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1. \\·7 I·IA,-l" IS C~Olv1J:>lJrl,A'fIONAI., LINC;tTISrl'l('.S'? 

Fo1·111al lc111g11,1ge t.l1eC)l'}7, c:ts cl l>1·c111c·l1 ()t· C'()1111)11te1· s(·ic-"11c·e, is c··c·)11c·c~r·11ecl \vit,11 
tl1e st,11cl)7 of' fo1·111c1.l lc111g1.1c1ges s1.1c·l1 clS J".J<l,.'J(i<Ll, Pr·cJlcJ.rJ, LI'"-CJP, ;:111cl vcir·ic)tlS 
otl1e1· f'o1·111c1,lis111s clc~sig11c::1cl f'<)l' l 11.1111c1.11 c·o111 l)ll t(lr· i11 t.(•1· c1.c·t, ic)11. It l1as l·>e<:'.<)111e 
c:·lear· ir1 t,l1c~ pclst. t,,vo cl E~c·,1.clt~s, l1c)\Vc·vt·1·, t,ll<·t t. t.l1c::- tc)c)ls <.levc· lo1)ecl f'<)l' t.lrc" 
a11ctlysis of' fo1·111c1l lc:111g11c1ges C'.,tll f'1·11it,f"11lly 1)(-:- ,ll)J)lit,cl to t.l1t' st,11c.ly· of 11c1.t.11r·c1l 
la11gt1ages s11c:l1 clS E11glisl1, R11ssic1.11 c)1· Dt1t.c.:l1. Rl:ic•e11tly, et 11ew l)1·c111c::l1 c>f 
li11g11ist.ic'.S l1as e111e1·gc~cl ,vl1ic·l1 llSE~s i11sigl1t,s t·1·0111 1·01·111,-tl la11g11a.gE~ t.l1eo1·y, 
e1111Ji1·ical li11g1.1ist.ic~s, a11cl logic'., \vitl1 tl1e ove1·c1ll c:1i111 t,c) i1111)le111e11t, 11c1t,t11·al 
lar1guage 1111cle1·st,c111cli11g syst,e111s 011 c:01111)ute1·s. Tl1is 11e\v c·lisc·i1)li11e is c:c1lled 
c:0111 J)ll tat.io11al li11g11ist.ic:s. 

Her·e is a scl1e111c1t,ic~ viE~\V c)f. cl t,y1:)iC'.cll syste111 f'c)r· l1u111c111---c··o111 p11t1e1· ir1t,e1·-
ctc~tio11 l)y 111ea.11s of' 1·1c:1t.111·al lc:1.11g11age: 

NL 
sentence 

language 
repr·esentation 

of 
• meaning 

application 
answer 

or· 

action . 

A sy·ste111 ¼Tl1ic:l1 st1ppc)r·t,s voic·t~ i11te1·ctc:t,io11 ,vo11lcl 11,1,re extr·a c:c)1111Jo11er1t,s f'or~ 
s1)eec·l1 1·ecog11it,ic)11 a11cl ge11e1·c1t.io11. 111 t.l1c sc:l1E~111e a1)ove t.l1E~se c·c)1111)c)11e11t,s 
ar·e 0111it.tecl. If' v\r1·itte11 i111)11t is <tss11111t-icl, ,1 11c1t.111·al lct11g11ag(~ e11gi11e f'or· 
E11glisl1 sl1ot1lcl be al)le to r·ec·()g11ize cl, sul)st.t1.11tial f'r·ag111E.~11t, of g1·a111111cit,ic·:al 
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wr·it1t.e11 E11glisl1 se11t.e11C'.(~s, ct11cl ge11E\1·;_tt.(l tl1c~i1· lit.e1·ctl 111t•,l11i11gs; it. sl1<>11ld 
also bt\ c:1..l)le t,() gE~11erat.e g1·,t111111,1t.ic·c1.l F~11glisl1 {'Xl)r·essi()lls <>11 t 11<: .. l>rtsis c)f. 

sy111l>olic: i11p11ts f1·0111 a.11 ,t})I>licatic>11 1>1·<>g1·,t111. 111 t.l1e s<·l1(\111E~ it is ctss11111c•cl 
tlrat. t.l1e a11svvers giver1 l)y t,l1t· syst.(•111 ,1.r·e clis1)lcl,}7ecl ,ls E11glisl1 t\x1>1·c•ssic)11s 
011 tl1e sc:1·ee11. Tlit· l,tr1gt1agE:" E\11gi11<"' sl1c>1_1lcl <-·c>11tc1i11 c1..Il c}xt.f~11si\rc• lE~xi<·o11 
t·o1· E11glisl1, et set of g1·c1..111111c1.1· 1·l1les f<)r· cl. <:·c>11sicle1·c1-ble fr·,1g111(•11t of· E11glisl1, 
,t11c:l ,1 set c)f t.1~c:111slc1tior1 1·t1lEis 111ctt1c·l1i11g t,l1e g1·,\111111a1· r·t1lc}s f'()l' tr·<t11slc1t,i11g 
tl1e E11glisl1 E'XJ)I'('ssior1s i11t() llll<t111l·>ig11()t1s fo1·111al ex1J1·essio11s tl1,1t, 1·e1)1·ese11t. 
tl1eir· lll€c:Llli11gs a11cl tl1at1 ('.clll l)e llctll(llecl lJ.)r t.l1t:, cll)IJlic'.c,tt,i<.)11 [l]. rr}rpic'.al 
applic:t=tti(>11s <:tr·e ex1)e1·t. syst.er11s c>r· k110\v leclgc l)c1.ses. 

