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Abstract: P Aczel and R.Lunnon(1991) presented Simultaneous Abstraction Calculus to over-
come the strict ordering requirements of standard A-calculus, which suits some ratural languages
without strict word-ordering like Chinese. Then P.Ruhrberg(1995) simplified Aczel-Lunnon sys-
tem.In this article,I propose Simple Typed Simultaneous Abstraction and Eztended Lambek Cal-
culus to be the fundaments of Categorial Grammar.More details could be found in [Yu 1999)].
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1 Simple Typed Simultaneous Abstraction
Definition belief latiice BL is an ordered set (BL; <) satisfying:

1. T.t{true), f{false). L € BL

2.vheBL. L <h=<T

Jbublt.f} =T
Definition Typ ix the least set of types defined recursively by:

1. the set of basic types(BasTyp) includes IndTyp and BelTyp

2. BasTyp C Typ

3. Typ = BasTypU Typ x Typ

[Note] Every type in Typ x Typ is in form ¢ — 7 or (o, 7).
Con, and Var, refer to the set of constants and the set of variables of type o respectively.
Con= |J Con,.Var= |J Var,, Dom= |J Dom,
oeTyp oeTyp oeTyp
where Dom, denotes the domain of type ¢ and Dom,_,, = Dom,]?°m" '

Definition Term, is the least set of A-terms of type o defined by:
1. Var, U Con, C Term,

2. abstraction: A }er.t € Termy,
ifo =1 pAxitier CVarrand i € Termpl

Ll Ly et e i)l =1
e I S I T V[N
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3. total application: t(z;.t;)ic; € Term,

if t € Term, 1, and t; € Term, ,where 7 = (2;.4;);¢; is called a record

4. partial application: t[x; 1;])ic; € Term,
ift € Term_ s, and t; € Term, where J C |

Definition Given a model MM = (Dom, [-]am)? and assignment function §:3

1. ¥(d) : Dom"Y® — Dom is the applicative action of d € Dom
where ¥ : Dom — DOm(Dom"")

2. @ : Dom®P°™""") _, Dom satisfies:
F{®(p)) = o.where p is an applicative action of some d

3. VI C Var.given z : 1" = Dom.defiue . : Var 5 Dom satisfying:
con ) o) drel
b (2) = { 0(r) ifr e Var -1

Definition Denotation of a term with respect to 9 and 4:
1. Vc € Con, [c]%; = [c]en |
2. Yz € Var, [z]%, = 6(x)
3. [tleiti)ier)fy = W{E)5) (i = [til % )ier)
4. Vil = B(Aevars Dom [i10) )
Definition The set of free variables of A-term t(Free(t)) is defined by:
I. Free(c)=0.ifc € Con
2. Free(r) = {z}. if z € Var

3. Free(!(t;.t;)icr) = Free(t) U (| Free(t;))
€1

4. Free(Al't) = Freelt) — |’
Definition Simultaneous substitution:
1. (C}}[.L',' —> ti]iEI =

: N z; 1., — ty fdiele=uy

2 (#)er > tilier = { r otherwise

3. {tlej ty)ien)[xi = tilier = te} = tilier () 45[af = tilier) s
AVi(tlzj = ti]jes) i VO (| Free(t;)) =0
4. ()\"”.t)[l'i ) ti]iE[ = jeJ

1 otherwise

Definition =t = t' iff YO, V6, [t]%; = [t']% holds.

Theorem

LMo e b= Moo o b = dilieqn ny)

2[Joi : Conn = Domg
*§: Var - Dom s.t. Vr € Vary.6(x) € Dom,
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where J = I — {i|z; € V'}



2. EMar Lz b (Mo, oo s zmbt) = AM{an, - 2w )t

Lemma Let V = {z;}i¢cr,6 = (z; = [t:]5)ier:
If ¢[z; = ti]ier is defined then [t]]f,,‘{ = [t[z; — ti]iel]fm
Theoram

1. If V' = V " Free(t),then = AVit = AV’

2. i: /\{z,-},-el.t(.nj.tj)jej = t[.l:j — f,j,;l:,' - J_]jEJI','E]l
where ' =JNI.['=1-J

3.0 Meihier ) (i ti)ier = Muihier-((t[ei = vilier) (yi ti)ier)

where Vi € I, y; 1s a fresh variable

2 Extended Lambek Calculus

2.1 Category and Lexicon

Definition Cat is the least set of syntactic category defined recursively by:
1. basic category: a finite preordered set®
2. BasCat C Cat

3. functor category: A/B.A\B € Cat if 4, B € Cat

J TNP) = IndTyp
Definition type map 7 : BasCat — Typ is defined by 1 ’ITEDB)/A) z ,?.7';{{: T(B)
T(A\B) = T(4)~T(B)
\ categories | types | descriptions |
S BelTyp sentence
NP IndTyp(or e) | noun phase
N=NP\S IndTyp — BelTyp noun
Vi=NP\S IndTypo — BelTyp intransitive verb
Vi=NP\S/NP Ind Typ” ~ BelTyp transitive verb
Vt'=NP\S/NP/NP Ind Typ® — BelTyp transitive verb
Vt"=NP\S/NP/S | BelTyp — (IndTyp~ — BelTyp) | transitive verb
Vt”’=NP\S/S | BelTyp — (IndTyp — BelTyp) transitive verb
[]=NP\N IndTyp- — BelTyp article
[-]=S\S BelTyp” . negation |
[V]=S\S/S BelTyp® disjunction |
[A]=S\S/S BelTyp® conjunction |
[—]=5\S/S BelTyp® implication |

