H#AEENHE B3-11
(1993 1 14)

AT EI=_45—>a ED
L WA

GIREC]
dtimERE TEEW BRTERE

Y4 7MFE2I=74 5= a>NE(TUG) R, 227 47—V a Y NEDHIRTH b |
BMAORERNEED, HERSESXLHASTELABIC > THERATH D, KR T,
TUG ¥ —B{ERBI 054 (GLP) oBRmyEBICLtERLT 2, GLP 0
. Specialization System Y PMEIENZ 70 /7 A0XEBEE X, TOLORE v
SHLPEANATA—R L LTFHFO>RAF—TEBR GLP(X,P) THH, X L PREXBZILIC
LoT, BAXOESHHHES (BxoXEL ) 2 H—MICBBTseTE 3, K
X Tk, TUGHEWR GLP D% 77 72 TH3Z 2Pl BVTRYT, SNICX-T,
TUG K LT, TOEEMERRMS X b, SLD Resolution ®° 7’04 5 LF#ah
EOMBHERICT R A, HRONBRE2ASHICHBECEILSCR S,

A New Foundation of
Typed Unification Grammars

Kiyoshi Akama

Faculty of Engineering, Hokkaido University

Typed unification grammar (TUGQG) is an extension of unification grammar and
provides linguists with a more expressive power integrating disjunction, conjunctions
and conditional expressions of typed feature structures. This paper shows that TUGs
can be regarded as generalized logic programs (GLPs). GLP theory is a schema in
the sense that it has two parameters X (a base space called a specialization system) and
P (a logic program on the base space). Each instance of various declarative knowledge
- representations including grammars is regarded as a GLP by constructing a specializa-
tion system X and a logic program P for it. In this paper we show that TUG is a subclass
of GLP. This enables us to apply to each TUG the general theory of declarative se-
mantics, SLD resolution, program transformation for GLPs. It also means that
we can easily construct TUG inference systems using GLP-based programming language

UL/a. » '
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1 FLC&HIC

YA 7FE2=Z745—>a>XE (TUG) I, 22745 —va vXEDHETH Y .
KUEMBICII 72T LiICLoT, BEELOSFIE RV RADHIFIZES 25—
MESERT I L 2TAEEICT 5, TUG X, HERSE¥YCEHARSELELEELT I &
HDICHEABRHArZX 0N H, TOBERVER T LA TQCHBHI N ATV AT 4],
TUG O#SR% TR I LEBRE2VER T 2HEMC IR\ R L v,

AR TR, TUG 2 —BLREI 0S54 (GLP) OBHR[1,2,3) 2 EBECLTED
2%, GLP OH&it, Specialization System Y FEIETNZ 7o 7T LDEBWER X Lt 2D
LtOREBF oIS LP EATA— 2L LTEH DA+ —<EHR CLP(X,P) THH X P %
FRAB5ItIKEoT, BAxOEENFEER (Hx0oXELRY) 2 HE—MICHHETIZ L
MTED,

ALk, TUGHER GLP OV 7252 THd - 2w VTR, chick->
<. TUG icxf LT, %@Egﬂﬁ?% ez b, SLD Resolution ® 7’04 S LZ#k
RYEDHMEN, MELERWEREL D - T, BRICFRAZiICh?, £, TUG DL
HAZZ, GLP 0HEH ’Ef{zkﬁ'fé Fur7iv7E8EUL/e 2HONIE, RICHSECE
5, GLP ¥ UL/« o##ix, TUG DO F X HICIKEELTOL S ABICVAERTH 3,

I TH, KEOHS L, Histith+ 2 - vt 3EK L, TUG tEHorhit 1l 2OXHE
g 6] (ZOBIANEBE¥MICET TUGIKAET DLV ABER2Z I I CRAEDAV) X0k
SICLTGLP t 3 2¥20%Rd, RORERIE, g oXXEHRO—HTH 3,

LEX_CAT = DETV PNV V VN.
SENTENCE =

[STRING: y C-STR: S{.'\"P: y VP ]] [
NOUN-PH[STRINC: s C.STR: ],

,a; vpstr|, w:|str]].

g % GLP t 32T 7h9HIC, g KT % specialization system X ¥ €D LORE S v 754 P
rHZ, g-mymp>t?5u~nbo»7; zoRENT, GLP OHRO—MER [1, 2, 3] &
ERTET, EEMEHERS 22745 —2a UHF—FICEL Y., & OICHER %7n77AW&&
tﬁf*c%%l')w:té ERYTHR, g+ da2=7 47— a veifRs, GLPX,P) iKx4
b3a2x=7 44— a v SLD resolution ICX > TiITH x5 L dai~3b,