2. FRAGrvIENTS OF ENGLISII 

Pr·o lJably tl1e best way of forr11i11g a11 ct('.('.l1r·ate J)iC'.t,111·e c>f' w l1:::1t. is i11vol vecl i11 
1·1c1tt11·al la11gl1age J)rocessi11g is to clev·elop cl t,O}' 11c:1t.111·,1l lc111g11ctgt" clJJIJlic:c:ttio11. 
111 t,l1is co11t,1·il)litio11 we ai111 t,o givEl ,t }Jasic: icle,1 c)f' s0111e aspec·t,s of· clesig11i11g 
a syst1e111 fc)I' 11att1ral lcl11gt1age t111de1·st,a11cli11g l)y de,,elopi11g et ver·y si111plE~ 
t.oy f1·a.g111e11t. of nat, 111·c1.l l:::t11gt.1,1ge. Tl1e 111etl1c>cl c)f t·1·c1g11·1e11ts l1as l.)ee11 fi1·st 
aclvoc~ated i11 tl1e ,vor·k of' R. lv1011t:,igt1e [5]. Ot11· f1·ag111e11t, will lJe cl lot. 
si11,1pler still tl1c111 tl1e si111plest. lv1011t.agt1e gr·c1111111a1· f1·ag111E?11t. We wa11t to 
be able to process se11t,e11('.es like tl1e followi11g: 

A ·tLJ01,l(L n srr1:ile.c;. 

John, zo,ue,s a 111orriari. 

If a 'Wo·rriari s·11i'iles, John [o,ue.c:; fie·,~. 

(2.1) 

(2.2) 

(2.3) 

Tl1ese exc11111)les 111c1y see111 e111bc11·1·assi11gly si1r11)lc~, l)11t, t.l1ey c1.r·e 11ot. c1t1ite 
as trivial as 111ay clI)JJear· at fir·st, sigl1t. Exa111ple (2.3) exl1il)its ,1 logic:al 
pt1zzle tl1at l1as botl1er·ecl 11a.t111·al li1r1g11ctge 1·esec11·c:l1er·s f'or· a. 1011g t,i111e. If 
011e ('.0111pa1·es exa1111)les (2.1) ar1c:l (2.2) ,vitl1 (2.3) t,l1e11 it ,1ppea1·s tl1at the 
first two ca11 l)e t111cle1·stoc)d clS st,ate111e11t.s cll)out a l)c1.1·ti<-~t1lc:1..1· wo111a11, while 
tl1e tl1ird seerns to ex1J1·ess et ge11erc1l stc1t,e111er1t, ,1l)o11t, wo111e11. Tl1is poses 
a ge11ui11e pr·olJle111 for nat11r·al la11guclge 1111dersta11cli11g, for· t,l1e p1·(1cess of 
b11ilding 111ec111i11g rer)reser1t.atio11s f'o1· ser1t,e11c:es l1f1s to p1·oc;eed i11 c1 compo
sitio'rial fasl1io11: t,l1e 111ea11ing ot· c1. c:0111plex expressior1 of r1at.t1r·al la11gt1age 
is built, fr·o111 t.he 111ear1ir1gs of· it.s c~o111por1e11ts. Tl1is c·o1r1rJositio11f1lity re
c1uir·er11e11t is 011e of tlre c:01·11ersto11es of tl1f~ e11te1·p1·ise of l,)11ildi11g 111eani11g 
rep1·ese11t<::1,t,io11s i11 a syste111at,ic: \\ra)r· 

As tl1e exa111ple se11te11c:es i11dic:c1te, i11clefi11it,e not111 JJl11·,1ses suc·l1 as a 
·uJorncL'r·i see111 t.o 1·eqt1i1·e a 111ea11i11g 1·e1)1·ese11t,,1,tic)11 as existe11t,ial expressior1s 
wl1er1 t.l1ey clpJ)ear i11 si111ple C'.011text,s ,1,11cl et 1·eprese11t,atic)11 as 1111iversal ex
J)ressio11s wl1e11 tl1ey c1.1)pec11· i11 tl1e c111t<::C'.ecle11t,s of if the·n, c·o11text,s. .I\ first 
atte111pt, clt, solvi11g t.lris p1·oble111 woulcl use orcli11c1r)T p1·eclicate logic:. Take 
exa1111)le (2.4). 



