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Combinatory Categorial Grammar (CCG) includes combinators in addition to Categorial Grammar (CG) to
accommodate linguistic phenomena. For example, the type-raising rule is realized by a combinator in CCG to
exchange the argument-functor relation, and such a rule is generalized as the Continuation-Passing Style
(CPS) transformation. However, there is a concern that CPS may excessively accept ungrammatical sentences.
In this thesis, we investigate the expanded grammar rules of CCG in terms of Lambek Calculus (LC). First, we
show that Barker's CPS transformation is provable in LC, but Plotkin's CPS transformation is not. Second, we
show a provable subset of Plotkin's CPS transformations. Due to the complexity of proving unprovability, we
formalize the proof in Isabelle/HOL and verify it. We show that this subset is a grammatical class represented
in LC and call it type-restricted CPS transformation.

The grammar defined in the formal system, the notion of normative grammar, is helpful for tagging
sentences of a large corpus, i.e., to annotate each word by a part of speech (POS). In this research, we aim to
obtain categorial grammar rules, where the category is a generalized notion of POS. However, finding a
proper set of grammar rules is computationally exponential regarding the length of the sentence, and thus, a
reliable but exhaustive search method is in demand. Here, we present a support system for annotation by the
CCG parser based on the bidirectionality and non-determinism in logic programming. Contrary to the
common usage of the parser, we extract a set of grammar rules from a syntax tree and retrieve all the probable
readings.

In grammar extraction, the problem is keeping a head-dependency relation in a treebank, which is a
collection of trees representing sentence constituency and dependency relation. We are motivated to extract
grammar rules from the treebank, i.e., to decompose the tree data structure and to find grammar rules. After
the extraction, we need to validate the adequacy of the grammar so that we inspect the generative power of
the obtained grammar. In this phase, the syntactic head is a significant feature; however, the head information
is missing in the obtained grammar. Hence, we propose supplementing the lost head information with the
type-raising rule of the categorial grammar (CG). We extend the same issue to Combinatory Categorial
Grammar (CCG) and solve it using generalized type-raising. Furthermore, we verify our grammar by the formal
proof written in the proof assistant system, Isabelle/HOL.

Finally, we show the application to parse a sentence using our grammar system. Although a simple



grammar system is well-inspected in computational linguistics, the extension of CG is not so concerning the
computational order problem and the proof-theoretic properties. In this thesis, we reveal the computational
complexity of CG, its variants, and the form of the parsing tree as a proof tree in substructural logic, especially
Lambek Calculus. Our contribution is three-fold: (a) we showed the new grammar rule named type-restricted
CPS transformation; (b) we gave the new grammar extraction system keeping the head-dependency relation;
(c) we showed constructive (partial) proof of the left-branching derivation in categorial grammar and Lambek

Calculus.
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H7 2U — % (Category Grammar) (%, XOARLERE « TEREE 7 X v 7 3% (Lambek
Calculus) D v —77 > FEHRIC K 2FEHLER & 35, fWEER - SHERPRICHE RERTH D, R
BIXTF a AAX—ORE B3CGE L FROERKENZA L, BRSHEOELTLR T 2RI H A
AThsd. AN, ZhIT typeraising DAL ER—XEZEAL, I T2V —DOROERREZITH
EolZT 2L, KVIRNARCAEREZ ATRICT 2002, FFEOEHIPHRL, 2 OHREFED
P E & 72V il 72 SCAERRZ FTREIC LT LE 9. LA - T, typeraising O R[4 7] & i@ Y2 il PR
L, HARSHEL L TROLNOHIHDEREBN ZFOELZTER TEDL LT HLERD S, =
OB THIFISM & L THW SIS DA Continuation Passing Style (CPO)EHATH LS. b b &
CPS A7 m /7 7 IV VEHICHHIMETHY, a— REENPLANAICH A TH < BRENFHE
DETE —HLRWEGES, ENES T D284 IV TICEDbETHAELZEBIEIATTH2METHS.
HARSFEIC b AR SUR DA RD LD LN B~ EEPNTCFHITIRDRWSERH Y, i
([ZiE B 7 CPS ZAHaA 8 AT 5 Z LI2RY, LV HARSHEOHNIZIE WS FEAEMRZ RS T2 DDA
Thd. 7, Xkl bit A, BHIICH SORZ AR L T <2 BRI S — 3
(Incremental Parser) TH 5. ZiLZ fJREIZT 5 72DI21E, #E TRV T £ 57 (left-branching)
DGE TEDLEND L. BIRAIS—H M N DFEGEE B & 7203 B RIRRIEAT L TR Z kA
A9 ET ARG AL THANMORMBRELZZOEEAITLHHLOTHY, Fko Al 2B
LZRRy b EDOFIRKRFE R EITMEERDEINTH D, KiwL T, (LB ORESURDE S DT
ICEMTEDL L ar Ex—FOEZMWMIIZL> TR LIz, ZOP T, JEfTH%ED Plotkin &
Barker O#2"89 % CPS £#OH x5 EFMICIE T 2EMAREL, WO THZ DOARMIBFENGE
HARECTH D7 7 AEE LTz, ¥5Z, Plotkin @ CPS ZHAIZIZIEARTRE TR WL OMNHFIET D Z
& & EHREY &R Tsabelle/HOL Z fi > THIFERICHRGE L 72 2 &1, BRERAFIEDSSHRBEMRGE & 5 OO0
TBAELRERMTHD. AT, ML TUEERORRE b H D, 22T, #MUREHVIES
iz — 32935 prolog DT OEHFEMEZ VT, K& XCCFINE TR T D HAIE 0k L
LCES L. 2O, Ao SCHANC A~y FOBEEZBIRT 5 Hikmbitr S, &%,
type-raising & 1r CG NRERRETH D52 H/R L, SUEMRNFERICL ZYR2EETH L =
LxamLlc, UEZETHIC, RamUIlEPibmm e LTH2IZSES DLW TH D LT 5.