VERB_PH[STRING:
APPENDIF

2 TUG D7 ® Specialization System

2.1 TUG DEHNY 4 TDORERE

TUG T, 3 RTCOF T =22 V24 F%FE>, 24 PEEEL T, &k iomu%wéﬂ
A TORBELTICERLS, 2Tk,

<SHEZAT> 1i=<FRAT> ; <FR2A47> ; ---
EV3IV YRy s ZARAVE, Fh B—0BIA TEFOTF 4 TRILOHEREERELTWS,

ALL := BASIC; TUG verb = i_verb; t_verb
BASIC := LIST; APPEND PCAT = S; NP; VP
LIST := NIL; CONS NP = NP1; NP2

TUG = WORD; PHRASE; LEX; PCAT; LCAT; SP LCAT = DET; PN; V; N
WORD := Mary; likes; all; men; ... 1 = IV; TV



PHRASE := sentence; noun_ph; verb_ph Iv = LIVE; GO
noun_ph ::= noun_phil; noun_ph2 TV := LOVE; LIKE
LEX = name; verb; det; noun N = MAN; WOMAN

ALL %823 — 24 7 LTS, BASICOHC, 7'u 75 I v/ TCHEARAMEIOEZLAT
B, EEIL, LISTIRF — 2§, APPEND RREBr LTlbNZH, T I TREFL 24 7T
HO LISTHF S22 PR APPEND A7 Y= 7 b2 +3 = Lich 5, LIST &, NIL #» CONS T
HD, IRICTUG IKBHERZ L 74 BAT S, WORD I X4 K+ 285, b %, PHRASE ik, 30,
ZFA, BEA» LN DL, KA 2EEEA S, LEX EFHEFEE G L., &R, B#E., 28, &
Hhrbhd, BEICIEET MBI H B, PCAT X, X, £F4., BFEEOF— X % 5, LCAT
i, BBHAKCHIGT AT — %285,

2.2 TUG OFEHOHmEBEATY 7 b

TUG 0b0REAT =7 2 88T 5, 5. EREREL LS 2BEORS 2 HAT S, &
AT EEREFBHOENEFND DL 2BER, EVRICERTHB LIRET S,

<EH> =A; B; C; X; Y; Z; W; ...
<HEiE> ::= first; rest; string; f; b; w; c_str; name; arg; ...
2ATEERLRED L, RO XS ICLT, BRAHICHELE#HRT S,
<S> = [EEO x4 7] [KEHS <24 > {<F=ig>, .. )]
DL E, LEAE, ROAB CRERIARTHE,
A = [X:man]
B = [Y:verb_ph {string = [Z:WORD], c_str = [V:ALL]}]

C {Z:APPEND {f = [P:WORD], b = [Q:WORD], w = [R:WORD]}]

LERDOBEDOFICH T 2 < Fth >=< xR > &, REAFEAT LR, £k, HFZEF 7
Sy NEBFER, ATV 22 biE, GLP OBROABETHECHES NARENLEIETH S,
ENT AT V27 b RREA T Vs PRI EBEDEL, ATV VRBTERE L DAL,
ZNOR I LICHET S, A7 =2 A, ZOEIHEIC, HEEHX 2HOR, T0oF 7V =7
MR OZEEXICHIGT AL w S,

EHEHFBETCRVES. EHE L " 2HAB X3 A%+ 3, e 2, [Ximan] i, [man)
YEL I eHPHB, £/, [Z:APPEND {f = [P:WORD1}] i, Z & P DM A DERHAEETRVE
¥, TR b EBTNIT. [APPEND {f = [WORD]}] t &3, hbiRkH FrohitihoBET
HoT, BEROCIE, TRTCOFMRICERIFIGEL T I L KERB LAYV, 2A—-20HS L,
HBHHED LISTIXF LT HHIDOBKERERHE S, Thbb, b A,

[cONS {first = [all], rest = [CONS {first = [men], rest = [NIL]}]}]
DESHLIST AT V=7 F#<all men> L EL,

2.3 WEBATY s M TIHIR

REA T Y= PIC, RO 2ODFKEERT,
o EFOFT V=7 PIL T, BAUREZFORMERATRE—TH S,
o FUERICHTEAT =z ME, oLV,

UTRofBr@HtIhuflcdrs,
A = [X:man {age = 12, age = 43}]
B = [Y:verb_ph {string = [Z:WORD], c_str = [Z:ALL]}]