(2.4) 

He1·e ()11e c:a11 t.rc:111slat.e t,l1E· 11<·)t111 1>111·,1.s<' <J. UJ<)'lil,(1'1! 11si11g cl.11 <ixist·.<·11t.ictl <f ll<t11t.i
fie1· a11d st.ill g(:~t. tl1e 1·igl1t 111<',111i11g: 3.1·(\t'".1· /\S.i:) · .Sj. T<) t.11(' l<)gi<·ift11 it·. is 
C.'.lec1r i111111E~cliat,ely· tl1at. tl1is <·x1>1·<\ssE~s ,l 1111iv<~1·s,1l st,1t.E\111E"'11t.: t,lt(' <~xist,e11tic:tl 
q11a1·1tifie1· <.)C'.C'.t11·s i11 cl 11egc1t.iv·<-) 1>c>sit.ic>11~ so t.l1c~ t.1·a11slc:1t.i<)Il is E)c1uiv,1lt'11t, t.(> 
V.1:((i•l,r;1: /\S.1:) · Sj). U11f'c>1·t,1111c1t,ely, t.l1is ()1)se1·vc1t.io11 <l<)(~s 11ot, wo1·k f'c>1· ex
a1111)le ( 2 .3). A st,1·c1igl1t.f'c)1·\v,11·ci t.1·cl11slc1t,io11 of ( 2.3) i11 pr·edicat,e logic: ,vo11ld 
yield 3.1:(i,i'~r~ /\ S.1~) , Lj.1:. Bt1t, t.l1is c:ct1111ot 1)E~ c·o1·1·ect., f'o1· t.l1e var·ial)le .1: 

i11 Lj x is left u11lJour1d. 
A syste111at,ic solt1t.io11 of· t.l1is 11111Jot111d va1·ial)le prol)le111 l)ec:0111es I)Ossil)le 

if' 011e t.1·a11slates t,o a r·e1)1·ese11tat.io11 lar1guage ,vl1er·e var·ial)le bi11di11g p1·0-

c:eeds i11 a dy11a111ic'. fc:tsl1io11, as i11 i1111)e1·ative J)rogra111111i11g la11guages; sucl1 
a 111ove was fir·st p1·01)c)sed i11 [2]. To 111ake tl1is wor·k 011e l1c:1s to r·e1)lac:e exis
t.e11t.ial c111a11tifier·s \vitl1 ir1clete1·111i11ist.ic_: i11str11c·tio11s for st,01·i11g values \vitl1 
SJJ€C'.ified pro1_)erties i11 t,l1e 111e1-11ory lo<?ctt.io11s assoc-.iate(l wit,11 var·ial)les. So 
i11steacl of =3J_~(T,V:r: /\ ... ) c)11e wr·ites ,,,~1.~ : i1l·1T.r:; .. . , witl1 t.l1e i11te11decl 111ea11ing: 
'fill locatior1 ;I'. \Vit.11 (a 1·t~p1·es(~lltatio11 of') clll ol)jec·t, satisf'yi11g l/vr a11d J)l'OCeed 
witl1 tl1e ... J)1·ocessi11g,. Tl1e S\vitc:11 t.c) cly11a111ic: i11t.e1·p1·etatio11 will 111ake it, 
11ecessa1·y t,o r·elat,e dy11a111ic: 111ear1ir1g 1·ep1·ese11t,atio11s t.c) tl1e olcl f'asl1io11ed 
stat,ic re1)1·ese11t,atio11s t,l1at C'.a11 be expr·essecl i11 pr·edicate logic·, for· exa111-
ple. Tl1is p1·c)lJler11 l1as bee11 addr·essed i11 t,l1e resear·c:11 i11 11at,1.11·al la11guage 
a11alysis c1t Cv\'I [ 4]. 

\Vhat, we will do ir1 t,l1e 1·e111c1i11de1· of t,l1is c:011t,1·il)1.1tio11 is give cl very 1·udi-
111e11t,ar·y sketcl1 of tl1e sy11tc1.c:ti(~ p1·o<~essing of' 11at.11ral lc-111gt1age l)y r11ear1s 
of a tool called categor··icil g·1·ar1·1,niar. We \vill tl1e11 sl1ow l1ow tl1e sy11tactic 
a11alysis c:a11 lJe t1se(l to l)t1ilcl 111ea11i11g 1·e1)rese11tc1t,io11s i11 a cly11a111ic 1·ep
rese11tatior1 lar1guage. Fir1,1.lly, we will clisc:uss tl1e IJroble111 of 1·elati11g tl1e 
dyr1a111ic: 1·e1Jr·ese11t,at.io11s to static· 1·e1)rese11tatit111s JJl11·ased i11 01·di11ar·y pr·ed
icate logic. 