Definition categorial lexicon(Lex) is a relation Lex C BasExp x (Cat x (Term)) such that
Y(e (C.t)) € Lex.t € Termy; -, where BasExp is the set of basic expressions of £.3
Definition Plirase structure applicative rules:

Forward application (: A/B” {t;: Bli € I} = tle;ti]ier - A if n < |71

In this article,we define BasCat = {NP.S}
SEquivalent relation (-.{C'.t)) classfies Lex.V¥ € Lex/(_.(cgt))jd-_e-f t:C
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Backward application {¢; . BlieI},t: Br\A = tleitilier - Aifn <|I
Definition Denotation([-]]Lex) of phrase structure:

1. t: A€ [e]rex
if (e,(A4,1)) € Lex

2. ?[Ii»ti]z‘ez tA€ e {eli € T} Lex
ift: A/B" € [e]Lex. |/ =n(J C J) and Vi € I,4; : B € [e;]Lex

3. .t[l?[.t[],'e] 4 € I[E : {fj |J € J}]]Lex
if t : B'\A € [e]rex.|/| = n(J C [) and Vi € L,t; : B € [e:]pex

Theorem (Type soundness):Vt : ' € [e]rex,t € Termr )

2.2 Extended Lambek Calculus -

Definition sequent rules:

1. identity
e |
t:dA=t: A

2. cutting
A=t .B It:BI'=>t:4

C
TAT =t:4

3. elimination
{_\,' = t;: B|f = [} r.t[l','.ti iel - AVt C

F.At:BANA/B™ N T =i C E
where AUN = {\]i €1} and / = |AlL i = |
Definition Eztended Lainbek Calculus:
{z;:Blie[}.T.{e;:CljeJ}=>t:4
T = AVt BN1/Cm
where V' = {;|i € [} U{e;lj € J} and [ = |I[,m = |J]
2.3 Examples — comparison of Lambek calculi
topic sentence: (4H) FUI{HES
E3vd :NP\S/NP =
ZU{E : NP Hasread :e—{e—t) =z
Liang : e #at « : NP\S
K&y - NP Hasread(z) : e—t
Gadfly -« BUAEYL « . S
Has_read{z)(Liang) ot
{} abstraction
RifaREL 0 . SINP
Ar(Has_read(z)(Liang)) : e—t
CRECY (RUAERA 0 S

Ar.(Has_read(z)(Liang))(Gadfly) : ¢
{ reduction

«Fay R UEES 0, : S
Has_read(Gadfly)(Liang) Dot
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&y . NP y NP : NP\S/NP z :NP

Gadfly Doe v e Hasread :e—{e—t) z :e
Zi1A : NP y et = S
Liang De Has read(z)(y) Tt
|} abstraction
0, 3ExE 02 . S|NP|NP
Maz,y}.(Hasread(z)(y)) : e*—t
QAT R IAA.0, BEE0, ©S

Mz, y}.(Has_read(z)(y))(y.Liang, z.Gadfly) : t
i total application

A4t RINA 0, 85T 0. S
Has_read(Gadfly)(Liang) :ot

focus sentence: TUME (FdY §E ( (LIAF) BFE)

ESu : N\S/N z :N
«4dy . N Hasread :e—{e—t) = e
Gadfly e EEdr : N\S
Has_read(z) : et
|} abstraction
et 0 © (N\S)|N
BB N Az.Has.read(z) : e—(e—1)
Liang : e Ceeay (0 . N\S

Ar.Hasread(z)(Gadfly) . e—t

§ reduction
A4y it © NS
Has_read(Gadfly) et

g 440y Bt 0, - S
Has_read(Gadfly)(Liang) - ¢

The analysis by Extended Lambek Calculus is the same with topic case.

“gF” sentence: AT (HiY HET

Z11A - NP y:NP RET “NP\S/NP z :NP
Liang N yre Abstracts e s (e—>t) 2 e
¥ O(FEY - NPy EET z S
Gadfly Coe Abstracts(z)(y) I/
|} abstraction
OEET 0. :  S|NP|NP
Me,y}(Abstracts(z)(y)) : e*—t
ZA. ) «4F) (B RET 6 S

M.y} (Abstracts(2)(y))(y-Gadfly, x.Liang) : &
|l total application

LA (8] €480y (0, RFET 0, : S

Abstracts(Liang)(Gadfiy) cot
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“J@” sentence: ZRI{HIE ¢F4ar) £T ¢

g . NP y:NP E£T :NP\S/NP =2 :NP
Liang Toe y:e Sold :e—{e—t) = :e
T OBy o NP yET = .S
Gadfly Do Sold(z)(y) Dot
|} abstraction
0LET 0 . S|NP|NP
/\{Jf,y}.(sold(:t)(y)) : e? st
A (18] «4H9) .0,3ET 0, : 8

Mz, y}.(Sold(z)(y))(y.-Liang, z.Gadfly) : ¢
|} total application

B8, (] 44y o0, T 0, S
Sold(Gadfly)(Liang) Dot
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(7=, WBIEEE 1908) #/; B, (HBREXFIR) . PEHSBEYRMT.

6{ % } points CHFH) to be the logic { :::f:t } of the main verb { %g_f' } directly.
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