2.4 TUG O1-DEAEXHA Specialization
AN specialization ZIRD 3ETH 3,

(S1) KEF> = <x A 7]

(S2) [<EHO/<ZEHO)

(S3) (<8 <Fth>=H50)

(S1) @ specialization it , ZEHTRE NI HRD X £ 7% subtype KEET S, Lt AW,
[X:LIST] H. specialization[X = CONS] i & »T. [X:CONS] ic%{t3 3, CONS it LIST ®
waeE#6:OE%#W%T§5°meWﬁmﬂ=¢®M}ﬁ[k“%m]ﬁﬁ%f%&
v, Ehik, CONS Ik APPEND & R TH D, subtype TRV ALTHS, ,

(S2) @ specialization X, AROEREZEFE T 5. % t XX, specialization [X/Y] i&, [X:LIST]
% [Y:LIST] iKEX 3,

(S3) @ specialization it, ZRTRE N7z WRIC REAR T EMT 5, 7o A, [X:LIST]
i¥ . specialization[X:first=[Y:WORD]] IC & » T, [X:LIST {first=[Y:WORD]}] iC £b5,

2.5 FF7Y o MzTBHIE

7=t xi¥. NIL T\ LIST (0 h CONS) 24463 first & rest Z#FH, rest | LIST TH 3,
TOXSIE. B 2471, ERICERAD BEHER T RO, £0 L5 kI ERRET 5 LHIC,
BRA T DSORMNBERTORELESTT5, b aiE, CONS DHEDHIFII,

CONS ==> {first = [WORD], rest = [LIST]}

rEEXND, first ¢ [WORD] LR ->TW3B DI, I I TO CONS A*WORD DLIST iICxET % %
DRGHRELTVEILTHS, dL. ALLIKBTAHEBEDOIODLISTR2HTh o,

CONS ==> {first = [ALL], rest = [LIST]}

rHM v, LISTICIRNIL & EN 20T, LIST KR PHFONTRMET RV, LEeFo T,
LIST ~DHIFIE, LIST ==> {} t 13, '
FBRTOFICHVONZHEIDS B, WD ELETICAT,

PHRASE ==> {string = [LIST]} verb_ph ==> {c_str = [VP]}
sentence ==> {c_str = [S]} name ==> {c_str = [PN]}

noun_pht ==> {c_str = [NP1]} det ==> {c_str = [DET]}

noun_ph2 ==> {c_str = [NP2]} NP2 ==> {name = [PN], agr = [sgl}

EHEBICEDLLEVEBFROLEN DL, LAl

S ==> {np = [NP {agr = [X:SP]}], vp = (VP {agr = [X:SP]}]}
NP1 ==> {det = [DET {agr = [X:SP]}], noun = [N {agr = [X:SP]}], agr = [X:SP]}

R, Bo—HERBELTVS, £k,
VP ==> {v = [TV {agr = [X:SP]}], np = [NP], agr = [X:SP]}
. Bo—KorooERy, THEE L bBEEcs L T2t s, R&IC,

LEX ==> {string
c_str =

= [LIST {first = [X:WORDJ, rest = [NIL]1}],
[LCAT {word = [X:WORDI}]}

i, FEHELE (string) ¥ c_str KRS TV3,
—8o—



2.6 Y4 TEBICZLBIHHDOME

INDDHENE, 24 THEEOD L CHERENG, Thbb, BEO LMD X4 S TEX LN
TR ENZ DT, TUD 24 7S CRIEEBROEMHIAEETH S, HIC, 3 X4 7
NT2EOHNE, 2D 24 7» b MO 24 7OHE TR TEDEDIDTHE, k2T,
sentence M _E{I ¥ 4 7'iX, sentence . PHRASE . TUG . ALL T3 % #t, TUG ¢ ALL OHl#1E{> T
» b, sentence it {c_str = [S]}, PHRASE it {string = [LIST]} TH»3DT, thb%db
2T, sentence ==> {string = [LIST], c_str = [S1} &4 3%, TDIEH»DHA % LUTICRT,

noun_ph ==> {string = [LIST]}

noun_phl ==> {string = [LIST], c_str = [NP1]}

noun_ph2 ==> {string = [LIST], c_str = [NP2]}

name ==> {string = [LIST {first = [X:WORD], rest = [NIL]}],
~c_str = [PN {word = [X:WORD]}]}