3. CATEGORIAL GRAI\1IMAR \VITH FEATl.JRES 

A categoric1l gr·c1111111ar is a g1·a111111a1~ c:cJ111bi11ed witl1 a lexic'.011 in sucl1 a way 
tl1at tl1e lexical ir1fo1·111atio11 c:0111prises vi1·t11ally c1ll tl1e i11for·111at,io11 one needs 
for syr1tact,ic 1)1·ocessi11g. Tl1ese g1·a111111ar·s are called catego1·ial because tl1ey 
pr·oc:eed l)y assig11i11g catego1·ie.s to expr·essio11s. Sir11ple categor·ies such as 
S for 'se11te11c'.e', CN f'or· "C'.0111111011 1101111' arid Jl,7 for 'i11t,1·cl,11si tive ve1·b' a1·e 
taker1 as basic:. 

For· our· f'rag111er1t vve l1avt~ t,l1e follc)wir1g ex1)1·essio11s i11 l)clsic~ categories: 
smiles:IV, rna'n,:CN c111d 'Worr1,a'r1:CN. Next, a pr·o1)er· 11ar11E:~ C'.a11 be viewed a.s 
a11 expr·essior1 wl1icl1 c·o111bi11es wit.11 a1·1 i11t1~c111siti ve ver·l) t,o it,s rigl1t to for111 cl 

senter1ce; i11 c_:ategor·ial 11otc-1.tio11: S/JV. So fc)1· ot1r f'r·ag111e1·1t.: Johri:S/IV. Tl1e 
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i11clE·fi11it.e ct1·t.i<·lt:- C'<)111l)i11{'s \Vit l1 cl <'<)111111<)11 11<)1111 tc) f.()1·111 (1. 11<>1111 1)l11·ctS<\~ 1101111 

l-)l11·;:1sc1S~ clS \\T(\ llclV(\ S('(-'ll, 11,l\'(• c·,tt<·g<)l',\~ ,Sy//\1~, S() \\:(• 11,l\'(': (J,:(._','/1~1}/(~11V. 
T1·<lllSi t.iv'e V(~l-lJs c·o111 l >ill(' \\'it 11 ll()llll J)l11·{tS('S 1 () f'()l'l ll i11t- l'clllSi t.i \'(l \rer·l)S, 

\\Tl1ic·l1 giv"(:\s: l(Jl1e:,:li 1r/(,S1/l\,-). l·~i11,1ll_\·. tl1(1 S(1 lltt•11ti,1l ()})(•1·,1tC)l' i;/' t,ctl(c}s ,111 

cl11t.c·<-'.<:•clE1 11t. sc111t.<:111c·e ,111cl f'<>1·111s ;t11 <'XI>l"<-•ssi<>ll \\tl1ic·l1 <'(>llll)illt'S \\ritl1 cl c·c)11se
<1 l_l(:• 11 t. S(:\l l t (' 11 ('(' t () f'c) 1·111 cl 11(' \\' S('ll t. (\ 11 ( •c:i. \\~ l l i c·l l gi V('S: z/:· ('S'/._',) /._51

• 

'"l-,11 E· l),l.S i c · st 1·,1.,t.<'g}' f'() 1· I> 11 t t i I 1g c_· cl t (\ g<) 1·i,1 l <\ x l) 1•t)ssi c> 11s t.<> gE:. t lie· 1· is vc_'I'}' si 111-
l) 1 (::: l) ll t. ,1.11 t· XI) l'(:\SS i() 11 ()f. ( ' ( l t (~ g<)l',y' C '.111 1

1 / (.1 .. 11 71:2 i 11 f 1·011 t. () f' C:l 11 (:'X l) l'(\ssio 11 () f' 
C'clt,cgc)I'}' C'1-1 T2 t.() f'()l"lll cl 11('\\r (-'XJ)l'()ssi()ll ()f' ('clt.(•g()l')' C~4 Ti. Tl111s, J)llt,t.i11g 

.]cJ}i11,:(Sf/Il1~) i11 f1·<)11t of' ,s1ri.ilf:s:I t·1 giv•(\S ,]<Jf11i .s11iilt?.-; : S, ,111<_1 S<) 011. 
Of' <:0111·st~, t.l1is gr·,1.111111,11· is t.<)C) si111J)l<~· ,1.s it. st,c-111,_ls. Fc)t' exc1.r11rJlE\, t,l1e 

l)I"C)1101111 J1,e1· \\rill l1c1.v<:• t,11<~ Scllll{' <·,1t<·gc)1·y cl.S <l11y <)tl1e1· 11c)11111>l11·c1se, 11a111ely 
S/117, <:lll(l t.l1is \\r()lllcl e11c1.l>l(1 tl1(• <l<·1·i,r,1tic)ll ()f' ,,.{:-''{' :,11i·il(:'..~: S. 1"o 1·e111ecl)r 

tl1is, it. is t-·11st<)111,11·), t{) ('111·i<·l1 tl1E~ <·c1.t-<\g<>1·i<·s ,vitl1 ]t·<1.t·tt'T'f>. 1:r1;/'o,,·rr1,citior1J. For· 
i11s t. a.11(•<:), if' C) 11<' ,\.SS 111 t 1 f•s t.11,tt ,1 11 () 1111 l) l11· ,1s<' l1c1.s f"<·,t t.111·t\s f () 1· c· cise, ge11-

