IBM” & “IBM oG o0
RRBFR L ERT 3 EROEARLEC 3 TIRE
TN ARP product () 2HFIALTW3. CDk)
I, HERE/ BBk / ?ﬁm%aﬁ?&to#&ﬁmlof#ﬁ
HICHBERIELAS. |

RKECR, HEE /E%/%‘ﬁ%ﬁ&ﬂoﬁﬁ“oﬁﬁﬁ
FIEERED LW 25, chbi X bicRERNE LM
HZEbedT L LHRETD S (TERER / HEE / BEoRL
BOHSCOWTR [1] TRUK). ¥k, BERLY
TRO VL (FRVA) OQELL LY Eiiov~<
A (BEEEL <) OIS THICHSTE S, HIE, <
NoBABRVSATOREBT T 7 v avyLIoT
TEH M mla) OWEHSLRKFAL ¥ 5 F A LTS 5 —D20B

B3¥, thikaofRet s HHCERT IREICHEL, Bk
HFTE WAL A nAn 14 ECTITERE S,




// ~N

—_—— B N\

T T~ _[Bor] \

[1BM, Bkl 320 \
2758 C ‘7 8

Wé \

17 19 2N !

J 7S K "N L ¥ M i

s (a,c) [ R _ ,'

/\ 24 |

8 (b,a)

7: s([1 BM, E-7%],0,s) oBHTHRENZIF+— L

H—HIK2bibh3dz ERENTWS [6]2] <
DX5Ah XV EEHECHA HANEREHELE~D
GCAP OISR DT RKETHBT 3.

5 &bUIZ
HEWERTELB CH ~CHY 2R
AbNB3T 77X 7L a vEHEERIRNCITA S Fik
GCAP #*8BE Lk CoOFHERBRELXEHFRE
FAOMBEry Py LTIBAT 3 e REHELT
w3, KFERUTOREEED.

' 1. BER o ERRIER
2. Fv— b X 3BAEOHFIH

AR, [JCBTHALAXGCPTAZY X
LD LT, RIEEFES HOOBBELHF CICEA
L, EEHEOFEGCP( 7742 va vEitEo
FHGCAP KR LA ¥%, HlAFEICL>T
GCAP AN ERSELE~OIEHAMAERL 2.
KT, GCAP ok ) EEEAAME~DIH L&
H~oERICo TR~ 3
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#2: s([I1 BM, H-%1,01,8) o¥HCHBRENLEZF+— 1

l # l Arc A-Set From " # l Arc l A-Set, From
1 | [[?]eibm(a)] ¢ - 15 | company(a) {a} 2
np(P,¥,a) 16 | [company(a) " {a} :114+H+15
2 | ibm(a) {a} 1 [?}eproduce(s(a,c)) .
3| np(®,¥,a) {a} 1+A+2 [?]eproduct(c)]
4 | [np(®,¥,a) {a} 3 metonymy (m(a),c)
[?lvp(¥,2Z,VP) ‘ 17 | produce(s(a,c)) {8} 16
[?]depend(d(VP,a))] 18 | [company(a) {a, 6} 164-J4+17
s($,Z,VP) produce(s(a,c))’
5 | [[?]ebay (b)] @ 4 [?]eproduct (c)]
vp(¥,[1,b) metonymy (m(a),c)
6 | buy(b) {8} 5 19 | product(c) {r} 18
7| vp(¥,03,b) {6} 5+4+C+6 20 | metonymy(m(a),c) {e,7, 6} 18+K+19
8 | [np(P,¥,a) {a,8} | 4+B+7 21 | [metonymy(m(a),c) {e,7, 6} 9+E+20
vp(¥,[1,b) 5 [?Jsem(s(b,c))]
[?]depend(d(b,a))] depend(d(b,a))
s(®,0,b) 22a | [[?]buy () é 21
9 | ["Imetonymy(m(a),Y) | ¢ 8 [?Jhuman (c)
[7)sem(s (b,))] [?]eagent (s(b,c))]
depend (d(b,a)) ga(s(b,c))
10 | metonymy(m(a),a) ] 9 22b | [[?]buy(b) ¢ 21
11 | {{?]company(a) é 9 [?lproduct (c)
[?Jeproduce(s(a,B)) ‘ [?]eobject (s(b,c))]
[?]eproduct (B)] wo(s(b,c))
metonymy(m(a),B) 23a | [buy(b) A8} 22a+M+6 -
12 | [metonymy(m(a),a) ¢ 9+E+10 [?Thuman (c)
[?]sem(s(b,a))] [?]eagent (s(b,c))]
depend(d(b,a)) ga(s(b,c))
13a | [[?]buy (b) ¢ 12 23b | [buy (b {8} - 22b+M+6
[?Jhuman (a) [?lproduct (c)
[?]eagent(s(b,a))] [?]eobject (s(b,c))]
ga(s(b,a)) wo(s(b,c))
13b | [[?]buy (b) ¢ 12 24 | [buy(b) {B,7} 23b+N+19
[?]product(a) product(c)
[?]eobject (s (b,a))] [?)eobject (s(b,c))]
wo(s(b,a)) i wo(s(b,c))
14a | [buy(b) {8} 13a4+-G+6 25 | object(s(b,c)) {¢} 24
[?Jhuman (a) 26 | wo(s(b,c)) {B8,7, ¢} 244-L+25
[?]eagent(s(b,a))] 27 | sem(s(b,c)) {B,7,¢€} 26
ga(s(b,a)) 28 | depend(d(b,a)) {a,B,7,6,¢} | 21+L+27
14b | [buy(b) {8} 13b+G+6 29 | s(®,0,b) {a,8,7,6,¢} | 8+D-+28
[?lproduct (a) ® = [1BM, Ho%kl, ¥ = [Ro%]
[?]eobject (s(b,a))] a = ibm(a), # = buy(b), ¥ = product(c)
wo(s(b,a)) § = produce(s(a,c)), ¢ = object(s(b,¢))