2.7 ERED Specialization

TUG D7 ® specialization system I &1} 52 EPRD specialization 1&, FEICR L 24 special-
ization ICHIKIICE DK ERE X BMLADDOTH 3, HlINCE I EE LI, EXK specialization %
B L AR L M2 & R R2BACHIEMAT IS KT 20 (RDRD) £ERM
ZBBDTHB, KL, HHICESSERE R, REARRT A1 DULEFET2F 7V 227 b
LT RIND, [RBHO : XA D] OROF T V27 Mk, RUEIERTICER L 2VE
BHER A2 L, HKIE#HEAL TV eEX D, FIFNICET {EE D EAK specialization £ & x|
FEA specialization D& TEIRD specialization HEX LWL DD EEX D,

(S1°) [<ZH> = <24 7>] + BRI SLER
(S2") [<ZBHO/<ZH>] + HIIcESLEE
(S3") [<EH <FEH>=<xR>] + FNcEIKEE

(SU) @ [REEH> = <X A T E->T, ERTRENE HBOXA TR EHETB L, 2Lz,
[X:LIST] iX., specialization[X => CONS] IC X oT, [X:CONS] ICZE{b§ 2 »t, ZRicet L Ciiln
ICHED SERIT ARV, [X:PHRASE {string = [Y:LIST]}] &, A specialization[X = noun_phi1]
ICL o T, [X:inoun_phi {string = [Y:LISTI}] iKZEdb 3, TNk, noun__phi ickf3 55§y :

noun_phl ==> {string = [LIST], c_str = [NP1]}

ICX>T, ¥5IC[X:noun_pht {string = [Y:LIST], c_str = [NP11}] ~ L Z&{k+ 3,

(S2)) @ [<ZEH>/<EH>) Itk T ?T%O BERPEEINLBE, 24 TO0BRE 20047
Yz FAR-ERICHIELTLEI S BN 3%, ThEELVLAT Y27 FOBICETEE
THIFER A2 - &, ik Y %ﬁU%‘Jl:%O’ KEEHFDLBELRS,

(53) @ [<EH>: <BRH>=<F>] IK X > THRIC FEMMR T 2EMT 2 L ¥, LrEREO
FERAE D, BRI SKEE LB LR 358555,

3 TUG DFE-HDHEBATV 2 bOE—1t

3.1 Unlifier DEHE

B—{kik, GLP oRIERNAHECH 2, = = TIIEELIE L = unifier DEHEREZD, FELL
Fleexid, B #&Be Lk,

E#E 1 z & y O unifier ¥ 1, 20 = yo %% F specialization DT (0,0) Dt TH 5,



3.2 TUG DEHDHREATS 27 MHTIE—1

ITE. KD (al) tb1) ¥ E—LT3HIR 5D, Zo¥—{kik, TUG DERTOE—{LIC
HIGL AR EEATVS,

[CONS {first = [men], rest = [NIL]1}]}]

(a1) [X:noun {string =
= [Z:LCAT]1}]

(b1) [Y:LEX {c_str

XL &I, (al) IC specialization #VEF & ¢35, 2 DDHEA specialization:

(p1)  [X/Y]
(p2) noun ==> {string = [CONS {first = [Z:ALL], rest = [NIL]}],
c_str = [N {word = [Z:ALL]1}]}

EENEN, 01,0, T B, Tk,

(a2) [Y:noun {string = [CONS {first = [men], rest = [NIL]}]}]
(a3) [Y:noun {string = [CONS {first = [Z:men], rest = [NIL]}],
c_str = [N {word = [Z:men]}]}]

rniE, (at)d; = (a2), (a2)f; = (a3) TH 5,
Wiz, (b1) IC specialization #VEfl& ¥ 3, 3 DDEAK specialization:

(q1) [Y = noun]

(q2) noun ==> {string = [CONS {first = [Z:ALL], rest = [NIL]}],
c_str = [N {word = [Z:ALL]}]}

(q3) [Z = men]

ZENEN, 01,00,03 L L,

(b2) [Y:noun {c_str = [Z:LCAT]}]

(b3) [Y:noun {string = [CONS {first = [Z:ALL], rest = [NIL]}],
c_str= = [N {word = [Z:ALL]}]}]

(b4) [Y:noun {string = [CONS {first = [Z:men], rest = [NIL]}],
c_str= = [N {word = [Z:men]}]}]

rFni, (bl)oy = (b2), (b2)oz = (b3), (b3)o3 = (bd) TH 5,
(a1)6102 = (a3) = (b4) = (b1)o10203 BHDT, (a1) & (b1) KE—{L L, unifier iX, (6162, 010203)
THb,