cle1·, 1:111111l)e1· c-1.11cl et (·01·<·f·<·r·c,11c·<\ i11cl('X, tll(\ c-·c1tc,gc)1·y t·clt' lzt:r· C'C)lllcl look lik(l, 
(S/IV):(-rz,<Jrri .. f·,.s.(J,21,'ij, tc> i11cli<·,1.,t.<• tl1,tt its c-·c-tsc is 11ot. 11c>111i11c1.t,ive, its ge11cler 
is f<:-~111i11i11e, it,s 1111111l)t'l' is si11g11lc11·, c111cl it l1c1s C'C)I'E'f'<'1·e11c·e i11clex 213 ( v\rl1ic:l1 
111ea11s t.l1c1t. it is i11t,E~11<·lc~d to 1)e li11kecl tio ,111 ,111t.<:·c:·ecl(~11t. \Vl1ic·l1 ctlso ltclS i11dex 
213). Tl1is i11f·c)1·111c-1tio11 c·c111 l)E1 11sed t.o ti111·ic:l1 t.l1e <'.·ategor·y c)f. 11<)l111 1>l1rases 
to for·c~e c1g1·ee111e11t. i11 C'.cl.Se c111cl 11l11-11l)e1· \Vit.11 clil i11t1·c111sitive ver·l) pl11·a.se, £1s 
follows: (S/IV:/Case,N·ttrrilJe·r-J):/Ca.st~,- .N,L1,ni,lJt:1·._ ). Tl1e l1p1>e1· c·ase let,ter·s 
c1r·e 11sed to i11clic·c:1t,e featt11·e c·o11st1·cli11ts: _ i11cii<'.at,t•s t,l1c1.t, c111y Vctlt1e will clo f'or 
tl1e f'eatt1r·e k:lt tl1at. 1)osit,ic)r1. If a11 it.e111 of tl1is c·c1tego1·y c~c)111bi11es witl1 a11 IV 
witl1 give11 f'ec1t.111·es fc)1· c:a.se a11d 1111111l)e1·, t.l1e11 tl1ese f'eat.l11·es sr101.1ld agree. 
E111·ic~l1i11g tl1e c~,1.t.t:\gor·y· C)f ·u,alA:s t.o IV: [r2cJ·rr1., s_q} 11ovv 1Jlc)c·ks tl1e cle1·ivc1.tio11 of 
lie,,· -u,<ilA:,i..;. It, is J)C)ssi l>le to e11c·ocle vE~r·y c:0111 l)lex cl11cl clet,c1ilecl i11f'o1·111atio11 
i11 sy11t,c1c·tic'. f'eat, l11·es. 

~ 

Joh11i 
heri 
s111iles 
lov~es 

rna11 
wor11a11 

(S /IV[ Case,sg]): [ Cc1se,sg,111,i] 
(S /IV: [-11on1,sg]): [-110111,f,sg,i] 
IV: [n<)In,sgJ 
(IV:[r10111,sg]/(S/IV)):[-1101n,_ ,- ,- ] 
CN: [sg,111] 

C~N: [sg,f'] 
( ( S /IV): [- ,sg,Ge11cler ,i] /CN: [sg,Ger1der] 
(S/S)/S 

111 tl1e 11ext sectio11 Wtl will pr·ese11t cl. logic~cil l)e1·s1)eC'.t,i v<:~ ()11 tl1e proc:ess of· 
pi1rsi11g. 111 Sec~tio11 5 vve will see l1ow ,1, l)I'<)c:eclt11·e f'or· builcli11g 111ea11i11g 
1·e1)1·ese11t,c1t.io11s c·a11 l)e l1c)okecl to a catjeg()r·ictl g1·,1,111111c11·. 



4. f)i\l{SlNC; 1\S 1)1~:l){T('"I'l()N 

\\;<' ('cl.11 l<)<)k ,t.t. t l1r l)l'<><'<'ss <>f' 1>,11·si11g lL<tt111·,1l lct1lg11<lg<' St'11t<)11<·<'S clS <l ki11<l 
<)f. cl<~cl11c·tic>11. A 1·111(• (}f. i11£·<·1·t1 11c·c' <>f. cl J>c11·si11g <1lgc>1·it 11111 11,ts tl1c:. f'c>llc)\Vi11g 

g<'11c·1·,l.l f'<)1·111: 

B 

A cl<::cl11c·tic)11 syst.c111 is gi VC'll l)y ::1 sc't. c:)f' s11c·l1 1·11lc"s, 1>lt1s rl S< ... t c1f' ,1.xic)111s. A 
cit\1• i ''cl t, io 11 <_) t· ,l f'c) 1·111111<1, 13 t·1·c)111 J) 1·c-.111 issf's 11 1 , ... , 11,, is cl cfi 11 C'cl ,ts 11s 11f1l: cl 

sc-,c111e11c:c~ of' f'c)1·11111lf1.s ,vi t 11 B cl.t. t, l1c c,11cl, ct11cl c-:ic1c·l1 111 e111 l) <'1· <) t· tl1c:, scc111<:~r1c:E~ 

is eitl1t:1· clll axic)111 c>1· tl1c1 1·es11lt. of' clJ)l)l}'i11g cl. clecl11c·t,ic)11 1·11le t.c> 1)r·c~vio11s 
111c~111l)cr·s of· t.l1e sec1t1<-~11t·C'. 111 t.l1e I)<1,1·si11g cll)l)li<·<1.t.ic)11, v\r(" ftss11111(' t.ll<tt, fo1·-
11111lc1s 111cty 1·t·f'e1· t.c) l)<)sit.ic·)11s i11 t.l1E:. i111)11t st1·ir1g, c111cl t.11,1.t. <l<:.1•iv(1ti<)11 1·11lE"S 

111c1y 111<)11t.ic)11 g1·ct111111<11· 1·11les i11 t.l1eir· siclc· <'<)11clitit)11s. 111 t.lrc' c·,-lSE: ot· l)c1r·si11g 
C'.ctt,(--gc)ric1.l g1·,1111111c11·s, it.c·111s l1c1ve t.11<' f'c)1·111 [ .. Y ~ i, .i], vvl1E"1·t~ .Y is cl g1·c1111111c11· 

c:c1tego1·_y' f111cl i, .i 1·<lf'e1· tc) 1><>sitic)11s i11 tl1E:' i111)11t. st.1·i11g. Tl1e i11te11clc,cl 111<·cllli11g 
is: c·k1.tegc)1·y .. Y SJ)ct11s ,vo1·cl sec1t1t1 11c·t1 lL'i, ..• ~ ll'_j i11 t.l1c' i111)11t. str·i11g. Axio111s 
l1c1ve t.l1e 1·01·111 [ ,,,\'", i, i + 1], \V l1e1·t· .. :r is cl. ('.clt,t•gc>1'y' ,:i..ssig11ecl l)y t.l1e lc:xi<·c)Il to 
\VC)1·cl 'lL'i+I i11 t.l1e i11pt1t, st.1·i11g. If" t.l1e i111)11t. st.1·i11g l1;:1s lc~11gt.l1 ,·,., t.llt'. l),11·si11g 
goctl l1c1,s t, l1e f 01·111 [ S, (), , ,] . Tl1e i11f·e1·e11c·(' r·l1le lc)oks ;:1s f'c)ll()\\rs: 

[ X I }", i , j] [ }/, .i' h'.] 

[ .. Y, i, h'] 
( 4.2) 

(4.3) 

rr11e l)l·oof t,l1at, ( ~1.:3) is cl Sf.~11te11<:·e of' t.l1e f'1·c1g111e11t. is gi,,e11 i11 t.lre l.)OX l)elOv\T. 
Ivior·e i11f'c)1·111c1..tio11 ()11 J)(1.1·si11g clS cle(lt1c·tic)11 c~c11-1 l)e f'ot111cl i11 [6]. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

[S/IV, 0, 1] 
[IV/ (S /IV),1 , 2] 
[(S/IV)/CN,2 , 3] 
[CN, 3, 4] 
[S/IV~ 2, 4) 
[IV, 1, 4] 
[S, 0, 4] 

• ax101n 
• ax101n 
• axiom 
• ax101n 

rule application on 3, 4 
1~u1e application on 2, 5 
rule application 011 1, 6 

5. BUIIJDINC; I\/If:1'.\NINC; REIJRr:SENrf1\"l"IONS 

If cl c:at,ego1~ial g1·::-1111111c11· is gi,,e11, 111ea11i11g 1~t~pr·ese11t,a.t.i()11s f'o1· tl1e expr·es
sio11s 1·c~c:og11izc~d l)y tl1E~ gr·c1,111111a1· c.·c1,1-1 l)e gi,re11 l1si11g tl1e tools ()f l;:1111l)clc.i 