4 TUGIZMHETS 707 74

TUG Ic4i55 2 GLP a7 5 0Bl %FE 5, £3°. APPEND © 7 0 7 5 L i,

[APPEND {f = [NIL], b = [X:LIST], w = [X:LIST]}] <.
[APPEND {f = [CONS {first = [A:ALL], rest = [X:LIST]}],
b = [Y:LIST],

{Z:LISTI}1}]
{Z:LIST1}].

w {CONS {first [A:ALL], rest
< [APPEND {f = [X:LIST], b = [Y:LIST], w

rhd, XPEFAICETE e s (0—8) B, RDOES5Chb,



[sentence {string = [Z:WORD],
c_str = [S {np = [N:ALL], vp = [V:ALLI}1}]
« [noun_ph {string = [X:WORD], c_str = [N:ALL]}],
[verb_ph {string = [Y:WORD], c_str = [V:ALL]}],
[APPEND {f = [X:WORD], b = [Y:WORD], w = [Z:WORD]}].

[noun_phil {string = [Z:WORD],
c_str = [NP1 {det = [D:ALL], noun = [N:ALL]}1}]
« [det {string = [X:WORD], c_str = [D:ALL]}],
[noun {string = [Y:WORD], c_str = [N:ALL]}],
[APPEND {f = [X:WORD], b = [Y:WORD], w = [Z:WORD]}].

HEHEEHAFERT A 010, & |
[LEX {c_str = [X:LCAT]}] « [X:LCAT].
BHY, TNICL-T, DLRBFHBET itz T 38»dhiF L v, 3FfDLRT,

[DET {word = [alll, agr = [pl]}] <.
[LIKE {word = [likes],. agr = [sg]}] +«.
[MAN {word = [men], agr = [pl]}] «.

5 Resolution |24 BT & XA

5.1 Resolution 2 & 2R

X <Mary likes all men> ¥ BT LT, ZOBREHRB L 0ICR, LD T v 74
sFL T, ‘
[sentence {string = <Mary likes all men>}]
v 3 goal EHE XN LV, Prolog & EEED SLD Resolution 1K & 5T,
[sentence
{string = <Mary likes all men>,
c.str = [S {np = [NP2 {name = [PN {word = [Maryl}], agr = [sg]}],
vp = [VP {v = [LIKE {word = [likes], agr = [sgl}],
np = [NP1 {det = [DET {word = [all]l, agr = [pll}],
noun = [MAN {word = [men], agr = [pll]}],
agr = [pll}],
agr = [sgl}1}1}]

HBHND, = ORIFHERIE, (6] KErNni TUG & LCOMRLHBLTY S,

5.2 Resolution =& 33X MD4ER
WIS, BREB 0L, ENCHETIXRERT I, EROT w778l T, ki,

[sentence
{c_str = [S {np
vp

[NP2 {name = [PN {word = [Maryl}], agr = [sg]}],
[vP {v = [LIKE {word = [likes], agr = [sgl}],
np = [NP1 {det = [DET {word = [all], agr = [pll}],
noun = [MAN {word = [men], agr = [pl]}],
agr = [pll}],
agr = [sgl}]1}]13]



£ 3 goal 5 A iYLy, SLD Resolution IC X T, #XFOHBE L 5 L R LHERIE
bNZDT, EHRERICHIET 2XH, <Mary likes all men> THB I tHb»5, ZDOXER
DFERIZ, [6] IKEH» N TUG ¢ LTOXEROBRLIIEL TV

6 HbHUIC

ERX T, TUGR2GLP DY 77 5 R ARTAHROOFERYS AL, cilk-T, TUGODE
EEBKIR % SLD Resolution % 7'v 75 AZHilh U ORE R EIRVER >, GLP 0HER» b H
BWICBONAEZ Lichd, GLP 0BREABT 2 7075 3 v 788 UL/ e 2 2 1, TUG 0
ME%®Wﬁﬁ§5?éé ERULOEFTRITZDO L S IC L TR I LAY A F A2V TERK
BH L AHERTH D, AhOBEE L,

e UL/jaav 45 5| at%oT, TUG OEmELMER B HMEMART I L
e GLP t UL/a 0¥k v T, TUG O#ill %k X bICHIRT 2 2 b
e TUGD 7 u 2 J LEHICE T, EBELTEREENE L R FLEEBERTS L [7]

DD,
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