abst,1·c1c:t,io11. Tl1e se111a11tic: 01)e1·at,io11 co1·1·espo11cli11g t,o tl1E~ S:}'1-1t,c.1c:tic· c:0111bi-
11c1.tio11 of clll ex1)1·essio11 of c:atego1·:,,' C.4 T1/CAT2 <111(1 011e of C'.<:1.tegor·y C1AT2 
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will l)e t. lie f 1111c'.t, i()llc1.l cl}) 1> lie· cl t. i<)ll C) f. cl t y·1->e<l lc1111 l) cl,1 c·x1)1·c:-ssi c·J11 <'CJ 1·1·(•s1> ()11cl
i11g t,o t,l1c· f'1111c--to1· exJ)l'(•ssi<)ll t C) ,l t.\'J)( 1cl l;,.111l)cl,1 t·x1.>1·essic)11 <'C)r·1·es1><)11<li11g 
tc) t,l1e c1.r·g111·11e11t. Tl1(' l)<lSi(' c·<.ttE'g()l'i(•S })l'()\'iclc) tl1<:· c·l11(• f'c)l' tllE' t,)rJ)CS of' 
tl1E: t,1·,111sl,1t.io11s: S ex1) l'(\ssi() 11s s 11<) t 11 cl t 1·c1.11sl,1.t <' ,1.s f'<)1·111 l1l cl,<~, I \1" c·t.11ci C N 
ex1)1·c~·ssio11s cl.S C)IlE~-1)lc1<•ci 1>1·c1clic·c1.t.c·s. Tl1l1s, c:1.11 ,11.>1>1·01)1·ic1.t.c~ t.1·c1.11sl<1tic)11 t·o1· 
·tvo'rr1,(1r1 is A.1'.. i,f7 :i.~, wl1i(:l1 cloc·s i11clE~t.,cl clc·11<:)t.E· a. C)llE.' l)l,1<··0 J)1·c--clic·t=lt.e. Si111i
la1·ly f'o1· 11,,r t.'XJJ1·essio11s: .s,r1.ilt.:.'Y c:;:t11 l>c:1 t1·a11slc1-t.ecl a.s A.1: .k'J:1·. Ex1)1·t•ssic)11s t1f' 

c:;:1t,egor·y S / I i,i 111 ust, l)t• la.111 l> da ex1)1'E\ssic)11s t.11,1 t. c•;:t11 1-, c1.ke t.11 i 11gs like >..-..z~. S 1: 

clS c:1r·g1.1111e11ts, so a11 clJ:>J)1·01)1·iat.e t11·,1.,11slc1tio11 t·c)r· ,f <>lt·n, wc)11lcl l)E.~ >..X . .1Y j, 
wl1ere ..,y is a. var·ialJle for· c)r1e-J)lc:1c·e IJreclic:at.es. C;iv·E~11 t,l1at, ,ve wc111t. t.o 
t,1·c111slc1te a, u,orria·ri as 'J};i: : l•l1'~r·; ... , a11 clPI)I'C)J)t·ic1.t,t; t.1·c:111sla,tio11 t·cJr· tl1is 
1101111 IJl11·ase is >.. }?_,r7x : l:i'" :1~; }J'" :i.:., w l1ic·l1 111eclr1s t.l1at: a c·c111 lJe t1·a.11slatecl as 
/\X>..}J'".17:1.:: _.,,Y.,r:;}J'":r,·, a11cl so 011. If' 011(::' \v,111t.s t,c) t1se t.l1e 1101111 J)l11·ast~ i11clic·es 
t.o estalJlisl1 lir1ks of J)I'C>1101111s to tl1ei1· c111t.ec·e(le11ts, i11clivicl 11al 1.,r::11·ic1bles wi tl1 
t.l1e sa111e i11cl(~x 11111st lJe 11secl i11 t.lre t1·c111slctt,io11s. 1"'l1E~se c·<)11side1·,1t,io11s <11·e 
a.11 t,a.k<::"'11 i11t.o ac·c·c)t111t, i11 t.l1e exar11 J)le g1·a111r11a1· wit,11 se111a11t,ic· c:0111 I)011e11t, 
lJelow. 

Joh11i 
her· 'l, 

sn1iles 

loves 
man 
won1an 

( S /IV[ Case,sg]): [ Case,sg,111,i] 
(S /IV: [-nom,sg]): [-nom,f,sg,i] 
IV: [ 110111,sg] 
(IV:[no1n,sg]/(S/IV):[-nom,_ ,- ,- ] 
CN:[sg,1n] 
CN: [sg,f] 
( (S/IV):[_ ,sg,Gender,i]/CN:[sg,Gender] 
(S/S)/S 

AX. ( rJVi : v.i == j; X Vi) 
>..X.Xvi 
Ax.Bx 
AXAx .X ( )...y .Lxy) 
Ax.lvlx 
>..x.Wx 
AX AY. ( 'f}1.,1i : X V,j; y Vi) 

ApAq.(p ⇒ q) 

011r t·1·c1g1r1er1t e11al)les 11s to co11st1·11c·t, 111ear1i11g 1~e1)1·ese11tatio11s for· tl1e ex
a111ple se11ter1c:es \Ve st,ar·ted ot1t witl1. Tl1e 1~ep1·ese11tat.ior1 f'or Johri sniiles 
bec:0111es A .. X:.(·17·t)i: 'l'i == j; .. x-,l.,i)(>..i~.s~r:), whicl1 r·eclt1c:es i1·1 t,wo st,eps to r7vi: 
,'l'-i. == j; Svi. Tl1e 1·ep1·ese11tatio11 for· Jolin lo·zJe,s a 'Worr1,an is a f'ai1·ly cornplex 
expr·essior1 wl1icl1 r·educ~es i11 several st.eps t,o ·ry·iJi : ·i,i = j; 117·2JA: : }iT'Vk:; Lv.i'L'A:· 
We l1ave asst1111ed tl1at tl1e ir1dic'.eS of sul)jec'.t a11d ol)ject, are differe11t; i11 
fact, a proc~edure fo1· cl1ecki11g c~o-ir1clexi11gs sho11ld l)e i11voked to rule out 
all c:o-ir1dexi11gs witl1 claslres i11 tl1e ge11de1· or 11u111lJe1· feat11re. The rep1·e
se11tatior1 fo1· If a, 1.uor1ia,ri, smiles, Jo}z:n loves lier·, i11 tl1e readir1g where the 
p1~011ou11 is li11ked to Cl worriari, ,vill, aft,er several 1·ecluc~t,ior1s, boil down to 
(·17v,; : (iV1,,;; S·vi) ⇒ T]'VJ.: : ('VJ,: == j; L1.,r..:L1i)). Our· fi11c:1l J)robl(~111 is to 111ake 
se11se of tl1is r·ep1·ese11tatior1. 

6. AXIO!v1S F'OR DYN.A.Ml(; IN'I.,ERPilETATION 

Tl1e dy11a111ic· i11t,e1·1)1·etc:1tio11 st,rategy tr·ea.ts 111ea11ir1g represer1tatio11s for· nat
ur·al la11g11age as ir111)e1·a.tive JJrog1·a111s. Tl1is er1tails tl1at tl1e tools for anal-

• 



ysis of i111pe1~c1tive l)r·og1·,t111111i11g lct11gllclges <'<tll l)E• J)l11·, tE:> llSE_'. 111 l)c1.1·t.ic·11lctl', 
a11 clxi<)111 S}'St.e111 f<.)1· cly11c:1111ic~ i11t.e1·1)1·<·t·,1t.i<)11 <·,t11 l)('.l gi\1t-•11 i11 t.E·1·111s c)f. Hoc1,1·E ... 
st,}rle pr·e- c111cl I)OSt,c·o11clit.io11s ot· 1:>1"<>g1·,t111s [3 J. A c·c)11v(_: .. 11it•11t. Wcl.Y t.c) (1 Xl)I~E:·ss 
st1c·l1 c·o11clit.ic)11s is l)y 111ec111s of' d>'llct111ic· l<)gic· [?]. Axio111s f'c)1· cly11c1111i(· i11-
ter·p1·et,c1t.io11 l1a.ve 11c:1.t. t11·al lc111g11agE) 111E:)c1.11i11g 1·t"I)t·est~11 t ,t t ic)11~ clS 111 C) clc1.l it i<::-s. 
(1r)cp ex1)1·t:>sses t.l1at c,+; l1olcis i11 s<1111e 1r c)11t,J)t1t. st.(1t(: c)f' t.l1E:i c·t11·1·(•11t! st,c1t.(~~ 

[ 7r] </J ex1)1·esses tl1at. <I> l1olc:ls i11 evE·1·y 1r 01.1t.p11t. st.c1t.e of' t.l1e c·111·1·e11t: st,c1t!e. \Ve 
ca11 fi11d t.l1e st,c:1t.ic· 111ea11i11g of et 1·e1)1·ese11t.atio11 p1·og1·a111 l.)j)' c:l1(•<:ki11g tl1e 
co11dit,io11s t111cle1· vvl1ic'.}1 it, will t.er111i11ate s11c·c·essf'11lly. S0111e exar111)les of· tl1c 
dy11a111ic logic'. c1xio111s ir1vol,red c1,1·e give11 belo\v; 11101·e det,ails c·a11 l)e fo1111d 
i11 Va11 Eijc'.k's c:011tr·il)l1tio11 i11 [4]. 

U si11g tl1e axio111s, tl1e st.atic'. 111ea11i11g of tl1e 1·e1)rese11tatio11 ( 6 .4) c~cll~ l)e 
der·ived by a sin11)le c:alc:ulat,io11. 

(6.4) 

This t,ur11s out t,o l)e ( 6.5), wl1icl1 is i11deed a11 appr·op1·ic1te 111ec111i11g 1·e1)1·e-
sentation fo1· exar11ple ser1te11ce (2.3). 385 

(6.5) 

7. CONCLUSION 

Natural language u11de1·star1di11g r·esear·ch at, C\VI co11ce11trates 011 tl1eo1·et
ical issues arid e111pl1asises tl1e tise of tools f1·0111 J)1·og1·a.111111i11g la11gt1age 
a11alysis for tl1e a11alysis of natur·al langucige. It is exr)ected, l1oweve1·, t.l1a.t 
tl1e i11sigl1t,s t,lllIS gai11ecl will gr·eatly facilit,ate tl1e task of b11ildi11g J)I'cl,ctic·:cilly 
usef'ul natt11·al la11g11age i11te1·faces i11 tl1e not t.oo clistant ft1tl.1re. 
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